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Executive Summary
Background

On December 14, 2011, the Natural Gas Horizontal Well Control Act 822-6A was enacted by the
State of West Virginia. With this Act, the West Virginia Department of Environmental
Protection (WVDEP) was mandated to conduct studies regarding horizontal drilling and related
potential environmental impacts in order to provide recommendations for the next legislative
session.

In order to examine the potential environmental effects associated with horizontal drilling, a
research project was implemented with West Virginia University and managed by the West
Virginia Water Research Institute (WVWRI). The research concentrated on the potential health
and safety concerns related to natural gas wells. The three key task areas of the study were i) air
and water quality; ii) generated light and noise; and iii) structural integrity and safety of the
flowback water pits and freshwater impoundments for the gas wells. The purpose of studying
pits and impoundments to determine the suitability of the construction and use of these structures
in minimizing the potential environmental effects related to horizontal drilling. This task was
performed by researchers from the West Virginia University Department of Civil and
Environmental Engineering (CEE).

CEE Scope of Work

The broad scope of the CEE research included the following areas:

e review of field construction practices

e engineering reviews of approved permit plans for consistency with requirements

e field evaluations to assess the as-built sites with the permitted plans

e limited geotechnical soil property testing

e assessment of data findings related to construction and evaluation of mechanisms
for groundwater contamination such as pumps, piping, and geomembrane liners

e preparation of a final topical report of findings

Review of Construction Practices

The CEE researchers coordinated with the WVDEP for the review of oil and gas permit files and
the selection of candidate sites. A short-list of 18 sites was provided for review based on a set of
CEE criteria that included the age, size, use, construction material and method, and placement of
the structure. Certain sites selected were known by the WVDEP to have problems. The
selection incorporated sites constructed before and after the enactment of 822-6A in order to
assess the implementation and effects of the new regulations on industry practices. Initially, 14
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sites were selected for evaluation, but prior to the completion of the project, one additional site
was added, making 15 total sites visited.

Field evaluations and soil property testing were used to ascertain and document the safety and
structural integrity of the pits and impoundments. The field observations were performed using
an evaluation form developed for the project to maintain consistent data collection across all
sites. The evaluation form contained the following sections: permit information, field as-built
construction and site conditions, observation checklist, and site operations and maintenance
questionnaire. Using this approach, researchers made visual observations of the site and the
surrounding environment, documenting items of concern with Global Positioning System (GPS)
referenced pictures. Field soil samples were collected using hand shovels at various locations on
each site and were subsequently tested in the WVU CEE geotechnical laboratory in accordance
with the American Society for Testing and Materials (ASTM) Standards. The specific laboratory
soil property tests performed were field moisture content, grain-size distribution and hydrometer
analysis, Atterberg limits, specific gravity, Standard Proctor, hydraulic conductivity, and shear
strength. Of the 15 sites evaluated, six were chosen for in situ field compaction density and
moisture content testing. The laboratory testing and the data collected in the field were compiled
and served as the basis for the results of this study.

Results of Permit Reviews

The permit reviews of the candidate sites revealed that the permit files for 10 sites constructed
prior to the enactment of §22-6A lacked geotechnical investigation reports. The permits for the
three sites constructed after the enactment of 822-6A contained this information. Additionally,
the permit information for two sites was not provided by the WVDEP at the time of the
evaluation.

An analysis of the permits compared the permitted storage volumes with the storage volume
requirements of dams as regulated by the WVDEP (WVCSR 822-14 & WVCSR 847-34). No
sites were found to meet the requirements of a dam. However, the large quantities of water
could be a potential hazard to the public and the environment if a failure were to occur because
of the ridge-top location of several sites.

Results of Field Evaluation

At the start of each field evaluation, measurements of the pit or impoundment as-built
construction were made and compared to the permitted design. Findings identified discrepancies
between the permit and as-built dimensions for eight sites. The measurement discrepancies
included larger as-built volume capacities, smaller crest berm widths, and steeper upstream and
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downstream slopes than the permitted design specified. The significance of these deficiencies is
summarized as follows:

e The as-built dimension discrepancies result in the pit or impoundment holding larger
volumes of flowback water or freshwater than the permitted design.

e The differences in the crest berm width distances and the steepness of the slopes can
negatively affect the safety and slope stability of the pit or impoundment.

e These deficiencies introduce uncertainty into the safety of the pit or impoundment due to
unknown storage volumes and stresses on the foundation, slopes, and geomembrane liner
systems.

The analysis of the field evaluations consisted of ranking the field data into a numeric scoring
system. Using this method, a numerical score was obtained, and each site was ranked in terms of
the field anomaly severity and frequency of occurrence. This score was based on a total of
100%, and the results ranged from a low of 59% to a high of 88%.

Results of Laboratory and Field Geotechnical Evaluation

Results of the laboratory testing indicated that none of the post §22-6A sites had soil conforming
to the soil types specified by the WVDEP Design and Construction Standards for Centralized
Pits. Of the remaining twelve pre §22-6A sites, only one site met the soil standards. However,
the laboratory testing indicated that the soil types present at the sites may be suitable for the
construction of pits and impoundments if proper compaction is achieved.

An assessment of the soil properties in the available site geotechnical investigations revealed
several discrepancies when compared with laboratory data. The soil properties contained within
the permit were characteristic of the top layers of excavation, which are not necessarily
representative of the soils at the bottom of the excavation. Thus, the engineering properties of
the soil tested during the excavation may not be consistent with the properties of the fill material
used during construction. Furthermore, the foundation and slope designs of the structure may
include soil properties that are not representative of site soil, which can contribute to post-
construction issues. For the six sites where in situ field compaction density and moisture content
testing was performed, the field data was compared with laboratory Standard Proctor density
data. This analysis consisted of ascertaining the distribution of field data points in relation to the
optimum compaction range for each site. The following areas of concern were identified:

e Three of the six sites had field data points within the optimum compaction range. Two
of the sites had 14% of data points in compliance, and the other site had 22% of data
points in compliance.
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e The field data from the remaining three sites had 0% compliance with the optimum
compaction range.

e Based on a total of 70 samples taken across all six sites, only six data points were within
the acceptable range (8.5%).

e Asaresult of insufficient soil compaction density, the slopes of the pits and
impoundments have a higher potential of developing subsurface erosion and elevated
pore water pressures leading to slope instability.

In summary, the recurring problems and deficient areas from the field evaluations include the
following:

e insufficient compaction density of site soil and excessive soil lift height
e surface soil erosion

e slope movement

e Dburied woody debris

e seepage and wet zones

e geomembrane liner deficiencies

e unsupported pipes

Overall, these deficiencies reflect a lack of adherence to the best management practices set forth
in the West Virginia Erosion and Sediment Control Field Manual, as well as poor construction
knowledge. These construction practices combined with a lack of field quality control and
assurance are indicators of the source and frequency of the problems observed across all
evaluated sites.

Site Operations and Infrastructure Evaluation

The Site Operations and Infrastructure Evaluation consisted of a questionnaire for the WVDEP
Office of Oil and Gas Inspector and on-site company representative, although the company
personnel present at the time of the field visit may or may not have been the principle site
inspectors. The responses obtained for each question were compiled for analysis, and trends
were established across all sites. The results indicate that none of the WVDEP inspectors had
any formal training related to pits and impoundments inspection. In addition, no standardized
method was used by the inspectors, which resulted in the use of the state regulations as an
inspection guide. Consequently, the inspectors only targeted the readily-apparent problems such
as slips and slides, while not recognizing, or fully understanding, the smaller problem indicators.

Another area of concern was that the responses from WVDEP inspectors and company
representatives revealed that there was no set frequency for site inspections to be performed.
The actual frequency of inspections, by the WVDEP or the company, varied from every three
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days to once every two months, and the inspection frequency by a Professional Engineer (PE)
ranged from weekly to never. Infrequent inspections may allow problem areas to go unnoticed
or delay corrective actions.

Emergency Action Plans (EAPS)

Emergency Action Plans (EAPs) were not required prior to the enactment of 822-6A, and the
new regulations stipulate that EAPs are only required for centralized pits and impoundments.
The company representative at the post 822-6A sites in this study was not aware that the sites
had an EAP, had not received training, and did not know if the EAP had been evaluated for
practicality in an emergency situation. Also, at the time of the field visit, the EAP was not
available on-site. Therefore, the company representative on-site was unprepared to act in a
timely and efficient manner if an emergency situation were to occur.

The EAPs for the post 822-6A sites did not contain any evacuation protocol, with the
justification that there were no nearby structures that would be impacted by a failure. No
inundation maps were provided in the EAPs to support this statement. During the field
evaluations for these sites, a slope failure was found, which is illustrated and described in this
report. These site conditions demonstrate the necessity of properly developed and implemented
EAPs at Marcellus Shale pits and impoundments.

Recommendations
Based on the findings in the study, the following recommendations were developed:

e Improve WVDEP inspector training requirements and methods.

e Improve the field quality control and assurance for construction and inspection to ensure
that the as-built dimensions do not exceed the permitted design.

e Thoroughly test the site soil to determine the geotechnical properties for all fill materials.

e Review the allowable soil type specifications so that suitable soils may be used, or
remove the stipulation from the WVDEP Design and Construction Standards for
Centralized Pits.

e Develop EAPs for all pits and impoundments, pre and post 822-6A, to improve the safety
of these sites.

e Do not allow pre §22-6A sites to be re-permitted as centralized pits or impoundments
because the designs do not incorporate §22-6A design standards.
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Preparation of Final Topical Report

The preparation of this final report included two reviews performed by representatives of the
WVDEP Office of Oil and Gas. The first review was performed in October 2012 and the second
in early December 2012. The WVDEP prepared written comments for each report draft which
were then addressed by WVU. The reviews focused on identifying terminology, permitting
issues, and initial report findings for corrective action purposes. This process served to provide
an internal level of quality assurance for the report development (WVU Review and Back-Check
Memorandum, 2012).

An immediate benefit from this process was that the WVDEP was able to implement corrective
actions that included developing and presenting an industry construction training seminar on
October 24, 2012 and initiating internal WVDEP inspector training.

Concluding Remarks

There were several construction deficiencies out of compliance with the West Virginia Erosion
and Sediment Control Field Manual, and the WVDEP Design and Construction Standards for
Centralized Pits. However, none of the deficiencies indicated imminent pit or impoundment
failure potential at the time of the site visit. The problems identified do constitute a real hazard
and present risk if allowed to progress, but all problems that were observed in the field could be
corrected. Future construction, if done in conformance with the WVDEP guidelines, should pose
minimal risk.
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1.0 Background and Objectives

Marcellus Shale is a rock formation located under regions of West Virginia, Pennsylvania, and
New York. This formation contains large reserves of natural gas that are commonly being
explored using recently developed horizontal drilling and hydraulic fracturing techniques. The
West Virginia Legislature enacted the Natural Gas Horizontal Well Control Act §22-6A on
December 14, 2011. As part of this Act, the West Virginia Department of Environmental
Protection (WVDEP) is to perform studies concerning the practices involved with horizontal
drilling and the associated environmental impacts, followed by a report of the findings and
recommendations.

In order to examine these environmental impacts, the WVDEP contracted with the West Virginia
Water Research Institute (WVWRI) who organized and directed a research study focusing on the
potential health and safety concerns resulting from horizontal drilling techniques. Among the
key areas of research were the surrounding air and water quality, the generated light and noise,
and the structural integrity and safety of the pits and impoundments retaining fluids for the gas
wells. The intent of the pits and impoundments component of this study was to ascertain and
document the suitability of the construction and use of these structures in minimizing the
potential environmental effects related to horizontal drilling. The pits and impoundments
research was performed by the Department of Civil and Environmental Engineering (CEE) at
West Virginia University (WVU). Specific objectives of this aspect of the research are listed
below.

1) Conduct an engineering review of pits and impoundments to determine the current state of
practice used in field construction.

2) Perform engineering reviews of submitted and approved permit plans from various energy
companies operating in West Virginia.

3) Conduct site investigations of various pits and impoundments to include audits of submitted
plans versus actual field practices and limited geotechnical soil property testing.

4) Assess data findings from field studies to address topics such as leak detection, methodology,
and data evaluation to determine methods for locating and detecting sources of groundwater
contamination, such as pumps, piping, and geomembrane liners.

5) Compile a final report of field studies of pits and impoundments including recommendations
for improving industry standards and practices.
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2.0 Study Design

The intent of the field evaluations and soil property testing in this study was to ascertain and
document the safety and structural integrity of the pits and impoundments used to retain
hydraulic fracturing and flowback fluids for Marcellus Shale horizontal gas wells. Pits are man-
made excavations that contain waste fluids from the development of horizontal wells which
could impact surface water or groundwater. Conversely, an impoundment is a man-made
excavation that contains only freshwater. In order to examine current industry practices for the
construction, operation, and maintenance of these structures, both pits and impoundments were
considered for evaluation in the study. Cooperating with the WVDEP, WVU personnel received
eighteen candidate permit files for pits and impoundments with varying characteristics. Based
on the permit files and site availability, twelve sites were initially selected for evaluation, six of
which were chosen for further in-depth soil property testing. Because of scheduling and site
access availability, three additional sites were visited in this study, resulting in a total of fifteen
sites.

The WVDEP established site access by contacting the natural gas developers. Researchers
coordinated with the regional WVDEP Office of Oil and Gas Inspectors to schedule and conduct
field evaluations and soil property testing on the sites. During the field visits, research personnel
made visual observations of the surrounding environment and collected pictures to document
areas of concern. Site soil was collected using shovels at various locations on each site. These
locations were predetermined based on WVDEP permit reviews. The site soil was tested in
accordance with American Society for Testing and Materials (ASTM) Standards at the WVU
Department of Civil and Environmental Engineering Soil Mechanics Laboratory. The specific
soil property tests performed were field moisture content, grain-size distribution and hydrometer
analysis, Atterberg limits, specific gravity, Standard Proctor, hydraulic conductivity (rigid wall),
and shear strength.
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3.0 Site Selection

Site selection was conducted by analyzing a set of 18 candidate permits provided by the WVDEP
based on a set of criteria set forth by WVU. These criteria were used to choose sites with a
variety of pit and impoundment characteristics for evaluation. The factors encompassed in the
criteria include the following:

= Location within the State of West Virginia
= Company Size: small, medium, or large
= Pit Characteristics:
e Permit Number/Site Name
o Age
e Size (area, depth)
e Use (flowback water, freshwater, centralized, associated)
e Construction Material (natural soil, HDPE lined)
e Construction Method (incised, berm)
e Placement (hill crest, cut into slope, valley)

Based on these criteria, twelve sites were selected for evaluation, but the determination was
made to evaluate the three SHL pits individually, bringing the total number of sites to fourteen.
One additional site, Shields FWI, was visited to observe current construction practices. Certain
sites selected were known by the WVDEP to have problems. In Table 1, the fifteen sites are
listed, along with the company, county, and whether the site was constructed before or after the
enactment of new regulations stipulated by the Natural Gas Horizontal Well Control Act §22-6A.
Of the fifteen sites evaluated, further in-depth soil testing was performed on six sites. These six
sites had field density and moisture content tests performed by a subcontractor, Potesta and
Associates, Inc. Figure 1 displays the names and locations of the sites overlain on a county map
of West Virginia.
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Site Name Company County Pre/Post §22-6A
Donna Completion Pit Energy Corporation of America Marion Pre 822-6A
Donna Completion Energy Corporation of America Marion Pre 822-6A
Impoundment
Pribble Freshwater
Impoundment Stone Energy Company Wetzel Pre §22-6A
Eil:mh Ridge Wastewater Gastar Exploration USA, Inc. Marshall Pre 822-6A
MIP Freshwater Northeast Natural Energy Monongalia Pre 822-6A
Impoundment
Ball 1H Impoundment #2 PetroEdge Energy, LLC. Tyler Pre §22-6A
Mills-Wetzel Freshwater
Impoundment Stone Energy Company Wetzel Pre §22-6A
SHL 2 Centralized Pit Noble Energy, Inc. Marshall Post 822-6A
SHL 3 Centralized Pit Noble Energy, Inc. Marshall Post 822-6A
SHL 4 Centralized Pit Noble Energy, Inc. Marshall Post 822-6A
Shields FWI Gastar Exploration USA, Inc. Marshall Pre §22-6A
Flanigan Pit Antero Resources Appalachian Harrison Pre 822-6A
Corp.
Larry Pad Antero Resources Appalachian Harrison Pre §22-6A
Corp.
MWV Large Water Bluescape Resources Company, . i
Storage Pond 1 LLC. Nicholas Pre §22-6A
Plum Creek South Fork Bluescape Rels_(l)_ucgces Company, Greenbrier Pre §22-6A
Table 1: Evaluation Sites
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4.0 Field Evaluation Methods

Prior to conducting field evaluations, WVU researchers completed the 40-hour HAZWOPER
(Hazardous Waste Operations and Emergency Response) training. On each field evaluation, at
least four WVU personnel were present. Each member wore all required personal protective
equipment (PPE) as specified by the company to perform field evaluations and soil collection on
horizontal gas drilling sites.

In compliance with WVU Environmental Health & Safety policies and HAZWOPER training
requirements, all WVU personnel underwent a medical screening to determine a medical health
baseline for each member prior to any field work. Personnel will also receive medical screenings
within one year of the project’s completion. Further medical monitoring will be conducted if
recommended by WVU’s Department of Occupational Medicine.

Before each field evaluation, WV U field personnel attended site safety meetings to identify
potential hazards and all procedures in place in the event an incident/accident occurred. If a
hazard or danger had been found at a sampling site, the field personnel would have exited
without delay, and the situation immediately reported to the WVDEP.

4.1 Site Evaluation Methods

Once the 15 sites for evaluation were selected, field visits to those sites were conducted for
verification, visual evaluation, and data collection. To evaluate the pits and impoundments, a
standardized checklist form was developed to ensure the field observations were recorded in a
consistent method and format for comparison between sites. The evaluation form is shown in
Figure 2.
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West Virginia University — Civil & Fovironmental Fngineering FTD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME County Company
Latituda Pit Nams=
WEATHER
Longituds APT No.
A, PERMIT INFORMATION
Pit Width {ft.) Minimum Berm Crast Width {ft.) Construction Tyvps
Pit Langth (ft.) Upstraam Slopa (H:V) Liner Typa
Dapth {ft.) Downstraam Slopa (H:V) Diata Built
Frasboard(ft.) Date Eaclaimad
B, FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (ft.) Berm Crest Width {ft.) Crast Height (ft.)
Pit Langth {ft.) Upstream Slopa (H:V) Up Slopa Length {ft.)
Dapth {ft.) Downstraam Slopa (H:V) Down Slope Langth (ft.)
Frasboard (ft.) ‘Water Elavation Groundwatar Elavation
Ts the pit/impoundment in the NFIP 100-yx floodplain? Tt pot i o withyins M0 ek puli
watar sourcs’
Is the pit'impomdment within 300 f2a 0fa dwealling, Is the pit'impomdment within 100 f2et ofa
perennial stream , or privatewater soumcs? wetland?
Existence If YES then Evaluate Siznificance of Froblem
C. PITTMPOUNDMENT Taonona | | Meseme [ B Remarks
1 ."s:atha_faan}' obsarvad surfacs erosions, cracks, sattlemants or
searps’
2 | Arethers anvslops movements oranimalbumews?
3 | Arsthers anvdapressions, sinkholas, or slides into thepit prassnt?
4 Arathers any signs of mine subsidance on oradjacent to tha
embanlmant?
5 | Arathers anvobservad trees, tall weads, or other vagstation?
6 | Arethers anv seeps, wat zomes, orlossas ofseil”
- | Arethars anveaddissswhirlpools or other signs ofleakass orseaps
prasant?
g Ara thers any linar tears, bulges, holes, wind uplifts, orseam
saparations”
9 | Arasthers anvarsaswhara the linar is strainad?
10 | Arethers anvareas whars the linar has rock ordebais ontop of it?
11 | Isthers anvtesrpotential for the linar?
12 Ara T.Eara anvdeformations, crcks, orsattlemeants armmd theanchor
tranch?
13 Arathers anvsigns of pipeabnormalifizs {gouss marks, l=aks,
© | eracks)?
14 | Arethers anvareas whars the pips is not propady supportad?
15 | Arethers anvsiens of pipes havine significant sapping in lina7
16 | Arethare anvsigns of obstructions (treas, parbaga, ate)7
17 | Arathers anvsiens of water inditch associatad with pit?
18 | Arethers anvobstructions around the dischares outlat?
18 | Arathers any signs of downstream slope movament into diteh”
WV {(Name | 5imarurs) DATE

WWDEP (Name | Siznatmg=)

Company Fepresentative (Name  5imaturs)

Figure 2: Evaluation Form
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The first section of the evaluation form was used to document the weather conditions at the time
of the field visit and general information regarding the site such as location, company, and site
identification.

Section A was used to record key permitted characteristics of the site such as dimensions, slopes,
and construction type. However, the permit information lacked geotechnical investigation
reports for ten sites, and the permit information for two sites was not provided by the WVDEP at
the time of the evaluation.

In Section B, the pit or impoundment characteristics were measured in the field to compare the
permitted design with the as-built construction. Also, Section B outlined the WVDEP areas
where construction of these structures is prohibited.

Section C is the observation checklist containing the specific areas of concern associated with the
integrity of the structure. In Questions 1 through 6, the embankment slopes were evaluated to
determine the severity of erosion present. In Question 1, the effects of surface water at the site
which may indicate insufficient erosion control measures, soil compaction, and drainage were
dealt with. Slope movements and animal burrows were evaluated in Question 2 to determine if
the downstream face was stable and providing the necessary support against slope slippage and
failure. In Question 3, the upstream face was assessed for any depressions, sinkholes, or slides
that may compromise the containment of the pit or impoundment. Mine subsidence was an area
of concern in Question 4 because any noticed subsidence around these structures would indicate
the possibility of movement or unstable ground that could lead to slope deformation. Question 5
pertains to the prevalence of trees, tall weeds, and other vegetation that may inhibit the detection
of critical problems during inspections. Additionally, woody debris was included in this
question because the presence of woody debris in the fill material may increase the potential for
surface erosion or slope movements. Seeps, wet zones, and losses of soil were covered in
Question 6, as these problems are indicative of subsurface water movement that could cause
slope failures.

Questions 7 through 12 focus on the containment system at the pit or impoundment and any
potential for leakage. In Question 7, the presence of eddies and whirlpools was evaluated to
determine if the liner system had a leak or puncture and whether the structure was losing fluid.
Question 8 was used to assess liner tears, bulges, holes, wind uplift, and seam separation in order
to ensure the containment system was functional and intact. Question 9 relates to strain in the
liner that may result in tears or displacement of the liner. Rock and debris on the liner was
covered by Question 10, as the added weight from the material may cause the anchor trench to
pull out of the soil and impair the functionality of the liner. Question 11 pertains to the tear
potential of the liner, including areas where the liner was stretched over rock and other debris. In
Question 12, the anchor trench was examined for deformations, cracks, or settlements which may
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indicate improper soil compaction on the crest leading to pathways for water seepage.
Furthermore, Question 12 addresses the embedment of the anchor trench to ensure that the liner
was secured in place.

Another potential area of concern was the condition of the pipes at the site, which was covered in
Questions 13 through 15. Any leakage or rupture of the pipes which convey water or flowback
fluids would have an environmental impact to the surface water and groundwater. Pipe
abnormalities were evaluated using Question 13, focusing on gouges, leaks, and cracks that may
impair the pipe’s ability to sustain an open cross-section and transport fluids under pressure. In
Question 14, the placement of pipes at the site was dealt with because unsupported pipes present
safety and health hazards due to the potential for rolling, slipping, pinching, and leaking. In
Question 15, sagging in the pipe was assessed to determine the potential for flow restrictions,
buckling, and leakage which may lead to environmental problems.

In Questions 16 through 19, the drainage measures at the site were evaluated to determine their
functionality in removing excess surface water. Question 16 pertains to any signs of obstructions
found inside the pits or impoundments such as trees or garbage that could possibly clog transfer
pumps. Standing water in ditches was evaluated using Question 17 in order to ascertain the
ability of the ditches to remove excess surface water from the sites. Obstructions around the
discharge outlet that may interfere with the discharge of water when required was the focus of
Question 18. In Question 19, slopes on the downstream face were examined to determine
whether slope movements were restricting flow in the ditch, thereby impairing drainage.

Two WV U personnel discussed the ranking for each question on the evaluation form during the
field assessments. Data was written in the evaluation form, and a review was conducted on-site
to ensure that all items had been evaluated. Field signatures were obtained from the WVDEP
and company personnel observing the evaluation.

The second part of the field visits consisted of the Site Operations and Infrastructure Evaluation,
shown in Figure 3. This evaluation was a questionnaire for the WVDEP Office of Oil and Gas
Inspector on site and/or the company representative, although the company personnel present
during the field visit may or may not have been the party primarily responsible for the site
inspections.

The questionnaire addressed inspector training and background in regards to pit and
impoundment safety. Other questions pertained to the operation and maintenance procedures for
the site as well as safety plans such as Emergency Action Plans (EAPs), which are required for
sites permitted after the enactment of 822-6A.
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Site Operations & Infrastructure Evaluation

Dista: | FitTmpoundmantName:
1 What is ths typeand frequancy of company siteinspactions at the pit'impomdmantT {routine or spacial inspection) {visual walking)
2 What tvpa of trainins orbackeroumd doss the inspactor possass relativeto pitimpomdmant inspaction?
3 How many vaars oftraining doas the inspectorhave inevahisting pits'imp oomdments?
4 Is thers a standardized form/procedure used to inspect and racord observations ofthe pit'imp oumdmeant inspaction?
5 Who developedthe foon andhowis the infoomationused to avaluate pit'impoumdmant safety?
& Are thera safetvand smergency procadurss for thepit'impomdrment 7
7 Is5 thare an Emereency Action Plan (EAF) for the pit'impoimdment? Is the EAP postad at the site with contact mummbars?
2 Has the pit'imp oundmeant inspacter been trainad on how to usathe EAPT
9 Has the EAP bean svaluatad usinga Table Top Esvissr orothermethoed? (Ifso, whan?)
1d Does the compary have a policy on pitimp omdment safaty™
11 Howr fraquantlvdoss a Profassionsal Ensinsarinspect the sita?
12 Other commants:

Figure 3: Evaluation Questionnaire
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4.2 Field Sampling Methods

The field sampling was performed by WVU researchers and consisted of digging several test
holes with hand shovels at key locations across each site, such as the toe, face, and crest of the
pit or impoundment slope. The test hole locations were planned prior to the site visit based on
the information gathered from WVDEP permit files. One bucket of site soil was collected during
each field visit in order to perform soil classification testing. On sites where in situ field
compaction and moisture content testing was performed, two additional buckets of soil were
collected to perform further in-depth engineering testing, such as compaction, permeability, and
strength. Table 2 contains the date of each site visit and the type of soil testing performed for
each site.

Site Name Date of Site Visit Type of Soil Testing
Donna Completion Pit 7/12/12 Classification
Donna Completion Impoundment 7/12/12 Classification
Pribble Freshwater Impoundment 7/16/12 Classification
Burch Ridge Wastewater Pit 7/16/12 Classification
MIP Freshwater Impoundment 7/18/12 Classification & In-Depth
Ball 1H Impoundment #2 7/24/12 Classification & In-Depth
Mills-Wetzel Freshwater Impoundment 7/24/12 Classification & In-Depth
SHL 2 Centralized Pit 7/30/12 Classification & In-Depth
SHL 3 Centralized Pit 7/30/12 Classification & In-Depth
SHL 4 Centralized Pit 7/30/12 Classification & In-Depth
Shields FWI 8/1/12 Classification
Flanigan Pit 8/2/12 Classification & In-Depth
Larry Pad 8/2/12 Classification & In-Depth
MWV Large Water Storage Pond 1 8/6/12 Classification
Plum Creek South Fork 8/6/12 Classification

Table 2: Site Visits and Soil Testing Plan

The soil gathered from the test holes was labeled with the site name, date, and location of the test
hole. The sample locations were restored to the original conditions to ensure that no damage was
made to the pit or impoundment. WVU personnel also made visual observations of the
surrounding environment and collected geo-referenced pictures during sampling visits. After the
collection of soil samples, all tools were cleaned and stored in containers to avoid cross-
contamination between sites. In addition, the tools were inspected for damage after each use.

All personal protective equipment (PPE) was similarly decontaminated, and all disposable
materials were removed from the site in a garbage bag. Once collected, the soil was taken to the
WV U Department of Civil and Environmental Engineering Soil Mechanics Laboratory for soil
property testing and further analysis.

In addition to the field sampling performed by the WVU researchers, in situ field compaction
and moisture content data on the six in-depth soil testing sites was collected by Potesta and
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Associates, Inc. The testing was performed at various locations on each site, including the crest,
mid-slope, and toe of the downstream face. These results were incorporated into the analysis
along with the laboratory soil testing performed by WVU.

4.3 Data Management

Once WV U field personnel returned to the office, the evaluation forms were transferred to
project computers located in the WVU Department of Civil and Environmental Engineering Soil
Mechanics Laboratory. Information regarding times, dates, and personnel involved in data
collection were also transferred to the electronic data file. The electronic copies were saved on
an external hard-drive, and one back-up was created. As needed, once the data was transferred
to the electronic data file, a review of the information was conducted and reported to the
WVDEP as part of the monthly progress updates. Photographs were used to assist with
documenting field activities and conditions. All hardcopy and electronic records were delivered
to the WVWRI Project Manager for retention and were available to the WVDEP upon request.
All raw and processed data was made available to the WVDEP as part of the monthly progress
updates, and the intermittent and final reporting activities.
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5.0 Laboratory Soil Testing Methods

Geotechnical soil property testing consisted of collecting soil samples for laboratory testing in
order to obtain independent verification of soil properties and site conditions. This work was
specific to the soils used to construct the pits and impoundments. Specific soil testing was
performed at the WVU Department of Civil and Environmental Engineering Soil Mechanics
Laboratory and included the following: field moisture content, grain-size distribution and
hydrometer, Atterberg limits, specific gravity, Standard Proctor, hydraulic conductivity (rigid
wall), and shear strength. The soil property tests and associated ASTM Standards are listed in
Table 3. The necessary equipment and the procedure for each of these soil property tests are

detailed in Appendix P.

Soil Property Test

ASTM Standard

Field Moisture Content D2216
Grain-Size Distribution and Hydrometer D422
Atterberg Limits D4318
Specific Gravity D854
Standard Proctor D698
Hydraulic Conductivity (Rigid Wall) D5856
Shear Strength D3080/D3080M

Table 3: Soil Tests and Standards

ETD-10 Pits and Impoundments Final Report

Page 24



6.0 Data Reduction and Results

Following laboratory soil testing, the results were compiled into a tabular format for comparisons
to permit reviews and other published site data. This analysis led to a determination of the
suitability and relative importance of the findings. Graphical outputs were generated to illustrate
data trends and meaningful observations. The results are organized into three sections: Field
Evaluation Results, Questionnaire Responses, and Laboratory Testing Results.

6.1 Field Evaluation Results

In order to provide an understanding of how the evaluations were conducted, the field
observations for the Donna Completion Impoundment are shown in Table 4. The ranking column
indicates the level of severity for each question, signified by a scale of one to four. A ranking of
one specified that the problem was very prevalent at the site and carried a high significance in
regards to the structural integrity and safety of the pit or impoundment. A ranking of four
indicated that the problem was not observed at the site. By summing the rankings for each
question, a total score was obtained out of 76 total points. Using this point system, a percentage
was assigned, which was used as a comparison for the sites. To illustrate the conditions that
were marked as Moderate or High at the Donna Completion Impoundment, pictures collected
during the field visit are presented with notes describing the specific observations depicted.

Fifteen sites were evaluated in this study, each having site conditions with varying problem areas
and levels of severity. The Donna site was selected for discussion because the observed
deficiencies best illustrated the field evaluation methodology used throughout the study. The
WVDEP indicated full awareness of the Donna site’s conditions prior to and during the
evaluation.
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Table 4: Observation Checklist for Donna Completion Impoundment
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Figure 4: Settlement Cracks in Anchor Trench

Figure 4 shows settlement cracks on the crest of the impoundment around the anchor trench.
The significance of this observation is that these cracks can serve as pathways for water to
infiltrate and saturate the soil. The wet soil adds weight to the top of the slopes and is a
recognized mechanism for surface water infiltration leading to slope instability.

ETD-10 Pits and Impoundments Final Report Page 27



Figure 5: Bulges on Downstream Face

In Figure 5, the bulges underneath the liner indicate slope movements on the downstream face.
The slope movements are evidence that the slope is no longer stable and that the ability for the
structure to retain fluid has been compromised.
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Figure 6: Slope Movement into Impoundment

Figure 6 depicts a slide into the impoundment. This slide is putting strain on the liner,
endangering the anchor trench and increasing the tear potential for the liner. Additionally, the
slide is just below the site access road and is thereby threatening the integrity of the roadway.
The displacement of the liner threatens the entire containment system due to an increased
potential for tears or punctures leading to impounding water loss.
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Figure 7: Vegetation on Berm

The vegetation shown in Figure 7 poses a problem for inspection procedures. The excessive
vegetative growth on the crest may conceal potential areas of concern. Thus, corrective actions
may not be implemented at an appropriate time.
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Figure 8: Rock and Debris on Liner

In Figure 8, a high amount of soil and rock is present on the liner, including a large boulder in
danger of sliding into the impoundment or puncturing the liner. A possible consequence related
to this problem is that the rock and debris add weight to the liner, straining the embedment of the
anchor trench and posing a hazard to the containment system.
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Figure 9: Anchor Trench Exposed

Figure 9 illustrates an improper anchor trench for the liner. With the liner exposed, the potential
for wind uplift is greatly increased, which could lead to displacement of the liner and possible
failure of the containment system.
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Figure 10: Unsupported Pipe

Figure 10 shows unsupported pipes along the hillside above the access road. Due to this

placement, there is a greater likelihood of damage to the pipes that may lead to leakage and
uncontrolled release of liquids. Any leakage or rupture of the pipes which convey water or
flowback fluids would have an environmental impact to the surface water and groundwater.
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Figure 11: Downstream Slope Movement into Ditch

Figure 11 depicts a downstream slope movement, as evidenced by the bulges underneath the
liner and the movement of the grade stakes. A stream is located at the top right-hand corner of
the picture. Thus, the slope movement is encroaching on the stream and threatening to disrupt
the natural ecosystem.
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In order to determine the recurring problem areas across all sites, each question on the
observational checklist was analyzed individually. First, the number of No, Low, Moderate, and
High rankings was totaled for each question. Next, the total number of points for the question
was computed by multiplying the number of occurrences in each category by the numerical
ranking for that category, and then summing the values for all the categories. Lastly, the
weighted average for the question was calculated by dividing the total number of points by the
number of sites evaluated.

Table 5 contains a breakdown of each question on the observation checklist, including the
number of occurrences for each category and the average ranking for each question. To further
illustrate this procedure, the average ranking for Question 5 is presented. For Question 5, two
sites received a No ranking (4 points), seven sites were ranked Low (3 points), three sites were
ranked Moderate (2 points), and two sites were ranked High (1 point). To calculate the total
points for Question 5, the number of sites is multiplied by the points for each category, and these
values are summed, as shown below:

Total number of points=(2x4) + (7 x3)+(3x2)+(2x1)=37

Once the total number of points is calculated, the average ranking for the question is computed
by dividing the total points by the total number of sites evaluated. Since the Shields FWI site
was still under construction, no evaluation was completed for this site, resulting in a total of 14
sites. The average ranking calculation is illustrated below:

Average ranking =37 + 14 = 2.64

Using this procedure, the average ranking for each question was calculated. Since an average
ranking of three or above corresponds to a Low Significance or No Occurrence, all rankings
below three were considered recurring problem areas across all sites. These problem areas are
highlighted in Table 5. As examples of the significance of these problem areas, pictures
collected during the field evaluations from several sites are presented.
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Yes Average

Question No | Low | Moderate | High | Ranking

@l@e| @ | @ |Outfd
1 | Arethere any observed surface erosions, cracks, settlements, or scarps? 0 6 2 6 2.00
2 | Are there any slope movements or animal burrows? 6 0 2 6 2.43
3 | Are there any depressions, sinkholes, or slides into the pit present? 12 0 1 1 3.64
4 | Are there any signs of mine subsidence on or adjacent to the embankment? 14 0 0 0 4.00
5 | Are there any observed trees, tall weeds, or other vegetation? 2 7 3 2 2.64
6 | Are there any seeps, wet zones, or losses of soil? 2 4 3 5 221
7 | Are there any eddies/whirlpools or other signs of leakage or seeps present? 14 0 0 0 4.00
8 | Are there any liner tears, bulges, holes, wind uplifts, or seam separations? 0 7 4 3 2.29
9 | Are there any areas where the liner is strained? 11 1 0 2 3.50
10 | Are there any areas where the liner has rock or debris on top of it? 1 11 1 1 2.86
11 | Is there any tear potential for the liner? 10 2 0 2 3.43
12 | Are there any deformations, cracks, or settlements around the anchor trench? 1 10 3 0 2.86
13 | Are there any signs of pipe abnormalities (gouges marks, leaks, cracks)? 7 7 0 0 3.50
14 | Are there any areas where the pipe is not properly supported? 6 4 1 3 2.03
15 | Are there any signs of pipes having significant sagging in line? 11 0 2 1 3.50
16 | Are there any signs of obstructions (trees, garbage, etc.)? 5 9 0 0 3.36
17 | Are there any signs of water in ditch associated with pit? 4 8 1 1 3.07
18 | Are there any obstructions around the discharge outlet? 14 0 0 0 4.00
19 | Are there any signs of downstream slope movement into ditch? 12 1 0 1 3.71

Table 5: Average Ranking By Question
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Figure 12: Surface Erosion at Mills-Wetzel

One problem area observed at all sites was surface erosion, found in Question 1 on the
observation checklist. This problem was the most observed and, hence, received the lowest
average ranking of 2.00. Figure 12 shows an example of the surface erosion present at the Mills-
Wetzel Freshwater Impoundment. The gully shown formed rapidly, as evidenced by the lack of
vegetation. The formation of the gully may be a result of excessive slope length or angle on the
downstream face. The West Virginia Erosion and Sediment Control Field Manual states that
terracing shall be constructed for each additional 50 vertical feet of slope and shall be a
minimum of 10 feet wide. This best management practice was not followed on the Mills-Wetzel
site.
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Figure 13: Slope Movement at SHL 4

Question 2 on the checklist related to the prevalence of slope movements on the downstream
face. Two sites were found to have moderate slope movements, and severe slope movements
were present on six sites. Figure 13 shows a severe slope movement on the SHL 4 Centralized
Pit. Above the slope movement, there was a significant amount of standing water on the crest,
and signs of seepage were found in the form of wet soil inside the depleted soil zone. Slope
movements are a problem because the structural integrity of the downstream face has been
compromised. This slope failure is an example of a shallow face failure with characteristics
including a pronounced scarp, zones of depletion and accumulation, and flanks defining the
width of the failed soil, which is approximately where the WV U field personnel are located.
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Figure 14: Woody Debris at SHL 2

Question 5 was used to evaluate any observed trees, tall weeds, or other vegetation, but the most
prevalent concern was woody debris found in the fill of the slopes on all but two sites. Figure 14
depicts one instance of woody debris found on the SHL 2 Centralized Pit, where a log was
compacted into the fill material on the downstream face of the pit. Woody debris is a problem
due to the complications that may arise over time. One possible consequence is that the woody
debris may form a barrier preventing the infiltration of water into the soil, causing erosion
around the woody debris and on the slope directly below the debris. Another possible
consequence is that the decomposition of the woody debris may result in pathways for surface
water to seep into the slope, which reduces slope stability.
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Figure 15: Seepage at Pribble

Seepage and wet zones (addressed in Question 6) were problem areas found at all but two sites.
Figure 15 shows a seepage area on the downstream face of the Pribble Freshwater Impoundment.
Due to the lack of vegetation on the slope, the area where the grass is growing depicts seepage

and moving water on the slope. Thus, water is being transported through the soil, which may
lead to instability in this area.
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Figure 16: Liner Bulges at MWV

Another area of concern was bulges, tears, or holes in the liner, as indicated by Question 8. This
problem was present at every site evaluated, with seven sites ranked as Low, four ranked as
Moderate, and three ranked as High. Figure 16 depicts a liner stretched over an improperly
prepared slope at the MWV Large Water Storage Pond 1. The underlying rock pressing on the

liner and the strain caused by the bulges have a high likelihood to create tears or punctures in the
liner and threaten the integrity of the containment system.
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Figure 17: Debris on Liner at Flanigan

Question 10 involved the presence of rock or debris on top of the liner. This problem was
observed at all sites except one. Figure 17 illustrates an example of a severe case of debris on
the liner at the Flanigan Pit. At the Flanigan Pit as well as other sites visited, surface water was
present on the berm and in the anchor trench. This practice is not in accordance with the West
Virginia Erosion and Sediment Control Field Manual, which states that surface water must be
diverted from the pit. The water washing the rock and debris into the pit adds weight to the
containment system which can lead to strain and dislodgement of the anchor trench. Also, with
the rock washing down over the liner, there is a higher potential for tears to form.
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Figure 18: Improper Anchor Trench Embedment at Ball 1H

Deformations, cracks, and settlements around the anchor trench affect the integrity of the liner,
and these concerns were addressed in Question 12 of the observation checklist. During field
evaluations, this question was expanded to include the embedment of the anchor trench. All sites
with the exception of one were found to have issues related to the anchor trench. Figure 18
illustrates improper anchor trench embedment at the Ball 1H Impoundment #2, as indicated by
the liner protruding out of the ground. Improper embedment may result in an increased
likelihood of the anchor trench pulling out of the soil, affecting the ability of the liner to retain
fluids. Another potential issue is the possibility of wind lifting the liner and causing tears

leading to a failure of the containment system.
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Figure 19: Unsupported Pipe at Plum Creek

The last observed trend was unsupported pipes. Question 14 addressed this concern, and pipes
were not properly supported on eight of the fourteen sites. Figure 19 depicts a severe instance at
the Plum Creek South Fork Impoundment. At this site, the pipe was unsupported along the crest
of the impoundment and the adjoining hillside, hanging across a depression. Associated areas of
concern include the pipe having the freedom to roll or slide, the possibility of the pipe buckling
or pinching and restricting flow, and the increased potential for gouges and leakage. Any
leakage or rupture of the pipes which convey water or flowback fluids would have an
environmental impact to the surface water and groundwater.
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Table 6 shows the score for each site, ranked from lowest to highest. The Donna Completion
Impoundment received the lowest score among all sites visited. Of the three sites constructed
after the enactment of the Natural Gas Horizontal Well Control Act §22-6A, two sites (SHL 2
and SHL 3) were among the sites receiving the highest scores, although SHL 4 received a low
score due to a slope failure on the downstream face. As a result, slope failures may be an issue
for SHL 2 and SHL 3 in the future.

Site # Site Name Score
1 Donna Completion Impoundment 59.2%
2 Mills-Wetzel Freshwater Impoundment 68.4%
3 Pribble Freshwater Impoundment 72.4%
4 MWV Large Water Storage Pond 1 75.0%
5 SHL 4 Centralized Pit 76.3%
6 Ball 1H Impoundment #2 77.6%
7 Plum Creek South Fork 77.6%
8 MIP Freshwater Impoundment 80.3%
9 Larry Pad 82.9%
10 Donna Completion Pit 84.2%
11 Flanigan Pit 85.5%
12 Burch Ridge Wastewater Pit 88.2%
13 SHL 2 Centralized Pit 88.2%
14 SHL 3 Centralized Pit 88.2%

Table 6: Summary of Site Scores

While certain sites evaluated were known to have problems prior to the field evaluations, a visit
to the Shields FWI site illustrated that current construction practices were characteristic of the
problem areas observed in all the site visits. Thus, poor construction methods may be an initiator
of the problems observed in the field. As an illustration of the construction practices at the
Shields FWI site, pictures collected during the visit are presented.
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Figure 20: Improper Compaction Practices

In Figure 20, the excavator is placing the lift of soil, and the lift is being compacted by a
sheepsfoot roller, followed by a vibratory roller. According to the West Virginia Erosion and
Sediment Control Field Manual, each lift shall be compacted by compaction equipment,
sheepsfoot or pad roller, with compaction to visible non-movement of the embankment material.
Thus, the use of both a sheepsfoot roller and a vibratory roller violates the best management
practice in the manual. This construction practice is creating a shear plane on which water can
move through the soil, possibly resulting in a slope failure. The sheepsfoot roller kneads the soil,
interlocking the soil lifts and benefiting compaction efforts, but the vibratory roller is negating
this interlocking by smoothing the soil.
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Figure 21: Woody Debris in Soil Lift

Figure 21 depicts woody debris that has been compacted into the fill, which was a recurring area
of concern on a majority of the sites evaluated. The West Virginia Erosion and Sediment
Control Field Manual states that the fill material shall be clean mineral soil, free of roots, woody
vegetation, stumps, sod, large rocks, or other objectionable material. As Figure 21 shows, this
best management practice is not being followed at the Shields FWI site. Organic material
compacted into the fill may create pathways for water to infiltrate the soil and cause internal
erosion, which is a possible failure mode for the structure.
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Figure 22: Excessive Lift Thickness

According to the West Virginia Erosion and Sediment Control Field Manual, soil lifts must be as
thin as the suitable random excavated material will permit, typically from 6 to 12 inches. In
Figure 22, the lift thickness is 16 inches, so this construction practice is not in accordance with
the best management practice specified in the manual.
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6.2 Questionnaire Responses

Once the evaluation of the site conditions was completed, the Site Operations and Infrastructure
Evaluation was conducted. This evaluation consisted of questions for the WVDEP Office of Oil
and Gas Inspector on site and/or the company representative. However, the company personnel
present at the time of the field visit may or may not have been the principle site inspectors. The
questionnaire covered the inspector training and background in regards to pit and impoundment
safety, the operation and maintenance procedures for the site, and safety plans such as
Emergency Action Plans (EAPs). The responses to the questionnaire are contained within the
appropriate sites” Appendices. By comparing the responses across all sites, several conclusions
were made about the overall inspection, operation, and maintenance of these structures.

Questions 1 and 11 concerned the type and frequency of company site inspections performed by
field personnel and Professional Engineers (PEs). The responses from WVDEP inspectors and
company representatives varied from every three days to once every two months. Thus, there is
no set frequency for site inspections to be performed at pits and impoundments. Infrequent
inspections allow for problem areas to progress and may lead to failure if the problems are not
addressed in a timely manner. Another concern is the varied responses for the frequency of site
inspections by a PE, which ranged from weekly to never. The PE for the site may offer
additional insight into the site conditions, so irregular visits may result in problem areas going
unnoticed or a delay in the implementation of corrective actions.

The background and type of training that the site inspectors possessed was the focus of
Questions 2 and 3. A majority of the WVDEP inspectors had prior oil and gas industry
experience, but neither the WVDEP inspectors nor the company representatives had any
background in regards to the inspection of structures that impound water. Despite this lack of
experience, the inspectors had not received any type of formal training. As a result, the
inspectors may not fully understand how to identify problem areas that need to be addressed or
the possible consequences associated with those issues. This lack of training may have
significant impacts on the safety of the structure at all stages from construction through
reclamation.

In addition to the lack of training for inspectors, the site inspection procedures were also found to
contribute to the areas of concern observed during field evaluations. Responses to Questions 4
and 5 revealed that no standardized form existed for the WVDEP inspectors to refer to during
inspections, which resulted in the inspectors using state regulations as a guide. Furthermore, the
inspectors only focused on readily apparent problems such as slips and slides, while not
recognizing the smaller issues such as tension cracks and slope deformation that may lead to
large-scale problems.

ETD-10 Pits and Impoundments Final Report Page 49



Another important aspect of pit and impoundment safety is the development of safety and
emergency plans, which was covered in Questions 6, 7, 8, 9, and 10. While the majority of sites
had safety plans covering the normal daily operations, only four sites had plans in place in the
event of an emergency. Emergency Action Plans (EAPs) were not required before the enactment
of the Natural Gas Horizontal Well Control Act §22-6A, and under the new law, only centralized
pits and impoundments are required to develop EAPs. As a result, the only sites evaluated in this
study which were required to have EAPs were the SHL 2, SHL 3, and SHL 4 Centralized Pits.
The company representative at the SHL sites was not aware that an EAP existed, was not trained
on the EAP, and did not know whether the EAP had been evaluated for practicality in the event
of an emergency. In addition, the EAP was not available on-site during the field evaluation. As
a result, the company representative was unprepared to respond to an emergency, which could
lead to the endangerment of lives or the destruction of property. In the EAP for the SHL sites,
no evacuation protocol was provided, with the following justification:

“Due to the location of the pit described in this plan, no evacuation will be
necessary in any case. The pit is a temporary structure that is fully incised in
existing ground and that will be reclaimed once the Marcellus drilling in the
surrounding region is complete. There are no nearby structures or facilities that
would be affected by its breach or failure.”

While the location of the pit may be remote, no inundation maps are provided in the EAP to
support this statement. The SHL site also exhibited a slope failure as referenced in Figure 13.
The incorporation of these maps would increase awareness of the full extent of the damage
resulting from a failure and possibly highlight endangered areas that were not previously
considered. Therefore, the addition of inundation maps to EAPs for all pits and impoundments
constructed after the enactment of §22-6A would facilitate emergency planning for the
structures. Additionally, the development of EAPs for all pits and impoundments, including
those already constructed, would further benefit the safety of these structures and the
surrounding areas.
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6.3 Laboratory Testing Results

Once the laboratory testing was completed, the results from the various tests were compiled into
tables and graphs in order to present the results in a convenient manner. Figure 23 illustrates the
results of the Atterberg limits testing for each site. The range of moisture content values
between the Plastic Limit (PL) and Liquid Limit (LL) is shown for each site, and the field
moisture content is graphed as an illustration of the soil condition at the site. These values are
displayed numerically in Table 7, where the results from the grain-size distribution and Atterberg
limits tests for each site were used to classify the soil according to the ASTM D2487 Standard.
According to the WVDEP Design and Construction Standards for Centralized Pits, the following
soil classifications are acceptable for post 822-6A sites: Clayey Gravel (GC), Silty Gravel (GM),
Clayey Sand (SC), Silty Sand (SM), Clay (CL), and Silt (ML). The laboratory testing results
indicated that none of the post 822-6A sites met this requirement, and of the remaining 12 pre
822-6A sites, only one site met the soil standards.
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Plasticity Indices and Field Moisture Contents
Molsture Content (%) @ Site Moisture Content
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Figure 23: Atterberg Limits and Field Moisture Content
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Table 7: Soil Classification
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In addition to the classification testing, further soil testing was performed on six sites. During
the field visits to these sites, WVU subcontractor Potesta and Associates, Inc. collected in situ
field compaction and moisture content data using a nuclear density gauge. Readings were taken
at various locations on each site, including the crest, mid-slope, and toe of the downstream face.
Furthermore, WVU researchers collected two additional buckets of soil on these sites in order to
perform laboratory compaction, hydraulic conductivity, and strength testing on the soil.

After performing the laboratory compaction tests for each of the six sites, a graph was generated
showing the relationship between the dry density of the soil and the moisture content. Thus, the
optimum dry density and moisture content for each site were determined. Saturation curves
depicting the values where the soil was 100% and 90% saturated were computed using the
following equation:

Yo = GsYw
=t
1+(“’§S

In this equation, G; is the specific gravity of the soil, as determined by the laboratory testing

performed at WVU. ¥, is the unit weight of water, which is 62.4 Ib/ft>;  is the moisture
content of the soil, for which a range of values was used in accordance with the observed
moisture contents at the site; and S is the degree of saturation, expressed as a decimal rather than
a percentage. Entering these values into the equation yielded a range of dry densities (yq),
which were plotted on the compaction graph. To better illustrate this procedure, a sample table
showing the results of these calculations for the Mills-Wetzel Freshwater Impoundment is shown
in Table 8.

S =100%

Moisture Content (%) | Specific Gravity | Water Density (Ib/ft%) | Dry Density (Ib/ft°)
6 2.78 62.4 148.67
8 2.78 62.4 141,91
10 2.78 62.4 135.74
12 2.78 62.4 130.08
14 2.78 62.4 124.87
16 2.78 62.4 120.07
18 2.78 62.4 115.62
20 2.78 62.4 111.49
22 2.78 62.4 107.64

Table 8: Saturation Calculations
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The West Virginia Erosion and Sediment Control Field Manual requires that soil lifts shall be
compacted to a standard Proctor density of at least 95% and that compaction effort shall not
exceed optimum moisture contents. In order to compare the adherence of site construction
practices to this standard, a standard Proctor density of 95% of the optimum dry density was
computed for each site. To achieve proper compaction on-site, the moisture content should be
on the dry side of the optimum moisture content. Therefore, the appropriate compaction density
and moisture content range was plotted on the graphs, signified by red lines. Lastly, the field
data obtained by the nuclear density gauge readings was organized by the location of the reading
(crest, mid-slope, toe) and graphed to determine how the field compaction compared with the
laboratory results. The graphs for the Mills-Wetzel Freshwater Impoundment and the Larry Pad
are presented in Figures 24 and 25, respectively, while the graphs for the remaining sites are
contained in the corresponding Appendices.
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Figure 24: Mills-Wetzel Compaction
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Figure 25: Larry Compaction
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The compaction results show that the soils on the crests tended to be overcompacted, which
would render the point on the wet side of optimum if compared with a higher compaction
energy. Also, the soils at the mid-slopes and toes of the downstream faces were consistently
under-compacted and contained moisture content values higher than optimum. As a result, the
soils at these locations exhibited high saturation values. These conditions may result in lower
unit weight and strength for the soil, leading to a higher potential for slope deformation, internal
erosion, and seepage. These observations were found to be trends across all sites, as only three
of the six sites contained data points within the appropriate compaction range. Only 14% of field
data points were in compliance at two of the sites, and 22% were in compliance at the third site.
Overall, a total of seventy data points were taken across all six sites, and only six points were
within the acceptable compaction range, which corresponds to 8.5% compliance with WVDEP
standards. Table 9 further illustrates these trends by comparing the optimum moisture content
and density with the ranges observed in the field for each site. Based on these findings, the
compaction practices at the sites evaluated do not conform to the best management practices
specified in the West Virginia Erosion and Sediment Control Field Manual.
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Optimum | Optimum Field Minimum | Maximum | Minimum | Maximum
Site Name Moisture | Density | Moisture | Moisture | Moisture Density Density
Content | (Ib/ft®) | Content | Content | Content (Ib/ft%) (Ib/ft%)
MIP Freshwater | 1700 | 1138 | 16.83% | 115% | 255% 72.0 112.6
Impoundment
Ball 1H
15.6% 117.5 22.91% 14.8% 22.7% 95.9 113.1

Impoundment #2
Mills-Wetzel
Freshwater 12.2% 121.5 20.14% 10.2% 20.6% 97.8 122.4
Impoundment
SHL 2

: : 13.7% 122.1 20.83% 7.1% 20.7% 86.3 109.5
Centralized Pit
SHL 3

: , 13.7% 122.1 20.83% 6.5% 37.9% 88.0 1155
Centralized Pit
SHL 4

: : 13.7% 122.1 20.83% 11.4% 23.5% 89.1 120.4
Centralized Pit
Flanigan Pit 15.8% 114.5 25.39% 12.2% 18.5% 108.9 123.1
Larry Pad 11.7% 117.8 16.19% 6.9% 19.9% 103.2 1325

Table 9: Laboratory and Field Moisture Content and Compaction Results
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Once the Standard Proctor testing was completed, hydraulic conductivity and shear strength
testing was performed. The hydraulic conductivity testing consisted of preparing two samples
for each site, one compacted at the field moisture content and one compacted at the optimum
moisture content determined by laboratory testing. After the hydraulic conductivity was
determined, the sample compacted at the optimum moisture content was used for shear strength
testing to obtain the internal angle of friction (¢). The results of these tests are contained in the
appropriate site Appendices and are summarized in Table 10.

Site Name AST_M Sqil Hydraulic Conductivity Angle of
Classification | Field (cm/s) | Lab (cm/s) | Friction (¢)
MIP Freshwater Impoundment SW-SC 3.0E-08 7.0E-08 40.2°
Ball 1H Impoundment #2 SC 6.4E-08 2.2E-08 43.7°
Mills-Wetzel Freshwater Impoundment SW-SC 2.8E-08 2.0E-08 40.6°
SHL Centralized Pits SP 1.5E-08 2.0E-08 40.2°
Flanigan Pit SW-SC 1.2E-08 4.4E-09 42.6°
Larry Pad SW 1.3E-08 1.8E-08 40.7°

Table 10: Hydraulic Conductivity and Friction Angle

The hydraulic conductivity values obtained were comparable between the field and laboratory
conditions at each site. The differences in the values are attributed to the moisture contents
under which the soils were prepared. The internal friction angles obtained indicate that the soils
have high shear strength potential. Although the Ball 1H Impoundment #2 was the only site that
contained soil conforming to the post §22-6A soil classification types specified by the WVDEP,
these results indicate that the site soils are adequate if proper compaction is achieved. Therefore,
the WVDEP should review the acceptable soil types specified in the WVDEP Design and
Construction Standards for Centralized Pits.

After the completion of the laboratory testing at WVU, a comparison was made between the
results obtained in the laboratory and the geotechnical investigations performed prior to the
construction of the pit or impoundment. Since several permits lacked geotechnical investigation
reports or were not provided at the time of the evaluation, the WVDEP permits that contained
geotechnical investigations were analyzed. As an example, the review of the SHL 3 Centralized
Pit is presented.

According to the SHL 3 permit, three boring holes were drilled at opposite ends and in the
middle of the pit to evaluate the subsurface conditions at the site. The test borings were drilled
to depths ranging from 26 feet to 42 feet, which corresponded to depths of five feet to 20 feet
below the final elevation of the bottom of the pit. The results of the borings indicate that clay
was found at the site to a depth of eight feet and that bedrock was found underlying the clay.
Laboratory testing was performed on representative samples of the clay soil and soft bedrock,
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and the specific tests conducted were field moisture content, Atterberg limits, grain-size
distribution, standard Proctor, and hydraulic conductivity.

The laboratory results in the permit contained values differing from those obtained through the
testing performed at WV U for the SHL 3 Centralized Pit. The results from the three boring holes
are compared with the results obtained by WVU in Table 11.

Property Permit Results WVU Results
Field Moisture Content 12.9% - 19.7% 20.83%
Plasticity Index 14 -21 9.8
Soil Classification Clay (CL) Poorly Graded Sand (SP)
Optimum Density (Ib/ft°) 108.1-115.0 122.1
Optimum Moisture Content 14.7% - 17.6% 13.7%
Hydraulic Conductivity (cm/s) 5.8E-08 1.5E-08

Table 11: Comparison of Permit to WVU Laboratory Results for SHL 3

The reason for the discrepancies between the laboratory results may be linked to the field
sampling procedures. According to the boring logs and testing results in the SHL 3 permit, the
soil samples used for the engineering properties testing were taken from a depth of zero feet to
five feet. The natural elevation of the site ranged from 1,308 feet to 1,325 feet, and the bottom
of the pit was excavated to slope from elevation 1,298 feet to 1,294 feet. As a result, the soil
from the top five feet of the excavation may not be representative of the fill material used to
construct the bottom of the pit, the upstream faces, and the downstream faces. This observation
may be supported by the testing performed on soil from a depth of 10 feet to 15 feet in one of the
boring holes. While this soil was not classified, the optimum density was found to be 117.1
Ib/ft®, which is closer to the 122.1 Ib/ft* determined by the testing performed by WVU personnel.
Also, the optimum moisture content for this soil was 13.7%, which is in agreement with the
optimum moisture content found by WVU for the site. Thus, the fill soil exhibits engineering
properties that differ from those obtained by testing the top layers of the site soil prior to
construction, which may be another factor contributing to the post-construction issues observed
during the field evaluations. By expanding the geotechnical investigations to include the soils at
pit depth, the appropriate engineering properties for the fill soil can be determined, thereby
benefiting the overall stability of the pit or impoundment.
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7.0 West Virginia Dam Safety

While the pits and impoundments evaluated in this study are not classified as dams, the
quantities of fluids impounded by these structures are comparable to the storage volumes of
dams. According to the Dam Control and Safety Act — WV Code 22-14 and the Dam Safety
Rule (47CSR34), Sections 3.2 a and ¢ denote that for incised reservoirs the volume of water
retained below ground surface is not included in determining whether the pit or impoundment

meets the dam criteria.

Table 12 contains the permitted storage volume for each site evaluated in the study. No site met
the designation for status as a dam per the Dam Control and Safety Act.

Site Name Permit Volume (Acre-Feet) | WV Dam Status
Donna Completion Impoundment N/A N/A
Mills-Wetzel Freshwater Impoundment ~20.56 No
Pribble Freshwater Impoundment 37.83 No
MWV Large Water Storage Pond 1 55.98 No
SHL 2 Centralized Pit 12.07 No
SHL 3 Centralized Pit 11.47 No
SHL 4 Centralized Pit 12.39 No
Ball 1H Impoundment #2 23.28 No
Plum Creek South Fork 45.85 No
MIP Freshwater Impoundment 7.32 No
Larry Pad N/A N/A
Donna Completion Pit 7.81 No
Flanigan Pit 12.41 No
Burch Ridge Wastewater Pit 11.19 No

Table 12: Comparison of Storage Volumes and Dam Requirements

The permit file for the Donna Completion Impoundment was not provided, and the permit file
for the Larry Pad did not contain the storage volume; thus, no determination could be reached

regarding these structures.
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8.0 Conclusions and Recommendations

The goals of this study were to conduct engineering reviews of submitted and approved permit
plans, construction practices, and geotechnical investigations of pits and impoundments
associated with Marcellus Shale horizontal gas wells. The overall purpose was to ascertain and
document the suitability of the construction and use of these structures in minimizing the
potential environmental effects related to horizontal drilling.

After obtaining the permits for various pits and impoundments from the WVDEP, engineering
reviews revealed areas of concern. The permit files provided to WVU researchers for 10 sites
constructed prior to the enactment of the Natural Gas Horizontal Well Control Act §22-6A
lacked geotechnical investigations. However, the permits for the three post §22-6A sites
contained geotechnical information. Also, the WVDEP did not provide the permits for two sites
at the time of the evaluation.

An analysis of the permits compared the permitted storage volumes with the storage volume
requirements of dams as regulated by the WVDEP (WVCSR 822-14 & WVCSR 847-34). No
sites were found to meet the requirements of a dam. However, the large quantities of water
could be a potential hazard to the public and the environment if a failure were to occur because
of the ridge-top location of several sites.

While issues were found in the development of the permits for the pits and impoundments,
further concerns were observed during the field evaluations of the construction practices for
these structures. The as-built construction dimensions were inconsistent with those found in the
permit, including larger capacities, smaller berm widths, and steeper slopes than the permitted
designs specified. These discrepancies create unknown stresses on the structure that may lead to
instability. Additionally, quality control and assurance were found to be lacking during the
construction of the structures, with no field compaction standards, improper soil types, excessive
slope lengths, insufficient erosion control, and buried debris. Furthermore, the placement of
pipelines and geosynthetic liners was found to be inconsistent with industry practices, posing
potential safety and environmental concerns. Any leakage or rupture of the pipes or liner
systems would have an adverse environmental impact to the surface water and groundwater.
Therefore, the best management practices set forth by the WVDEP are not being adhered to
throughout the construction process for pits and impoundments. A stricter application of
WVDEP best management practices and an increased quality assurance and control process
during construction and operation are recommended to significantly improve the long-term
safety of these structures by mitigating possible problems.
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Based on hydraulic conductivity and shear strength testing, the site soils in this study appear to
be suitable even though none of the post 822-6A sites had soil conforming to the soil
classifications specified by the WVDEP. Therefore, the soil classifications in the WVDEP
Design and Construction Standards for Centralized Pits should be reviewed for applicability. A
comparison of the field compaction data on six sites with the Standard Proctor results revealed
that only 8.5% of the field data points met the optimum compaction density and moisture content
range. Insufficient compaction density can result in lower shear strength potential, the
development of subsurface erosion, and elevated pore water pressures in the slopes of pits and
impoundments, which may contribute to slope instability.

On sites that provided geotechnical investigations, such as the SHL 3 Centralized Pit,
discrepancies were found with the soil properties and classification. Properties such as field
moisture content, plasticity index, optimum density, optimum moisture content, and soil
classification differed from WVU laboratory testing results. These differences show that the soil
reported by the company may not be representative of the fill material used to construct the
structure, and may be a contributing factor to any post-construction issues. Therefore, thorough
geotechnical property testing of site soil is recommended to evaluate all fill material at the pit or
impoundment foundation depth rather than only the top soil layers excavated.

The operation and maintenance of the pits and impoundments contributed to the problems
observed in the field. The frequency of site inspections varied across the sites, and no
standardized method for performing the inspections existed. Also, the inspectors and field
personnel had not received any formal training related to pit and impoundment inspection,
resulting in the observed areas of concern being overlooked. Proper training for company and
state inspectors is recommended so that the competency and quality of inspections can be
increased and problem areas can be identified and addressed in an effective manner. Although
822-6A requires that all centralized pits and impoundments have EAPSs, the EAPs must be
evaluated for emergency situations, and all company personnel must be properly trained on how
to use the plans. Also, the expansion of this requirement to sites constructed prior to the
enactment of §22-6A is recommended to benefit the safety of these structures and the
surrounding areas.

During the study, the WVDEP discussed that the MIP Freshwater Impoundment permit was to
be evaluated for converting this pre §22-6A site to a centralized impoundment. This practice is
not recommended for this site, or for any pre 822-6A sites, as these sites were not designed for
this function and exhibited a high frequency of latent construction problems.
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There were several construction deficiencies out of compliance with the West Virginia Erosion
and Sediment Control Field Manual, and the WVDEP Design and Construction Standards for
Centralized Pits. However, none of the deficiencies indicated imminent pit or impoundment
failure potential at the time of the site visit. The problems identified do constitute a real hazard
and present risk if allowed to progress, but all problems that were observed in the field could be
corrected. Future construction, if done in conformance with the WVDEP guidelines, should pose
minimal risk.

ETD-10 Pits and Impoundments Final Report Page 65



9.0 References
ASTM Standard D422, 2007. Standard Method for Particle-Size Analysis of Soils. ASTM
International. West Conshohocken, PA. 2007. DOI: 10.1520/D0422-63R07.

Www.astm.org.

ASTM Standard D698, 2007el. Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Standard Effort. ASTM International. West Conshohocken,
PA. 2007el. DOI: 10.1520/D0698-07E01. www.astm.org.

ASTM Standard D854, 2010. Standard Test Methods for Specific Gravity of Soil Solids by Water
Pycnometer. ASTM International. West Conshohocken, PA. 2010. DOI: 10.1520/D0854-

10. www.astm.org.

ASTM Standard D2216, 2010. Standard Test Methods for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass. ASTM International. West Conshohocken,
PA. 2010. DOI: 10.1520/D2216-10. www.astm.org.

ASTM Standard D3080/D3080M, 2011. Standard Test Method for Direct Shear Test of Soils
Under Consolidated Drained Conditions. ASTM International. West Conshohocken, PA.
2011. DOI: 10.1520/D3080_D3080M-11. www.astm.org.

ASTM Standard D4318, 2010. Standard Test Methods for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils. ASTM International. West Conshohocken, PA. 2010. DOI:
10.1520/D4318-10. www.astm.org.

ASTM Standard D5856, 2007. Standard Test Method for Measurement of Hydraulic
Conductivity of Porous Material Using a Rigid-Wall, Compaction-Mold Permeameter.
ASTM International. West Conshohocken, PA. 2007. DOI: 10.1520/D5856-95R07.

www.astm.org.
“Dam Safety Rule.” WV Code 847-34. 1995.
“Dam Control and Safety Act.” WV Code §22-14. 2009.

Design and Construction Standards for Centralized Pits. Office of Oil and Gas, West Virginia
Department of Environmental Protection, 2011. http://www.dep.wv.gov/oil-and-
gas/Documents/Centralized%20Pits--Design%20and%20Construction%20Standards.pdf.

Gabr, Mohammad A. Laboratory Manual CE 351 Introductory Soil Mechanics. Department of
Civil and Environmental Engineering, West Virginia University, 1997.

“Natural Gas Horizontal Well Control Act.” WV Code §22-6A. 2011.

ETD-10 Pits and Impoundments Final Report Page 66


http://www.astm.org/
http://www.astm.org/
http://www.astm.org/
http://www.astm.org/
http://www.astm.org/
http://www.astm.org/
http://www.astm.org/
http://www.dep.wv.gov/oil-and-gas/Documents/Centralized%20Pits--Design%20and%20Construction%20Standards.pdf
http://www.dep.wv.gov/oil-and-gas/Documents/Centralized%20Pits--Design%20and%20Construction%20Standards.pdf

West Virginia Erosion and Sediment Control Field Manual. Office of Oil and Gas, West Virginia
Department of Environmental Protection, 2012. http://www.dep.wv.gov/oil-and-
gas/Documents/Erosion%20Manual%2004.pdf.

WVU Review and Back-Check Memorandum, 2012. Project File contents of WVDEP review
comments and resolutions.

ETD-10 Pits and Impoundments Final Report Page 67


http://www.dep.wv.gov/oil-and-gas/Documents/Erosion%20Manual%2004.pdf
http://www.dep.wv.gov/oil-and-gas/Documents/Erosion%20Manual%2004.pdf

Appendix A: WVU Project Personnel

A list of West Virginia University (WVU) personnel directly involved in this study is included
below.

John Quaranta, Ph.D., P.E., Principal Investigator

Provided oversight and direction of project

Provided technical oversight concerning soil property testing on pits and impoundments
Served as lead investigator for pits and impoundments

Oversaw field sampling efforts for soil property testing

Richard Wise, MSCE, EIT, Research Engineer

e Selected, scheduled, and directed activities of the field staff to complete the planned
sampling activities

e Served as primary point of contact for pits and impoundments team

e Assisted with preparation of reports and presentations to WVDEP

Andrew Darnell, MSCE, EIT, Research Engineer

e Assisted with selecting and scheduling to complete the planned sampling activities
e Oversaw and assisted with preparation of reports and presentation to WVDEP

Michael Kulbacki, BSCE, Research Associate

e Conducted field sampling activities
e Assisted with compilation and reporting of field and laboratory data and results

Matthew ldleman, BSCE, Research Associate

e Conducted field sampling activities
e Assisted with compilation and reporting of field and laboratory data and results

Justin Pentz, BSCE, Research Associate

e Assisted with compilation and reporting of field and laboratory data and results
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Appendix B: Donna Completion Pit
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Donna Completion Pit
Date of Site Evaluation: 7/12/12

Permit Observations / Anomalies:

Measurements of the field as-built construction were consistent with the permitted design, except
for the berm width. The berm crest width measured a minimum width of 9.83 feet, while the
permitted dimension is 17 feet in width. Thus, berm width is a deficiency.

The as-built dimensions of the pit were in agreement the permitted dimensions. The permitted
size is 142 feet wide by 355 feet long, and the as-built dimensions are 141 feet wide by 357 feet
long.

Hydrology

Visual evaluation of the berm and downstream faces found several instances of rill and gully
formation. Furthermore, rock movement was noted at the crest and on the slopes. No slope
movements were observed on the downstream faces as a result of erosion control measures.

Containment

The liner for the pit is an HDPE geomembrane. Bulges in the liner were noticed at several
locations, and there was a minor amount of soil and rock on the liner. The anchor trench was
exposed in places due to insufficient embedment, and settlement cracks were found on the berm
near the anchor trench.

Slope

Rills, gullies, and rock movement were observed in several locations on the downstream faces.
Woody debris was found in the fill on the downstream slopes. Erosion control fabric was in
place on the eastern downstream face.

Other Comments

There was an unsupported pipe that ran along the roadway and berm. One pipe was lying across
the safety fence. A trash pile was found in a ditch below the pit. The thickness of the HDPE
liner appeared to be thinner than 60 millimeters. No company representative was present for the
site evaluation.
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West Virginia University — Civil & Fnvironmental Engineering FTD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME County Marion Company | Energy Corporation of America
712712 9:00 AN
Latituda N 197 34° 29 57 Pit Namsa Donna Complation Pit
WEATHER
Mostly Sunny Longituds WE0"17" 33.17 ID Ho.

A. PERMIT INFOERMATION

Pit Width (ft.) 142 # Minimum Berm Crest Width {ft.) 17 & Construction Tyvpe Incized Crest
Pit Langth {ft.) 55 & Upstrzam Slopa (H:V) 3:1 Linar Tvpa HDPE
Dapth (ft.) 4.5 ft. Dovmstream Slopa (H:V) 21 Diata Built 2011
Freeboard{ft.) 24t Diatz FEaclaimad N/A
B.FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (f.) 141 #. Barm Crast Width {f.) 08l ft Crast Haight (ft.)
Pit Length (ft.) 35T H Upstream Slopa (H:V) 3:1 Up Slope Length {ft) 12 5
Dapth (ft.) Dovmstraam Slopa (H:V) Dovwn Slopa Length {ft.) 545§
Fresboard (ft.) Watar Elavation Groundwatar Elavation
Is the pit/impoundment in the NFIP 100-yr floo dplain? No Lo pat's oot witkiin: DN feek o apiolfin No
water sounca’
Is tha ]:n.it 1.1:I:I.p01.1:|:|.d|:|:E:I:II within 300 faat ofa dwelling, No Is tha pit'irnpoumdment within 100 f2a ofa Mo
perannial stream, or privatewater soumcs’ watland?
Existence If YES then Evaluate Sizgnificance of Froblem
C. PITIMPOUNDMENT —— {L; ;;g ;-.;u:'l?;:.a *_-,-H; izh Famarks
1 Ara thira anw obsarved surface arosions, cracks, satlemants, or e - Rills, rock movemsnt at
SCAfpS! crest and face
2 | Asethers anvslops movements oranimal bumewsT Mo
3 | Arethers anvdepressions, sinkholes, or slidss into the pit pressmt? ¥a
4 Ara thare any signs of mine subsidence on oradjacent to tha 303
ambankmsnt? 3
3 | Arethers anvobserved trees, tall weeds, or othar vagstation? Yes v Waady debris
& | Arsthers anvseeps, wet zonses, orlosses ofseil? Ha
S | A theia anv addies iwhirlpools or othar signs oflaskass or seaps e
prasent’ 2
P ."ﬁ:athe;aa&}'linectam: buleas, holes, wind upliffs, orssam e W P
saparations:
9 | Arethers anvarsss whars tha linar is strainsd? o
10 | Arethers anvareas whara the linar has rock ordebris ontop of it? e ¥ Soilrack on top of linsr
11 | Is there anvtearpotential for the linar? HNa
12 Ara thare any deformations, emeks, or sattlemants aroumd theancher Ve - _.-'m._-h.:;- te=nch ?};F-ﬂiad_
trench? in places, cracking
12 Ara thers anv signs of pipeabnormslifizs (svuss marks, leaks, o
eracks)?
14 | Afathers anvarsas whars the pips is not propedy supported? Y ¥ Unsuppantad zlong raad
15 | Arethera anwsigns of pipes havine significant sapping in lina7 Na
16 | Arethers anwsigns of obstmactions (trees, garbags, atc.)7 (25 ¥ Battles in pit
17 | Agsethars anvsiens of water inditch associated with pit? o
18 | Age there anw obstructions aroumd the dischares outlat? Ha
12 | Arathers any signs of downstream slopemovamsent into diteh? Mo
WV (Name | 3imature) DATE
Andrew Diamesll 712/12
WWDEP (Wams | Sisnatur=)
Willizm Hendesshaot T/12/12

Company Bepresentative (Name | 5immatune)
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Site Operations & Infrastructure Evaluation

Diate: 771212 [ FitTmpomdmantNams: DomaCompltion Fit

1

What is the tvpeand frequency of company sitainspactions at the pit'impoumdment? {routine or spacial inspaction) (visusl, walking)

Foutine inspaction perfomead once every two months

%]

What tvps of training orbackeroumd doss the inspector possass ralativeto pit'impomdmesnt inspaction?

Worked in the oil and gas industre2 1 weers but has no formal statatraining

(o]

How manyvears oftraining doas the inspectorhave in evahatine pits'imp mmdments?

0, ha has baan on the job for 36 months

Is thara a standardized form'procadure usad to inspact and racord observations ofthe pit'impomdmant inspaction?

Mo standsrdized formm he parforms peneml inspactions looking for slips

=

Who devalopad the form and howis the infommation used to avaluats pit'impomdmant safaty?

The state of Wast Virginia

Ara thare safetvand smergencoy procadurss for thapit'impomdrmant 7

He dozsn’t koo ofanvprocaduras, but he raposts anvis sues

Iz thare an Emareency Action Plan (EAF) for the pit'impoumdment T Iz the EAP postad at the site with contact nmurnbarsT

Ha balisves thas is ons, but he dossn ™t know it

Has the pit'imp oundment inspactor been trainad on how to usethe EAPT

Mo

Has the EAP baan evaluatad usinga Tahla Top Revisr orothermathed? (Ifso, whan?)
Ha doesn't know

10

Doas the company have a policy onpitimp omdment safate?

Would have to contact the comparmy to find out

11

How fraquently doas a Profassional Ensinsar inspect the sits?

Every 7 days

(Other commeants:

Linear is thimmer than 6{ mil

Thers ars traes marked to ba cut down on the sastern dowmstream face
Woody dsbrisis present onthe berm and downstraam faces

Thers is a trash pils in a ditch balowr the pit
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Appendix C: Donna Completion Impoundment
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Donna Completion Impoundment
Date of Site Evaluation: 7/12/12

Permit Observations / Anomalies:

The as-built dimensions of the impoundment measured 276 feet long by 129 feet wide, and the
berm width was 10 feet. No permit information was provided for this impoundment.

Hydrology

Numerous slips, settlements, and slope movements were observed on the berm, upstream face,
and downstream face. A large slip was found on the upstream face, where a large rock was
sliding into the impoundment. Also, downstream slope movement into the ditch was noted.

Containment

The liner for the impoundment is an HDPE geomembrane. Bulges in the liner were noticed at
several locations, and there were holes in the liner where posts had been removed. The liner was
strained in several areas as a result of the slips and settlements, increasing tear potential. The
anchor trench was exposed in places due to insufficient embedment. A high amount of rock and
soil were on top of the liner, including the large rock in the slip on the upstream face.

Slope

Slips, settlements, and slope movements were observed in multiple locations on both the
upstream and downstream faces. The soil on the downstream slopes appeared to be
uncompacted. Cracks were also present at the crest of the slope. The slope movements at the
impoundment were significant and may lead to a failure.

Other Comments

Garbage was found in the impoundment. Vegetation was observed on the berm. Floatation
devices were tied up and covered by the fencing. No company representative was present for the
site evaluation.

ETD-10 Pits and Impoundments Final Report Page 75



West Virginia University — Civil & Environmental Engineering ETD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluarion Form

DATE & TIME County Nlarion Company | Energy Corporation of America
T2 10:15 AM
Latituds M 397 347 29 57 Pit Mame Donna Impoundment
WEATHER —— —
Mostly Sunny Longituds WE0® 177 331”7 ID Ho.
A PERMIT INFOERMATION
Pit Width (ft.) Minimum Berm Crast Width () Construction Tvpe Tncised
Pit Langth (ft.) Upstream Slope (H:V) Linar Typs HDFE
Dapth {ft.) Dovwmstream Slops (H:V) Diatz Built
Frasboard{ft.) Diate Faclaimad MN/A
E.FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (ft.) 129 . Berm Crast Width (£t.) 10 ft Crast Haight (ft.)
Pit Langth (ft.) 276 ft. Upstraam Slope (H:V) Up Slopa Langth (ft.) 13
Dapth {ft.) Dovwmstream Slops (H:V) Down Slope Langth {ft.) 45
Fraaboard (ft.} ift Water Elawation Groundweater Elavation
Is the pitfimpoimdment in the NFIP 100-¢ floodplain? No e e el I
I5 the pit'impmmdmeant within 300 faat ofa dwealline, o Is the pit'impomdment within 100 fzat ofa
; 7 = Yas = Mo
perennial stream, or privatawater s ourca’ watland?
Existence IfYES then Evaluate Significance of Froblem
C. PITTMPOUNDMENT P Law Moderate | EHigh B
YesMoiMA | 339% 33_66% | = 66% Bemarks
1 Ara thers anv obsarvad surfacs srosions, cracks, satlemants, or Yes v Sattlements on
scarps’ - upstream face, berm
2 | Arethere anvslops movemants oranimal bumews? Yes v Upstream face
3 | Arethers anvdepessions, sinkholas, or slidas into thepit prasent? Yes v Zlip on upstrem face
4 Ara thars anv siens of mine subsidanes on oradjacent to the -
embankmsmnt? }
5 | Arethers anvobsarvad traes, tall waeds, or othar vagstation? Yas ¥ CGrown up around fance
6 | Arethers anvsesps, wat zonses, orlosses ofseil? Ha
- | Arathers anvaddiss whirlpools or other siens ofleakass orseaps -
prasant? -
g Ara thare any linar tears, bulges, holss, wind uplifts, or seam Tar e Bulgzs, halss from
separations? e driven posts
9 | Arethers anvarsas whars the liner is strainad? Yes ¥ 5lips, settlements
10 | Arsthers anvarsas whers the liner has rock ordebris ontop of it7? Fas ¥ Larg= rack in slip
11 | Isthers anvtearpotential for the linar? a5 ¥ Hales, strzins
12 Arsz theres anv deformations, cracks, or settlements aroumd theanchor Ve 7 Anchar trench expasad
“ | trench? = in places, cracking
13 Arz thers anv siens of pipeabnormalifizs (gouss marks, [zaks, 43
~ | cracks)? ik
14 | Arathers anvarsss whars the pips is not propedy supportad? Yas ¥ Unsuppantad
15 | Arethers anvsiens of pipes havine significant sapping in lina7 Yes v Sagzings in line
16 | Arethers anvsiens of obstmctions (trees, parhaps ate )7 Yes \/ Garhaze
17 | Arathers any siens of water inditch associated writhpit? Ma
18 | Arethers anv obstructions aroumd the dischares outlat? Mo
12 | Arethers anv siens of dovwnstream slopemovamnent into ditch” (25 ¥ Ground uncompacted
WV (Name | 54matmas) DATE
Richard Wise 11212
WWDEP (Nams | Biznaturs)
Willizmm Hendershat 11212

Company Representative (Name | Simatmes)
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Site Operations & Infrastructure Evaluation

Diata: T/TIT2 | FitTmpomdmentiNams: Doma CompEtion Impomdment

1

What is tha tvpeand fraquency of company sitsinspactions at the pit'impoumdment? (routine or spacial inspaction) (visual, walling)

Foutine inspaction perfommesd oncs evary two months

(%]

What tvpa of training orbackeromd does the inspactor possass ralativeto pit'impomdmeant inspaction?

Worked in the oil and gas industre2 1 waars but has no formal statatrainine

Howr manyvvaars of traiming doas the inspactorhave in evahatine pits'imp mmdmants?

{0, ha has baan on the job for 36 months

Is thars a standardized form'procadurs usad to inspact and racord observations ofthe pit'iTnp omdment inspaction?

Mo standardized form he parformes seneml inspactions lookine forslips

LN

Who developedthe foom and howis the infogmationused to avaluate pit'impomdm ant safete?

The state of Wast Vireinia

Ara thara safetvand emergency procadures for thepit'impommdment?

He doesn’t know ofanv proceduras, but he reposts anvis sues

Is thare an Emereency Action Plan (EAP) for the pit'impoumdment T Is the EAP postad at the site with contact mumbarsT

He baliaves tharm is ons, but hedoeasn ™t know it

Has the pit'impoumdment inspactor been trained on how to usethe EAFT

Mo

Has the EAP baan svaluated using a Table Top Eeview orotharmethod? (If s, whan?)
Hadoesn't knew

10

Doas the company have a policy on pitimp omdment safate?

Would have to contact the comparre to find out

11

How fraquently does a Profassional Ensinsar inspact the sita?

Evary 7 days

Other commants:
Holas in HDPE linar wharaposts wars driven in for the fance and ramevad
Fence runs through centar of barm

Fish in impomdmant
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Appendix D: Pribble Freshwater Impoundment
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Pribble Freshwater Impoundment
Date of Site Evaluation: 7/16/12

Permit Observations / Anomalies:

Measurements of the field as-built construction agreed with the minimum berm crest width; the
permit specified a minimum berm width of 24 feet, and the measured berm widths were all
greater than 25 feet.

The as-built dimensions of the impoundment exceeded the permitted dimensions. Therefore, the
impoundment has a larger volume capacity than permitted. The permitted size is 260 feet wide
by 390 feet long, while the as-built dimensions are 271.5 feet wide by 405 feet long. As a result,
the as-built size and volume exceed the permit.

Hydrology

The visual evaluation of the impoundment found several areas requiring attention. Numerous
rills, gullies, and slope movements were observed on the northern, western, and eastern
downstream faces. Also, seepage was noted on the downstream faces, as evidenced by increased
vegetation growth on the slope and discharge from the pipes on the western and eastern faces.
Surface erosion was observed as a result of drainage from the pipes on the downstream faces.
Additionally, there was a storage tank collecting water seeping off the eastern face, and the tank
was beginning to overflow at the time of the site evaluation. Water was found in the ditch at the
toe of the eastern face.

Containment

The liner for the impoundment is a 30-millimeter gegomembrane. Several patches were found on
the liner at the upstream face, as well as poor seals on the seams. Additionally, small tears were
observed, and a minor amount of rock and soil was found on the liner, increasing the tear
potential. Bulges in the liner were also noticed at a few locations. The anchor trench was
exposed in places due to insufficient embedment.

Slope

Rills, gullies, and cracks were observed in multiple locations on the downstream faces. Slope
movements were found below the access road on the northern face, above and below the tram
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road on the western face, and on the eastern face. Woody debris was prevalent on the
downstream faces in the fill material as well as resting on top of the fill in several locations.

Other Comments

Trash was found in the impoundment. Gouges were observed in an unsupported pipe on the
western face. There was a drainage pipe that directed water over the western face, causing gully

formation.
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West Virginia University — Civil & Environmental Engineering ETD-10

Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME County Watzal Company Stons Enarev Company
T6/12 11:00 AN
Latituds N 39°4]1° 928" Pit Nams | Pribble Frashwrater Impoundment
WEATHEE.
Nt Besne Longitude W B0° 49’ 16.37 D No. Parmit 4 WMP-00277

A.PERMIT INFOERMATION

Pit Width (ft.) 260 £ Minimum Berm Crast Width {ft.) 24 f Construction Tvpa Hill Crast
Pit Length {ft.) 390 ft. Upstraam Slopa (H:V) 2:1 Linar Tvpa 30 mil.
Dapth {ft.) 4 £t Dovwnstrsam Slopa (H:V) 21 Drata Built
Frazboard(ft.) 14 Diate Raclaimad N/A
B. FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (f.) 215 & Berm Crast Width (ft.) =25 . Crast Height {ft.) 654 ft
Pit Langth (ft.) 405 . Upstraam Slope (H:V) 2:1 Up Slope Langth {ft.) 3154
Dapth {ft.) Dovwmnstrsam Slopa (H:V) F:5:1 Down Slope Length (ft.) 1815H B4
Freeboard (ft.) Water Elesvation Groundwater Elevation
Is the pitfimpoundment in the NFIP 100-yr floodplain? No S Ap e ity DDt mpokl: No
Is tha p_{t i.mpmmdman?wiﬂ:ﬁniﬂﬂ faat ofa dwalling, No Is tha pit'impomdment within 1 (0 faat ofa Mo
parennial stream  or privatawatsr soures? watland?
Existence If YEE then Evaluate Siznificance of Problem
C. PITIMPOUNDMENT e {L;;,; ]'Séa:'l:l;T:a :,H; fﬁ, ks
1 ."s:!thifaan}' observed surface arosions, eracks, sattlamants or es o Gullies on downstrezm
SCATPS. fzcz, =rosion at pips
2 | Arethers anyslope movements oranimal bumows? Tas v Above tram road
3 | Arethers anvdapressions, sinkholas, or slidas into thapit prassnt? o
4 Arathers any signs of mine subsidanca on oradjacent to tha o
embankmeant? )
5 | Arsthers anvobservad traes, tall weads, or other vasatation? Tas ¥ Waody debris on faozs
§ | Arsthers anvseeps, wat zones, orlossas ofseilT Tas ¥ Discharzs from pips
2 | A T.hai;a anv eddies iwhirlpools or othar signs ofleakass orseeps Mo
prasant’
P ."!:IE'LhE‘:!.’EﬂJ:I.}"].iJ:I.EI.’tEaIE: bulezs, holes, wind uplifts, orssam Ve v Mzny repairs, poor
saparations” 55T
9 | Arsthers anvarsas whara tha linar is streinsd? Na
10 | Arsthers anvarsas whers the linar has rock ordebris ontop of it? Yes ¥ Minaor rocks and sail
11 | Isthers anvtearpotential for the linar? e ¥ Zzams, smal] teans
12 E:ifam}'defmmﬁms: cracks, orsettlements aroumd theanchor e s HDPE expased
13 Ara thers anv signs of pipeabnormalifi=s {gouss marks, l=aks, Ve < (rousss in pipe on
cracks)? downstresm face
14 | Arethears anvareas whars the pips is not propady supportad? Yeas ¥ Unsappartad
15 | Arethers anvsiens of pipes havine sipnificant sapping in lina7 Na
156 | Arathers anysigns of obstructions (treas, parbaga, ate )7 Yas ¥ Battlzs in imponndmant
17 | Arathers anvsigns of water inditch associated with pit? Yes v
18 | Arathers anv obstructions aroumd the dischares outlat? Na
12 | Arethers anvsiens of downstream slope movament into ditch? o
WV {(Mame | 5ignarurs) DATE
Andsew Damell 1/16/12
WWDEP (Name | 3isnature)
Diersk Hanght 1/16/12
Company Fepresentative (Mane | 5imature)
Faon Shafer 771612
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Site Operations & Infrastructure Evaluation

Diata: 7/16/12 | FitTmpomdmeantNams: Pribblz Frashwater Impoundmant

1

What is ths tvpeand fraquency of company sitainspactions at the pit'impoumdment? {routine or spacial inspaction) (visusl, walking)

Walking and visual inspactions, no setfraquency (once a2 month usuallv)

%]

What tvps of training orbackeromd doss the inspector possass ralativeto pit'impomdment inspaction?

Worked in il and gas industry for 10 wears, hasno spacific training

(o]

How manyvears oftraining doas the inspectorhave in evahating pits'imp mmdments?

a

Is thara a standardized form'procadure usad to inspact and racord observations ofthe pit'impomdmant inspaction?

Usas awell report form nothing spacific to pits and impomdmants

=

Who devalopad the form and howis the infommationused to avaluats pit'impomdmant safaty?

Genaral form davelopad armmd 30 vearsago

Ara thare safetvand smergencoy procadurss for thapit'impomdrmant 7

Lifa vests, fancas, notifications

Iz thare an Emareency Action Plan (EAF) for the pit'impoumdment T Iz the EAP postad at the site with contact nmurnbarsT

Mo action plan axcept for fixine leaks and darmaps control, best construction practicas

Has the pit'imp oundment inspactor been trainad on how to usethe EAPT

Mo

Has the EAP baan evaluatad usinga Tahla Top Revisr orothermathed? (Ifso, whan?)
Mo

10

Doas the company have a policy on pitimp mmdment safate?

Amn alarm goes off whanthe watar lavel gatstoo high, and they pump out water

11

How fraquently doas a Profassional Ensinsar inspect the sits?

Omecs a wear, consultants do bi-monthlyinspactions

Other commeants:

Erosion problems on slope orisinally outsids construction zons, didn’t axpearisnce problams until after construction, snginserine fix on
arosion

Pravious slip on face cansed bvliner breachss, patchad bad seams and cormetad slip

Company reprasentative mentionsd that thera was no wayto commmmicata d cwnstraam if thess was a failue
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Appendix E: Burch Ridge Wastewater Pit
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Burch Ridge Wastewater Pit
Date of Site Evaluation: 7/16/12

Permit Observations / Anomalies:

The field as-built construction of the pit measured consistently with the permitted design. The
berm crest width measured a minimum width of 20 feet, in accordance with the permit.

The as-built dimensions of the pit were reasonably close to the permitted dimensions. The
permitted size is 158.5 feet wide by 378.9 feet long, while the as-built dimensions are 165 feet
wide by 375 feet long.

Hydrology

A visual evaluation of the berm found tension cracks forming along the crest and at the toe of the
downstream faces. Also, rills and gullies were observed at various locations on the downstream
faces due to surface erosion. While there were no observed slope movements, the lack of
vegetation on the downstream faces makes those faces susceptible to additional surface erosion
and possible movements. Furthermore, moist soil was found along the toe of the downstream
faces.

Containment

The liner for the pit is a 60-millimeter geomembrane. Patches were found on the liner at the
upstream face. Bulges in the liner were also noticed at a few locations. Settlement cracks were
found around the anchor trench of the geomembrane, and the anchor trench was exposed in
places.

Slope

Rills, gullies, and cracks were observed in multiple locations on the downstream faces, but no
slope movements were found. Woody debris was prevalent on the downstream faces in the fill
material as well as resting on top of the fill in several locations.

Other Comments

There was an unsupported pipe along the access road.
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West Virginia University — Civil & Environmental Engineering ETD-10
MMarcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE &F{%Ile _ County hlarchall Company (rastar Exploration USA, Ine.
L Latituds N 39°45° 1567 Pit Mams Burch Ridzz Wastawatar Pit
WEATHER
Mostly Sunny L ongituds WE0"48° 1747 ID No. 031401508
A PEEMIT INFORMATION
Pit Width (ft.) 158.5 £ Minimurm Berm Crast Width (ft.) 20 £ Construction Tvpsa Incised
Pit Langth {ft.) JIE9f. Upstraam Slops (H:V) 2:1 Liner Tvpa 60 mil
Dapth {ft.) 154 Downstream Slope (H:V) 21 Data Built 32012
Frashoard{ft.) 28 Diate Faclaimad M/A
B. FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (ft.) 165 f. Barm Crast Width (ft.) 20 £t Crast Height {ft.) 497 f#.
Pit Langth {ft.) 375 ft. Upstraam Slopa (H:V) 1.2:1 Up Slopa Length {ft.) 11 £
Dapth {ft.) Dowmnstream Slope (H:V) 2.1:1 Down Slope Langth (ft.) 1155%f. 75t
Fraaboard (ft.) Water Elavation Groundweater Elavation
s i itleru o et i thaNFTD W00 e floo dplain® No IE Sl pali s o c vt thim MO0 e o s ol No
wates soures’
Is the ptttmpmmdn:lem within 300 fast u:u_fa dwralling, Mo Is the pit'impomdmesnt within 100 faat ofa No
perannial stream or private water s ourcs’ watland?
Existence IfYES then Evaluate Significance of Froblem
C. PITIMPOUNDMENT — {L;;i ;;u:i?&irge :-I-i;f?’l. ]
1 ."srathiraan}'nb:!r'-'ad surfaca eqosions, cracks, satlemants, or Yas v Gy]]ie;.-ﬂz-:].:_; 2t crest
SCArps! Little vesstation
2 | Arathers anvslops movements oranimal busress? Mo
3 | Arathers anvdepressions, sinkholas, or slides into thepit prasant? Ma
4 Ara thers anv signs of mine subsidancs on oradjacent to the Mo
embankmant?
5 | Arathers anvobsarved trees, tall weeds or othar vagstation? Yes W Waoody dshris
6 | Arathersanyvseeps watzones, orlossas ofsoil? Fes ¥ Maist s0il at toe
7 Ara thai;a anveddias swhirlpools or other signs ofleakass orsaaps Mo
praseant’
g f:;aia;:;;}'lin!tm: bulges, holes, wind uplifts, or ssam T B, Bulzs:
9 | Arethers anyvarsas whars the liner is strainad? o
10 | Arethere anvarsas whars tha linar has rock ordebris ontop of it7 Mo
11 | Isthers anvtearpotential for the linar7 Ma
12 Ara thers anv daformations, cracks, or settlements armmd theanchor Ye v Anchor trench expased,
tranch? crzcks in places
13 Arathers anv siens of pipesbnormalifizs (gouss marks Tzaks, e
cracks)T 3
14 | Arethere anvaress whare the pips is not propedy supported? Yas w Unsuppostsd
15 | Arethere anyvsiens of pipes havine significant sagging in lina7 Mo
1§ | Arethers anvsiens of obstmctions (trees, parbaps, ate )7 Ma
17 | Arethers anv siens of water inditch associated withpit? NA
18 | Arethers anv obstructions around the dischares outlat? HA
19 | Arethers any signs of downstream slopemovamsant into diteh? NiA
WV (Namme | Simatmss) DATE
Andrew Damel] 1146/12
WVDEP (Mame | 5iznatore)
Drerele Hanght 11612
Company Representative (Name | 5imammre)
Jesry Duelley 716112
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Site Operations & Infrastructure Evaluation

Diata: T/16/1Z | FitTmpoumdmantNams: BurchRides Wastewatar Fit

1

What is the typeand frequency of company sits inspactions at the pit'impomdment? (routine or spacial inspaction) {visusl, walking)

Visual inspactionevarv 3 davs

2 What tvpe of trainins orbackeromd doss the inspsctor possass ralativato pit'impomdment in spaction”
Worked in oil and gas industry for 10 vears, has no spacific training
3 How manyvears oftraining d oas the inspectorhave in evahatine pits'imp omdments?
0
4 Is thara a standardizad form'procadure usad to inspact and racord observations ofths pit'impomdmant inspaction?
Usas a well report form, nething spacific to pits and impomdmants
3 Who devalopad the form and howris the information used to avaluats pit'impommdmeant safaty?
(Grenaral formdavelopad aromd 50 vears ago
& Ara thars safete and emerpaney procedurss for the pit'impoimdrmert 7
Buovs, fancas
7 Iz there an Emereeney Action Plan (EAP) for the pit'impoumdment T [s the EAP postad at the site with contact nurnbars?
Sita safaty plan posted in sita trailers, call 911 (seemedto ba gusssine on who to contart and in what erdar)
] Has the pit'imp oumdment inspactor been trainad onhow to usethe EAPT
Inspactoris the first to review the site safety plan prior to the parmit
9 Has tha EAP baan evaluatad using a Tabla Top Review orothermethed? (Ifs0, whan?)
N/A
10 Droas the company have a policy onpitimp omdment safate?
Sita safety plan posted in sits trailers, call 911 {seemadto be guessing on who to contact and in what ordar)
11 How frequently dozs a Profassional Ensinserinspact the site?
At construction, bi-monthly inspactions cestifiad evarymeonth
12 Other comments:
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Appendix F: MIP Freshwater Impoundment
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: MIP Freshwater Impoundment
Date of Site Evaluation: 7/18/12

Permit Observations / Anomalies:

Measurements of the field as-built construction differed from the permitted design. The berm
crest width measured a minimum width of 7 feet, while the permitted dimension is a uniform 20
feet in width. Therefore, berm width is a deficiency.

The as-built dimensions of the impoundment exceeded the permitted dimensions. Therefore, the
impoundment has a larger volume capacity than permitted. The permitted size is 121.3 feet wide
by 266.5 feet long, while the as-built dimensions are 135 feet wide by 279 feet long. The as-
built size and volume exceed the permit.

Hydrology

There were observed surface erosions at several locations on the site. Tension cracks were
noticed at the berm and along the downstream face. Slope movements were observed on the
hillside above the impoundment. Rills and gullies were also found at various locations on the
downstream face due to surface erosion. There was a high degree of slope deformation observed
above the impoundment. Some moist soil was found in the ditch above the impoundment.

Containment

The liner for the impoundment is a textured 30-millimeter geomembrane. Patches were found on
the liner at the upstream face. Bulges in the liner were also noticed at a few locations, and there
was minor rock and soil debris on the liner. Settlement cracks were found around the anchor
trench of the geomembrane, and the anchor trench was exposed in places due to insufficient
embedment.

Slope

Rills, gullies, and cracks were observed in multiple locations on the downstream face. Slope
movements towards the impoundment were found on the up-gradient hillside. Woody debris
was noticed in the fill on the downstream face. Minor slope movement into the ditch was
observed around a non-functioning drainage pipe. Overall slope movement appears to have
stabilized with no observed bulges at the down-gradient toe or scarps on the slope face.
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Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
impoundment. Data was collected up-gradient, at the perimeter of the impoundment crest, and
on the down-gradient slope of the impoundment.

Other Comments

There was some erosion due to a drainage pipe under the berm emptying into the ditch.
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West Virginia University — Civil & Environmental Engineering ETD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME B County hlonongalia Company Northeast Natural Enarey
T/1B/12 9:45 AM
Latituds N39° 36" 00.77 Pit Namsa WP Frashwater Impoundmant
WEATHER —— —
Mostly Cloudy Longituds W79® 58" 32.87 ID Ho. 4746101622
A PEEMIT INFORMATION
Pit Width (ft.) 121.3 Minimurm Berm Crast Width (ft.) 20 # Construction Tvpsa Incised
Pit Langth {ft.) 2665 ft. Upstraam Slops (H:V) 2.5:1 Liner Tvpa 30 mil
Dapth {ft.) 14.12 . Dowmnstream Slope (H:V) 2:1 Data Built
Frashoard{ft.) Diate Faclaimad H/A
E. FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (ft.) 135 #. Berm Crast Width (£t 7. Crast Height {ft.) 1628
Pit Langth {ft.) 2179 ft. Upstraam Slopa (H:V) 1.8:1 Up Slopa Length {ft.) 144
Dapth {ft.) 11 £t Dowmnstream Slope (H:V) 1.B:1 Down Slope Langth (ft.) 54t
Fraaboard (ft.) Water Elavation Groundweater Elavation
s i itleru o et i thaNFTD W00 e floo dplain® No ff:thj 1:;1‘53;”‘“‘3”’-‘” o L e o No
Is the pit'impmmdmesnt within 300 faat ofa dwalling, o Is the pit'impmmdment within 100 faat ofa No
perannial stream or private water s ourcs’ E watland? 3
Existence IfYES then Evaluate Significance of Froblem
C. PITIMPOUNDMENT S Law Maoderzte | High ]
YeaNoMA | o339 | 33-66% | >66n P
1 Arathara anv obsarvad surfaca erosions, cracks, satlamants, or Tes v
scarps’ -
2 | Arethears anvslops movemsnts oranimal bumees! Yas W Above impoundment
3 | Arethers anvdepmssions, sinkholas, or slidas into thapit prasant? Mo
4 Arathers anv signs of mina subsidance on oradjacent to tha =
embanlkmant? e
5 | Arethers anyobsarved trees, tall weads, or othar vagstation? Yas ¥ Waoady debris
& | Arethers sanyvsesps, wat zones, orlosses ofseil? Yes v Above impoundment
~ | Arethers any eddi=s Awhitlpools or othar signs ofleakass orseaps W
" | prasent? .
g .’srathai_'aa:i}'lma'tsm: bulgss, holss, wind uplifts, orssam Tar e Bl
separations’ 2
9 | Arathers anvarsas whers the liner is strainad? Ha
10 | Arsthere anvarsas whers the liner has rock ordebris ontop of it7 Y= ¥ Minar soilirack
11 | Isthare anytearpotentis] for the linar? Wa
12 Ara there anv deformations, cmeks, or satlements aroumd theanchor Yar */ Anchor trench sxpasad
“ | tremch? = in places
13 Ars thers any signs of pipzabnormalities {gouse marks, leaks, W
© | cracks)T }
14 | Arethers anvarsas whers the pips is not propedy supportad? Ha
15 | Arethers anv siens of pipes havine significant sagping in lina? Ha
16 | Arethers anvsiens of obstructions (trees, garbags, atc)7 (25 ¥ Baottlss in impoundiman
17 | Arethers anv siens of water inditchassociated withpit? (25 ¥ Mlaist s0il
18 | Arethers anv obstructions around the dischares outlat? Ha
19 | Arethers any signs of downstream slopemovamant into diteh” Yes v By pip=
WV (Name / 54matne) DATE
Richard Wise 718112
WVDEP {Name | 5iznatose)
Samuel I Ward IT 1/18/12
Company Representative (Name | Simammrs)
David A McDongsl 1/18/12
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Site Operations & Infrastructure Evaluation

Diata: 7/IE/12 | FitTmpoumdmentNams: RIF Freshwater [mp mmdment

1 What is tha tvpeand fraquency of company sitsinspactions at the pit'impoumdment? (routine or spacial inspaction) (visual, walling)

Once a weak during drilling opemtions, once 8 month during post-drilline oparation

(%]

What tvpa of training orbackeromd does the inspactor possass ralativeto pit'impomdmeant inspaction?

Mons, follows stataraeulations

3 Howr manyvaars of traiming doas the inspactorhave in svahatine pits'imp mmdmants?

Mons, follows stataraeulations

4 Is thars a standardized form'procadurs usad to inspact and racord observations ofthe pit'iTnp omdment inspaction?

Mo, follows stateregulations, looks at freaboard, slips, and movanant and reports to company if anw sarious problams are obsarved

LN

Who developedthe foom and howis the infogmationused to avaluate pit'impomdm ant safete?

N/A

& Ara thara safetvand emergency procadures for thepit'impommdment?

Mortheast Natum] Enarev safaty policy, fance and floatation davices

7 Is thare an Emereency Action Plan (EAP) for the pit'impoumdment T Is the EAP postad at the site with contact mumbarsT

Mo, not raquired dus to vohone, location, and state lawr

b Has the pit'impoumdment inspactor been trained on how to usethe EAFT

NiA

9 Has the EAP baan svaluated using a Table Top Eeview orotharmethod? (If s, whan?)
N/A

10 Doas the company have a policy on pitimp mmdment safate?

Yas, safaty police during drilline opamations

11 How fraquently does a Profassional Ensinsar inspact the sita?

Omca after post-constaction to sisn-off onas-tuilt drawines

12 Orthar commeants:

Wast sida of impoumdrmant ralativaly flat outsida of barm (slight upwasd slopa)
Cracking at anchor trench_ baom and ditch outsids of safatr fancs
Texturad 30 mil promeambmna

Mlinor bulging oflinar

Linar not sacurad on South barm
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Appendix G: Ball 1H Impoundment #2

ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Ball 1H Impoundment #2
Date of Site Evaluation: 7/24/12

Permit Observations / Anomalies:

Measurements of the field as-built construction differed from the permitted design. The berm
crest width measured a minimum of 7 feet, as opposed to the 6 feet noted in the permit.

The as-built dimensions of the impoundment were smaller than the permitted dimensions. The
permitted size is 176 feet wide by 1,095 feet long, while the as-built dimensions measured 154.5
feet wide by 978 feet long. Thus, the as-built capacity is smaller than the permitted design.

Hydrology

Visual evaluations of the berm and downstream faces found cracks, rills, and gullies under the
erosion control fabric. Slope movements such as scarps and slides were also observed in several
places on the downstream faces. Wet zones were observed on the berm as well as on the
downstream toe. A sinkhole was found on the berm on the northeastern side of the
impoundment.

Containment

The liner for the impoundment is a 15-millimeter gepomembrane. Patches were found on the liner
at the upstream face. Bulges in the liner and seam separations were also noticed at a few
locations. Settlement cracks were found around the anchor trench of the geomembrane, and the
anchor trench was exposed in places due to insufficient embedment. A minor amount of rock
and soil were on top of the liner.

Slope

Rills, gullies, and cracks were observed in multiple locations on the downstream face, and
several slope movements were found. Woody debris was noticed on the downstream faces in the
fill material. Erosion control fabric was in place on the berm and downstream faces.

Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
impoundment. Data was collected at the perimeter of the impoundment crest and on the down-
gradient slope of the impoundment.
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Other Comments
The impoundment was constructed within 36 feet of a perennial stream and within 200 feet of a
dwelling. Cut material was heaped into a pile near the southeastern corner of the impoundment.
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West Virginia University — Civil & Environmental Engineering ETD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME Countw Twlar Company PatroEdge Enargw, LLC.
7/24/12 9:4 5am
Latituda N 319°30° 2.12" Pit Namsa Ball 1H Impoundmeant #2
WEATHEE
Bartly Cloudy Longitude WB0" 45" 41.97 API No. 09502032

A.PERMIT INFOERMATION

Pit Width (ft.) 176 . Minimum Berm Crast Width {ft.) ft. Construction Tvpa Incisad
Pit Length {ft.) 1.095 ft. Upstream Slopa (H:V) 21 Linar Tvpa 15 mil.
Dapth (ft.) 10 ft. Dovwmstrsam Slopa (H:V) 2 Drata Built
Frazboard(ft.) Ih Diate Faclaimad /A
B. FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (f.) 154.5 . Berm Crast Width (ft.) TH. Crast Height {ft.) 474t
Pit Langth (ft.) 978 f. Upstraam Slope (H:V) 1.6:1 Up Slope Langth {ft.) 13 f
Dapth {ft.) Dovwmnstrsam Slopa (H:V) 21 Down Slope Length (ft.) 4056 136
Freeboard (ft.) Water Elesvation Groundwater Elevation
Is the pit/impoundment in the NFIP 100¢ floodglain? No e T v LA St B No
Is tha p_{t i.mpmmdmarq within 300 fagt ofa dwealling, Tes Is the pit'impomdmant within 100 fagt ofa Mo
parennial stream  or privatawatsr soures? watland?
Existence If YES then Evaluate Siznificance of Froblem
C. PITIMPOUNDMENT — {L; ;;. ;-.;u:'l_?;n.a :,H; fﬁ, emarks
1 ."s:!thifaan}' observed surface arosions, eracks, sattlamants or et o :E_l.: e, slides,
SCAIps! rills, golliss
2 | Arethers anyslope movements oranimal bumows? Vs v On downstoeam faoss
3 | Arethers anvdapressions, sinkholas, or slidas into thapit prassnt? Fos v Sinkhols on berm
4 Arathers any signs of mine subsidanca on oradjacent to tha Mo
embankmeant?
5 | Arsthers anvobservad traes, tall weads, or other vasatation? Yes ¥ Woady debris, weeds
§ | Arsthers anvseeps, wat zones, orlossas ofseilT Tag ' Barm, tos
2 | A T.hai;a anv eddies iwhirlpools or othar signs ofleakass orseeps Ha
prasant’
P .:ﬁ::i:;a;;%}'lina'tam: bulezs, holes, wind uplifts, orssam Ve *, i A
9 | Arsthers anvarsas whara tha linar is streinsd? o
10 | Arsthers anvarsas whers the linar has rock ordebris ontop of it? Fes ¥ Racks soil on liner
11 | Isthers anvtearpotential for the linar? HNa
12 Ara thars anv daformations, crcks, or sattlamants aroumd theanchor Ve - Cracks, .a.n-:hqj tr=nch
tranch? expasad in placss
13 Arathars anv signs of pip2abnormalifi=s (souss marks, Jasks, i
cracks)? g
14 | Arathers anvareas whars tha pips is not propady supportad? Mo
15 | Arathers anvsiens of pipes having significant sagging in lina7 o
16 | Arethers anvsiens of obstructions (trees, garhags, ate)” Fag ¥ Fabsic, woody debris
17 | Arethere anvsiens of water inditch associated with pit? ¥a
18 | Arathars anvobstructions aroumd the dischares outlat? Ha
18 | Arethers anvsiens of downsteam slopa movamsent into ditch? Mo
WV {Nama | 5ignaturs) DATE
Andrew Damell 772412
WWDEP (Nams |/ Simnatng=)
Jae Taylar 724/12
Company Representative (Mame /3 mamrs)
Dran Mullins 12412
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Site Operations & Infrastructure Evaluation

Diate: 772412 | FitTmpomdmantNams: Ball TH Impoumdment =2

1

What is the tvpeand fraquency of company sitainspactions at the pit'impoumdment? {routine or spacial inspaction) (visusl, walking)

Walking and visual inspactions everv 2 weeks oraftera heavvrain

%]

What tvpe of training orbackeromd doss the inspector possass ralativeto pit'impomdmsnt inspaction?

Dan Mullins has wodcad in the fisld for 15 vears
Joz Taylor has wodad 1{wears in the oil and gas industry, and hehas bean with the WWVDEP for 3 yaars

(o]

How manyvears oftraining doas the inspectorhave in evahating pits'imp mmdments?

Mo formal training

Is thara a standardized form'procadure usad to inspact and racord observations ofthe pit'impomdmant inspaction?
(Ganaral state form submitted to WVDER

=

Who devalopad the form and howis the infommation used to avaluats pit'impomdmant safaty?

The state of Wast Virginia

Ara thare safetvand smergencoy procadurss for thapit'impomdrmant 7

Mo formalwrittan plans

Iz thare an Emareency Action Plan (EAF) for the pit'impoumdment T Iz the EAP postad at the site with contact nmurnbarsT

Mo, evacustion notifications axist, rasidants have the compamy’s contact infornation

Has the pit'imp oundment inspactor been trainad on how to usethe EAPT

NiA

Has the EAP baan evaluatad usinga Tahla Top Revisr orothermathed? (Ifso, whan?)
MN/A

10

Doas the company have a policy on pitimp mmdment safateT

Safetv measurss suchas fances

11

How fraquently doas a Profassional Ensinsar inspect the sits?

Atlaast once amonth

Other commeants:
Cracks and slides undar erosioncontrol mat
Piacas of linarin impmmdment

Impoundment within 36 ft. ofa perannisl straam
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Appendix H: Mills-Wetzel Freshwater Impoundment
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Mills-Wetzel Freshwater Impoundment
Date of Site Evaluation: 7/24/12

Permit Observations / Anomalies:

Measurements of the field as-built construction were consistent with the permitted design. The
berm crest width measured a minimum of 13 feet, which is in agreement with the permitted berm
width of 12.5 ft.

The as-built dimensions of the impoundment were also consistent with the permitted dimensions.
The permitted size is 812.5 feet long with a minimum width of 100 feet and a maximum width of
325 feet; the as-built dimensions measured 810 feet long with a minimum width of 99 feet and a
maximum width of 333 feet.

Hydrology

Visual observations of the downstream faces revealed several areas of concern. The slope had
little vegetation in most areas, leading to rill and gully formation on the slope as well as slips.
Also, several areas of seepage were noted, as indicated by wet zones and vegetation such as the
growth of cattails on the slope.

Containment

The liner for the impoundment is a 30-millimeter gepomembrane. Patches were found on the liner
at the upstream face. Bulges in the liner were also noticed at a few locations. The anchor trench
was exposed in places due to insufficient embedment, leading to an increased susceptibility to
uplift. The liner was held down by rocks in places, and a minor amount of rock and soil were on
top of the liner.

Slope

Rills, gullies, and slips were observed in multiple locations on the downstream face, and several
areas of seepage were found. Woody debris was noticed on the downstream faces in the fill
material. Cracks and wet zones were also present at the berm and the toe of the slope.
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Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
impoundment. Data was collected at the perimeter of the impoundment crest, at the midpoint of
the downstream face, and at the toe of the downstream face.

Other Comments

Unsupported pipes were observed at the site, one along the access road and one on the eastern
side of the impoundment. Gouges in the pipes were also noted.
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West Virginia University — Civil & Environmental Engineering ETD-10
MMarcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE &_‘TEi*Iﬁ — County Watzal Company Stons Ensrev Company
Latituda M39°31° 56.87 Pit Name | Mills-Weatzal Frashorater Impoundment
WEATHER
Mostly Sunny Longituds W E0°40° 19.17 AFI Mo.
A, PEFAMIT INFOEMATION
Pit Width {ft.) 100 £., 325 ft. | Wlinimum Barm Crast Width (ft.) 1258 Construction Tvpe Hill Crast
Pit Langth (ft.) B125 . Upstream Slops (H:V) 2:1 Liner Tvpa 30 mil.
Deepth {ft.) 10 ft. Dowmstream Slops (H:V) 2.51 Data Built 32010
Frazboard(ft.} ITH Date Faclaimad N/A
B.FIELD AS-BUILT CONSTREUCTION ANDSITE CONDITIONS
Pit Width {£t.) 00 i 3313 £ Barmn Crast Width () 13 £ Crast Haight (ft.) 1217 &
Pit Langth {ft.) E10 ft. Upstream Slopa (H:V) 1.7:1 Up Slopa Length (ft.) 245f
Deepth {ft.) Dowmstraam Slops (H:V) 2.1:1 Down Slope Langth (ft.) 288 £t 232 ft
Frashoard (ft.) 6.2 ft. Water Elavation Groundwater Elavation
Yot it prnamelimcat oy i INETD 100+ Hlc dlan? No 1= Sl pati s ponenc s otom WO el of 2ol No
wates soures’
Is the p.it impmmdn:len? within 300 feat ofa dwealling, Mo Is the pit'impomdmesnt within 100 faat ofa No
parennial stream or privatewatar soums? watland?
Existence IfYES then Evaluate Siznificance of Froblem
C. PITIMPOUNDMENT — {L;;i ;;u:i?&irge ::-Ii;i]’l. B
1 ."arath%ra anv obsarved surface arosions, eracks, sattlemants, or Yas v Cracks 2t toe, rills and
SCArps! Enlliss
2 | Arethare anvslops movemants oranimal bumrowsT Yes v Some slides
3 | Arsthers anvdepressions, sinkholes, or slidas into thepit prasent? Mo
4 Arathers any signs of mine subsidance on oradjacent to tha =
embanlkmsart? -
5 | Arsthers anyobsarvad traes, tall waeds, or othar vagstation? Yz ¥ Waoady debris
6 | Arsthers anvsesps, wet zonss, orlosses of seil? Yes ¥ hlzjorssepaze
2 Ara 'Lhar_:_t any addiss swhirlpools or othar signs ofleakasz orseaps -
prasant’
g .’s:ratha_ﬁ .5.13}'11'.11! tears, bulgas, holss, wind uplifts, orssam Tar e Uplif, bulsss
separations’ -
9 | Arsthers anvarsas whers the linar is strainad? Ha
10 | Arethers anvarsas whars the liner has rock ordebris ontop of it7 Y ¥ Minar soilrack
11 | Isthare anytearpotantial for the linar? o
12 Ara there anv daformations, cmcks, or satlamants aromd theanchor Yo */ Anchor trench expased
tranch? in placss
13 :;E:;;a any signs of pipeabnormalitizs {gouge marks, laaks T B, Goiiges
14 | Arethers anyareas whars the pips is not propedy supportsd? Yas ¥ Alongzroadway
15 | Arethears anv signs of pipes having significant sapping in lins” Fes ¥ Unsuppaortad
16 | Arethers anv siens of obstructions (trees, garbags, atc)7 Mo
17 | Aresthers anv signs of water inditch associatad withpit? Tes b Woist sodl
18 | Arethers anv obstructions arcumd the dischares owutlat? Ha
19 | Arethere anv siens of downstream slopemovanant into diteh? Mo
WV (Name / Simatmes) DATE
Richard Wise 1724712
WVDEP {MName | 5imnatmr=)
Dersk M Hanght 1/24/12
Company Fepresentative (Name / 5imamrs)
Dronald John Ellender 1724712
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Site Operations & Infrastructure Evaluation

Diata: 772412 | FitTmpoumdmeantNams: LMills-Wetel Frashwater Impoimdm ant

1 What is ths tvpeand fraquency of company siteinspactions at the pit'impoumdment? {routins or spacial inspaction) (visual, walking)

Weaakly visual and walking inspactions, separats inspactors for construction and environmental

(]

What tvps of training orbackeromd does the inspector possass ralativeto pit'impomdment inspaction?

Envirommental inspactor has a haster’ s Dagras

[t

How manyvears oftraiming does the inspactorhave in evahatine pits'imp mmdmsnts?

0

4 Is tharas a standardized form'procadure usad to inspact and racord observations ofthe pit'imp mmdmant inspaction?

Yas

LN

Who devalopad the foom and howis the infogmetion used to avaluats pit'impomdmant safaty?

Stons Enerpy

& Are there safetvand smergency procadures for thepit'impomdment?

Yas, writtenplan, safetvmessures suchas fence, ropss, and buovs

7 Is thare an Emareency Action Plan (EAP) for the pit'impoimdrnent 7 Iz the EAP postad at the site with contact murnbars?

Yas, O'Brian’s Raspense Manasement plans

3 Has the pit'imp oumdment inspector been trainsd onhow to usathe EAFT

Yas, inspectors are members oftheIncidathanagement Team

9 Has the EAP baan evaluatad using a Tabla Top Reviswr or othermathed? (Ifso, whanT)

Yas, Tabla TopRavizws parfo mmad evary vear (naxt one schadulad for Octobar)

10 Dozs the company have a policy on pitimpomdment safatw?

Yas, follow WWVDEP gnidelines, fancing being raplaced by chain-link

11 Howr fraquantlvdoes a Profassional Ensinzerinspect the sita?

Right after constmection, evary vear oncenesw ragpulations am passad

12 (Orther commeants:

Cracks at the tosof the slops

Soms woodvdabrisin the slopa

Rill and gully formation ontheslops

Dowmstream faca has three dminags ditches, sachwith a chack

Wat zonas attos of slope

Mlsjor seapapeproblam on d ownstream face cattails prowing
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Appendix I: SHL 2 Centralized Pit

ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: SHL 2 Centralized Pit
Date of Site Evaluation: 7/30/12

Permit Observations / Anomalies:

Field measurements of the as-built construction differed from the permitted design. The berm
crest width measured a minimum of 6 feet, as opposed to the 40 feet in the permit.

The as-built dimensions of the pit were larger than the permitted dimensions. The permitted size
is 135 feet wide by 450 feet long, while the as-built dimensions measured 145.5 feet wide by 474
feet long. As a result, the as-built capacity is larger than the permitted design.

Hydrology

Visual evaluations of the pit found rill and gully formation on the crest and downstream faces,
but no slope movements were observed. A moderate amount of wet zones were present in the
form of standing water in the ditches and on the berm, as well as seepage and wet zones on the
northeast downstream face.

Containment

The liner for the pit is a 60-millimeter ggomembrane. Bulges in the liner were noticed at a few
locations, and a minor amount of rock and soil were on top of the liner. Furthermore, the anchor
trench was exposed in places due to insufficient embedment.

Slope

Minor rills and gullies were present on the downstream faces. No slope movements were noted,
but woody debris was noticed on the downstream faces in the fill material. Possible seepage was
found on the downstream face, as evidenced by wet zones.

Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
pit. Data was collected at the pit crest and on the down-gradient slope of the pit.

Other Comments

Minor gouge marks were noticed in the pipes. Water from Wheeling Creek and mine operations
on the Ohio River were being pumped into the pit.
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West Virginia University — Civil & Environmental Engineering ETD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME

7/30/12 12:30 pm

WEATHER

Wlostly Sunny

County Marshall Cornpany Mobla Energy, Inc.
Latituds N39°58° 1.05 Pit Nams SHL 2 Cantralized Pit
Longituds WE0®33 4167 ID Ho. 03 1-WEC-00001

A.PEFMIT INFOBRMATION

Pit Width (ft.) 135 #. Minimurn Berm Crast Width {ft.) 40 ft. Construction Tvpa Incised
Pit Langth (ft.) 450 ft. Upstraam Slops (H:V) 31 Liner Typa 60 mil.
Depth {ft.) 15 ft Dovwnstream Slope (H:V) 2:1 Diata Built 4/2012
Fraeboard(ft.) ITh Diate Faclaimad H/A
B. FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (ft.) 1455 ft. Berm Crast Width (ft.) ft. Crast Height (ft.) I
Pit Length (ft.) 474 ft. Upstraam Slopa (H:V) 31 Up Slopa Langth {ft) Bft
Deapth {ft.) Dovwnstream Slope (H:V) 221 Down Slops Length (ft.) 765 ft
Frashoard (ft.) 1f Watar Elavation Groundweater Elavation
s the pitfempoun dment i the NFIP 100:5r floodplain® No ff;th; f;i‘if;m‘*’mm il Mo
Is the pit'impomdment within 500 fagt ofa dwealling, No Is the pit'impomdment within 100 fagt ofa Mo
parannial stream or privatswater sourcs’ # watland? 3
Existence IfYES then Evaluate Siznificance of Problem
C. PITIMPOUNDMENT = = Laow hloderate | Hizh
Yes Mo MA 220p — Fap Pemarks
< 33%% 33 -66% = 6%
1 ."srathiraan}'nbsen'ai surfars erosions, eracks, sattlamants or Vs b Rills/gullies
5Carps’
2 | Arathars anvslops movements oranimal bumess? Mo
3 | Arathers anvdapressions, sinkholas, or slides into thepit prasant? No
i Ara thers anv signs of mins subsidance on oradjacent to the o
embanlmmant? Bk
3 | Arathers anvobsarved trees, tall wesds or othar vesatation? Yes v Woady d=bris
6 | Aratharsanvseeps, watzonas, orlosses ofseil? Fes v Wet zones an NE face
- | Arathars anveddisswhirlpools or other signs ofleakace orseaps o
" | presamt? ;
g ."s:ethai.'aaﬂ}'lmartaa:s: bulges, holas, wind uplifts, orseam Ve Y. Bulss
saparations’
9 | Arethers anyarsaswhars the linar is strainad? Hao
10 | Arathars anyarass whara tha linar has rock ordabris ontop of it? Vs ¥ Minos sock and soil
11 | Isthere anvtearpotential for the linar? Mo
12 Ara thera anvdaformations, cracks, orsattlameants aroumd theanchor Tes - Anchor tranch expased
“ | trench? i in places
a a reqi Frime ezl o s Iy
13 Ara T.hai;_ anv signs of pipeabnermalifi=s (eouss marks, laaks Ve . A I—
cracks)’
14 | Arathars anvaraass whara the pips is not propady supported? Ha
15 | Arathars anysigns of pipes havine sisnificant sagging in lina? Ha
16 | Arethers anvsigns of obstructions (tees, garhags, ate )7 Mo
17 | Arathars anvsiens of watr inditch associated with pit? Fes ¥ Standing water
18 | Arethare anvobstructions aroumd the dischares outlat? Na
12 | Arethers anvsiens of downstream slope movament into ditch? Na
WV {Mame / 5imature) DATE
Andsew Damell 13012
WWDEP (Nams ' Biznaturs)
John Eeamey 1312
Company Fepresentative (Mape | 5imaturs)
Bab Fadinstz TI12
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Site Operations & Infrastructure Evaluation

Date: 7302 | FitImpomdmeantNams: SHL I Centralizad Fit

1

What is ths tvpeand fraquency of company siteinspactions at the pit'impoumdment? {routins or spacial inspaction) (visual, walking)

Inspactoris on sits usnally evervday, performs walling visual inspection weaklvat minirmm

(]

What tvps of training orbackeromd does the inspector possass ralativeto pit'mpomdment inspaction”

Just follows statarsgulations whilathe sites are in start-up mods, will be hiring a compliance person specializing in inspaction

[t

How manyvears oftraiming does the inspactorhave in evahatine pits'imp mmdmsnts?

0

Is tharas a standardized form'procadure usad to inspact and racord observations ofthe pit'imp mmdmant inspaction?

Mo, racords visual oparations of eracks, sasps ate. and raports to envirommentsl coordinator

LN

Who devalopad the foom and howis the infogmetion used to avaluats pit'impomdmant safaty?

NiA

Are there safatvand smersency procadurss for the pit'impomdrmant 7

Fencing, floatation devicss, signags. sarlvleak datection svstem {inspactad wasldy), future fancine plans include complats anclosura,
smergency numbar at the entmncs to the sites

Is thare an Emareency Action Plan (EAP) for the pit'impoimdrnent T Iz the EAP postad at the site with contact mmnbars?

Sites have an emerpency aceess number for failues/warnines (if somethine poes wrone, somaons will koo what to do)

Has the pit'impoumdment inspector been trainead onhow to usathe EAFT

Mo, wouldcall back to the office if a problsm occurs

Has the EAP baan evaluatad using a Tabla Top Reviswr or othermathed? (Ifso, whanT)
Me

10

Does the company have a policy on pitimpomdment safatw?

Ragulatory group would kmowr

11

How fraquently does a Profassional Ensinsar inspact tha sits?

Ragulatory eroup would Imewr

Other commants:
Water from Whasling Craak and mins opemtions on the Ohio Eiver wara being pumped into thepit

Signs of seepags on downstream facs ofpit
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Appendix J: SHL 3 Centralized Pit
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: SHL 3 Centralized Pit
Date of Site Evaluation: 7/30/12

Permit Observations / Anomalies:

Field measurements of the as-built construction differed from the permitted design. The berm
crest width measured a minimum of 12 feet, as opposed to the 24 feet in the permit.

The as-built dimensions of the pit were larger than the permitted dimensions. The permitted size
is 185 feet wide by 387 feet long, while the as-built dimensions measured 208.5 feet wide by 417
feet long. As a result, the as-built capacity is larger than the permitted design.

Hydrology

Rills and gullies were noticed on the downstream face of the pit; however, no slope movements
were observed. Standing water was found in the ditch above the pit, which may indicate that the
gradient of the ditch is insufficient for drainage. Moist soil was found on the northeast area of
the downstream face, which may be a sign of seepage.

Containment

The liner for the pit is a 60-millimeter ggomembrane. Bulges in the liner were noticed at a few
locations, and a minor amount of rock and soil were on top of the liner. Furthermore, the anchor
trench was exposed in two locations due to insufficient embedment.

Slope

Minor rill and gully formation was present on the downstream face. No slope movements were
noted, but woody debris was noticed on the downstream face in the fill material. Possible
seepage was found on the downstream face, as evidenced by a wet zone.

Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
pit. Data was collected at the pit crest and on the down-gradient slope of the pit.

Other Comments

Minor gouge marks were noticed in the pipes, and garbage was found in the pit. A buried
telephone line is located below the drainage ditch at the toe of the downstream face.
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West Virginia University — Civil & Environmental Engineering ETD-10
MMarcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME

WEATHER

Countw Marshall Company Mobla Energy, Ine.
7/30/12 11:00 am
Latituds N 39° 58" 27.17 Pit Nams SHL 3 Centralized Pit
Mostly Sunny Longituds WBO0°33T17.8 ID No. 05 1-WEC-00002

A.PERMIT INFOBMATION

Pit Width {ft.) 185 ft. Minimurm Berm Crast Width {ft.) 24 £t Construction Tvpa Incisad
Pit Langth (ft.) 3BT i Upstraam Slope (H:V) 31 Linar Tvpa 60 mil.
Dapth {ft.) 15 £ Dovwnstream Slope (HV) 2:1 Dratz Built 4/2012
Fresboard{ft.] ITH Date Faclaimed N/A
B. FIELD AS-BUILT CONSTRUCTION ANDSITE CONDITIONS
Pit Width (ft.) 2085 f. Barm Crast Width {ft.) 1t Crast Height (ft.) 635 ft
Pit Length (ft.) 417 ft. Upstraam Slops (H:V) 21 Up Slope Langth {ft.)
Dapth {ft.) Dovwnstream Slope (HV) 2.4:1 Dowmn Slops Length (ft.) 1755 ft
Frasboard (ft.) Water Elavation Groundweater Elavation
s thia pibfempotin dinsnt i tha NFIP 100:5x floo dylain® No T Myl oo i wosthvie 1003 foet o o el Mo
water sourcs’
Is5 tha p_it memmﬁ:uem within 300 faat ofa dwelling, Vs I5 tha piEi.mpo‘ldenem within 100 faat ofa No
perennial stream  or privatewater sourcs? wetland?
Existence If YES then Evaluate Siznificance of Froblem
C. PITIMPOUNDMENT B {L;I ;.:. ?_gu::l;;'l_;ba }I—? -.;lﬂ"l, S
1 Ars T.ha_::a anvobservad surface srosions, cracks, sattlemants, or Ve v Rills/gulliss
5Carps]
1 | Arathars anvslops movemsnts oranimal bumrowes? Na
3 | Arsthers anvdapessions, sinkholss, or slides into thapit prasent” No
4 Ara thers anv signs of mins subsidance on oradjacent to the o
arnbanlomant? :
5 | Arathers anyobservad trees, tall weeds, or othar vegstation? Yeas v Waoody debris
6 | Arathers anyseeps, wat zonas, orlossas ofsoil? Fas ¥ Maist s0il an facs
- | Ara ﬂ:l.!:l.:! anvaddias swhirlpools or othar signs ofleakars orsaaps Mo
prasant?
g ."s.fethai.'ami}'linartaats: bulezs, holas, wind uplifts, orssam Ve - —
separations’
9 | Arathers anyarsaswhara the liner is strainad? Ha
10 | Arethers anvaresas whare tha linar has rock ordebais ontop of it? Yes v Minor rock and sail
11 | Isthere anvtearpotential for the linarT No
12 Ara thars anv daformations, cracks, or settlements aromd theanchor Tes o Anchor tranch sxpased
trench? in rwo placss
13 ir;ﬂ:ﬁi;am}'sigus of pipaabnormalifias {Eouge marks, leaks, Vs W Mings apnze moiks
14 | Arathers anyareas whara the pipe is not propady supportad? Ha
15 | Arathers anysigns of pipeshaving sienificant sagging in lina7 Ha
16 | Arethers anvsiens of obstmactions (trees, garbage, atc )7 Tas ¥ Battles/gerbase
17 | Arethers anvsiens of water inditch associated with pit? Tes v Water in ditch shave
18 | Arethers anvobstructions aroumd the dischares outlat? Na
12 | Arathers anvsiens of downstream slopa movament into ditch? Na
WV {Name ' 5iznature) DATE
Richard Wise 3012
WWDEP (MName / Sisnature)
John E=samey 1312
Company Fepresentative (Name | 5immaturs)
Eaob Fadinstz 13012
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Site Operations & Infrastructure Evaluation

Data:

LD | FitlmpoundmeantMNams: sHL 3

1

What is the tvpeand frequency of company sitzinspactions at the pit'impoumdment”T {routine or spacial inspaction) (visual, walking)

Inspactoris on site usually every dav, performs walking/visual inspection weaklyat minirmmm

%]

What tvps of trainine orbackeromd doss the inspactor possass ralativeto pitimpomdmeant inspection”

Just follows stataregulations whilathe sites ars in start-up mods, will be hiring a compliance person specializing in inspaction

o]

How manvvears oftrainins doas the inspactorhave in evahatine pits'imp mmdmeants?

0

Is thars a standardized form'procadure usad to inspact and racord observations ofthe pitimp omdmant inspaction?

Mo, records visusl oparations ofcracks, sesps atc. and reports to envirormentsl coordinator

LN

Who devalopad the form and howis the informstion used to evaluates pit'impoumdmant safaty?

NiA

Ara thars safetvand smargency procadurss for thapit'impoimdment?

Fancing, floatation davices, signags. aarlvleak detection svstem {inspactad waskdy), fitura fancine plans includs complates anclosuras,
emarseney mumbar at the sntancs to the sitas

Is thara an Emereency Action Flan (EAF) for the pit'impoumdmeant 7 Is the EAP postad at tha sita with contact mummbars?

Sites have an emearpency access number for failume warnines (if s omsthine goas wrong, somaons will know what to do)

Has the pit'imp mmdment inspactor been trainad onhow: to usethe EAPT

Mo, wouldcall back to the offics if a problem oecurs

Has tha EAP baan evaluatad using a Tabla Top Revissr orothermmathed? (Ifso, whanT)

Mo

10

Doeas the company have a policy onpitimp oumdment safaty”

Ragulatory eroup would kmowr

11

How frequantlvdozs a Profassional Ensinserinspact the sita?

Regulatory group would kmowr

Other commeants:

Mhinist soil onthe northeast d owmnstream face
Buriad telaphons linabelow drainsse ditch
Standing waterin ditch

Mearast dwelling is 4 14 fest away
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Appendix K: SHL 4 Centralized Pit
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: SHL 4 Centralized Pit
Date of Site Evaluation: 7/30/12

Permit Observations / Anomalies:

Field measurements of the as-built construction differed from the permitted design. The berm
crest width measured a minimum of 7.5 feet, as opposed to the 27 feet in the permit.

The as-built dimensions of the pit were larger than the permitted dimensions. The permitted size
is 150 feet wide by 400 feet long, while the as-built dimensions measured 165 feet wide by 405
feet long. As a result, the as-built capacity is larger than the permitted design.

Hydrology

Visual evaluations of the pit found several areas of concern. The downstream faces both had
minor rill and gully formation, although woody debris was prevalent on the slopes which may
contribute to further erosion. Also, wet zones were present in the anchor trench and in several
areas on the berm, especially on the east side of the pit. This wet zone may have contributed to a
large slope movement which was found on the eastern downstream face. The soil in the slip was
moist, and signs of seepage were found on the slope both above and in the slip. The collection
ditch at the bottom of the western downstream face also contained water.

Containment

The liner for the pit is a 60-millimeter ggomembrane. Bulges in the liner were noticed at a few
locations, and a minor amount of rock and soil were on top of the liner. Furthermore, the anchor
trench was exposed in places due to insufficient embedment.

Slope

Rills and gullies were observed on the downstream faces, and a large slope movement was
present on the eastern downstream face. Woody debris was noticed on the downstream faces in
the fill material.

Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
pit. Data was collected at the pit crest and on the down-gradient slope of the pit, including above
and below the slip on the eastern downstream face.
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Other Comments

Minor gouge marks were noticed in the pipes, and one pipe was resting on a bucket and thus was

not supported properly. Additionally, garbage was found in the pit. The eastern downstream
face had three drainage pipes.
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West Virginia University — Civil & Environmental Engineering ETD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME
T30/12 1:30 pm.

WEATHEF.
Moatly Sunny

County Narzhall Company Nobla Ensrpy, Inc.
Latituda M 38° 577 46.17 Pit }ams SHL 4 Centralized Pit
Longitwds W OB0® 337 4687 ID ¥o. 05 1-WERC-00003

A PERMIT INFOBMATION

Pit Width {ft.) 150 #. Ninimem Barm Crest Width (ft.) T/ Construction Typa Incizad
Pit Length {fi.) 400 1t Upstream  Blopa (H:WV) 3:1 Linar Typa &0 mil.
Dapith {ft.) 15 ft. Downstraam Slops (HV) 21 Data Built 42012
Freshoardift.) 18 Dt Faclaimed MA
B.FIELD AS-EUILT CONSTRUCTION AND SITE CONDITIONS
Pit Width {ft.) 165 f. Bem Crest Width {ft.) 7.5 8 Crast Height (ft.) 2028
Pit Langth {ft.) 405 f. Upstream  Slopa {H:V) 3:1 Up Slope Langth (ft.) 13h
Dapith {ft.) Downstram Slops (HV) 141 Down Slops Lensth {ft.) 105 &
Freabhoard {ft.) Watar Elavation Groundwatar Elavation
Is tha pit/impoundmant in the NFIP 100-vr foodplsin? Yo fﬁ;‘: p;&ﬁmm W T Y Yo
Iz tha P-it ir:lpa‘l;t-r'.m—'_rl:t_ within 500 fo=t of a dwalling, o Iz the }:fit impoundment within 100 fest of a o
perennisl stresm Of private watsr sounca’ watland?
Existence If YES then Evaluate Siznificance of Problem
e e EAEAN AR
1 A_E tt:_-t-'_- any obssrved surface erosions, oracks, sottlements of n ¥y Minor sills/sulliss
e’
1 | Age thes any slope movements of animal bumows? Yes ¥ Huge slape movement
3 | Age thers any depressions, sinkholes, of slides into the pit present? HNa
4 Ags thers any signe of mine subsidence om or adjacent to the ¥a
embankmant?
5 | Age thers any obzaerved trees, tall wesds, of other vepstation? Yes ¥ Woady debris
& | Age thers any seops, wet zones, of losses of 2odl? = ¥ At slape mavement
- | A= thers any sddies'whitlpeols of other siens of laskams of saops Wa
pr=zant?
3 i‘:;&ia;aft liper tears, bulgas, holes, wind uplifts, or sasm Ves vy Bulss
g Agz thes any areas where the liner iz streined? Na
10 | Age thers any aress where the liner kas sock of dabriz on top of it? = ¥ Minos rock's0il
11 | I= thote any tear potentisl for the linet? HNa
12 2;\;1::.-:—:- any deformations, oracks, of s=ttloments smound the anchor Yes v Anchortrench svpassd
13 Ags thers any signs of pipe sbnommalities {souze marks lesks, Y ¥y N i ks
cracks)? it
14 | Age them sy arsss whers the pips iz not properdy supportsd? Yes v Restinzan buckst
13 | Arss thers any zign: of pipss kaving significant sasging in linpa? HNa
16 | Age thers any sipns of obestructions (tress, sarbasa otc )7 Yes ¥ (Garhaze in pit
17 | Age thers any sipns of watar inditch associated with pit? = ¥ Water szsf 5ide on berm
18 | Ase thers any obstroctions around the discharpe outlat? HNa
19 | Asm there any signe of downstresm slops movement into ditch? Na

WV (Nafme | 54matmgs) DATE
Richard Wise 7130/12
WVDEP {(Mams / 5imnature)

John Eszmsy 1730012
Company Representative (Name | Simatmrs)

Bab Fadinstz 1730012
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Site Operations & Infrastructure Evaluation

Data: 730012 | PitImpoundment Mama: SHL 4

] What iz the typa and fisguancy of company zite inepactions at the pit'impoundment? {foutine of special inspaction) (vizual walking)

Inzpactod iz om zite wsnally overy day, paform: walking/vizual inspaction weally at minimum

P What typa of training of backeround doss the inspactosr possazz fslative to pit'impoundment inspaction?

Just follows state regulations whila tha zitss are in start-up moda, will ba hiring a complisnce parzon specislizing in inzpaction

How many wears of training does the inspector have inevaluating pits/'impoundments?

[F¥]

o

4 Iz thete a standardized form/procedurs used to inspect and record observations of the pit'impoundment inspaction?

Mo, records visusl oporations of cracks, sesps, =tc. and repocts to environmentsl coordinator

5 Who devalopad the form and how iz the information wsed to evaluate pitimpoundment safety?

NrA

=]

Ara there zafsty and emersency procedures  for the pit‘impoundment?

Fencing, floatation davices, sirnara early lesk diatection system (inspected weskly), firee foncine plans includs complete enclosurs,
emargancy member af the sntrance to the sitas

Iz there an Emerpency Action Plan (EAP) for the pit'impoundment? Is the EAP posted at the site with contact numbers?

Sites have an emerpency apcess number for failee’wamings (if something geo: wione, someons will know what to do)

g Ha: the pit'impoundment inepactor bean trained on how touse the EAPT

Wo, would call back to the officea if a problem oo

L=

Ha: the EAP beon avsluated uzing a Tsble Top Feview or other method? (If z0, when™)

Ko

10 Dipaz the company have a policy on pit'impoundment safaty?

Fagulatory group would kmow

11 How fraquantly does a Profeszionsl Enginssr inspact the sits?

Fagulatory gooup would kmow

12 Other comments:
Water in collaction ditch af toe of west downstream face

Large zlide, thres pipes on east downstream facs
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Appendix L: Flanigan Pit
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Flanigan Pit
Date of Site Evaluation: 8/2/12

Permit Observations / Anomalies:

Field measurements of the as-built construction differed from the permitted design. The berm
width measured a minimum of 12 feet, while the permitted berm width is 15 feet.

The as-built dimensions were larger than the permitted design. The as-built dimensions of the pit
were 178.5 feet wide by 289.5 feet long, as opposed to the permitted dimensions of 152.72 feet
wide by 277.81 feet. Thus, the as-built capacity is larger than the permitted design.

Hydrology

Minor rills and gullies were found at the crest of the pit and on the downstream face, and
numerous wet zones were observed at the anchor trench and berm. Water was found at the toe of
the downstream face, and moist soil was noticed in the ditch associated with the pit.

Containment

The liner for the pit is a 60-millimeter ggomembrane. Bulges in the liner were observed on the
upstream face of the pit. A minor amount of rock and soil were on top of the liner. Settlements
and sinkholes were also observed at the anchor trench.

Slope

Rills and gullies were observed at the crest and on the downstream face, but no slope movements
were found. Minor woody debris was present in the fill material on the berm and downstream
face.

Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
crest of the pit and at the toe of the downstream face.

Other Comments
The fence measured 6’ 11” high, and the base of the fence was 11” off the ground. The pipe was
unsupported across the well pad, and gouges were found on the pipe.
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West Virginia University — Civil & Environmental Engineering ETD-10
MMarcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME : Coumty Harmizon Company Amntero Foesources Appalachisn
B2 10045 am Comp.
Latitwda M 30° 07 46.07 Pit Mams Flanizan Pit
WEATHEE.
Sunmy Longituds W BT 237 44.27 ID Mo.
A PERMIT INFORMATION
Pit Width {it.) 15272 & Minimum Bem Crest Width {ft.) 158 Construction Typs Incizad
Pit Langth {ft.) 217781 &, Upstream  Slops (H:V) 21 Linar Typs &0 mil.
Diapth {f.) Dwownstream  Slope (H)V) 2:1 Diata Built 342012
Frasboardift.) 1ft Dhat= Foaclaimad HA
E. FIELD AS-BUILT CONSTRUCTION AND SITE CONDITIONS
Pit Width {ft.) 1785 8 Barm Crest Width {ft.) 12 f. Crazt Haizht {ft.)
Pit Langth {ft.) 2805 ft. Upstraam Slops (H:V) 1.7:1 Up Slops Langth (ft.) M5f
Diapth {ft.) 28 Diownstream  Slope (H:'V) Dwown Slope Length (ft.) 26 fi
Frashoard (ft.) 1f. Water Elavation Groundwatsr Elavation
It fhe pitimporndment in tha NFID 100-vr foodplsin? o L e o i D o
watar s’
Iz the pit'impoundment within 500 fost of a dwelling, o Iz the pit'impoundment within 100 fe=t of a o
perannisl stream of private water sownca? 2 watland? b
Existence If YES then Evaluate Significance of Problem
C. FITIMPOUNDAMENT A Law Woderats Hish ;
YesNaHA | 33% | 33-66% | = 66% Femarks
1 .:ﬁ._::e T.t:_':e mny observed surface orosions, oracks, settlements, of Tes o Rills zmlliss
scarps ]
1 | Age there any slope movements of animal bumows? Ha
3 | Ate there any dopressions, sinkholes, or zlides into the pit present? HNa
4 Arz thers any zigns of mine subsidence on or adjacent to the Ma
embankmeant? )
5 | Afe there any observed tress, tall weeds, of other vegstation? Tes ¥ Minaor waady debris
§ | Afe there any sesps, wet zones, of losses of sodl? Tes v Water an anchaor trench
- | Afe there any eddies’whifpools or other siens of leakass of s2aps ¥a
prazant? z
3 Arz T.t-'__'te a::}-' lipar tears, bulgas, boles, wind uplifis, of saam Tes i % P
saparatioms? e
L | Afe thers any aress where the liner is strained? Na
10 | Are there any areas whers the liner has rock o dobriz on top of it7? = v Minos rock/sadl
11 | Iz there any tear potentisl for the lin=t? Ha
12 Are there any deformations, cracks, or sstflements sround the anchos e *,/ Cracks, anchor trench
~ | teench? i exposad in places
13 Ara T.t-'T"te any signs of pipe shmormalities {Eouss mardks, lesks, Ve i Gausss
tacke’
14 | At thers any arss: whers the pips iz not proparly supportad? Yes v
15 | Are there any sirns of pipes kaving significant sagring in lina? Ha
16 | Ame there sny signs of obstructions (trees, garbama atc)? HNa
17 | Ase thers sny signs of water in ditch aszocisted with pit? Tes v Maist s0il in ditch
18 | Are there any obstructions around the dizcharms outlst? HNa
19 | Ase there any signe of downstieam slope movement into ditch? Na
WV {Name | 5imatme) DATE
Andsew Diamel] 3717
WWDEP (Mama ' Eimnaturs)
John Feamey Br2r12
Company Representative (Name | Signaturs)
Jzson Parson Br2s12
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Site Operations & Infrastructure Evaluation

Diate: B2712 | PitTmpoundment Mame: Flanigan Dit

1 What iz tha type and frequency of company zite inspections af the pit'impoundment? (routine of spocial inspection) {visual, walking)
Walking inspection twice a wesk, checks water lavals

2 What typs of training of backround does the inspactor possess relative to pit'impoundment inspection?
Mot very much

3 How many years of training doss the inspector have inevaluating pits'impoundments?
0

4 Iz thete a standandized form/procedure wsad to inspact and record obsarvations of the pit'impoundment inspaction?
No, email: comments/'readings o Denver

5 Who developed the form and how iz the information wsed to evaluate pit'impoundment safety?
NiA

& Age there safsty and emereancy procedures for the pit'impoundment?
Yes, kept at the office

T Iz there an Emergency Action Plan (EAP) for the pit'impoundment? Iz the EAP posted at the site with contact numbers?
Yes, CEC out of Pittsbureh develops the safety plans

3 Haz the pit'impoundment inspactor baon trainad on how touse the EAD?
Yoz, kasps a listof people to call

o Haz tha EAP bean avaluatsd using a Tabla Top Faview of othar mathoed? (If 20, whan™)
Duoezn't kmow

10 Dwpoz the company have apolicy on pit'impoundment safety?
Yoz, hava to contact the safety sroup for the plans

11 How frequently does 3 Profoszional Enginesr inspect the zits7
Waakly

12 Orther comments:

Watar in anchos trench and on barm
The fenca iz 8§ 117 high and iz 117 off the sround

F.ills at crest

Minos woody dabriz
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Appendix M: Larry Pad
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Larry Pad
Date of Site Evaluation: 8/2/12

Permit Observations / Anomalies:

The berm width measured a minimum of 13 feet, and the as-built dimensions of the pit were 171
feet wide by 468 feet long. No permit information was provided for this pit.

Hydrology

A high amount of rills and gullies were found at the crest of the pit and on the downstream face,
and slope movements were also observed on the downstream face. Wet zones were present on
the berm and at the toe of the downstream face. Water was present in the ditch associated with
the pit.

Containment

The liner for the pit is an HDPE geomembrane. Bulges in the liner were observed on the
upstream face of the pit. A minor amount of rock and soil were on top of the liner. Cracks were
observed in the soil on the berm and at the anchor trench.

Slope

Rills and gullies were observed at the crest of the pit and on the downstream face, and several
slope movements were found. Woody debris was present in the fill material on the berm and
downstream face.

Soil Density Testing

In situ soil density and moisture content testing was performed at various locations around the
pit. Data was collected at the pit crest and on the down-gradient slope of the pit.

Other Comments
Sandbags were noticed in the pit on top of the liner. A slope movement was observed on the
hillside above the pit.
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West Virginia University — Civil & Environmental Engineering ETD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME County Hamison Gty Amntero Fesowroes Appalachisn
3212 12:0dpm Corp.
Latitwda Pit Hamsa Larry Pad
WEATHEF.
Sunny Longituds ID Ko
A PERMIT INFORMATION
Pit Width {ft.) Minimum Berm Crast Width {ft.) Construction Typs
Pit Langth {ft.) Upstream Slops (H:V) Linar Typa
Diapth {f.) Downetream  Slope (H:V) Diate Built
Frasboard (ft.) Dhat= Foaclasimad HiA
E.FIELD AS-BUILT CONSTRUCTION AND SITE CONDITIONS
Pit Width {ft.) 171 & Berm Crest Width {ft.) 13 ft. Crazt Haight {ft.) 21ft
Pit Langth {ft.) 468 ft. Upstrzam Slope (H:'V) L5 Up Slops Langth {ft.) 25ft
Diapth {f.) 14 ft. Dwownstream  Slope (H)V) 3.5 Dwown 5Slope Leneth (ft.) EER i
Frashpand {ft.) 2 Watar Elavation Groundwatsr Elavation
Is the pit/impoundment in tha NFID 100-vr foodplain? o R ik e e W et T et Mo
watar spuos?
Iz the pit'impoundment within 500 f2at of 3 dwelling, o Iz the pit'impoundmsnt within 100 fe=t of a Yo
perennisl stream of private water sounca? g watland? E
Existence If YES then Evaluate Siznificance of Problem
s U Yes Mo MA Lf'f".;. ‘-'f[f'dﬁla Hi-iq, Femars
< 33% | 33-66% | =66
1 ;_*._:E T.t:_'te any obearved surface orosions, oracks, settlements, of Tes 27 Rills mlliss
scarps ]
1 | Age there any slope movements of animal bemows? Tes v 5lope movements
3 | Ase there any dapressions, sinkholes, of slidss into the pit presant? Na
4 Are thers any siens of mine subsidence on of adjacent to the *a
embanlment? -
5 | Afe there any observad tress, tall wesds, of other vegstation? Tes ¥ Waoady debris
§ | Are there any saaps, wat zonas, of lossas of 20dl? = v Barm, downstezam facs
- | Afe there any eddiss'whiflpools of othar sipn: of leskass of saaps Mo
presant? .
8 Aga ﬂa—'._-ta a::}' linar tasrs. bulmas, holes, wind wplifts, of z=am Ve iy Bnlazs
oparations’ i
4 | Are thers any ares: where the liner iz strainsd? Ha
10 | Age there any ares: whers the liner kas sock o dabeiz on top of it? = v Minar rock/sadl
11 | Iz thera amy tosr potentisl for the lins? HNa
Are there any deformations, oracks, of s=tfloments sround the anchos pie i ey
12 ; Tes Cracks
tremch?
o | Af= there any signe of pipe sbnormalities (gouge marks lesks, W
13 e No
cracks)]
14 | Aga thors any aress whers ths pips is not propady zupported? Ha
15 | Age there any signe of pipes having zignificant zazging inlina? Ha
16 | Are thers any signs of obstructions (trees, Earbama atc.)? Na
17 | Age there any signs of water inditch associated with pit? = v Standing water
18 | A there aoy obstructions around the discharee outlat? Na
19 | Ase there sny signs of downstream slops movemsnt into ditch? Na
WV (Name | 5imatmrs) DATE
Fichard Wiss 812712
WWDEP (Wams / Sisnatur=)
John Eszmey Bs2712
Company Representative (Name | Bimaturs)
Jasom Parson Brai12
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Site Operations & Infrastructure Evaluation

Data:

12 | PitTmpoundmeant Hems: Lamy Pad

1

What iz the type and fiequency of company zite inspections at the pit'impoundment? (foutine of special inspaction) (vizudl, walking)

Walking inspection twice a wesk, chedo: waber lavals

What type of training of backround doe: the inspactor possosz relative to pit'impoundment inspaction?

Mot very much

[FE]

How many yearz of training doss the inspactor kave in evaleating pits'impoundments?

1]

Iz thore 3 standardized fomm/procedure used to inspect and recoed obearvations of the pit'imporndment inspaction?

Mo, emsils comments/'readings to Denver

Who devaloped the form and how iz the information wead to svaleste pit'impoundment safety?

A

L=

Age thers safsty and emermency procedures fior the pit'impoundment?

Yes, kept at the office

Iz there an Emarpency Action Plan (EAP) for the pit'impoondment? Iz the EAP posted at the site with contact nembers?

Yes, CEC out of Pittsbureh devalops the safety plans

Haz the pit'impoundment inspactor boan trained on how tousa the EAPT

Yoz, ke=p: alizt of paople to call

Has the EAP boon avaluated using a Table Top Feview of other mathod? (If 20, when?)

Dipazn't kmow

10

Dipaz the company kave a policy on pit'impoundment safety?

Yoz, have to contact the safety sroup fo the plans

11

How frequently doss a Professional Enginesr inspect the zits7

Waakly

Orther comments:

Woody dabriz dug out of slope

Water in anchor ttench, at the tos of the downstream face, and on the bem
Wat zona: a2 pressnt on the downstream face

Band baz: are in the pit

Cattails prowing in the drainass ditch

Slida:z are presant on the hillsids abowva the pit
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Appendix N: MWV Large Water Storage Pond 1
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: MWV Large Water Storage Pond 1
Date of Site Evaluation: 8/6/12

Permit Observations / Anomalies:

Measurements of the field as-built construction were consistent with the permitted design for
berm crest width. The berm width measured a minimum of 15 feet, as noted in the permit.

The as-built dimensions of the impoundment were larger than the permitted dimensions. The
permitted size is 265 feet wide by 760 feet long, while the as-built dimensions measured 282 feet
wide by 780 feet long. Thus, the as-built capacity is larger than the permitted design.

Hydrology

A moderate amount of rills and gullies were found on the downstream faces of the impoundment.
Also, a slope movement was noted on the eastern downstream face. Wet zones were present on
the berm, in the anchor trench, and at the toe of the southeastern downstream face. Standing
water was also observed in the ditch associated with the impoundment.

Containment

The liner for the impoundment is an HDPE geomembrane. Bulges in the liner were observed at
numerous locations on the upstream face of the impoundment. These bulges seemed to be
formed by stretching the liner over rock, thus straining the liner and resulting in increased tear
potential for the liner. A minor amount of rock and soil was on top of the liner.

Slope

Rills and gullies were observed in multiple locations on the downstream face, and a slope
movement was found. The downstream slopes appeared to be unprepared, with material pushed
over the side of the impoundment and placed at the bottom of the slope. There was no silt fence
at the bottom of the slopes.
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West Virginia University — Civil & Environmental Engineering ETD-10
Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME
B/6/12 11:20 am

WEATHER
Mostly Cloundy

County Micholas Company Blusscape Resouscss Company, LLC
Latituda M3 107 1217 Pit Mams KWW Larze Water Storazs Pond 1
Longituds WOED® 347 40407 D o

A PEBMIT INFOBMATION

Pit Width {ft.) 265 1. Minimum Bam Crest Width {ft.) 158 Construction Typs Incizad
Pit Length {ft.) TED & Upstream Slopa (H:WV) 21 Linar Typ= HDOPE
Diapth {ft.) 13.7 ft. Downstream  Slopa (H:'V) 2:1 Diate Built
Frasboard{ft.) 2 i Dats Faclaimad LA
BE.FIELD AS-BUILT CONSTEUCTION AND SITE CONDITIONS
Pit Width {ft.) 282 8. EBeom Crest Width {fi.) 158 Crast Height {ft.) i
Pit Langth {ft.) T80 fi. Upstraam Slops (H:V) Variasz Up Slope Langth (ft.) Varias
Dipth {ft.) 215 8. Downstresm Slopa {H:V) 161 Down Slops Lansth (i) 3
Frashoard {ft.) 51t Watar Elavation Groundwatar Elevation
Is the pit/imporndmant in the NFIP 100-vr foodplsin? Yo i e o e e Yo
water pucs?
Iz tha pit'impoumdment within 500 feat of a dwelling, o Iz the pit'impoundment within 100 faat of a o
parenmial stream of private watsr sounca’ i watland? :
Existence If YES then Evaluate Siznificance of Problem
e L YesMaHA Lf’-?:, %E‘dmf Hi-!}, Femarks
<33% | 33-66% | =66%
1 ;_-x_:a 'I‘J'_:_"E =ny observed surface erosions, oracks, sottlements oo Y ¥y Rills/ulliss
srarps T
2 | Age there any slope movements of animal bummows? Yes ¥ Slap= moverment
3 | Age thete any depressions, zinkholss, of slides into the pit present? HNa
4 Ara thers any sipne of mine subsidence om or adjacent to the ¥a
ambankmant? :
5 | Age there any observed trees, tall wesds, or other vegstation? Na
§ | A there any sssps, wot zomes, or lossas of =odl? Yes v Water in anchor trench
- | A there any eddiss’whidpools or other signs of leskass or s2aps ¥a
prazant? i
g Agz T.t=__'ta a:.}' liner tears, bulges, holes, wind uplifts, of seam Ve o Euls=s
L | A= thers any aress where the liner i= strinsd? Yes ¥ Strzined from below
10 | Ase thers any areas where the liner has rock of dabriz on top of it? (&5 ¥ Minar rack/50il
11 | Iz thare any tear potantisl for the linec? (&5 ¥ From rack halow
12 Ags thers any deformations, oacks, of setfloments sround the anchor *a
© | tremch? 3
o | Ate there any siens of pipe sbnommalities (souge marks, lesks, &
13 . Na
CECE )Y
14 | Age thore anv ares: whers the pips iz not propedy supportad? Na
13 | Ao thore anv sign: of pipas having significant zasging in lina? Na
16 | Ase thers any signs of obstructions (treas, marbasa atc.)? Yes ¥ Garbazz
17 | Ase thers any signs of watar inditch associated with pit? Yes ¥ Standing water
15 | Are there any obetroctions around the dischargs outlat? HNo
19 | Are thes apy ziens of downstresm slops movement into ditch? Hao
WV (Name= | 8imatmre) DATE
Richard Wise B/6/12
WVDEP (Mams | 5iznatre)
John Fesmey Bi6/12
Company Representative (Name  5imature)
Walter Jenka Bi6/12
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Site Operations & Infrastructure Evaluation

Data: B612 | PitTmpoundment Mema: AWV Lsrgs Water Storase Pond 1
1 What iz the type and fisguency of company zite inspections af the pit'impoundment? (foutine of special inspection) (visual, walking)
Waakly inspactions, of after heavy mains
2 What type of training of backrround doos the inspectos possesz mmlative to pit'impoundment inspection?
Dpesn't kmow
3 How many years of training doos the inspactor have in evaluating pite'impoundments?
KA
4 Iz ther= 3 standardized foom procedure uwsad to inspect and recoed  obeervations of the pit'impoundment inspaction?
Yoz, made the inspaction form one month amo
5 Who devalopad the form and how is the information weed to evaluate pit'impoundment safety?
Walter Jenko
& Are there zafsty and emergency procedures for the pit‘impoundment?
Doasn't know
T Iz there an Emerpency Action Plan (EAD) for the pit'impoundment? Is the EAP posted at the site with contact numbers?
Doasn't know
3 Haz the pit'impoundment inspactor baon trainad on bow tousa the EAPT
MIA
o Haz the EAP bomn avaluated using a Table Top Faview of other method? (If 20, when?)
A
10 Dipaz the company have a policy on pit'impoundment safety?
Dipesn’t kmow
11 How fiaquently dos: a Profossionsl Eneinesr inspect the sita?
Mo PE inspecting the zita
12 Other comments:
Dwwnstresm slopes appearad to be unpreparad with materisl just pushed over the side
Standing water af to= on southesstemn downstream face
5lip om eastern downstream face
Mo =ilt fence af the bottom of the slopas
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Appendix O: Plum Creek South Fork
ETD-10 Pits and Impoundments Evaluation Report Site Observations / Comments

Site: Plum Creek South Fork
Date of Site Evaluation: 8/6/12

Permit Observations / Anomalies:

The berm width measured a minimum of 12 feet, and the as-built dimensions of the
impoundment were 369 feet wide by 420 feet long. No permit information was provided for this
impoundment.

Hydrology

Minor rills were found at the crest of the impoundment, and wet zones were observed at the
anchor trench and berm. Water was present in the ditch associated with the impoundment.

Containment

The liner for the impoundment is an HDPE geomembrane. Bulges in the liner were observed at
several locations on the upstream face of the impoundment. These bulges seemed to be formed
by stretching the liner over rock, thus straining the liner and resulting in increased tear potential
for the liner. A minor amount of rock and soil was on top of the liner. Settlements were
observed at the anchor trench.

Slope

Rills were observed at the crest of the downstream face, but no slope movements were found.
Large rocks were present on the downstream face.

Other Comments

The pipe running along the crest of the downstream face was unsupported along its length. Also,
the pipe had significant sagging where it was spanning a depression in the topography. Garbage
was noticed in the impoundment, and oil was spilled on the access road to the impoundment.
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West Virginia University — Civil & Environmental Engineering ETD-10

Marcellus Horizontal Gas Well Flowback Water and Centralized Pits Evaluation Form

DATE & TIME
B/6/12 1:30 pm

WEATHEF.
Maostly Clowdy/Fainy

County Gezanbrisr Company Blusscaps Resources Company, LLC
Latituda M 38° 127 10.20™ Pit Mams Plum Cr=sk South Fork
Longituda W B0® 267 28487 APT Ho. 47402500033, 47-025-00039

A FEFMIT INFOBMATION

Pit Width {ft.) Minimuem Bemm Crast Width {ft.) Constmuction Typs
Pit Langth {ft.) Upstream Slopa (H:V) Linar Typa
Diepth {ft.) Dwwnstream  Slopa (H:'V) Diate Built
Frashoand(ft.) Dats Faclaimed A
B.FIELD AS-EUILT CONSTRUCTION AND SITE CONDITIONS
Pit Width {ft) 360 1. EBarm Crest Width {ff) 12 & Crest Height (ff) 145
Pit Length (i) 420 1. Upstraam Slops (H:V) 1Tl Up Slops Langth (i) 1B
Dapth (ff) Is 8. Diownstream Slops (H:V) 2.4:1 Down Slops Leneth (8) 366t
Frosboard (i) 4 . Water Elavation Groundwater Elavation
T i T olic -
Is ths pit/imporndmant in the NFIP 100-vr foodplsin? Yo T2 e il Smpoundoeot. e Thin: 1N et v puin o
watar souce’
Iz tha pit'impoundment within 500 feat of a dwelling, o Iz the pit'impoundment within 100 f=at of a o
peranmisl stiesm Of privats water sounca’ x watland? i
Existence If YES then Evaluste Siznificance of Froblem
! ™~ : % ;
C. FIT/IMPOUNDAENT Yoz HaHA L?-?L, }:[:'Jd-mg: H1_211_ e
<33% | 33-66% | »86%
Ags thers any observed swrface erosions, oracks, settlements, of i ¥ -
1 i Yes At crest
e
2 | Age there any slope movements of animal bumows? Na
3 | Ase there any depressions, sinkholes, of slides into the pit present? HNa
4 Ars thers any zigns of mine subsidence om or adjacent to the ia
ambankmeant? )
5 | Ase thers any observed tress, tall weads, or other vegstation? Na
& | Are there any sssps, wet zones, or lossas of 2odl? Yes v Anchaor trench and bemn
- | A= thers any eddiss‘whirlpool: or other zigns of laskass or zasps Ia
prazant? )
g Arz 'I‘J'_=._"E a_‘J:}' linar tears. bulges, holes, wind uplifts, or seam Yer "y Eulz=s
sEparations ]
& | A= thers any aress whers the liner i= strainped? Yes ¥ Strained from belaw
10 | Age there any aress where the liner has rock of dobriz on top of it? = ¥ Minar rack 's0il
11 | I= thete any tear potantisl for the line? = ¥ Raodks nndemeath
Ara there any daformations. cracks. o zattlemsnt: around the anchor = B
11 i = : : Yes ¥ Esttlsmeants
tremch?
13 Az ﬂ'.i:lE =y sigm: of pipe sbnomalities (goume marks, leaks Y o prore
cracks)] =
14 | Ase thers any areas whee the pips is not propatly supportad? Yes ¥ Far entire lensth
15 | Ase them sy signs of pipe: having significant zasping inlins? &5 v Omn hillside
16 | Ase thers any signs of obstructions (treas, marbasa atc.)? (&5 ¥ Garbazz
17 | Ase thers any signs of watar inditch associated with pit? (&5 ¥ Water
15 | Are there any obetroctions around the dischargs outlat? HNo
12 | Ase there any signs of downstream slope movemsnt into ditch? Na
WV (Name / 3imaturs) DATE
Andrew Dramell Bi6i12
WVDEP (Mams | 5iznature)
John Fesmey Bi6/12
Company Representative (Name  5imature)
Walter Jenka Bi6/12
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Site Operations & Infrastructure Evaluation

Data: BE12 | PitTmpoundment Hams: Plem Cresk South Fork
1 What iz the type and fieguency of company it inepections &t the pit'impoundment? (foutine of special inspection) (visud, walking)
Weakly inspections, of after heavy rains
1 What typa of training of backeround doss the inspector possess felative to pit‘impoundment inspection?
Doesn’t kmow
3 How many wears of training does the inspector have inevaluating pits'impoundments?
NrA
4 Iz there a standardized form/procedurs used to inspect and record observations of the pit'impoundment inspaction?
Yoz, mada the inspaction form one month azo
5 Who developad the form and how is the information weed to evaluate pit'impoundment safety?
Walter Jenko
& Are thers zafsty and emergency procedures  for the pit‘impoundment?
Dipezn’t kmow
T Iz there an Emerpency Action Plan (EAT) for the pit'impoundment? Is the EAP posted at the site with contact numbers?
Dipezn’t kmow
g Haz the pit'impoundment inepactor bean trsined on how touwse the EAPT
A
o Ha: the EAP besn avsluated uzing a Tsble Top Feview or other mathod? (If 20, whanT)
/A
10 Dipaz the company have a policy on pit'impoundment safety?
Doesn't kmow
11 How fraquantly doss a Professional Enginssr inspact the sits?
Xo PE inzpacting the sitz
12 Other comments:

0ilDHozal lesk on access road to impoundment
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Appendix P: Laboratory Soil Testing Procedures

Field Moisture Content (ASTM D2216)

Field moisture content is important for the analysis of the site soil conditions at the time of the
evaluation, which may be useful in studying the phreatic surface. The procedure for determining
the field moisture content followed ASTM D2216. Site soil samples were collected in soil jars
that were sealed to ensure the moisture content remained constant until tested upon return from
the field visit.

Specified Equipment For This Soil Property Test:

1. Drying oven

2. Balances

3. Specimen containers (with lids)
4. Heat resistant tongs

Laboratory Soil Testing Procedure:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D2216 ““Standard Test Methods for Laboratory
Determination of Water (Moisture) Content of Soil and Rock by Mass™.

1. Determine the mass of a dry, clean moisture content container and record the number
printed on the container and the mass of the container on a data sheet.

2. Place a representative sample of soil in the container. Weigh the container plus moist
soil and record the mass on a data sheet.

3. Place the container and soil in an oven and allow the soil to dry overnight (at least 15
to 16 hours).

4. Determine the mass of the container and contents after the soil is dry, and record the
mass on a data sheet.

Grain-Size Distribution and Hydrometer (ASTM D422)

Grain-size distribution is useful in estimating hydraulic conductivity and also in finding the
engineering properties of soil. The ASTM method used for the grain-size distribution testing
was ASTM D422. The grain-size distribution testing was performed by placing soil samples in
the sieve shaker for five minutes. Table 13 gives the list of sieves used for the grain-size
distribution throughout this study. The sieves were cleaned after each use. The sieve shaker
used for performing the grain-size distribution testing is shown in Figure 26.
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Sieve No. | Particle diameter (mm)
No. 4 4.76
No. 20 0.840
No. 40 0.425
No. 60 0.250
No. 100 0.150
No. 140 0.106
No. 200 0.075

Table 13: List of Sieves Used

Figure 26: Sieve Shaker

The uniformity of soil is defined using the uniformity coefficient (C,) and the coefficient of
curvature (Cc). Cy is defined as the ratio of Dgy to D1, Where Dgy is the particle diameter at

ETD-10 Pits and Impoundments Final Report Page 190



which 60 percent of the soil weight is finer and Dy is the particle diameter at which 10 percent
of the soil weight is finer. C. is expressed in terms of D1g, Dgo and D3, where Dy is the particle
diameter at which 30 percent of the soil weight is finer. The equations used to calculate C, and
C. are shown below.

Do

C ===

“ Dy

o Dk
¢ (D10 * Deo)

The sieve analysis and particle diameters were used to classify the soil using the USCS
classification methodology. Soil particles that passed the No. 200 sieve were used to perform the
hydrometer testing as per the ASTM method. The hydrometer tests were conducted by making a
blend of water, soil particles passing the No. 200 sieve, and the dispersing agent sodium
hexametaphosphate. A calibrated hydrometer was used to measure the suspension of the soil
particles in the blend at total elapsed times of 2, 5, 15, 30, 60, 250, and 1440 minutes. Two 1000
milliliter graduated cylinders were used for the test. After each reading, the hydrometer was kept
in another 1000 milliliter graduated cylinder filled with water to clean the hydrometer between
readings. The hydrometer testing apparatus is shown in Figure 27. Figure 28 shows hydrometer
readings being careful observed and recorded.

Figure 27: Hydrometer Analysis
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Figure 28: Hydrometer Readings

Specified Equipment For These Soil Property Tests:

=

©ooN RN

e ol e =
2 WN RO

Balances

Hard bristle brush

Various-sized round, stackable testing sieves (ASTM E 11 or AASHTO M 92)
Vibratory table

Two graduated cylinders (one liter)

Hydrometer

High-speed electric mixer with steel mixing cup

Deflocculating agent (sodium hexametaphosphate)

Thermometer

. 600 mL glass beaker

. Spatula

. Squirt bottles

. Distilled water supply

. Chemical weighing spoon
15.

Chemical weighing dish
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Laboratory Soil Testing Procedure for Grain-Size Distribution:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D422 “Standard Method for Particle-Size Analysis of

Soils™.

9.

. Weigh out a 500 g soil sample, oven-dried according to ASTM recommendations.

Record the mass of each clean sieve and the pan on a data sheet.

Place the soil sample in the uppermost sieve and secure with a lid.

Put the stack of sieves in the mechanical sieve shaker and shake for 5 minutes.
Remove the sieves from the shaker and set aside to allow dust to settle.
Remove each sieve from the stack, starting at the top.

Shake the first sieve over a sheet of paper until no particles fall onto the paper.
Empty any soil particles on the paper into the next sieve.

Weigh the first sieve and record the mass of the sieve and soil retained on the data
sheet.

Repeat Steps 7 and 8 for each sieve.

Laboratory Soil Testing Procedure for Hydrometer Analysis:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D422 ““Standard Method for Particle-Size Analysis of

Soils™.

Weigh out exactly 50 g of oven-dried soil in a 600 mL glass beaker.

Fill one 1-liter graduated cylinder with distilled water and place the hydrometer
slowly inside.

Place the filled graduated cylinder and one empty 1-liter graduated cylinder on a
stable counter in an area where the cylinders will not be shaken or moved for at least
two hours.

Weigh out 2.5 g of sodium hexametaphosphate into a small dish.
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5. Mix the soil with 250 mL of distilled water in a 500 mL glass beaker. Stir the slurry
with a spatula and break the clumps of clay down into individual particles as much as
possible.

6. Pour the slurry into a steel mixing cup and wash the remaining soil into the mixing
cup.

7. Add the deflocculating agent (sodium hexametaphosphate).
8. Use distilled water to fill the mixing cup to two-thirds full.

9. Turn on the high-speed mixer and mix the soil slurry for one minute. Wash the
suspension into the empty 1-liter graduated cylinder.

10. Add distilled water to fill the cylinder to the 1-liter mark and place a rubber stopper
on the open end of the cylinder.

11. Cover the stopper with a hand and repeatedly turn the cylinder upside-down and
right-side-up again until the suspension is thoroughly mixed.

12. Take hydrometer readings at total elapsed times of 2, 5, 15, 30, 60, 250, and 1440
minutes, and record the readings on a data sheet.

13. After each reading, remove the hydrometer from the cylinder and store in the
graduated cylinder filled with clean water. Place a thermometer in the clean water to
determine the temperature of the hydrometer.

Atterberg Limits (ASTM D4318)

Atterberg limits are the limits of water content used to define the soil behavior and classify the
soil. Increasing the water content causes the soil to progress from a solid state, to a semi-solid
state, to a plastic state, and finally to a liquid state. The limits that are used to define the soil
behavior are the liquid limit (LL) and the plastic limit (PL). The liquid limit is defined as the
water content at which the soil behaves as a liquid. The plastic limit is defined as the water
content at which the soil crumbles when rolled into 1/8 inch diameter threads. The Plasticity
Index (P1) is defined as the difference between the liquid limit and the plastic limit, and is useful
in the classification of soil.

The ASTM D4318 method was used to determine the Atterberg Limits for this study. Specific
water contents were taken to blend with the soil. The blend was placed in a liquid limit
apparatus, shown in Figure 29, and a groove was made using a standard-width grooving tool.
The cup was dropped until the groove closed, and the number of blows was counted. The water
content at which the groove closes at 25 blows is defined as the liquid limit. The plastic limit
was determined by rolling the soil into 1/8 inch diameter threads and measuring the water
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content at which the threads crumbled. The Plasticity Index was then calculated using the liquid
limit and plastic limit values. This testing procedure is illustrated in Figure 30.

Figure 30: Atterberg Limits Testing
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Specified Equipment For These Soil Property Tests:

o g wh e

Liquid limit device

Grooving tool

Moisture content containers

Glass or plastic plate

Soil mixing equipment (dish, spatula, and water bottle)
Balance

Laboratory Soil Testing Procedure for Liquid Limit:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D4318 ““Standard Test Methods for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils™.

1.

2.

10.

Obtain a sample of air-dry, pulverized clay weighing 100 g.
Measure the height of the fall for the liquid limit device.

Place the air-dry soil in an evaporating dish and mix with 15 to 20 mL of distilled
water, or until the soil is near the liquid limit.

Place the soil in the liquid limit device to a maximum thickness of 1 cm and smooth
with a spatula.

Use a grooving tool to cut a groove into the soil.

Lift and drop the cup by turning the crank at a rate of about two drops per second
until the groove closes along a distance of one-half inch.

Add soil and repeat process until the number of blows for closure is the same on two
consecutive tests.

Record the number of blows on a data sheet.

Remove a slice of soil from the portion of soil that closed the groove together and
place in a moisture content container to determine the water content.

Add more water to the soil as needed in order to perform the test three times with
blow counts between five and 50.
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Laboratory Soil Testing Procedure for Plastic Limit:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D4318 ““Standard Test Methods for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils™.

1. Mix 15 g of air-dry soil with water so that the soil is slightly wet of the estimated
plastic limit.

2. Roll the soil into a thread with a diameter of one-eighth inch on a glass or plastic
plate.

3. Break the thread into six or eight pieces.

4. Squeeze the pieces together into a uniform mass and reroll to a thread with one-eighth
inch diameter.

5. Repeat Steps 2-4 until the soil can no longer be rolled into a thread.

6. Gather the portions of crumbled soil together and place in a moisture content
container to determine the water content.

Specific Gravity (ASTM D854)

Specific gravity is defined as the ratio of the unit weight of a given material to the unit weight of
distilled water at 4°C. Specific gravity testing is performed to find the dry density, void ratio,
and degree of saturation, and the results are also used in the hydrometer analysis calculations.
The method used for the determination of specific gravity was ASTM D854 - Method A, in
which a water pycnometer was used. The test was performed by weighing the pycnometer
containing soil particles suspended in distilled water and taking the weight of equal volume of
water in the same pycnometer. An air vacuum was applied for 2 hours during the test. The
apparatus used for the specific gravity test is shown in Figure 31.
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Figure 31: Specific Gravity

Specified Equipment For This Soil Property Test:

250 ml volumetric flask

500 ml volumetric flask

Thermometer

Balance

Vacuum hoses with rubber stoppers to fit on volumetric flasks
Small vibratory table

Medicine dropper

No ok~ owbdPE
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Laboratory Soil Testing Procedure:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D854 ““Standard Test Methods for Specific Gravity of Soil
Solids by Water Pycnometer™.

1. Obtain 150 g of soil, 50 g of which is used to measure specific gravity while the
remaining soil is used to determine water content.

2. Weigh a clean, dry volumetric flask and record on a data sheet.
3. Pour 50 g of soil into the flask.
4. Fill the flask two-thirds full with distilled water.

5. Place the vacuum hose with rubber stopper on the neck of the flask and open the
valve to apply a vacuum to the soil-water mixture.

6. Fill the flask to the etch mark with distilled water, using the medicine dropper near
the end.

7. Use a paper towel to dry the outside of the flask and the inside of the neck above the
water level.

8. Weigh the flask plus soil and water and record the mass on a data sheet.

9. Place a thermometer inside the flask to determine the temperature of the mixture and
record on a data sheet.

10. Empty the soil from the flask, and repeat Steps 6-9 using only distilled water.

Standard Proctor (ASTM D698)

In Marcellus Shale pits and impoundments, soil is compacted to a design density and used as
structural fill. Due to the compaction, the flow of water (seepage) through soil reduces, and the
material acquires strength which helps in the construction of the structure. During construction,
compaction is performed by using rollers and dozers.

The objective of compaction testing was to determine the optimum maoisture content and
maximum dry density of the soil within a given compactive effort. Compaction testing was also
used to determine the engineering properties of the soil such as hydraulic conductivity. Standard
Proctor tests were used for the compaction testing, in accordance with Method A in ASTM
D698. The equipment used for the compaction testing was a 4 inch diameter compaction mold
with removable collar and base, a hammer, a mixer for blending the soil with water, and a jack to
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remove the compacted sample from the mold. The compaction mold and hammer are shown in
Figure 32.

Figure 32: Compaction Mold and Hammer

Four samples from each site were prepared using different water contents. The soil samples
were mixed with water and compacted in three layers with 25 blows per layer, in accordance
with the ASTM method. After the compaction, the collar was removed, and the excess soil was
trimmed to the surface of the mold. Figure 33 depicts the removal of the sample from the mold
using a jack, leaving the compacted sample shown in Figure 34. After weighing each sample,
discrete moisture contents were taken by cutting the sample into three equal layers and collecting
a small amount of soil from the top, middle, and bottom layers. Using the results of the
compaction testing, graphs of water content versus respective dry densities were developed,
presenting the optimum moisture content and the maximum dry density of the sample.
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Figure 33: Removal of Compacted Specimen from Mold Using Jack

Figure 34: Compacted Mold
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Specified Equipment For This Soil Property Test:

©ON DR

Compaction mold

Compaction hammers

Soil mixer

Sharpened straight edge

Tools for breaking apart compacted samples (hammer, ice pick, etc.)
Extruder to remove samples from mold

Large scoop for handling soil

Balance

Oven

10. Moisture cans

Laboratory Soil Testing Procedure:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D698 ““Standard Test Methods for Laboratory
Compaction Characteristics of Soil Using Standard Effort”.

1.

2.

Weigh out 3,000 g of air-dried soil.
Weigh the mold (not including the weight of the collar).

Determine the amount of water to add to the soil sample in order to obtain a specific,
or known, water content.

Place the soil in the mixer and slowly add water to bring the water content of the soil
to the desired value.

Remove the soil from the mixer and compact into the mold using three equal lifts and
twenty-five blows for each lift with the compaction hammer.

Remove the collar and trim the soil flush with the top of the mold using a sharpened
straight edge.

Weigh the mold plus the soil and record on a data sheet.
Extrude the soil from the mold using the extruder.

Cut the sample into three equal layers and place representative portions of soil from
each layer into a moisture content container to determine water content.
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10. Break the sample into reasonably fine pieces and place back into the mixer, adding
water to achieve the next desired compaction water content. Repeat the process as
necessary.

Hydraulic Conductivity-Rigid Wall (ASTM D5856)

Hydraulic conductivity is a measure of the permeability of a soil and is useful in determining the
flow of water through the soil. This soil property depends on several factors, including the grain-
size distribution, void ratio, pore-size distribution, roughness of mineral particles, and degree of
saturation. These factors vary between soil types, resulting in distinct hydraulic conductivity
ranges for different soils.

Hydraulic conductivity testing was performed using the ASTM D5856 method. The objective of
the hydraulic conductivity testing was to determine the permeability of water through a test
specimen at the optimum and field moisture contents of the material at each site. Two samples
were compacted to optimum and field moisture contents using the Standard Proctor procedure
outlined above. Once compacted, the samples were connected to a head-water reservoir and a
pressure board to push water through the samples at a hydraulic gradient of 100 pounds per
square inch. Readings were taken at varying intervals depending on the sample, or until the
readings stabilized. After the hydraulic conductivity readings reached equilibrium, the hydraulic
conductivity was determined. Figure 35 depicts four samples undergoing hydraulic conductivity
testing.
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Figure 35: Hydraulic Conductivity Testing

Specified Equipment For This Soil Property Test:

Permeameter
Two porous stones
Two pieces of filter paper
Vacuum hoses
Membrane expander
O-rings
Compaction mold
Compaction hammers
Soil mixer
. Sharpened straight edge
. Tools for breaking apart compacted samples (hammer, ice pick, etc.)
. Extruder to remove samples from mold
. Large scoop for handling soil
. Balance
.Oven
. Moisture cans
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Laboratory Soil Testing Procedure:

The following section is based on ASTM standard D5856 ““Standard Test Method for
Measurement of Hydraulic Conductivity of Porous Material Using a Rigid-Wall, Compaction-
Mold Permeameter”.

1.

10.

11.
12.
13.
14.

15.

16.

17.

Compact moist soil into a Standard Proctor mold following procedure outlined
previously.

Record all physical properties of the soil sample on a data sheet.

Soak two porous stones and two pieces of filter paper in the permeating fluid until
saturated.

Place one porous stone over the bottom plate of the permeameter cell and cover with
filter paper.

Extrude the soil sample and place on top of the filter paper.
Place the remaining filter paper, porous stone, and top plate on top of the soil sample.
Place hydraulic grease around the outside of both top and bottom.

Place the membrane inside the membrane expander with at least two inches of excess
at both ends.

Use a vacuum to expand the membrane.

Use the membrane expander to lower the membrane until the soil sample, top plate
and bottom plate are encompassed.

Unclasp the vacuum line and allow the membrane to collapse around the sample.
Remove the membrane from the expander.
Fold the top and bottom of the membrane to remove any wrinkles.

Place two O-rings on one end of the membrane expander and place the membrane
expander over the soil sample with the O-rings on the bottom of the expander.

Remove the O-rings so that the membrane is held tight against the top and bottom
plates.

Secure the tail-water lines to the top plate.

Place the acrylic cover over the sample and secure with top cap.
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18.

19.
20.

21.

22,

23.

24,

25.

26.
217.

28.

29.
30.

31.

32.

33.

Open the top valve to allow air to escape and fill the cell with water through the
bottom valve.

Close both valves when water comes out the top.
Secure all lines from the pressure board to the cell.

Fill all three reservoirs with water, leaving at least two inches of air at the top of the
reservoirs.

Set the cell water pressure to 10 psi, the head-water pressure to 8 psi, and the tail-
water pressure to 6 psi.

Open the head-water valve that is connected to the head-water reservoir.

Open the head-water valve beside the first and allow the water to flow until all air
bubbles are removed. Close both valves and repeat with the tail-water lines.

Open both the head-water and tail-water valves to allow the sample to saturate. Close
both valves when air bubbles stop.

Drain the tail-water reservoir until there is only 1 cm of water.
Fill the head-water reservoir to 30 cm of water.

Measure the height of water in the head-water, tail-water, and cell-water reservoirs
and record on a data sheet.

Set a time to start the test and turn both valves on at that time.

Record the height of water in the head-water, tail-water, and cell-water reservoirs as
well as time of the readings and record on a data sheet.

Turn off both the head-water and tail-water valves when the head-water reservoir is
nearly empty.

Take the last reading of the heights and the final time and record on a data sheet.

Disassemble the cell and take final moisture contents for the top, middle, and bottom
layers of the sample.

Shear Strength (ASTM D3080/D3080M)

A major factor in the structural integrity of all geotechnical construction is the strength of the
soil. Shear strength is a measure of the resistance of a soil to shearing stresses and is dependent
upon the cohesion and internal friction between soil particles. The shear strength testing was
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performed on a GeoJac direct shear testing device. The testing followed the procedures outlined
in ASTM D3080/D3080M. Once the hydraulic conductivity testing for a site was completed,
three cylinders measuring 2.5 inches in diameter and 1 inch in height were cut from the top,
middle, and bottom of each sample. Each test was performed at an optimum and field condition.
The internal angle of friction (¢) was calculated using Mohr-Coulomb failure criterion concepts.
The testing setup and equipment are shown in Figure 36.

Figure 36: Direct Shear Testing

Specified Equipment For This Soil Property Test:

Shear device

Shear box

Porous stones

Device for applying and measuring the normal force
Device for applying and measuring the horizontal force
Timer

Deformation devices

No ok ohe

Laboratory Soil Testing Procedure:

The following section is referenced from the CE 351 Introductory Soil Mechanics Laboratory
Manual, Department of Civil and Environmental Engineering, West Virginia University. This
procedure is based on ASTM standard D3080/D3080M *““Standard Test Method for Direct Shear
Test of Soils Under Consolidated Drained Conditions™.

1. Assemble the shear box in the direct shear frame, placing porous stones on top and
bottom.
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2. Place the loading cap.
3. Attach and adjust the vertical displacement measurement device.

4. Obtain an initial reading for the vertical displacement device and a reading for the
horizontal displacement device. Record the measurements on a data sheet.

5. Consolidate the soil sample under the appropriate force.

6. Measure the vertical deformation as a function of time and plot the time-settlement
curve to determine the time to 50 percent consolidation.

7. Shear the soil sample and take readings of the horizontal displacement until the shear
force peaks, remains constant, or results in a deformation of 10 percent of the original
diameter of the sample.
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