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ABSTRACT

Mine Safety Impoundment Inspection and Verification Tool:
Mining and Industrial Safety Technology and Training Innovation

The purpose of this investigation primarily focuses on coal impoundment safety and early
hazard potential awareness as well as addressing the need for adapting a field hardened computer so
that its more advanced technology may be applied to the mining industry. The purpose was to develop
a protocol based on West Virginia State and federal laws and regulations and use a mobile field
computer into the inspection system for coal waste impoundments. The inspection template was
constructed using paper forms presently used by MSHA and the West Virginia Water Research Institute
and iterated after conducting a number of field trials. Throughout the duration of conducting field trials,
many new features were created such as the inclusion photos with corresponding GPS coordinates as
well as a means of recording the entire path the inspector travels while inspecting. Some features were
also amended to include more text fields which will allow the inspector to comment on problems as
they arise in the field instead of commenting on all problems on one part of the inspection form. A
method was developed for saving the inspection file and exporting it to supplementary software for
obtaining a finalized output report, which automatically populates based on the inspection information
available in the file.

Overall, the procedure developed with the technology and software met the tasks within the
scope of the investigation. The benefits of this mobile field computer include the ability to store more
information for a field inspection including geotagged photos and expedite the inspection process by
providing a resource for email and automated data storage. Utilizing the mobile field computer for
impoundment inspection will improve the quality of the inspection practice as well because the
information can be time stamped, which will show the time duration spent on each portion of the dam.
Time stamping can be employed as a method of guaranteeing that the inspection is performed correctly
and more importantly, may persuade inspectors to be more thorough in their practice. The automated
inspection form will improve the coal impoundment inspection practice and the overall safety rating of
coal impoundments because of its improved ability to foresee potential hazards. Further analysis of this
technology to include a more refined procedure as well as a means to meet the federal requirement of

obtaining mine official signatures should be considered for industrial preparation.
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1 Introduction

Coal waste impoundments are a critical part of any underground and surface mining operations.
Impoundments are used for water supply and treatment, sediment control, and the precipitation and
disposal of fine coal waste, which is known as slurry in the mining industry (U.S. Department of Labor
2007). Inspection is important to the life of the coal impoundment, the health of the natural habitat
surrounding the site, and most importantly, the safety of the human resources on the site. Any problem
related to an impoundment that is left unattended can cause a massive release of slurry, resulting in

probable damage to wildlife and property as well the potential for loss of life.
1.1 Promulgation of Coal Waste Impoundment Inspection

The inspection of coal waste impoundments is required by the Federal Mine Safety and Health Act of
1977 (Public Law 91-173). Section 103(a) of the Act set many of the initial rules and regulations for mine

inspections and investigations and is shown below.

SEC. 103. (a) Authorized representatives of the Secretary or the Secretary of Health, Education, and
Welfare shall make frequent inspections and investigations in coal or other mines each year for the
purpose of (1) obtaining, utilizing, and disseminating information relating to health and safety
conditions, the causes of accidents, and the causes of diseases and physical impairments originating
in such mines, (2) gathering information with respect to mandatory health or safety standards, (3)
determining whether an imminent danger exists, and (4) determining whether there is compliance
with the mandatory health or safety standards or with any citation, order, or decision issued under
this title or other requirements of this Act. In carrying out the requirements of this subsection, no
advance notice of an inspection shall be provided to any person, except that in carrying out the
requirements of clauses (1) and (2) of this subsection, the Secretary of Health, Education, and
Welfare may give advance notice of inspections. In carrying out the requirements of clauses (3) and
(4) of this subsection, the Secretary shall make inspections of each underground coal or other mine in
its entirety at least four times a year, and of each surface coal or other mine in its entirety at least
two times a year. The Secretary shall develop guidelines for additional inspections of mines based on
criteria including, but not limited to, the hazards found in mines subject to this Act, and his
experience under this Act and other health and safety laws. For the purpose of making any inspection
or investigation under this Act, the Secretary, or the Secretary of Health, Education, and Welfare,
with respect to fulfilling his responsibilities under this Act, or any authorized representative of the
Secretary or the Secretary of Health, Education, and Welfare, shall have a right of entry to, upon, or
through any coal or other mine.

In essence, the purpose of inspection is for obtaining information related to health and safety

conditions, gathering information with respect to health and safety standards, determining whether any



dangers exist, and determining whether there is compliance with the mandatory health and safety

standards issued in the Act (United States Department of Labor 1977).

Binder (2002) explains that negligence law and the duty of reasonable care, when applied to dam safety,
extends to those injured by negligence, and that even inspectors may be liable for negligence for failure
to discover problems. Negligence liability consists of a failure to exercise reasonable care to either
prevent or minimize foreseeable risks. Binder (2002) indicates that negligence could develop from poor
training, lack of employee experience, and ignorance of plans. Field inspection of dams is designed to

prevent accidents (Binder 2002).

1.2 Impoundment Inspection Requirements

After the Federal Mine Safety and Health Act of 1977 (Mine Act) came the creation of the Mine Safety
and Health Administration (MSHA) in 1978. The following mission statement for MSHA is primarily to

enforce the Mine Act and to reduce and eliminate all types of health and safety hazards:

The mission of the Mine Safety and Health Administration (MSHA) is to administer the provisions of the
Federal Mine Safety and Health Act of 1977 (Mine Act), as amended by the Mine Improvement and New
Emergency Response Act of 2006 (MINER Act), and to enforce compliance with mandatory safety and
health standards as a means to eliminate fatal accidents; to reduce the frequency and severity of
nonfatal accidents; to minimize health hazards; and to promote improved safety and health conditions in
the Nation's mines.

The Mine Safety and Health Administration has since shaped the mine industry by creating important
safety procedures for inspection and operation. MSHA now provides inspection procedures and
frequencies for dam inspection as well as an Impoundment Inspection Form (U.S. Department of Labor
2007)for keeping records of the performed inspections. Guidelines are made available for dealing with
the hazard-potential classifications and abandonment of coal waste impoundments. In addition, the
Mine Safety and Health Administration produced many types of training programs to qualify individuals

for performing tasks associated with mine safety.

The Coal Mine Safety and Health (CMS&H) Administrator, appointed to do so under the Assistant
Secretary for MSHA, has the main responsibility over enforcing the Mine Act and employing regulations
as they apply to coal mining operations. There are inspectors, specialists, and supervisors who share the
responsibility by conducting thorough inspections of coal waste impoundments on underground and

surface mine sites. CMS&H District Managers have the responsibility of making sure the inspections are
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performed routinely and guaranteeing that design plans have been reviewed and approved/disapproved
(U.S. Department of Labor 2007). For the scope of this assessment, impoundment specialist and

inspector duties have been further reviewed and explained.

There are two typical inspections performed by MSHA personnel on any active underground or surface
mine site having coal waste impoundments. The first type of inspection is most frequently known as the
complete safety and health, or the regular inspection, which must be fully documented on the
inspection form at the time of the inspection. The form includes a precise checklist of the most
important inspection criteria for a coal impoundment. The pre-inspection preparation primarily consists
of a review of the Uniform Mine File, a sheet with basic impoundment plan requirements, to gain
knowledge of what should to be taken into account throughout the inspection (U.S. Department of
Labor 2007). The inspector will perform his duties by following the criteria supplied on the

impoundment inspection form and report his findings.

The MSHA impoundment specialist performs duties very similar to that of a normal safety and health
inspector who evaluates the site conditions for hazards and signs of instability; however, his or her work
will be performed in greater detail. The impoundment specialist completes the Impoundment
Inspection Form but does not limit him/herself to the space available because a specialist will more than
likely have more characteristics to consider than what is provided on the simplified inspection form. The
specialist also has the duty of communicating with equipment operators and other personnel working
on site, as they are a good source of information for construction problems and modifications made to
the initial design plan for the coal waste impoundment. When construction is taking place throughout
multiple work day shifts, it is recommended that inspections are performed on alternate shifts so that
the specialist may have contact with all construction personnel. One additional responsibility that the
impoundment specialist has is to photograph any potentially unusual or hazardous site conditions or any
components that are soon to be covered or filled, such as a foundation or internal drain (U.S.

Department of Labor 2007).

1.3 Terms and Conditions Related to a Routine Coal Impoundment Inspection

Coal waste impoundment inspection involves traveling to the site of a coal refuse containment dam and
evaluating it for potential failure modes based on its physical properties. After identifying these

potential failure modes, a screening is performed to uncover and disregard those modes that are



improbable for occurring onsite and clearly non-credible. A risk analysis is then performed to classify
each failure mode as a low, significant, or high hazard characteristic (U.S. Department of the Interior
2010). A high hazard potential is assigned to impoundments where failure will most likely result in a loss
of human life. A significant hazard potential is used to describe an impoundment that almost certainly
poses no risk to human life; however, economic loss, environmental damage, and disruption of support
facilities can occur. Low hazard potential impoundments carry no probable loss of life and very low

economic or environmental damage (U.S. Department of Labor 2007).

The hazard potential classification is used not for the present condition of the dam, but for the
engineering criteria for designing the impoundment. As the potential for loss of life and property
damage increases, the criteria used to design the impoundment becomes more stringent. An example
presented in the MSHA Handbook for 2007 notes that a high hazard potential impoundment is designed
with sufficient spillway-discharge capacity and storage capacity to handle runoff from a maximum flood
without allowing the embankment to be overtopped, whereas impoundments with lower hazard
potential are designed for smaller amounts of rainfall. The hazard potential criteria are also included on
the coal impoundment inspection form provided by MSHA so that the inspector is able to take the
hazard potential classification into account during a routine inspection. Following the inspection,
adjustments to the potential classification may need to be made so that it remains applicable to the coal

impoundment.

Chapter 2 §2a of the 2007 U.S Department of Labor MSHA Handbook provides regular guidelines to
follow for the frequency for coal impoundment inspection. In this section, it is stated that any
impoundment associated with active underground mines should be inspected at least once every
quarter during the routine safety and health inspection. For an impoundment on the site of an active
surface mine, an inspection should occur every six months during the time of a typical safety/health
inspection. For surface or underground mine impoundments that possess a high hazard potential, an
inspection should take place every quarter and be performed by an impoundment specialist. Moreover,
high hazard potential impoundments experiencing periods of considerable rainfall, snowmelt, or any
type of seismic activity should see an increased number of inspections during those periods. Fora
surface mine impoundment holding a significant hazard status, an inspection performed by an
impoundment specialist is recommended every six months; however, for an impoundment on an
underground mine site with the same hazard potential, quarterly inspections are required, two of which

must be performed by an impoundment specialist (U.S. Department of Labor 2007).



1.4 How the Inspection Form is Evaluated and Used

After the impoundment has been inspected, the inspector must follow some procedures required by
state and federal regulations for correct handling of the impoundment inspection form. Foremost, the
form must be countersigned by a mine foreman, superintendant or assistant superintendant, or a
person designated to take responsibility for health and safety. West Virginia State Code 38CSR2, Part
22.7.b. states that the qualified professional engineer shall promptly provide a certified report that the
impoundment has been constructed and maintained according to the approved plan. The document
must also report any appearances of instability, structural weakness, or other potential hazard. The
depths and elevations of impoundment waters, monitoring procedures and instrumentation, and any
structural aspects that could affect the stability of the dam must be reported as well. These

requirements originate from Federal Code 30CFR §77.216-3.

1.5 Historical Impoundment Failures

The most catastrophic coal waste impoundment failure occurred in Logan County, West Virginia at the
Buffalo Creek Mine. On February 26, 1972, about 132 million gallons of coal waste water rushed
through Buffalo Creek Hollow, killing 125 and injuring about 1100. Roughly 1000 homes were destroyed
leaving 4000 homeless (West Virginia Division of Culture and History 2010). The disaster changed the
way that the public saw coal waste impoundments and initiated the creation of the Mine Safety and

Health Administration as well as coal mine impoundment inspection.

One of the largest scale tragedies took place in Martin County, Kentucky, where on October 11, 2000, a
72-acre surface impoundment containing coal waste ruptured, spilling about 309 million gallons into an
adjacent mine opening. The coal slurry then flowed through the mine, emptying into neighboring water
bodies and contaminating local drinking water; however, the impoundment failure fortunately resulted
in no loss of life (National Research Council 2002). Nonetheless, this particular mine disaster had a

substantial effect on the way impoundments are inspected in the twenty-first century.

Congress appointed the National Research Council to detect new methods of inspecting impoundments
so that these types of incidents do not occur in the future. The NRC assigned members to a committee,
which had three major entities to investigate. The committee first studied the engineering design
standards and practices used at the time so that they could consider new alternatives for the evaluation,

improvement, and monitoring of coal waste impoundments. The National Research Council committee



also checked the accuracy of the mine mapping and evaluated more accurate ways to observe how
underground mines can affect coal waste impoundments. The last task the committee was given
involved more conservative procedures for underground mining to reduce the amount of coal slurry.
The options included more productive use of the waste and safer disposal options (National Research

Council 2002).

The most recent sludge spill internationally occurred on October 8, 2010 in Hungary, where nearly 200
million gallons of red sludge made its way to the Danube River, killing eight and injuring hundreds. The
impoundment was on the site of an alumina plant, which converts bauxite into alumina for the
manufacturing of aluminum. The managing director of the company was blamed for the resulting
injuries because of his failure to prepare emergency warning and rescue plans in the case of an
impoundment breach (Bilefsky 2010). This recent failure to foresee warning signs of an impoundment
failure in addition to prepare and distribute emergency action plans is sufficient evidence that improved

inspection practice is necessary not only in the United States, but in other countries as well.

2 Literature Review

2.1 Mobile Field Computers

A literature review was performed to determine the best suited mobile field computer and software
that may be integrated and used for coal impoundment inspection. A mobile field computer, considered
here, is a hand-held device designed to withstand rugged use such as rain, dust, and high impacts. Six
select mobile field computers were examined to assess their application for use during routine coal

impoundment inspection. The six field computers evaluated are listed below:

Motion F5v (Motion Computing Inc. 2010)

e Intermec CN3e (Intermec Technologies Corp. 2009)

e Intermec CS40 (Intermec Technologies Corp. 2010)

e Trimble Ranger (Trimble Navigation Limited 2005 2005-2009)
e Trimble Yuma (Trimble Navigation Limited 2009 2009-2010)

e Panasonic U1 Ultra Toughbook (Panasonic Corp. 2010)



The selected mobile field computers were compared for critical features using the checklist discussed in
Table 1. It was discovered that most field computers are equipped with normal Windows operating
systems and are capable of uploading and storing data as well as emailing and navigating via Global
Positioning Systems. The most suitable mobile computers for coal mine impoundment inspection were

reviewed and compared based on the following criteria:

e Electronic based check-listing software with a standard or custom template that must be
completed during routine field inspections

e GPS for georeferencing field observations and geotagging photographs

e Tracking of field observations over time as well as time stamped data to guarantee time of field
inspection

e Input areas for data storage and graphing so field data may be compared over time to evaluate
impoundment performance

e Ability to upload data to office computer for storage and printing

e Field computer is already in use by government or industry and has proven itself in the field

e Ability to email alerts or text message MSHA District Engineer or Tech Support for assessment of
information more rapidly

e Ability to upload and store MSHA Inspection Manual and Emergency Action Plan (EAP) for ease
of access

e Ability of software program to mark fields and alarm the inspector of any missing information
(equipment should be equipped with speaker for ability to alert inspector by sound)

e Ability to load and store completed inspection reports

e Ability to record inspection path with GPS and store map of routine route traveled

After examining the required components for a coal mine impoundment inspection tool, a decision has
to be made concerning which field computer best met the constraints. The first requirement for the
equipment is that it must have electronic based check-listing software with a template to be completed
during each routine inspection. For any piece of equipment with a Windows operating system, the
ability to upload software is nearly endless. The Motion F5v, Trimble Yuma, and Panasonic U1
Toughbook each come with Windows 7 Professional, a full Windows operating system capable of

uploading and running any software.



Time stamping data and tracking observations over time are more dependent on the software than the
mobile field computer itself, however, any Excel file created will be time stamped with the “last
modified” title. Therefore, the F5v, Yuma, and Toughbook were the best suited field computers because
of their ability to run Microsoft Office. Microsoft Excel has the additional potential of creating a cell that
time stamps data as it is altered. As a result, any field computer running Microsoft Excel on Windows 7

Pro had two potential resources for time stamping data in the field.

Pertaining to data storage and graphing, the three viable field computers previously mentioned would
provide the best practical results. All six potential field computers are capable of storing data; however,
the field computers with Windows 7 Pro and Microsoft Office have the ability to store inspection data
and reports as Excel and/or Word files and may be opened in the field at any time for ease of access.
Since the Palisade software uses Excel as a database, it is very talented at graphing results and
comparing to historical data. In addition to storing and graphing data, the Motion F5v, Trimble Yuma,
and Panasonic Toughbook all have the means of storing the MSHA Inspection Manual as well as the
Emergency Action Plan for any mine site. These documents can then be opened up as PDF files by the

Adobe Reader add-on to Windows 7 Pro.

As well as having the capacity to store data on its own solid state hard drive, the three most feasible
pieces of equipment have the ability to connect to a desktop computer via USB or Bluetooth so that the
data can be safely stored in the office. In addition, each piece of equipment has an express card slot so
that a wireless 3G or 4G network may be used to email inspection reports to an MSHA District Office
upon completion of a routine inspection. Having this amount of potential can account for an
approximate time stamp as well as save time and possibly a failure. Text messaging would only be an
option for the Intermec devices since they are the only field computers that have mobile phone
features. The internet service in the field would work from a cellular phone network; on the other hand,

only the two Intermec mobile computers have any form of cell phone feature.

An additional feature is the integration of a sound alarm to unmarked fields or pertinent information
regarding a potential failure or problem. Besides alerting the inspector on screen, an audible alarm may
follow to make sure the inspector is aware that an important feature has been missed, if the software

and field computer can coincide to do so.

Regarding the GPS capability of the suitable equipment, every mobile computer is proficient at

georeferencing locations and geotagging photographs during inspections. For mobile field computers



with GPS capability, the average accuracy ranges from 2 -5 meters. The Trimble Ranger has better
accuracy (1 — 3 meters) because it is more suitable for GPS navigation and routing. In any instance, all of
the evaluated field computers are able to georeference locations on site and geotag photographs of

suspicious occurrences or possible failure modes.

Each field computer has field experience and has proven its durability in the course of many different
applications and conditions. The Motion F5v has seen much experience with making route planning
more efficient and eliminating the re-entering of data by automating inspection forms, both of which
are germane to the intended purpose of the mine inspection field computer. The Intermec CN3 models
were used to streamline data tracking and inspection processes by PBS&J during the Hurricane Katrina
recovery. The use of this piece of equipment helped homeless residents find new homes much quicker
and increased the accuracy of the home search procedure to 90 percent. The Intermec CS40 has the
best camera of the six field computers, and it has sufficient storage space as well as a compact
lightweight structure; conversely, it is the least tolerable to harmful field conditions such as impact
resistance. The Trimble Ranger has been available for years now and is the oldest of the field computers
evaluated. The Ranger is popular among the surveying industry because of its size and capability in the
field. Excluding the GPS accuracy, The Trimble Yuma has every feature of the Ranger and a few
improvements as well. A few extra features of the Yuma include two cameras including video recording
capability and a much larger memory for storage and loading. The last field computer examined was the
Panasonic U1 Ultra, which is very similar to the Yuma vis-a-vis physical characteristics and overall

qualifications to perform.



Product

Specifications for Motion F5v Intermec CN3e Intermec CS40 Trimble Ranger Trimble Panasonic U1
. Yuma Ultra
Physical Use
. (Trimble (Trimble
SPECIFICATION Con(1M:ttil:nlnc TeELII‘\t:t:Eeices To_f:::t:orro‘eices Navigation Navigation (Panasonic Corp.
DATABASE '; o1 of . o og o) o oi 0 Limited 2005 | Limited 2009 2010)
p- P- 2005-2009) 2009-2010)
DURABILITY
CHARACTERISTICS
DISPLAY SCREEN 10.4" 3.5” 2.8” 3.8” 7" 5.6”
LED BACKLIGHT ‘/ ‘/ ‘/ ‘/ ‘/ ‘/
TOUCH SCREEN >~ >~ ‘/ / ‘/ /
SCREEN .
PROTECTION Gorilla Glass >§ >§ / J /
WEIGHT 3.31b 1.251b 43 1b 2.11b 2.61b 2.31b
DIMENSIONS 10” x 10” x .95” 7.7"x3.2" x1.3” 5.3” x2.5” x .94” 10.5” x5.2” x 1.9” 5.5"x9”x2” | 7.2”x5.9"x2.2"
BATTERY LIFE 4 hours 14.8 hours NA 30 hours 8 hours 9 hours
MEETS MIL-STD-810 / / x / / /
SPECS FOR IMPACT
WATER AND DUST
RESISTANCE IP54 rated IP64 rated IP54 rated IP67 rated IP67 rated IP65 rated
COMMUNICATION
CAPABILITIES
BLUETOOTH ‘/ ‘/ ‘/ / ‘/ /
Wi v v v v v v
GPS ‘/

v

v

v

v

v

OPERATING SYSTEM

& SOFTWARE
OPERATING SYSTEM | Windows 7 Pro Windows Mobile | Windows Mobile Windows Mobile Windows 7 Windows 7 Pro
5.0,6.1 6.5 5.0 Pro
SYSTEM MEMORY 1GB - 4GB 128MB 256MB 64MB 1GB 2GB
(RAM)
STORAGE 160GB HDD 2GB miniSD card 32GB microSD
(SSD/HDD) 64-128GB SSD slot card slot 256M8 32GB 5D 64GB 55D
SD CARD, USB, OR USB & L ) SD slot &
SMARTCARD SmartCard miniSD microSD SD slot SD slot SmartCard
Adobe Reader J / / / / /
ACCESSORIES
2.0MP outer
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X i the product does not meet the necessary criteria

Table 1: Comparison of Selected Field Computers Based on Physical Characteristics & Key Features in Subtask 3.2

After examining all six mobile field computers based on the preceding criteria requested for
performance, one emerged as the most suitable piece of equipment. The Trimble Yuma, because of its
higher International Protection Rating against water as well as the ability to capture video, is the
recommended mobile field computer for coal impoundment inspection. The IP67 rating of the Trimble
Yuma establishes that it may be submerged in 1 meter of water for 30 minutes without penetration
through the protective case. The IP65 rating does not include the verification for immersion in water,
which may be an asset to inspecting a coal impoundment. The ability to capture video is another

important benefit to the mine inspection tool because of the need for inspectors to view the
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construction process and the movement of water through the impoundment. Poor construction and
internal pore pressure are two of the main hazards to impoundments, and having the ability to capture
live feed of these two active events could save an impoundment before it fails completely. An
additional feature of the Yuma is the presence of two cameras to make photography easier, and
according to consumer reviews, the Yuma has better screen visualization in the sunlight. In view of
these features only being available on the Trimble Yuma, it is recommended as the most beneficial
mobile field computer to the purpose of making coal mine impoundments safer and increasing

employee productivity.
2.2 Terrasync/Pathfinder Office Software Evaluation

The Trimble® Terrasync and Pathfinder software was evaluated based on features and relevance to
performing a coal impoundment dam inspection. The Terrasync software is proficient at collecting
Geologic Information Systems data when it is paired with a receiver and field computer, both of which
are available for the purpose of this study. The software has the ability of integrating photos into the
data collection by pairing with a Trimble device capable of taking pictures. The software also stamps
each photo with the time, date, and geographic location at which the picture was taken. The photos can
retain an accuracy up to 4 in. when the software is being used with a Trimble ProXH receiver (Trimble

Navigation Limited 2011), a piece of equipment which will be available for the purpose of this research.

The software can also use data dictionaries previously created with the Trimble Pathfinder Office
software, which is GIS structured. The data dictionary is a tool used by organizations for creating and
customizing attributes which are related to geographical locations on a work site. The dictionary has the
primary use of prompting the inspectors to enter specific information in the fields in the form, which
ensures that all necessary data has been collected. The attribute values may be organized by using the
structure of an electronic form. These data capture forms can store data entered by the user as well as
geographical data and time-stamped geotagged photos. The data forms may be modified in many ways
to ensure that they maximize worker productivity in addition to remaining user-friendly (Trimble

Navigation Limited 2011).

Overall, the Terrasync software improves worker productivity and eliminates connection errors between
devices. The software can be simply uploaded onto a paired Trimble field computer and GPS receiver
for use in the field. The Pathfinder Office Software is vital for analyzing the collected data and verifying

that it does not contain any errors or unwanted data. In addition to finding errors, coordinates and
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attributes may be edited to guarantee that only the suitable data is exported to the GIS (Trimble
Navigation Limited 2011).

Terrasync and Pathfinder software has been used in the field for many applications including the
mapping of hiking trails for the USACE and the redevelopment of New Orleans local surveys after
Hurricane Katrina. Pathfinder Office was used after the devastating Hurricane Katrina for creating local
maps because most were previously kept on paper only and lost in the water. Consequently, Pathfinder
Office was used to create the data dictionary to be used in the field for collecting new data. An ArcGIS
database was built so that all the mobile GPS units could share the same information and upload to the
same location. According to some, the creation of the data dictionary was the crucial step in collecting
the cultural resource data and increased productivity greatly throughout the project (Trimble Navigation

Limited 2010).

Additionally, the West Virginia Water Research Institute and USACE relied on the Trimble software to
assist in capturing data in the Dolly Sods Wilderness, an area used during World War Il for explosives
testing. Employees of the WVWRI and USACE performed a survey of the hiking trails in the Wilderness
area because traveling away from the trails can be unsafe as there are UXOs (Unexploded Ordnance) in
the region. A data dictionary for assessing the hiking trails, which included erosion conditions and
trailside campsites, was created before traveling to the site. As the trails were mapped, photos were
captured and stored via Terrasync. The project resulted in the creation of a new interactive map
including trailside and campsite photos. The use of Terrasync as well as Pathfinder Office enhanced
productivity by organizing attributes and GPS data for trails, campsites, and UXOs (West Virginia Water
Research Institute 2010).

After thorough evaluation, the Terrasync software used in accordance with Trimble Pathfinder Office
was chosen as the best fit tool for inspecting a coal impoundment. The software will be easier to use on
the Trimble Yuma because of potential compatibility issues with software generated by other agencies.
The Terrasync software will enhance the speed at which the routine coal impoundment inspection can
be performed because it is skilled at creating seamless forms for data entry, and having the ability to
capture photos with time-stamped location and attributes will prove essential throughout the process of
an inspection. An even more vital skill possessed by Terrasync is the ability to sort and filter data
imported from a GIS in chronological order, which will allow inspectors to create an inspection route
from the data collected on site, thus eliminating a tedious step of the routine. The attribute data may

be viewed as a list or distributed over a map with an imported aerial photo or satellite image in the
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background. Features may be edited in the Terrasync software during or after the inspection, increasing
productivity and complication nonetheless. The use of Terrasync and Pathfinder Office will guarantee a
better performance of inspecting a coal impoundment by eliminating painstaking steps of the coal

impoundment inspection routine.

3 Method

3.1 Microsoft Excel Electronic Inspection Form

Upon the completion of an inspection form using Microsoft Excel (Appendices | & I1), it was concluded
that all pertinent information could not be integrated accordingly. For the purpose of this study, it is
necessary to have the ability of time stamping information/records in the field instantly and
automatically. In addition to the time stamping issue, Microsoft Excel was unqualified regarding the
automatic capturing of GPS coordinates. The use of hyperlinks in excel could have caused a problem as
well because of the significance of the photo/video and GPS links on the form. Microsoft Excel did not
have any means of confirming completion of the form before the departure by the inspector, which
could pose a serious threat to the safety of the workers and the stability of the dam upon the failing to
foresee imminent failures. By using a form created with Excel, the responsibility would fall on the

inspector, thus requiring more time in the field to perform an inspection.

Following a meeting with York Grow of Earth Vector Systems in Charlottesville, Virginia, it was decided
that a more capable technology was necessary for functioning as a coal waste impoundment inspection
form. Trimble Terrasync software paired with Pathfinder Office was used for the creation of the
inspection form because of its ability to record GPS coordinates, capture photos with quick links, and
time stamp information automatically as well as its compatibility with the Trimble field computer. The
Pathfinder software can be used in the office to generate a data dictionary with all of the required fields
for an impoundment inspection. The dictionary may then be uploaded onto the Yuma and used in the
field via the Terrasync software. The details of the inspection procedure using this software are
explained under Section 3.4. Accordingly, the information from the excel inspection form was used to

input fields into the Pathfinder Office data dictionary, and Terrasync was used for field inspection and

mapping.
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3.2 Data Dictionary Development

Following the installation of Trimble’s Pathfinder Office and Terrasync software programs, a data
dictionary was created for use by the inspector in the field. The data dictionary contains all the
necessary text fields for completing a routine coal impoundment inspection. A form created in
Microsoft Excel (Appendices | and Il) was used as a template for the electronic form later structured in
Trimble Pathfinder Office software. The automated inspection process begins with the creation of a
data dictionary using Pathfinder Office. The data dictionary serves as the template used with the
Trimble Yuma in the field and consists of only features and attributes. Each feature in the data
dictionary may serve as a portion of the coal impoundment. For example, crest, downstream toe, and
piezometer could all be considered individual features because each portion of the impoundment has
particular criteria to be evaluated during an inspection. Each feature may be set to record in the field as

a point, line, or area. The concept of features and attributes may be viewed in Figure 1.

B2 Coal Impoundment 6. ddf - Data Dictionary Editor
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2 General Information BT Reterence Guid Prov Inspection Folder on Desktap*
£~ Crest +B Inspection Type [what type of inspection is this?)

£ Abutments #be Inspector Name [Name)]

" Upstizam Face A Inspector AR Number

" Impoundment Pool A Impoundment Name:
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Figure 1: General Information feature and coinciding attributes.

15



Point and line features were employed in the impoundment dictionary because using an area feature
requires the inspector to make nearly a full loop in order to close a polygon and record an area. The use
of an area feature is equally inappropriate because the main purpose of recording locations for each
feature is to monitor the inspection route traveled as well as make it more efficient to locate potential
hazards during maintenance. Most features were set to record as lines with a recording interval of five
seconds while others, such as piezometers, pore pressure gauges, and mine discharges, were recorded
as points with the same recording interval. An additional setting was enabled with point features
however (Figure 2). The point features were required to contain a minimum of three recorded locations
to improve accuracy by allowing Pathfinder Office to differentially correct the data back in the office. In
fifteen short seconds, the three positions will be recorded; therefore, the inspection is not delayed
because the inspector most definitely spends more than fifteen seconds recording the point IDs and

numerical values for gauges and discharges.

Edit Feature E|

Properties  Default Settings l S_I,Imhn:nl]

Logging Interval

o Time I—E'Zl [Seconds)

£ Of

Minimum Positions: El 3:

Labeling
Label 1: | Inzpection Type ﬂ
Label 2 | |nzpectar Mame j

] 4 | Cancel Default Help

Figure 2: Minimum position setting on point feature.
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Under each feature lies a collection of attributes, which acts as the template for all questions pertaining

to that feature. An attribute may appear as a dropdown menu for questions requiring a “yes” or “no”

answer (Figure 3), or as a text or numerical field for questions that cannot be given a concise answer

(Figure 4). For instance, a question asking to explain an observation such as erosion requires a text

attribute because an explanation may not be picked from a menu. Similarly, gauge readings must be

recorded as a numerical attribute because of the complexity of the values. The dropdown menus may

have options created by the user, and the text and numerical fields may have a character limit set

(Figure 4). The numerical fields may also have a predetermined range of values so that the inspector

may not type a value outside of that range, which acts as an alert if the inspector is reading a gauge

incorrectly.
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Field Erntry
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(1] | Cancel | Help
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—
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Change
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Figure 3: Data dictionary dropdown menu.

Figure 4: Text attribute with set character length.
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Photo links are part of the Pathfinder Office program for storing photographs as well as video with audio
within the data file. When the links are selected in the field, the camera utility opens, allowing the user
to capture a photograph. Within the camera utility, the option for capturing video is present. Taking
advantage of this option allows the inspector to capture a video with an oral description of the
observance or problem. Additional fields are provided as well for extra comments or additional photos

(Figure 5).

Altributes:

E= Date Visited

=B Instrumentation (4l readings/instrumentation recorded?)
+B Piezometer [4re all piszometer values recorded?)

+B Pare Pressure [All pore pressure gauge values recorded?)
123 Lift Thickness [Record lift thickness)

=B Lift Thickness Units [Lift thickness units]

+B Placement/Compaction

+B Water Impounded [&ny water against the upstream face?)
<8 Beach Formation [Any sinkholes/depressions on the beach?]
[ Photolink [Beach Deformation Phota)

=B Slury Fines [Any slury fines deposited on the face?)

&b Comments [Extra Comments)
& Time Began

New Attibute. F7 |

Edit Atribute. F3 |

Delete AtiibutzF3 |

Figure 5: Attributes for additional photos/comments.

Time and date attributes may be appended to each feature for the purpose of data organization in the
office and monitoring inspection practices (Figure 5). The time and date fields may be automatically

generated and locked so that the inspector may not change them in the field (Figure 6). The use of
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automatic generation validates the date and time that each feature of the impoundment was inspected.
Taking the difference between times allows the capability of showing how much time was spent
inspecting each feature of the impoundment. Additionally, each five-second location recorded has a
time affixed by the GPS unit; therefore, these data may be used for monitoring the time delay between

ending one feature and beginning another to confirm the inspector is applying his time efficiently.

Edit Time Attribute

M arne:

Aliag: |Time Began

v Auto Generate on Creation

[+ Auto Generate on Update

Faormat
¢ 24 Hour " 12 Hour
i {+
Figld Entry
On Creation: On Update:
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" RBequired " Required
i+ Mat Permitted * Mot Permitted
" Mot Vizible " Mot Visible
Condition

Condition iz dizabled Change
Qk | Cancel | Help |

Figure 6: Auto-generated time attribute (notice field entry is not permitted).

Each feature and attribute in the data dictionary contains a field for a title as well as a description. The
title is used primarily for the manipulation and organization of data in the office while the description of
the feature is seen on-screen while performing an inspection. Only the description can be viewed in
Trimble Terrasync, thus all pertinent information to each question must be portrayed in the description
field so that it may be understood in the field. Figure 7 (below) demonstrates what the inspector sees

on screen while performing a routine inspection.
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Figure 7: Screen shot of template in Trimble Terrasync.

Each attribute in the Pathfinder Office data dictionary contains settings related to security and
conditional situations. Notice the field entry box in Figure 6. Attributes may be configured so that they
are not permitted to receive an answer, such as the time and date stamp attributes. The time and date
attributes are automatically generated; hence, the inspector does not have permission to alter them in
any way. Each attribute may be set so that the inspector chooses to input an answer for the question.
Attributes may be required instead, forcing the inspector to provide an answer in order to make sure
he/she does not accidentally miss the question. Most attributes in the coal impoundment dictionary
were created as required fields to ensure all questions are answered. There are some required

attributes, however, that are not visible unless the inspector provides a particular answer to a question.

Some attributes may be set so that they are not visible unless another attribute is given a specific
response. Notice the condition box in Figure 6. For example, if the inspector answers that there is

erosion on a spillway of the impoundment, then he or she will be prompted to provide a description of

20



where and what was observed. The inspector will also be prompted to take a photograph of the
observance, which will contain matching coordinates. Conditional settings are used in the data
dictionary utility to create questions that only pertain to specific situations. In the case of erosion, the
description attribute contains a conditional setting, which can be selected so that the description
attribute is only visible if the inspector provides that there is erosion (Figure 8). Any attribute following

another may be set so that it only appears depending on the answer provided to the first.

S5et Condition For. Attribute E|

Attribute Mame: Erozion/Cracks

[f thig condition is true

|Eru:usiu:un;"Erau:ks [Ernsiulj |i8 j |Yes ﬂ

Then apply theze settingz

Field Entry
On Creation: On Update:
" Mormal * Mormal
* Required " Required
" Mot Permitted " Mot Permitted
" Mat Vizible " MatVizible
[ Aszign On Creation [ Aszign On Update

Elze apply the zettings from the previous attribute edit farm

k. | Cancel Help

Figure 8: Conditional setting for describing erosion based on answer that erosion is present.

The second characteristic of the conditional attributes is that they may be required or optional similar to
the primary attributes. This option was taken advantage off by not requiring all conditional fields
because some photo links may be unnecessary. The option of taking a photo that is not required will be
left at the discretion of the inspector. Most other conditional attributes not including the photo links
are required nonetheless because they are important to risk assessment and reduction in error due to

negligence.

All information provided on the inspection form was successfully conveyed using the Trimble Pathfinder

Office software; therefore, a trial was necessary to examine the functionality of the equipment,
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especially concerning ease of use and ability to produce geotagged photos. The use of audio tags as well
as GPS tagged photographs were also investigated to determine how they can be incorporated into the

template.
3.3 Beta Testing for Optimal Functionality

A total of five field trials were performed as upset condition tests to evaluate the electronic inspection
concept as well as the organization and functionality of the form. The first trial of the examination
progressed into identifying a number of problems which helped to identify ways of improving the
organization and method of opening/saving the data file. The data transfer utility made by Trimble was
not employed for transferring the data dictionary from the desktop computer to the Trimble Yuma.
Instead, the data dictionary was saved to a portable flash drive to be uploaded to the Yuma at a later
point in time. The Terrasync program only recognizes the dictionary if it is placed in the designated

folder for data dictionaries, which had an unknown location at the time.

When the field trial was to be conducted, the location of the designated Terrasync folder was unknown
and as a result, the dictionary could not be sent to the correct location for use. This caused an issue
later in the field because the data dictionary would not appear in the Terrasync program, which in turn
would not allow the user to view any of the features or record any points via GPS. Without the ability to
record any points or open the data dictionary to store information, the field trial was essentially
terminated. The first field trial had the purpose of inspecting the ease of opening the data dictionary
and ability of entering responses into generated fields. This trial was not complete, as it would be
unnecessary to create an entire data dictionary if it were done incorrectly; therefore, only a few features

were created with simple attributes under each feature.

Following the successful upset condition test of the first field trial, many improvements were made to
the program to ensure better functionality in the field. More features were added to the data dictionary
first since the opening/saving problem was identified as a failure to use the Trimble data transfer utility.
For trial 2, photos were taken as well to demonstrate the Yuma’s capability for taking photos and
recording coordinates for each concurrently. Upon arrival in the field however, more problems arose
regarding the opening/saving locations in Terrasync. A flash drive was used again, but this time the data

transfer utility was used to copy the dictionary to the predetermined Terrasync folder.

22



Although the dictionary was transferred correctly and showed no signs of failure, the default save
location could not be used for storing a completed data file. The Terrasync program is set up with a
predetermined save location on the Yuma hard drive, usually in a “GPS Projects” folder within the “My
Documents” folder under the main drive on the Yuma. This folder could not be found on the Trimble
Yuma during field trial 2, which did not completely cause a failure but did leave the user with a small
inconvenience. Instead of using the default location on the hard drive to store the data file, the user

was able to leave the flash drive plugged into the Yuma as a means of storing the data file.

Upon completion of the second field trial, more improvements were under identified with respect to the
functionality of geotagging and field input aliases. While in the field, it was difficult to view the desired
input fields because they were created incorrectly in Pathfinder Office. The “new attribute” window in
Pathfinder Office has a field for a title as well as a field for alias. The fields were created under the
impression that both fields would appear on the unit during a field trial, but this was simply not the case
when trial 2 was performed. Instead of being able to view the subject and the detail under that subject,
only the detail field could be seen, which caused confusion because the operator was unable to identify
to which part of the dam the detail belonged. For the third field trial, these alias fields needed to be
more complete so that the operator is able to fully understand what the field is requiring him/her to

inspect.

The second major problem in the field dealt with taking photos that contained GPS information, an
activity more commonly referred to as geotagging. When the data dictionary was designed, it was
assumed that photos could simply be taken at points during the field inspection and saved automatically
with corresponding GPS information. This assumption was also incorrect and was quickly noticed in the
field. The Trimble Yuma has a button on its control panel that provides direct access to the camera

utility, and this was employed by the operator to capture photos during the second field trial.

After transferring the data file back to the desktop via data transfer, it was noticed that the photos were
not included as part of the field trial 2 file, which was suspected by the operator during the field trial.
The problem was corrected by creating photolinks within the data dictionary to be used during the third
field trial. The links are added as attributes and can have titles and aliases similar to the other attributes
in the data dictionary, but the most effective characteristic of the photolink is that it automatically
opens the camera utility when it is selected. After the photo has been captured, it is stored in a default
location within the data file with its matching coordinates. The use of this attribute is a very valuable

tool as he/she can take geotagged photos in seconds.
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One issue that remained unresolved after field trial 2 dealt with the default save location of the
Terrasync software. After talking with representatives for the Trimble equipment, the problem
continued without a solution. The Terrasync software was removed from the Trimble Yuma and
reinstalled to be sure that the first install was not corrupted, but the default save folder was still missing
after the second installation. Instead of focusing on the saving issue, more effort was directed toward
the completion of the data dictionary. The decision was made because even though the use of a flash
drive was a bit inconvenient, the problem arose as a result of the equipment and not the operator, and

the data dictionary was still functional.

After the advancements were made from the second field trial, the data dictionary was expected to
function in the field much more smoothly. The third field trial was performed soon after the
improvements were finished, yielding a better collection of data including geotagged photos as well as
complete field entry descriptions to serve as questions. The operator was easily capable of geotagging
imitation problem areas on the mock impoundment site. Additionally, the operator was able to view
the new aliases, which were reformed into more complete questions to be better understood. Overall,
the field trial was a success, as many goals were met regarding the functionality of the automated

inspection program.

The completion of the third field trial was followed by a series of improvements that were not construed
from problems in the field but from the advanced capability of the data dictionary editor in Pathfinder
Office. Through the previous work with the editor, a few new features were found which made the
automated inspection form appear more organized and function better overall. The conditional
attribute aspect in the editor, allowing fields to only appear if the operator provides a particular answer
to an attribute, was utilized. The use of this feature allows for a much nicer appearance on-screen as
unnecessary fields are not visible until they are required. The condition feature can even be utilized for

photolinks, which will not prompt the operator to take a photo unless it is required.

A second feature of the editor includes the use of the “field entry” utility, which allows the programmer
to require that the inspector visits each attribute and enters data. As a means of guaranteeing the
inspector performs each part of the inspection, the data dictionary was created so that each feature will
not save until all attributes have been visited and the field entry has been completed for each. The
addition of this aspect will serve as a sure way to check the inspection practice because the coordinates
of each feature will be stored as well, showing the inspection path traveled over the duration that each

feature was open in Terrasync.
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The fourth field trial was executed at a mine impoundment so that the full functionality of the data
dictionary in addition to its organization could be examined. The ordering of the attributes was checked
so that the operator may inspect the dam without scanning through the dictionary continuously looking
for the attributes to be completed for each area. A precise ordering of the attributes under each feature
was necessary to guarantee that the inspector will not waste his/her time with the equipment. The
most important part of using this automated form with the Trimble Yuma mobile computer is that it
should provide more capability than the paper form with a minimal amount of problems resulting in

wasted time.

This field trial brought about a few more ideas about the general information settings and the security
of the inspection form. After using the data transfer to upload the data file onto the desktop computer,
it was detected that the general information was difficult to find because no GPS information was
recorded. After the data file was exported to ArcGlIS, the general information could not be found at all
because no layer existed for the feature. A decision was made to modify the general information
feature so that it records points as the inspector fills out the information. This will ensure that the
information is not lost back in the office as it is very important to the inspection. The second
modification made to the data dictionary after trial 4 was the addition of automatic locked time
stamping, which was added to each feature so that it records the time each feature was completed. The
feature may not be modified in the field, so it provides as a good verification that the inspector is
spending the correct amount of time on each part of the inspection and not skipping over that area

instead.
3.4 Final Data Dictionary Template

For the fifth and final unofficial field trial, all amendments were made and worked successfully. It was
decided that instead of trying to add direct links for PDF files into the data dictionary, a folder was
created on the desktop of the Yuma with all the necessary documents needed for inspection. A
reference to the destination of the folder was added onto the general information feature so that the
inspector can be made aware at the beginning of the inspection. The time stamps, which automatically
generate a locked time stamp when each feature is opened in Terrasync, were added to each feature as

well.

Another decision made for this field trial involved the inclusion of probability statistics for decant trash

rack attributes as well as spillway clog attributes. The probability attributes were based on a study
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presented at a technical seminar (Dise 2009). These additional attributes required conditional elements,
which only prompt the inspector to inspect if another attribute is given a particular answer. For
example, if the inspector answers that the decant trash rack is not clear and open, then he/she is
prompted to answer a question asking to predict the clogging of the trash rack as a percentage. The
clogging attribute is categorized into ranges of percentages, and any category chosen above 50 percent

alerts the inspector to contact the mine manager immediately.

In addition to including the clog percentage of the trash rack, an attribute regarding likelihood of causing
pool level rises was incorporated into the template. An attribute for pool level rise likelihood follows
the inspector providing an answer to the clog percentage attribute. The attribute is shown as a
dropdown menu with five possible answers, all having a designated probability as presented by Dise
(Dise 2009). Once the inspector provides an answer from the dropdown menu, a new attribute follows
with an assigned probability value. Lastly, the inspector is required to take a photo of the decant trash

rack to solidify the clog percentage estimation provided.

Another innovative attribute added to the data dictionary includes a reference guide, which provides a
location on the Trimble Yuma desktop for finding pertinent information to the inspection, such as an
Emergency Action Plan and MSHA Inspection Handbook. One more new attribute deals with an input
area for weather conditions, which are important to the pool level and structural stability of a newly
constructed impoundment without vegetation. A torrential rain on a newly constructed impoundment
without vegetation can cause rills and trenching quickly, resulting in a weakened structure. Extra
photos/comments attributes were added to each feature to simply leave an area for the inspector to
comment on additional observations on-site. An attribute was included in the Spillways/Ditches feature
involving the spillway type. The inspector must choose what type of spillway/ditch he or she is
inspecting. A dropdown menu is provided, which includes left groin ditch (from crest), right groin ditch
(from crest), spillway, and auxiliary spillway. The use of this attribute will help support the GPS data

recorded for each spillway/ditch feature as well.

The audio/video capture problems were resolved within the software by using the video utility on the
Trimble Yuma. When the inspector is prompted to capture a photo for a particular attribute, he/she
must click the photo icon within the data dictionary. Within just a few seconds, the camera utility opens
on the Yuma, and the inspector may capture a photo. After a photo has been taken, the inspector
simply exits the camera utility, and the picture is automatically saved in its designated location within

the data file. For a video or audio attribute, the procedure is the same for triggering the camera. While
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the camera utility is open, the inspector must select the video option from the top menu. An audio-only
file cannot be recorded easily by using the data dictionary capability, so an alternative method was
found to make the process more efficient for the inspector. In order to record audio files, the inspector
is able to open the camera utility and choose video. Instead of using the rear camera, which faces away
from the inspector, he/she may switch to the forward facing camera by choosing the option from the
menu bar at the bottom of the camera screen. The inspector is then able to record him/herself speaking
about the necessary observations. The rear camera may also be utilized for taking a video of the

observation and providing a verbal description simultaneously.

The capability of the final inspection form is not limited to the geotagging of photographs and capturing
of videos. All numerical values for piezometers, mine discharges, pore pressures, and rain gauges may
be stored within the inspection file as well. The capability of storing all the information within the file
improves organization and allows the information to be imported into a historical database for easy
storage. All gauges will have coordinates linked to the numerical values and identification numbers,
which helps to ensure the gauges are marked correctly on-site. The ability to map these features is an
improvement to the inspection process as well because it saves time when locating potential hazards for

maintenance.

3.5 Risk Assessment Attributes

Poor risk assessment and negligence are equally important to the improvement of inspection
procedures as both have caused catastrophic failures recently. Involving features to assist in risk
assessment and including these fields in the output report are both essential to the improvement of
inspection practice. Additional attributes were included involving decant trash rack clogging and
spillway/groin ditch obstructions. One attribute prompts the inspector to provide an estimate of the
likelihood of each instance causing a pool level rise, while another requires an estimate of the clog as a
percentage if the inspector claims that the trash rack or spillway is obstructed in some way. Both of
these attributes are conditional in that they only appear if the inspector answers that the decant trash
rack is not clear and open (Figure 9). Once the inspector answers that the trash rack is not clear, the
additional questions appear regarding clogging percentage and likelihood. If the inspector answers that
the rack is over 50 percent clogged, then a third conditional attribute will appear directing the inspector
to notify the mine manager immediately. These three attributes function in the final report as a risk

assessment tool for determining what level of risk the feature has on the impoundment.
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Another form of risk assessment involves the employment of frequency of occurrence histograms to
describe the rate of recurrence of specific answers provided by the inspector. Over time, the populated
histograms may be used to illustrate how often a decant trash rack or emergency spillway was clogged
or somehow impeded. The graphs appear on the final output report after each inspection with the
latest information provided. The results shown in these figures may suggest that an impoundment
either needs better maintenance practice or has the potential to fail. Utilizing this method may

efficiently improve impoundment maintenance and reduce failures resulting from negligence.

3.6 Using the Yuma in the Field/Uploading in the Office

Once the data dictionary is created, it may be saved onto the Trimble Yuma for use on an impoundment
field inspection. This may be done more than one way because the Trimble Yuma has its own Window
system. On older Trimble equipment, the data transfer utility has to be employed, which uses a link
between a default folder in Pathfinder Office and another default folder in Terrasync. The Trimble
equipment has to be linked to the desktop PC with a special cable, usually provided by Trimble. The
transfer only takes seconds to send the data dictionary file from the desktop to the predetermined
folder on the Yuma. The Trimble Yuma is different however because it is a computer on its own. The
cable method cannot be used because two computers may not be connected via USB ports. A SD card or
portable flash drive may be used instead to transfer dictionary files to the Yuma. The files may simply
be located on the desktop and copied to the portable memory. Next, the data transfer utility may be
opened on the Yuma to create the link between the Terrasync program and the portable memory. The
link takes only seconds to create and is only required once. After the link is created, Terrasync will
recognize the portable drive when it is plugged in; therefore, the location of the data dictionary
templates will accessible from Terrasync without making a new link every time. Another method for
transferring the template is to locate the Terrasync default folder on the Yuma and copy the file to that

location.

The inspector can simply open the Terrasync program and access the correct data dictionary to begin
the inspection. The template is completed during the inspection by answering the questions provided.
The inspection file saves to the default location on the Yuma unless otherwise specified. After the
inspection, the data file on the Yuma may be saved on a portable storage device (flash drive, SD card,
etc.) if it was not already configured to do so and sent to a desktop PC using the Trimble Data Transfer

program. If the data transfer link was previously made to the storage device, the data transfer may be
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performed similarly to the data dictionary. The eight files created during the inspection will be sent to
the desktop PC as one compressed file for viewing in Pathfinder Office. Following the data transfer, the
data may be opened in Pathfinder Office, which is primarily used for mapping the inspection route and

exporting to other software programs. The complete process is illustrated in Figure 10.

]

Export to Microsoft Excel for Reporting

Data Dictionary Creation in pathfinder

'/_/ Office

' I-fxpor‘t to Microsoft Access database

Data Transfer to Desktop PC
I -

. Open in Pathfinder Office

Figure 10: Flow chart showing basic electronic data collection process.

In a few easy steps, the data file may be exported to a Microsoft Access database, which includes all
inspection fields and coordinates. Access stores the file as individual tables for each feature of the
impoundment (crest, abutment, etc.). This database may be updated in Access as more inspections are
performed or sent to Microsoft Excel for data manipulation and report generation. Sending the data to
Excel stores each feature as a new worksheet tab, and a master report worksheet may be made which
automatically populates from the data for each feature. The report includes the general information for
the impoundment as well as a risk assessment of each feature based on particular fields from the
inspection. For each new inspection, the output report tab may be brought in as a new tab and should

automatically populate with new inspection information upon doing so.
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A historical database may be formed by adding new data to the master tables in Access using an append
utility in the program. The updated master sheet may be exported to Excel along with the output report
template, and the risk assessment frequency of occurrence graphs, which are histograms containing
information pertaining to the number of times the inspector selected particular trash rack clog values,
will update with the new information. Upon completion of exporting and formatting, the output report
may be printed with risk assessment recommendations. The report will contain general information on
the impoundment as well as a risk assessment value for each feature inspected. The final portion of the
report will illustrate the frequency of which some answers, particularly those pertaining to clogging and

probability, were provided by the inspector.

4 Results & Analysis

For the purpose of testing the functionality of the template, a series of mock field inspections were
conducted at two different sites. Both sites are former slurry impoundments reclaimed by the West
Virginia Division of Natural Resources as wildlife management areas (WMA) for fishing and other
recreation, such as boating, kayaking, and wildlife observation. The purpose for performing the
inspections was to ensure recording sufficient data for building the historical database. Performing
inspections on different dates would allow the data to be sorted more easily and the possibility of
changes to be seen. After performing multiple inspections, the template becomes more user-friendly as

well because the user develops a familiarity with locations of attributes.

The Pedlar WMA was the first impoundment used to test the functionality of the custom template for
inspection. Located in Core, WV, the impoundment now retains the structure of Mason Lake and is
maintained by the WV DNR. A series of three inspections were performed over a five day period in
order to change observation methods and test functionality of conditional attributes. Throughout the
course of the three inspections, observations were changed intentionally to simulate problems with the
structure and test the alerting capabilities of the template. During the series of inspections, no
problems were encountered regarding the usability of the template; however, the GPS utility on the
Yuma failed to work correctly at the beginning of the second inspection. The Yuma was restarted and

the problem resolved itself. The data from the three inspections are located in Section 4.1.

After assessing the collection of data from the Pedlar inspections, it was observed that a few minor

changes could be made to the template. Some attributes were not properly organized for the
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inspection process. For example, the decant pipe outlet photolink was placed in the crest feature, and
in most cases, a photo of the decant outlet may not be taken from the crest of the impoundment
because of the distance to the structure as well as the vegetative cover that may exist on the
downstream face of the impoundment. Another attribute not located conveniently was the question
asking if the water exiting the decant outlet was clear. The attribute was located under the
impoundment pool feature, making it impossible to answer the question without travelling from one
face of the impoundment to the other. Leaving the attribute under the impoundment pool feature
would result in time lost or omission because the inspector would not want to make the trip over the
downstream face of the impoundment more than once. Both of these misplaced attributes were

relocated for the second series of inspections for increased usability in the field.

The second series of inspections was performed at the Hibbs Run impoundment outside of Mannington,
WV. The Hibbs Run site is an area within the Dents Run WMA for fishing and other recreation. A series
of three inspections was performed over a period of seven days. Over the seven days, no significant
changes were observed, and the inspection template was fully functional. Photos were stored as part of
the template and comments were added primarily to capture more information for the database. The
data from the three inspections are located in Section 4.2. One inspection yielded problems similar to
that of the Pedlar inspection with the Trimble GPS utility; however, the Yuma resolved the problems

after a system restart.

Data Reduction

After the three inspections were completed for each series, the data was returned to the office for
uploading and report generation. The portable flash drive used for the inspection data save location
was inserted into the desktop PC, and the Trimble data transfer utility was employed for uploading the
data files into their respective locations. Once all three files were uploaded onto the desktop PC, each
file was opened separately within Trimble Pathfinder Office. Each file was opened first for viewing, and
differential correction was used to enhance the accuracy of the GPS locations collected during the
inspection. A base station located in Uniontown, PA was used for differentially correcting the series of
inspections (Figure 11). At least 67% of the recorded positions for Pedlar and 80% for Hibbs Run were
corrected within two to five meters, which is the best accuracy the Trimble Yuma can accomplish. The
correction reports are in Sections 4.1.2 and 4.2.2. The differential correction utility can create a new

file for each inspection with the same file name and a new file extension, or it can overwrite the original
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shape file depending on what option is chosen. For all inspections, the option was chosen to create a

new file so the original data was kept unmodified.

Differential Correction Wizard |Z||Elb__(|

Base Data

(¥ Bace Provider Searchi
| CORS, UMIOMTOW (PAFLY, PEMMSYLYARIA Select, ..

" Folder Search

" Browse

Ll

Reference Position
" UUse reference position From base files

* |se reference position From base provider

CORS, UNIOMTOWM (PAFLY, PEMMSYLYAMNLA Select. ..

i

[v Confirm base data and position befare processing

< Back | Mexk = | Cancel Help

Figure 11: Differential Correction Wizard showing Uniontown, PA CORS station.

Following the differential correction, the original shape file was closed and the corrected file was
opened. Only minor changes exist between the original and corrected shape files, most of which cannot
be seen by the user unless one file is placed over the other, which demonstrates the high precision GPS
feature of the Yuma. For the purpose of impoundment inspection, the differences are insignificant
because the mapping is mostly for monitoring inspection routes. Background files were then added into
the inspection file using aerial images provided by the Environmental Systems Research Institute (ESRI).
A world imagery layer was first uploaded into ArcGIS 9.3 from the ESRI website. The impoundment was
located next and zoomed to so that the impoundment was visible and all the data recorded would be

displayed on the map.
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Before using the imagery file in the Trimble software, the coordinate system was checked to ensure that
it was displayed in the NAD83 coordinate system, and it indeed was not after a quick assessment. The
coordinate system was transformed from WGS1984 to NADS83 (Figure 12) because all inspection data
files were recorded in the NAD83 coordinate system and using two different coordinate systems is not
allowed by Pathfinder Office. The transform utility in ArcGIS was found within the coordinate systems
section of the data frame properties. The export utility within ArcGIS was used to save the imagery as a
.tiff file so that it could be opened by Trimble Pathfinder Office. A world file was also required for
opening in Pathfinder Office so that imagery pixels were matched correctly to geographical coordinates
(Figure 13). The world file was easily created by ArcGIS by indicating that a world file was necessary.

ArcGIS created the .tiff file of the GIS map window display with an attached world file.
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Figure 12: Changing of world imagery coordinate system in ArcGIS to match recorded inspection routes.
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Figure 13: Export of imagery map from ArcGIS with world file for use in Pathfinder Office.

The imagery file was opened in Pathfinder Office by locating it through the background option in the
software (Figure 14). The aerial image was uploaded correctly and all data was displayed over an image
of the impoundment. Without these imagery files, the route mapping is virtually irrelevant because it is
impossible to see where the mapped routes fall on the impoundment. Using the imagery file ensures
that the mapped routes were in fact on the impoundment site and the inspector inspected each

required portion of the impoundment.
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Load Background Files
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Figure 14: Adding imagery map into Pathfinder Office as background file.

Once the data file was combined with a background file, the attribute information was exported into a
Microsoft Access database. The Trimble export utility was used to perform this task efficiently (Figure
15). After creating the Access database composed of all the necessary attributes, the file itself was
opened and reviewed. The Access database was used primarily for organizing the information to be
stored as a historical archive. In Access, the data is all present; however, it is not displayed for rapid

assessment and for obtaining signatures from mine officials (see Sections 4.1.3 and 4.2.3).

In order to meet these requirements, the data was exported from Access to Excel (Figure 16). In Excel
(Version 2007), individual worksheets may be linked to a master report template for rapid printing. A
master report template was created in Excel with links to each worksheet tab (see Sections 4.1.4 and
4.2.4). All the necessary questions on the MSHA inspection form, portrayed on the Excel inspection
form located in Section 8.1, were appended to the master form and linked to answers provided during
the inspection. The output report was completed in Excel for printing so that it could be signed by an
official for the impoundment, which is a federal regulation dealing with impoundment inspection

practice.
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Figure 15: Use of Pathfinder Office export utility to create Access database for inspection.
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Figure 16: Use of Access export utility to create Excel file for inspection.

There are several problems that exist with this method of reporting however. The first is that the time
elapsed during this process is a factor in determining its overall functionality in the industry may be too
long. Many inspectors need to have a paper form of the form for signatures readily available following
the inspection. The process illustrated takes time that many inspectors do not have and may not be the
most efficient means for obtaining a hard copy of the inspection. The form in Excel is also difficult to
populate correctly because of the complexity of the information being provided each time. Features are
repeated often during inspections because of how the dam is traveled, and different answers may be
provided to certain questions the second time around. For example, at least two crest features were
created during each Pedlar inspection. This occurred because a piezometer was located at the center of
the dam crest, so the crest feature was closed upon arriving at the piezometer in the center. After the
piezometer value was recorded, a second crest feature was opened to record the route traveled across
the remaining half of the impoundment crest. The first crest feature contained some responses while

the second feature contained the remaining responses (Figure 17).
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EH General Information : Table 34 -80.113031454 39.637400502 7/15/2011 9:46:45 AM C:\Documents 0 Abides by plan No Yes
Impoundment Pool 2 35 -80.113056926 39.687411618 7/15/2011 9:46:45 AM C:\Documents 0 Abides by plan No Yes
B3 tmpoundment Pool : Table 36/ -80.1130869 39.687430744 7/15/2011 9:46:45 AM C:\Documents 0 Abides by plan No Yes
Piezometer A 37 -80.113095723 39.637431832 7/15/2011 9:46:45 AM C:\Documents 0 Abides by plan No Yes
B3 Piezometer: Table 38 -80.113097731 39.6874273384 7/15/2011 9:46:45 AM C:\Documents 1] Abides by plan No Yes
- 39 -80.113101589 39.637429389 7/15/2011 9:46:45 AM C:\Documents 0 Abides by plan No Yes
Rt [ines = 1 -80.113136655 39.687454317  7/15/2011  9:51:14 AM 0
EH Return Lines : Table
2 -80.11313005 39.687459154 7/15/2011  9:51:14 AM ]
Roadways £ 3 -80.113122343  39.68746051 7/15/2011 9:51:14 AM 0
I roadways : Table 4 -80.11308484 39.687472106 7/15/2011  9:51:14 AM 0
Spillways Ditches = 5 -80.113083049 39.687471736 7/15/2011  9:51:14 AM 0
EH Spillways_Ditches : Table 6 -80.113079482 39.687469469 7/15/2011 9:51:14 AM 0
Upstream Face 2 7 -80.113080237 39.687473096 7/15/2011  9:51:14 AM ]
3 Upstream Face : Table 8 -80.113089952 39.687488503 7/15/2011 9:51:14 AM o
9 -80.113123313 39.687502349 7/15/2011 9:51:14 AM 0
10 -80.113129224 39.687527309 7/15/2011  9:51:14 AM ]
11 -80.11311858 39.687534286 7/15/2011 9:51:14 AM 0
12| -80.113119852 39.687537526 7/15/2011 9:51:14 AM a
13 -80.11314204 39.687550782 7/15/2011 9:5L:14 AM o
14/ -80.11317023 39.687568387 7/15/2011 9:51:14 AM o
15 -80.113172411 39.687567942 7/15/2011  9:51:14 AM ]
16 -80.1131p4975 39.6875625 7/15/2011 9:51:14 AM o
17 -80.113167402 39.687569386 7/15/2011 9:51:14 AM 0
18 -80.113164313 39.687570779 7/15/2011  9:51:14 AM ]
19 -80.113168279 39.687603478 7/15/2011 9:51:14 AM 0
20 -80.113177642  39.68761562 7/15/2011 9:51:14 AM 0
21 -80.113176209  39.68763308 7/15/2011  9:51:14 AM ]
22/ -80.113198802 39.687650676 7/15/2011 9:51:14 AM o
23 -80.113226384 39.687673616 7/15/2011  9:51:14 AM ] L
Record: M ¢ 101104 | » b b Search [4 m »

Datasheet View

Num Lock |[IB/dBd &

Figure 17: Complexity of inspection information used for output report. Notice that repeated questions were not answered

for the second crest feature to reduce wasted time.

When the attribute information was exported to Excel and the output report template was attached

(Figure 18), it was difficult to link the report information to particular cells on the worksheet containing

the crest information because the first part of the feature included only some of the answers. The

information was not the same throughout multiple inspections; therefore, it was impossible to know

which cells would contain the correct information to be viewed on the final output report. Without the

ability to automatically populate the output report, the Excel form is not useful for obtaining a hard copy

for rapid assessment and official signatures.

Microsoft Access has the capability of reporting, but due to time constraints and the complexity of the

Access report wizard, research was limited. Alas, completing the task was not within the scope of this

phase of the project. The task of creating a report template may be difficult at first; however, the

templates may be saved in Access and updated rapidly for efficient reporting. A benefit of using
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Microsoft Access for reporting is that many organizations have the Microsoft Office Suite containing
Access. A simple export from Pathfinder Office to Access in the field would result in a report to be
signed by the officials on site. The wireless internet connection on the mine site may be employed to
send the file to the official for printing, or a portable printer may be an option as well. The simplicity of

only using two programs is desirable, and many already have Access but are not very familiar with its

flexibility.

(G ¥ HibbsRun3.xlsx - Microsoft Excel o X
=)
= Home | nsent Page layout  Formulas Data Review  View  Acrobat = X
== %t < )| = = A 5 | Fmm Fx | I AutoSum v i
Calibri -l ~|A A = B | | =iwrap Text Time = = = £
] 53 Copy — =2 e By o o 3] Fill - 7
aste X B I U- = A= S Merge & Center-| | § - % # ||%0 ;9| Conditional Format  Cell Insert Delete Format | _ Sort & Find &
~ - Format Painter == — ‘;3 _ H _ 8 =] Eormatting - as Table - Styles - - - - 2 Clear™  Filter~ Select~
Clipboard iE] Font £} Alignment & Number iE] Styles Cells Editing
|| G86 - f | =Roadways!L2
A B c D E F G H J 3 L [ o] F o]
1 COAL WASTE IMPOUNDMENT INSPECTION FORM
2 |Inspector's Name Hazard Potential Classification
E Eric Baker Low Hazard Potential
4 |Inspector's AR Mo 123456 Site ID No 12345 [mine 10 o 24680
5 |Impoundment Name Hibbs Run Inspection Type Specific Needs | Date 7/28/2011
6 |Operator's Name WV DNR Present Construction Phase completed
7
8 A CREST
g 1.|Lift thickness ofo
10 Is placement and compaction of material per approved plan? N/A
11 3.|Are decant pipes clear of obstruction? ves =
12 Are decant trashracks clear and open? No
13 What percentage of the trashrack is clogged? 25-49%
14 Likelihcod to cause a pool level rise? Neutral
15 [ 4.|Settlements, cracks, or scarps on embankment crest? (if yes, list below) No
16 [1}
17 [ 5 |Observed fires, smoke, or steam seen on embankment? | No
18 [ 6.|Time Began | 10:00:33 AM
197 7.|comments | 0
20 |B. ABUTMENTS
21 [ 1.|Has the foundation been prepared correctly (vegetation and stump removal)? Yes
24 2.|Has the foundation been well established into the bedrock? Yes L
23 [ 3| Are there any areas of erosion visible in the sbutment? No
24 4.|Are there cracks in the abutment or areas of visible different movement? No
26 [ 5.|Are there any wet areas at the abutment where seepage has taken place? No
26 [ 6.|Are there any slides on the abutment? No
27 [ 7.|Time Began 10:04:50 AM
28 [ 8|comments 0
29 € UPSTREAM FACE
30" 1.|Lift thickness ofo
3 Is placement and compacticon of material per approved plan? N/A
az 2.|Is there water impounded against the upstream face? Yes
a3’ 3.|Does the beach formation have sinkholes and/or depressions? No
3 4| Are there slurry fines deposited on the upstream face? No
3 5.|Time Began 10:21:53 AM
36 7 &.|Comments | 0
37 D. IMPOUNDMENT POOL
kK0 1 |Are depressions or sinkholes present? No
K 2| Are pumps presently functioning to remove water? No
40 [ 3| Are any eddies or other signs of leakage or seeps present? No
41 4|15 any superfluous material floating in the pool (trees, garbage, etc.)? No
2 5.|Any obstructions, slides, and extraneous material in diversion ditches? N/A
43 6.|Is water entering decant pipe but not exiting outlet? No
44 7.|1s water exiting decant pipe but not entering inlet? No
45 7 8.|Time Began 10:18:15 AM
" alcomments 0 4
EH 4 » ¥ | OutputReport .~ Abutments Breakthrough Crest - Downstream_Toe General_Information Impoundmen] I I B
I Ready |EEFT e ()

Figure 18: Output report template tab inserted into inspection excel file.

ArcGIS also has a report wizard, which may or may not be an effective method for reporting. ArcGIS
may be capable of creating a template which could populate with all the pertinent inspection data. The
template could be saved and reused for each individual inspection. Once again, by employing this
method of reporting, only two software programs are being used. Not all organizations have ArcGIS

however, and reporting with the software requires a good working knowledge of the program. ArcGIS
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may be installed on the Trimble Yuma with a license for use, but its use in the field would require
training. Providing training may be undesirable to some and there are annual fees for keeping the

ArcGIS program licenses active.

Another procedure performed involved a compilation within Pathfinder Office of all three inspections
for each impoundment. All three individual corrected files were combined using a feature provided by
the Trimble software. All three inspections routes were located on the same background aerial map
(Section 4.3), which is a good illustration of the consistency of inspection practice. Using this feature in
the software is effective for showing a portion of the dam continuously missed by the inspector during a
routine assessment of the impoundment. The features for the multiple inspections were also combined,
which may allow for an easier assessment of the continuity of provided answers. Viewing multiple
inspections within the same window in a single software program can allow the inspector to identify
radical changes quickly, which can help to improve the safety of impoundments by increasing the ability

to identify potential failure modes.

4.1 Pedlar Inspection Results

Section 4.1.1 discusses each inspection performed at the Pedlar WMA, particularly the order that the
features were recorded in to demonstrate the discrepancy amongst the inspections. The inspections
were performed in alternating orders to show that the template may be used in a manner that best suits
the inspector. The results show up identically on a map regardless of the order of which they were
recorded. The following aerial images illustrate the inspector learning curve throughout the series as
well. Notice how the traveled routes for the second and third inspections do not overlap or cover the

same area more than once.
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4.1.1 Pedlar Inspections over Aerial Imagery

‘ [ GPS Pathfinder, Office - Pedlar1.cor - [Map 1:952, <- 1,032 ft ->]

oy Eile Edit ta  Utiities window Help IR

Dﬂ‘u & i@?ﬁ?‘@ﬁ? "‘;k m g | @@ & & @‘ Impoundment Inspec v || (@) | 201 GB ‘

R

I‘éﬁi'i’iﬁs’fsa“w 80°06'39,95783"W USNG: 175ND89 E=
Figure 19: Pedlarl inspection mapped over aerial imagery.

The first Pedlar inspection (Figure 19) began with an examination of the crest (red). At the midpoint of
the crest, a piezometer was in place; therefore, the crest feature was ended and a piezometer feature
was created. Following the piezometer recording, a second crest feature was opened in order to record
the remaining crest. The left abutment (green), upstream face (dark blue), and impoundment pool
(yellow) features were recorded next, completing the upstream face of the impoundment. After
completing the breakthrough, return lines, and roadway features, the right abutment was inspected,
followed by the left groin ditch (magenta). The downstream toe and face (cyan) was examined as well,

and the right groin ditch inspection concluded the full inspection routine.
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| = GPS Pathfinder Office - Pedlar2.cor - [Map 1:952, <- 1,032 ft ->]
& File Edit View Data Utiities Options Window Help

BH S B mgl@@Q!a@@‘;lmpoundmenllnspetv:@320135 ‘

e ——

|§-{1'11.30333"N 80°06'39,86663"W USNG: 175NDE9 7 hom [
Figure 20: Pedlar2 inspection mapped over aerial imagery.

Similar to the first inspection, the second inspection (Figure 20) began with a crest examination. The
piezometer was recorded at the midpoint of the crest feature as it was during the first inspection. On
the second inspection, however, a spillway on the north side of the upstream face was encountered.
The vegetation was overgrown near the abutments; therefore, the spillway went unnoticed during the
first inspection. A quick inspection of the impoundment pool was performed from the north end of the
upstream face because it reduced overall time by not traveling across the upstream face twice. Next,
the left abutment and upstream face of the impoundment was checked for potential hazards. The
questions involving breakthrough, return lines, and roadways were responded to before performing an
inspection of the right abutment, and the groin ditches and downstream toe/face completed the second
inspection. The second inspection resulted in less time and less distance was traveled due to the

increased familiarity of the impoundment.
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[*%] GPS Pathfinder Office - Pedlar3.cor - [Map 1:952, <- 1,032 ft ->]
& Fle Edt View Data Utiities ons  Window Help R

Du &by B+ ‘5({‘“01@(&Q!Q@@‘}lmpoundmenllnspe(v | @ 201Ge ‘

e —

|§-{1'11.31125"N 80°06'40,23896"W USNG: 175ND89 7 hom |
Figure 21: Pedlar3 inspection mapped over aerial imagery.

After the general information was completed for the third inspection (Figure 21), the impoundment pool
was examined for any hazards. The spillway at the north end of the upstream face was examined next,
followed by the left groin ditch. This ditch could not easily be followed because of the exceptionally
overgrown vegetation covering the downstream face of the impoundment. The downstream toe/face
was inspected after the left groin ditch, and the right groin ditch was navigated in order to reach the top
of the impoundment again. The right abutment was inspected from the top of the right groin ditch, and
the crest was examined after along with the piezometer at the midpoint. The inspection continued with
the examination of the left abutment and the recording of the breakthrough, return lines, and roadway
features. The latter three features are not so important to this impoundment as there are no return
lines or mines adjacent to the impoundment, and the roadways are paved and well maintained. The

inspection was completed with the assessment of the upstream face. The total time to inspect the
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impoundment was roughly 30 min compared to about 72 min for the first inspection, which clearly
demonstrates the quick ability to become familiar with the template as it pertains to a particular

impoundment.

4.1.2 Differential Correction Report

The data below is the result of the differential correction wizard for Pedlar in Trimble Pathfinder Office.
The distribution of corrected positions is displayed on Page 47.

Searching for base files...

File C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA\pafu19511133.zip downloaded.
File C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA\pafu19611122.zip downloaded.
File C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA\pafu19911112.zip downloaded.
Successfully found or downloaded 3 of 3 files.

Search complete.

Using reference position from base provider:
Name: CORS, UNIONTOWN (PAFU), PENNSYLVANIA
Position: 39°55'35.71760"N, 79°41'50.52271"W, 326.85 m
Source: C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA
pafu19511133.zip
Local time: 7/14/2011 8:59:45 AM to 7/14/2011 11:59:45 AM
Position: 39°55'35.68908"N, 79°41'50.51086"W, 328.01 m, 0.00 m Antenna height
Distance from base provider: 0.92m
paful9611122.zip
Local time: 7/15/2011 7:59:45 AM to 7/15/2011 9:59:45 AM
Position: 39°55'35.68908"N, 79°41'50.51086"W, 328.01 m, 0.00 m Antenna height
Distance from base provider: 0.92m
paful9911112.zip
Local time: 7/18/2011 6:59:45 AM to 7/18/2011 8:59:45 AM
Position: 39°55'35.68908"N, 79°41'50.51086"W, 328.01 m, 0.00 m Antenna height
Distance from base provider: 0.92m

Rover file: Pedlarl.ssf

Local time: 7/14/2011 9:38:15 AM to 7/14/2011 10:50:23 AM
100% total coverage

100% coverage by pafu19511133.zip
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Rover file: Pedlar2.ssf

Local time: 7/15/2011 8:32:43 AM to 7/15/2011 9:10:56 AM
100% total coverage

100% coverage by paful9611122.zip

Rover file: Pedlar3.ssf

Local time: 7/18/2011 7:37:33 AM to 7/18/2011 8:10:29 AM
100% total coverage

100% coverage by pafu19911112.zip

Differentially correcting...
Differential correction settings:
Use smart automatic filtering: On
Re-correct real-time positions: On
Output positions: Corrected only

Processing rover file, Pedlarl.ssf ...
...to output file, C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Pedlar1\Pedlarl.cor
Carrier processing...
No carrier processing performed as file has no carrier data
Corrected 0 positions
Code processing...
Selected 492 positions for post-processing
Corrected 492 positions

Processing rover file, Pedlar2.ssf ...
...to output file, C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Pedlar2\Pedlar2.cor
Carrier processing...
No carrier processing performed as file has no carrier data
Corrected 0 positions
Code processing...
Selected 335 positions for post-processing
Corrected 335 positions

Processing rover file, Pedlar3.ssf ...
...to output file, C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Pedlar3\Pedlar3.cor
Carrier processing...
No carrier processing performed as file has no carrier data
Corrected 0 positions
Code processing...
Selected 333 positions for post-processing
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Corrected 333 positions

Differential Correction Summary:
3 files processed. In these files:
1160 (100.0%) of 1160 selected positions were code corrected by post-processing
0 (0.0%) of 0 selected positions were carrier corrected by post-processing

Estimated accuracies for 1160 corrected positions are as follows:
Range Percentage

0-15cm -
15-30cm
30-50cm
0.5-1m -
1-2m -
2-5m  67.8%
>5m  32.2%

Differential correction complete.

4.1.3 Example Final Report

Figures 22 and 23 show the final results from one of the Pedlar inspections performed. The data
displayed below is similar to what is shown on the traditional paper form, as required by MSHA, and is
automatically populated to an extent onto this sheet when the data is exported into Excel. The
complexity of the GPS data and attributes limits the ability of the program to automatically fill out the

output report in full.

47



COAL WASTE IMPOUNDMENT INSPECTION FORM
Inspector'sMame Hazard Potential Classification
Eric Baker High Hazard Potentia
Inspector's AR No 123456 Site |0 No A Mine IC No | NA
Impoundment Name Pedlar Inspection Type Specific Needs [Dsts 7/16/2011
Cperator's Mame W DNR Present Construction Phase completed
A CREST
1. |Lift thickness olo
|z placement and compaction of materal per approved plan? NA
3.|Are decant pipesclesr of obstruction? o
Are decant trashracks clear and open? Mo
What percentase of the trashrack is clogzed? 25-49%
Likelihood to causse 3 pool level rise? MNeutral
4 |Settlements, cracks, or scarps on embankment crest? [ifyes, list below) o
a
5. |Observed fires, smoke, or stesm seen on embankment? Mo
E.|Time Bezan 23808 AM
7. |Comments | ]
B. ABUTMENTS
1.|Has thefoundation been prepared comectly [vesetation and stump removal |7 es
2. |Has thefoundstion been well estsblished into the bedrock? e
3. |Are there any areas of erosion visible in the sbutment? o
4. |Are there cracks in the asbutment or areas of visible different movement? T
5. |Are there any wet areas st the sbutment where seepage has taken place? o
E.|Are there any slides on the sbutment? Mo
7.|Time Besan B:50:02 AM
2. |Comments | ]
C. UPSTREAM FACE
1 |Lift thickness olo
|z placement and compaction of matedal per approved plan? N/A
2. |lstherewater impounded sgainst the upstream face? fes
3.|Coesthe beach formation have sinkholes and/ or depressions? T
4. |Are there slumy fines deposited on the upstream face? Mo
5. |Time Bezan 2:50:33 AM
E. |Comments | ]
0. IMPOUNDMENT POOL
1. |Are depreszions or sinkholes present? Mo
2. |Are pumps presenthly functioning to removewater? N
3. |Are any eddies or other signs of leskage or seeps present? o
4. |lzany superflugus materizl flosting in the pool [trees, garbage, st 7 s
5. |Any obstructions, slides, and extraneous material in diversion ditches? Mo
E.|lzwater entering decant pipe but not exiting outlet? Mo
7.|lswater exiting decant pipe but not entering inlet? Mo
8. |Iswater exiting decant outl et flowing clear and without debris? Yes
5. |Time Began B:d5:56 AM
10, |Comments | trees Erowing up in water
E. DOWHNSTREAM FACE & TOE
1.|Are the decant pipe/underdrain outlets deteriorated? o
Isthe pipe bedding deteriorated? o
Any sizns of ssepage arcund the decant pipes/underdrains? Mo
2.|Isthecolor of the water uniform and free of unusually colored areas? e
Droes the water contain sediment? o

Figure 22: Page 1 of example populated output report for Pedlar inspection.
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3. |Iswater impounded against the downstream toe? Yes
4. |Bails, discoloring, sloughing, backoutting, or chstructions? [if yes, list below) Mo
1]
5. |Time Bezan S:05:04 AN
& [Comments | 0
F. SPILLWAYS, DIVERSION DITCHES, AND GROIMN TRENCHES
1.|Erasion, slides, cracks, depressions, bulsing, or sloughing? [if yes, list below) Mo
o
2 |Are there any visible restrictions/ohstructions [trees, garbage, etc. |7 Yes
What percentage of the spilhvay is blocked? S0-74%%
Likelihood to cause 2 pool level rise? Likely
3. |Are there any tears inthelining? A
4. |Any signs of deterioation or erosion in thelining? A
5. |Time Besan 243158 AM
E. |Comments | 0
G, BREAKTHROUGH
1. |Are any underground mines beneath or adjacent to the pool or embankment? Mo
2. |Any signs of subsidence on or adjscent to the embankment? ]
Hawve mine dischargessignificantly changed since the last measurement? A
3.|Time Besan &55:22 AM
2 [comments | ]
H. SLURRY/RETURN LINES
1 |Abnormalities [souge marks, leaks, cracked joints, etc.)? A
2. |Are slurry lines out of the traffic zone and clear of moving equipment? NfA
3. |Are the pipe supportssufficient and preventing significant sagging in the line? A
4. |Time Besan B55:57 Al
5. |Comments | 0
1, ROADWAYS ADJACENT/ON EMBAN KMENT
1. |Are roadways well-maintained and safefor travel? Yes
2. |Are bermsinstalled and maintzined where necessany? Yes
3. |Are there any means of dust control? A
4. |Are dump locations well lit and maintained ? A
4. |Time Besan &:56:31 AM
5. |Comments | 0]
Piezometer D 1 125 Inches
Piezometer|D o o 1]
Piezometar|D o 0 1]
Piezometer D ] 0 1]
Signature Cate
Countersignature Cate

Figure 23: Page 2 of example populated output report for Pedlar inspection.
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4.2 Hibbs Run Inspection Results

Section 4.2.1 discusses each inspection performed at the Hibbs Run facility. Like the Pedlar series, these
inspections were performed in alternating orders to show that the template may be used in a manner
that best suits the inspector. Again, the results show up identically on a map regardless of the order of
which they were recorded. The template worked better yet with this impoundment because of the
locations of certain impoundment features such as the piezometer and emergency spillway. The

inspections were easily performed without overlapping routes or alternating features multiple times.

4.2.1 Hibbs Run Inspections over Aerial Imagery

[/ GPS Pathfinder Office - HibbsRun1.cor - [Map 1:1,357, <- 1,471 ft ->]
h File Edit Vi ta  Utilities ions  Window Help

H!éw@’;z@‘ﬂ "“TWQ‘QQ Q| a e &‘%lmpoundmentlnspe(v | @ |20 6B ‘

EEEEETE

% \
Downstream Toe/Face > .-1 \
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Iﬁeﬁé‘ﬂfs"zﬁo?ﬂ’é’osfa'u.15494“w USNG: 175ND58 7 hom |
Figure 24: HibbsRun1 inspection mapped over aerial imagery.

The first inspection at Hibbs Run began with completion of the general information. The first feature in

Figure 24 recorded for the impoundment was the crest (red), which unlike the Pedlar site, could be
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entirely recorded at once. This reduced the number of features to work with back in the office. After
the crest was examined, the left abutment (green) followed. From the left side of the impoundment,
the upstream face (dark blue) was recorded. The waterfront was inspected after under the
impoundment pool (yellow) feature. The downstream toe (cyan) and face was assessed next by
traveling over the downstream face to the outlet and back. The breakthrough and return line features
were recorded next, which posed no significance because there are no mines or return lines adjacent to
the site. The only piezometer on site was recorded at the left side of the crest, as was the left

abutment. The walk from the impoundment consisted of recording the left spillway (magenta) and the

roadway (black) leading out of the site.

By File Edit Utiities  Options Window Help

s W | & &2 ? ~“§"Tm0‘®@(Q‘Q@@‘Zlmpaundmentlnspe(v!@\20155 ‘

R

Spillway

Downstream Toe/Face ; \

I39°32'34.36395"N 80°23'11.18428"W USNG: 175NDS8

T ow [

Figure 25: HibbsRun2 inspection mapped over aerial imagery.

The second inspection (Figure 25) consisted of recording the roadway feature on the way into the

impoundment, which differed from the order of the first inspection. The roadway was traveled down to
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the impoundment pool, which was recorded next. From the right side of the impoundment, the
upstream face was navigated and inspected, followed by the piezometer and then the downstream
toe/face, which was traveled differently than before. Breakthrough and return line features were
recorded after the downstream toe area. Then, the right abutment was inspected and the crest was
navigated in the opposite direction from before. The left abutment and spillway were examined to

complete the inspection, which only totaled about 28 minutes.

[ GPS Pathfinder Office - HibbsRun3.cor - [Map 1:1,357, <- 1,471 ft ->]
&y Fle Edt View Data Utiities Options Window Help RS

R & &r B (Nmg O Q| Q@ [mpondnentnspe~]| @ 20168 |
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Figure 26: HibbsRun3 inspection mapped over aerial imagery.

The third inspection (Figure 26) of Hibbs Run began with the roadway inspection once again, which
followed completion of the general information feature. The piezometer was recorded next, and the
crest followed. The right abutment was assessed for hazards preceding the navigation over the
downstream face of the structure. The downstream face was traveled differently again, making sure

that all area was covered between the three inspections. After arriving at the crest of the impoundment
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again, the section of roadway from the crest to the impoundment pool was examined. From this point,
the left abutment was recorded and the breakthrough/return lines questions were completed. From
this same location, the impoundment pool was inspected, and on the way back from the right side, the
upstream face was checked. The spillway feature concluded the third inspection performed at the Hibbs

Run area.

4.2.2 Differential Correction Report

The data below is the result of the differential correction wizard for Hibbs Run in Trimble Pathfinder
Office. The distribution of corrected positions is displayed on Page 55.

Searching for base files...

File C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA\pafu20111161.zip (1 of 3) found locally.
File C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA\pafu20711162.zip (2 of 3) found locally.
File C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA\pafu20811132.zip (3 of 3) found locally.
Successfully found or downloaded 3 of 3 files.

Search complete.

Using reference position from base provider:
Name: CORS, UNIONTOWN (PAFU), PENNSYLVANIA
Position: 39°55'35.71760"N, 79°41'50.52271"W, 326.85m
Source: C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\Base\CORS, UNIONTOWN (PAFU), PENNSYLVANIA
pafu20111161.zip
Local time: 7/20/2011 11:59:45 AM to 7/20/2011 12:59:45 PM
Position: 39°55'35.68908"N, 79°41'50.51086"W, 328.01 m, 0.00 m Antenna height
Distance from base provider: 0.92m
pafu20711162.zip
Local time: 7/26/2011 11:59:45 AM to 7/26/2011 1:59:45 PM
Position: 39°55'35.68908"N, 79°41'50.51086"W, 328.01 m, 0.00 m Antenna height
Distance from base provider: 0.92m
pafu20811132.zip
Local time: 7/27/2011 8:59:45 AM to 7/27/2011 10:59:45 AM
Position: 39°55'35.68908"N, 79°41'50.51086"W, 328.01 m, 0.00 m Antenna height
Distance from base provider: 0.92m

Rover file: HibbsRun1.ssf
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Local time: 7/20/2011 12:27:24 PM to 7/20/2011 12:58:15 PM
100% total coverage
100% coverage by pafu20111161.zip

Rover file: HibbsRun2.ssf

Local time: 7/26/2011 12:49:27 PM to 7/26/2011 1:17:44 PM
100% total coverage

100% coverage by pafu20711162.zip

Rover file: HibbsRun3.ssf

Local time: 7/27/2011 9:48:53 AM to 7/27/2011 10:25:00 AM
100% total coverage

100% coverage by pafu20811132.zip

Differentially correcting...
Differential correction settings:
Use smart automatic filtering: On
Re-correct real-time positions: On
Output positions: Corrected only

Processing rover file, HibbsRun1.ssf ...
...to output file, C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\HibbsRun1.cor
Carrier processing...
No carrier processing performed as file has no carrier data
Corrected 0 positions
Code processing...
Selected 320 positions for post-processing
Corrected 320 positions

Processing rover file, HibbsRun2.ssf ...
...to output file, C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\HibbsRun2.cor
Carrier processing...
No carrier processing performed as file has no carrier data
Corrected 0 positions
Code processing...
Selected 286 positions for post-processing
Corrected 286 positions

Processing rover file, HibbsRun3.ssf ...
...to output file, C:\Documents and Settings\Eric Baker\My Documents\GNSS Projects\Impoundment
Inspection\HibbsRun3.cor

Carrier processing...
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No carrier processing performed as file has no carrier data
Corrected 0 positions
Code processing...
Selected 385 positions for post-processing
Corrected 384 positions
Failed to correct 1 positions
Filtered out 1 uncorrected positions
(only "Corrected" positions selected for output)

Differential Correction Summary:
3 files processed. In these files:
990 (99.9%) of 991 selected positions were code corrected by post-processing
0 (0.0%) of 0 selected positions were carrier corrected by post-processing

Estimated accuracies for 990 corrected positions are as follows:
Range Percentage

0-15cm -
15-30cm
30-50cm
0.5-Im -
1-2m -
2-5m  80.0%
>5m  20.0%

Differential correction complete.

4.2.3 Example Final Report

Figures 27 and 28 show the final results from one of the Hibbs Run inspections performed. The data
displayed below is similar to what is shown on the traditional paper form, as required by MSHA, and is
automatically populated to an extent onto this sheet when the data is exported into Excel. The
complexity of the GPS data and attributes limits the ability of the program to automatically fill out the

output report in full.
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COAL WASTE IMPOUNDMENT INSPECTION FORM
Inspector's Name Hazard Potential Classification
Eric Ba ker Low Hazard Potential
Inspector's AR No 123456 Site ID No 12345 MinElEN:l 2630
Impoundment Name Hibbs Run Inspection Type Specific Needs  [Cate 7/28/2011
Dperator's Name W DMNR Present Construction Phase completed
A CREST
1| Lift thickness oo
Iz placement and compaction of materisl per approved plan? NfA
3.|Aredecant pipes cear of ohstruction? fes
Aredecant trashracks clear and open? Mo
What percentage of thetrashrecki ? 25-2%%%
Likelihood to cause 2 pool level rise? MNeutral
4 | Settlements, cracks, or scarps on embankment crest? [ yes, list below) Mo
1]
5.| Observed fires, smoke, or steam seen on embankment? ]
E.|TimeBe=an 10:00:33 AN
7.| Comments | 1]
B. ABUTMENTS
1.|Has the foundation been prepared correctly [vegetation and stump remowvall? es
2.| Has the foundation been well established into the bedrock? Yes
3.|Arethere any areas of erosion visible in the abutment? Ty
4.|Arethere cracks in the sbutment or areas of visible diff erent mowvement? Mo
5.| Arethere any wet areas st the sbutment where seepase hastaken place? Mo
E.| Are there any slides on the abutment? Ty
7.|TimeBezan 10:04:50 AN
2.| Comments | 1)
. UPSTREAM FACE
1.| Lift thickness oo
Iz placement and compaction of material per approved plan? A
2.|Is there water impounded assinst the upstream face? es
3.| Does the beach formation hawve sinkholes and/'or depressions? Mo
4 | Are there slurry fines deposited on the upstream face? Ha
5.|TimeBes=an 10:21:53 AM
6| Comments | 1]
. IMPO UNDIMENT POOL
1.| Are depressions or sinkhol es present? Mo
2.| Are pumps presently functioning to remove water? Mo
3.|Are any eddies or other signs of leakase or seeps present? Mo
4.| Iz any supeflucus materal flosting in the pool [trees, garbage, st 7 Mo
5.|Amy obstructions, slides, and edtranecus material in diversion ditches? A
E.| s water entering decant pipe but not exiting outlst? Mo
7.|ls water exiting decant pipe but not entering inlet? Mo
2.|Time Besan 10:18:15 AM
9.| Comments | 1]
E DOWRNSTREAM FACE & TOE
1.|Arethe decant pipe/underdrain outlets deteriorated? ]
Iz the pipe bedding deteriorated? Mo
Any sisnsof seepasze sround thedecant pipes/underdrains? Mo
2.| Iz the color of the water uniform and free of unusually colored areas? Yes
Does thewater contain sediment? Mo
3.| = water impounded agsinst the downstream toe? Mo

Figure 27: Page 1 of example populated output report for Hibbs Run inspection.
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4 | Boils, discoloring, sloushing, backcutting, or obstructions? [if yes, list below) | Mo
1]
S| Time Bazan | 10:05:49 AM
E.| Comments | ]
F. SPILLWAYS, DIVERSKIN DITCHES, AND GROIN TREMCHES
1| Ergsion, slides, cracks, depressions, bulging, or sloushing? [if yes, list below) | o
o
2.|Arethere any visible restrictions/obstructions [trees, garbage, stc)? Mo
‘What percentase of the spilkway is blocked? 0]
Likelihood to cause 3 pool level rise? ]
3.|Arethere any tearsin the lining? /A
4| Any signsof deterioration or erosion in the lining? /A
5.|TimeBesan 10:25:01 AM
E.| Comments | 0
G, BREAKTHROUGH
1.| Are any underground mines benesth or adjscent to the pool or embankment? o
2. | Amy signsof subsidenceon or adjscent to the embankment? T
Arethere any minedischarges adjacent to the embankment? A
Hazwve mine discharges significantly changed since the last measurement? A
3.|Time Besan 10:17:36 AM
2 [ comment= | ]
H. SLURRY/RET URM LINES
1|Abnormalities [gouge marks, lesks, cracked joints, etc. )7 /A
2. |Areslurry lines gut of the traffic zone and clear of moving eguipment? hA
3.|Arethe pipe supports sufficient and preventing significant s3gging in the line? /A
4.|Time Besan 10:17:54 AM
5. | Comments | 0
. ROADWAYS ADJACENT,/ON EMB ANKNMENT
1| Are rosdwayswel kmaintzined and s=fe for travel ? Yes
2.|Are berms installed and maintained where necessary? Yes
3.|Arethere any meansof dust control? Mo
4| Aredump locationswell lit and maintained? /A
4.|TimeBasan 5:53:57 AM
5.| Comments | ]
Piezometer ID 1 1526 Inches
Pizzometer ID 1] o o
Pigzometer ID 1] o o
Pigzometer |0 1] o a
Signature Crate
Countersignature Crate

Figure 28: Page 2 of example populated output report for Hibbs Run inspection.
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4.3 Combined Inspection Mapping

Combining inspection files may be beneficial to the industry because of its ability to show the multiple
routes traveled over time. The maps are proficient at demonstrating either the consistency or the
randomness of the routes walked over the retention structure. Figure 29 shows the series of three
inspections performed at Pedlar WMA while the second is of the series performed at Hibbs Run
impoundment. Notice how the downstream face of the Pedlar impoundment was only traveled one of
the three times, while the downstream face of the Hibbs Run impoundment was covered in a different
manner each time. These types of features are essential to proper inspection, and using a combined

map of inspection routes will identify missed or skipped areas on any impoundment inspection.

[ GPS Pathfinder Office - Combined.cor. - [Map 1:882, <- 956 ft ->]

kﬁile Edit View Data Utiities Options MWindow Help

BRI & &r B (Nmo O Q|C QD [mpondnentnspe~]| @) | 20068 |

CEEEET LR

Downstream Toe/Face
e
S \N /
N\

\ 3

&% \ / Spillway

e

39°41'15.88431"N 80°06'44.54355"W USNG: 17SND83

Figure 29: Combined map of Pedlar inspections over aerial imagery.
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= GPS Pathfinder Office - combined.cor - [Map 1:1,387, <- 1,504 ft ->] EEX)

&y Fle Edt View Data Utiities Options Window Help

BHE &w B A= DR QA Q| [mpoundventinpec-]| @] 20058 |

-8 x

Upstream Face

LR

Downstream Toe/Face /
¢
Spillway

I39°32'42.81221"N 80°23'11.67746"W USNG: 175NDS8

[ B T

Figure 30: Combined map of Hibbs Run inspections over aerial imagery.
4.4 Technology Evaluation

Before the Mannington inspection series, a meeting was scheduled with members of Consol Energy in
Monongah, WV. One employee was a project engineer and the other a professional surveyor. The
purpose of the meeting was to give to the employees a presentation and receive feedback on the
functionality of the instrument and inspection template in the coal industry. A short presentation was
given on the Trimble Yuma and the inspection template created in Pathfinder Office, and a discussion
pursued. The employees also filled out a questionnaire following the discussion to assess their overall

feelings on the electronic inspection process. The forms were collected and are illustrated in Figures 31

and 32.
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The employees had many questions regarding the capability of the Terrasync program, particularly
about calculating values within the program automatically for output in the final report. The employees
were especially interested in the ability of the Trimble software to automatically calculate the difference
between the piezometer values of the current and previous inspections. Each Consol representative
stated that as the photos are innovative and helpful to locating and identifying problems, they may
require too much space on the computer hard drive as well. The surveyor present also suggested that
for constant logging of travel routes, a logging interval of more than five seconds would suffice. Fifteen

seconds was recommended as an appropriate interval for logging walking paths.

They had concerns about the turnaround time for getting a hard copy of the final report because MSHA
requires that the inspection be reviewed and signed by a mine official within a reasonable amount of
time of inspecting the impoundment. Ultimately, their question asked if a final report could be saved as
a Microsoft Word or PDF file following the inspection so that a mine official may receive a reader-

friendly copy of the information soon after the inspection.

All of the questions posed by Consol were discussed at the meeting and addressed with potential
solutions. As far as the Trimble software is equipped, it does not calculate values within the Terrasync
program. Terrasync is equipped primarily for capturing GPS coordinates and does not have the
capability to locate values from previous inspections and perform simple math in order to provide
discrepancies in piezometer values. The surveyor at the meeting recommended that in the case the
project is continued, using other software in order to achieve these results may be a more efficient
method instead of modifying Trimble software to do so. The photo sizes were discussed in addition to
the logging interval, and the Consol employees were notified that the photos do not need to be required
unless problem areas are encountered. The logging interval can be changed to suit the project or

employer as well.

The primary concern involved the output report deals with the signature requirement of the report as
required by federal regulation. A few potential solutions were examined in order to achieve an output
report on paper nearly immediately after the inspection. Ignoring the potential problems with the
template used in Excel, the inspection can be exported to Access and then to Excel in only a few
minutes. The output report template automatically populates the inspection information, and a copy of
the file may be sent to the mine manager via the wireless internet on site or a portable flash drive.
Another solution is to cut out the use of Access and Excel and turn to ArcGIS instead. Pathfinder Office

export may be used to send all the selected inspection information to an ArcGlIS shape file, which then
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may be formatted into an output report. Limited investigation of ArcGIS reporting was performed, but
custom templates may be made to include particular information as desired; however, the output
report file may only be saved in particular file formats. Utilities may exist for saving the ArcGIS reports
in Microsoft Word or PDF formats, but none were examined. This approach would require ownership of
the ESRI program, but could reduce the time to achieve a hardcopy of the inspection report immensely.
The procedure would be shortened drastically as well once the custom template has been created for

the output report because ArcGIS has a more organized method for storing collected attributes.

Overall, the Consol staff found a use for the Trimble equipment and associated template for inspecting
coal impoundments. Each employee claimed that the automated template would be at least somewhat
more useful than the paper form used now. They also thought that the electronic template may be
helpful in improving impoundment safety. The employees thought that it may be difficult to incorporate
the inspection tool into their inspection operations, considering training and the technical level of
understanding involved. The employees both implied that the inspection tool could be beneficial to
impoundment inspection, but some improvements could be made to enhance the functionality,
especially within their own organization. Each employee made valuable claims that helped to identify
potential difficulties involved with the electronic inspection procedure, many of which may be mended

or approached differently in order to make the tool more functional in the coal industry.

61



IMPOUNDMENT INSPECTION TOOL REVIEWER
EVALUATION FORM

Please complete this form based upon your experience in imniging, enginecting, or operating
impoundments or dams. This information will be used (o ¢valuate the impoundment mspection computer
tool.

Date:

Name!

Title

Organization:

Years of Experience with dams/impoundments: - .4-_{_‘

Role: Engineer D Regulatory D Field E”

1. On the basis of your expenience and role, how useful do you consider the tool for improving the
quality and detall of an inspection over a paper inspection form?
Very useful
& Somewhat useful
Not very useful

2. How apphcable do you consider this 100l for improving impoundment safety?
Very useful
e Somewhat useful
Nat very useful

3. To what Jevel do you consider the GIS tracking features, ume/date stamping, photographic, and aucio
recording features of the tool specifically for reducing liability for your organization?
ol Very useful
___ Somewhat useful
____ Not very useful

4. How applicable would this tool function in your compuny’s operations, considering technical
operation and software training requirements?
Very difficult
- Difficult
Nolt difficult

5. How applicable would you consider this tool 1s for reducing the risk to your impoundment/dam?
— . Very useful
_ & Somewhat useful

Not very useful

6. Please list leatures of the tool you Jound important or leatures you consider are detrimental 1o
its use or implementation:

_Phaes ) GPS, Ceodikic Cnrix,I':_“_QgL_u—r}_L_
@mﬁvmsw

Figure 31: Evaluation form regarding technology and inspection process.

62



IMPOUNDMENT INSPECTION TOOL REVIEWER
EVALUATION FORM

Please complete this form based upon your experience in managing, enginecring, or operating
impoundments or dums. This information will be used o evaluate the impoundnment inspection computer
1oal

Date: _Z/L()L//_
Name Pf SﬁHAL'*_Ql!:i [ ¥

Title: &A‘M__Qla-‘_‘ﬁ_ﬁko imves I
Organization: _an_t.g_/_é, _c-f?_ 3 ——

Years of Experience with dams/impoundments: __.3_5_

Role: Engineer [E Repulatory D Field D

1. On the basis of your experience und role, how useful do you consider the 100l for improving the
quality and detail of an inspection over a paper inspection form?
__/__, Very useful
Somewhat useful
Not very useful

(]

How applicabie do you consider this ool for improving impoundment safety?
Very useful
" Somewhal useful

__Nol very useful

3. To what level do you consider the GIS tracking features, ume/date stumping, photographic, and audio
nemnding features of the too) specifically for reducing liability for your organization?
_ Very useful
Somewhat useful

2 Not very useful

4. How apphicable would this 1ool function in your company's operations, considering lechnical
operation and software Lramning requirements?
Very difficult
_o7_Difficult {owe nat [ mpnzs ible)
Not difficult

5. How applicable would you consider this 100l is for redueing the risk (o your impoundment/dam?
Very useful
17 Somewhat useful
Not very useful

6. Please list features of the tool you found important or [eatures you consider are detrimental 1o
ils use or implemeniation

EM.LL_,JM o A_P_aLLA_As.F%_!_dm_lak::.uf.txn_sm:H benefiisl
o wndlel bo bonsdicnl o teack s MML&M!M‘

LOEVOE, 7 SURVEY mmEnumenls o f/u) L :Ju-ngu ~ alorm Ien/.J

Figure 32: Evaluation form regarding technology and inspection process.
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5 Conclusions

The purpose of this investigation primarily focuses on coal impoundment safety and earlier hazard
potential awareness. Development of a technology to achieve a higher degree of safety was proposed
as a solution, and coincidentally, a mobile field computer and supplemental software were chosen in
order to assess their ability to achieve that higher degree. The objectives of this investigation were

clearly identified as the following:

e Electronic based check-listing software with a standard or custom template that must be
completed during routine field inspections

e GPS for georeferencing field observations and geotagging photographs

e Tracking of field observations over time as well as time stamped data to guarantee time of field
inspection

e Input areas for data storage and graphing so field data may be compared over time to evaluate
impoundment performance

e Ability to upload data to office computer for storage and printing

e Field computer is already in use by government or industry and has proven itself in the field

e Ability to email alerts or text message MSHA District Engineer or Tech Support for assessment of
information more rapidly

e Ability to upload and store MSHA Inspection Manual and Emergency Action Plan (EAP) for ease
of access

e Ability of software program to mark fields and alarm the inspector of any missing information
(equipment should be equipped with speaker for ability to alert inspector by sound)

e Ability to load and store completed inspection reports

e Ability to record inspection path with GPS and store map of routine route traveled

All requirements of the technology were met by creating an inspection template to be used with the
selected mobile field computer which has all the necessary features. The use of this mobile field
computer is intended to store more information for a field inspection including geotagged photos and
expedite the inspection process by providing a resource for email and automated data storage. The
success of the inspection template exposed the following benefits of using an automated inspection

process:
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e Time & date stamping for assurance that inspector is performing inspections promptly

e Stored GPS coordinates for all inspections as a liability for inspection quality

e Tracking of field observations over time to assess progressive potential hazards

e Ability to create historical database in Microsoft Access for later use

e Ability to use electronic data to perform risk management statistics and create frequency of
occurrence graphs

e Ability to export data to ArcGlIS for interactive mapping

o Accessibility of EAP and MSHA manual in the field for assistance in performing inspection

The creation of a technology to perform such a complicated task as generating databases as well as
meeting MSHA requirements simultaneously was not perfected at the conclusion of this investigation
and will call for improvements to ready the process for industry. The learning process throughout this
exploration also grew upon the functionality of the technology in the industry partially due to the rapid
file sharing and output report generation. After the technology was evaluated by representatives of the
coal industry, the promptness of the entire procedure was reexamined. The following problems and

improvements were encountered during the time of the assessment.

e Deletion of a decant pipe outlet photo and exiting water attribute under the impoundment pool
feature because of inconvenient placement

e Inclusion of aerial imagery files into the Pathfinder Office software for overlaying the inspection
routes because routes were essentially useless without aerial images (documents presence at
the impoundment site by the inspector)

e The overall process appeared complicated to the individuals and thus did not emerge as useful
without the rapid ability to generate an output report to obtain signatures from mine officials
on site. The time elapsed from the beginning of the inspection until the generation of a
hardcopy output report is essential to the coal industry, and the implication of this technology

into the inspection process rests upon the ability to do so more rapidly.

Employing Microsoft Access could provide a solution to the expedited time requirement as it may have
the ability to create a satisfactory report template to be signed by mine officials. Access is readily
accessible by most of the industry because of its inclusion into the Microsoft Office suite, and it would

reduce the number of steps in the inspection process by cutting the export into Excel and addition of the
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report template; however, more research is critical to assessing the capability of the software to

perform these tasks.

The automated inspection form will improve the coal impoundment inspection practice and the overall
safety rating of coal impoundments because of its improved ability to foresee potential hazards. Using
the automated process will decrease the number of problems resulting from negligence and provide risk
assessment information earlier. The automated process will provide the opportunity to create a low
maintenance historical database with ease of access. Output reports containing risk management
suggestions will be readily accessible within a short time of inspection, although the time must be
reduced to make the technology industry-ready, and electronic information allows for rapid sharing and

filing.
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6 Future Research

6.1 Risk Assessment Using Palisade Software

A software program made by Palisade was examined to test its validity for performing a routine coal
impoundment inspection with the help of a mobile field computer. The Palisade software contains
many entities intended for different principles, but for the purpose of inspecting a coal impoundment
the two desirable programs are @RISK and PrecisionTree. These two programs can be used together in
Microsoft Excel, making calculations much easier and saving storage space on the field computer. Upon
purchasing, the Palisade software is sent via download and placed into Excel as an add-on tab. Palisade
software has the ability to create event trees and financial models as well as perform Monte Carlo

simulations, all of which will prove to be beneficial to an automated impoundment inspection.

Using a Monte Carlo simulation allows the qualified personnel to see all the possible outcomes and
assess the level of risk for each given outcome. The Monte Carlo simulation works by creating a
probability distribution and calculating results repeatedly by using a different set of values from the
distribution every time (Palisade Corp. 2010). The Monte Carlo simulation has been used by the Bureau
of Reclamation for finding flow values in aquifers (Leake 2010) in addition to the Census Bureau for
estimating total lifetime risk from radon loaded drinking water based on different maximum

contaminant levels (Raucher 2004).

Considering the required features for the software program, the Palisade software meets every need
and is compatible with the Trimble Yuma, the recommended mobile field computer to be used for the
impoundment inspection. The software must be capable of having a check-listing template to be
completed during routine inspections. Since @RISK and PrecisionTree both work through Microsoft
Excel, there should be no problem creating such a model. Excel is also very gifted at having the space to
log field observations indefinitely so that the data may be graphed over time. Furthermore, the files will

not take up much disk space and be easy to store on the field computer.

The time stamping of information during a routine inspection is critical as well; thus, the Excel software
has the ability to input a time stamp on a particular cell. Moreover, the Excel file itself will have a time
stamp revealing when it was last modified; in essence, Microsoft Excel saves the last date and time that
anything in the document was altered. Additionally, the completed inspection files may be sent to the

district office with ease because they will be saved as a simple .xlsx Excel file.
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After checking over the Palisade software for a feature that marks fields of interest or fields that were
not filled out, the search for such a set-up was inconclusive. The PrecisionTree portion of the software
will design an event tree and evaluate the probability of any occurrence. If key values are not entered
into the system, then the event tree will more than likely not be able to output any results, alerting the
inspector that he or she has missed important data input. Excel does, however, have the ability to

highlight cells and flag certain cells.

The Palisade software has seen much use in the field lately that is strongly related to the risk assessment
of an impoundment. When a Chilean mine collapsed and trapped 33 miners over 200 feet underground,
it was Palisade software that helped Metaproject, an engineering consultant, rescue the miners as
quickly as possible. There were many options explored involving a rescue operation that used many
different drill rigs and tunnels. After using the PrecisionTree modeling software, Metaproject used three
different drill rigs to all work simultaneously, and as the PrecisionTree model predicted, Drill B was the

first to reach the miners (Palisade Corp. 2010).

In another risk related incident, the @RISK software is helping to prepare for a volcanic explosion on the
Caribbean island of Montserrat. The Soufriere Hills volcano erupted once in 1997, killing twenty
individuals on the island. Since then, the @RISK software combined with the PrecisionTree analysis has
been used to simulate risk under a variety of situations. The software is also used to calculate the

probabilities of assorted eruptions based on past volcanic activity (Palisade Corp. 2010).

Overall, the Palisade software should accomplish the necessary tasks for performing risk assessment of
an automated coal impoundment inspection. Mostly because of its simplicity to use and store files in
Microsoft Excel, the Palisade software is the recommended selection for assessing risk to particular
attributes of a coal impoundment. The software has demonstrated its worth in the field with its use by
government agencies and is being suggested as the most viable resource for risk assessment and
creating an event tree. The use of this software will help to ensure safer coal impoundments, which in

turn will create safer working conditions for mine personnel and increase worker productivity.

This software could serve as an entirely new branch to impoundment inspection because of its
expedited use in Microsoft Excel. Foremost, this software integrated with the Trimble Yuma could make
available the ability to perform risk assessment procedures in the field. The process would involve
performing a field inspection and opening the data file in Pathfinder Office for export to Microsoft

Access. Once the file has been exported to Access, it may be exported from Access to Excel. Once the
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file is in Excel, the output report as well as Palisade evaluation may be performed. It may be possible to
create a template in Palisade so that the information provided from the inspection file will automatically
populate an event tree. This feature would offer the ability to perform a detailed risk assessment in a
short amount of time on site, seriously expediting the risk management process involved with
impoundment inspection. The assessment may not be completed in fill on site; however, the findings
may provide enough information to locate a potential hazard before it has progressed enough to result

in failure.

6.2 ArcGIS Mapping of Inspection

ArcGIS may be integrated into the automated coal impoundment inspection process to utilize
interactive mapping and FTP uploads. ArcGIS may be used to overlay multiple inspection routes on a
topography map or aerial image and upload the information to a private or public website. The
information presented may be passcode protected or available to the general public depending on the
situation. A running interactive map and corresponding database may be created with an online version
GIS for easier collaboration between companies for viewing inspection records, including risk
assessment conclusions. Users will not necessarily need to have the background knowledge of ArcGIS
but can utilize the user-friendly online version. Increasing communications and providing documentable
accounts of current and historical conditions are essential to ensuring the successful longevity of these

impoundments.

ArcGIS may also serve as a better means of creating the final output report to be signed on site by a
mine official. The use of ArcGIS in place of Access and Excel may serve as an easier process for
producing a hard copy of a detailed inspection report. The final inspection file can easily be opened on
the Yuma in Pathfinder Office and exported to ArcGIS. From ArcGIS, the user may create a customized
output report based on the necessary attributes, primarily those pertaining to information required by
MSHA. The template may be generated in seconds and emailed to the mine official using the wireless
internet connection on the impoundment site. If a wireless connection is not present, an express card
from a cell phone may be employed. The mine official can print out the form, sign it, and return it to the
inspector for his/her records within a very short time frame. The process would most likely take up to
an additional fifteen minutes after the inspection; however, a signed hard copy would supplement the

stored electronic information.
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8 Appendices

8.1 Inspection Template Created Using Microsoft Excel

COAL WASTE IMPOUNDMENT INSPECTION FORM

Inspector's Name Hazard Potential Classification
Low Significant
Inspector's AR No Site ID No Mine ID No
Name of Impoundment Name of Mine Site
Operator's Name Present Construction Phase
A. CREST | ves | no N/A
1.|Record lift thickness and collect compaction information
Is placement and compaction of material per approved plan? | |
2.|Record readings from piezometers and rain gauges
3.|Are decant pipes clear of obstruction?
Are decant trashracks clear and open?
4.|Settlements, cracks, or scarps on embankment crest? (if yes, list below)
5.|Observed fires, smoke, or steam seen on embankment?
B. ABUTMENTS YES NO N/A
1.|Record readings from piezometers and rain gauges
2.|Has the foundation been prepared correctly (vegetation and stump removal)?
3.|Has the foundation been well established into the bedrock?
4.|Are there any areas of erosion visible in the abutment?
5.]Are there cracks in the abutment or areas of visible different movement?
6.|Are there any wet areas at the abutment where seepage has taken place?
7.|Are there any slides on the abutment?
C. UPSTREAM FACE YES NO N/A
1.[{Check instrumentation and record any readings available
Record any piezometer and pore pressure gauge readings available
2.|Record pushout-lift thickness and compaction information
Is placement and compaction of material per approved plan?
3.|ls there water impounded against the upstream face?
4.|1s the beach formation uniform and free of sinkholes and/or depressions?
5.|Are there slurry fines deposited on the upstream face?
D. IMPOUNDMENT POOL YES NO N/A

.|Record staff gauge readings for pool elevation

.|Are depressions or sinkholes present?

.|Are pumps presently functioning to remove water?

.|Are any eddies or other signs of leakage or seeps present?

.|Is any superfluous material floating in the pool (trees, garbage, etc.)?

.|Are diversion ditches clear of obstructions, slides, and extraneous material?

.|Is water entering decant pipe but not exiting outlet?

.|Is water exiting decant pipe but not entering inlet?

V[N |Oo|UV]|D|W|IN]|R

.|Is water exiting decant outlet flowing clear and without debris?
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DOWNSTREAM FACE

| YES

NO

| N/A

.|Record lift thickness and collect compaction information

Is placement and compaction of material per approved plan?

.|Erosion, slides, cracks, depressions, bulging, or sloughing? (if yes, list below)

.|Are there any seeps present? (if yes, describe location and flow below)

SPILLWAYS, DIVERSION DITCHES, AND GROIN TRENCHES

YES

NO

N/A

.|Erosion, slides, cracks, depressions, bulging, or sloughing? (if yes, list below)

2.|Are there any visible restrictions/obstructions (trees, garbage, etc.)?

3.|Are there any tears in the lining?

.|Any signs of deterioration or erosion in the lining? |

DOWNSTREAM TOE

YES

NO

N/A

.|Check the outlets of decant pipes and underdrains

Are the decant pipe/underdrain outlets deteriorated?

Is the pipe bedding deteriorated?

Any signs of seepage around the decant pipes/underdrains?

.|Examine the water discharge

Is the color of the water uniform and free of unusually colored areas?

Does the water contain sediment?

3.|ls water impounded against the downstream toe?

.|Boils, discoloring, sloughing, backcutting, or obstructions? (if yes, list below)

.|Are the settling ponds functioning per design requirements?

BREAKTHROUGH

YES

NO

N/A

1.[ Are any underground mines beneath or adjacent to the pool or embankment?

2.]Any signs of subsidence on or adjacent to the embankment?

3.|Measure any water flow from mine openings on adjacent or underlying mines

Has the flow significantly changed since the most previous measurement?

SLURRY/RETURN LINES

YES

NO

N/A

.|Examine pipes for abnormalities (gouge marks, leaks, cracked joints, etc.)

2.|Areslurry lines out of the traffic zone and clear of moving equipment?

w

.|Are the pipe supports sufficient and preventing significant sagging in the line?

ROADWAYS ADJACENT/ON EMBANKMENT

YES

NO

N/A

.|Are roadways well-maintained and safe for travel?

.|Are berms installed and maintained where necessary?

Are there any means of dust control?

1
2
3.
4

.|Are dump locations well litand maintained?

Signature

Date

Countersignature

Date
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8.2 Hyperlinked Form Created with Microsoft Excel
COAL WASTE IMPOUNDMENT INSPECTION FORM

Inspector's Name Hazard Potential Classification
Low Significant High

Inspector's AR No Site ID No Mine ID No

Name of Impoundment Name of Mine Site

Operator's Name Present Construction Phase

A | CREST

B. ] ABUTMENTS

lc. | UPSTREAM FACE

b. | IMPOUNDMENT POOL

lE. | DOWNSTREAM FACE

|F- | SPILLWAYS, DIVERSION DITCHES, AND GROIN TRENCHES

le. | DOWNSTREAM TOE

CH BREAKTHROUGH

L. | SLURRY/RETURN LINES

|J. | ROADWAYS ADJACENT/ON EMBANKMENT

k. | INSTRUMENTATION FORM

Signature Date
Countersignature Date
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CREST | YES | NO | N/A

.|Record lift thickness and collect compaction information

Is placement and compaction of material per approved plan? | | |

.|Record readings from piezometers and rain gauges

.|Are decant pipes clear of obstruction?

Are decant trashracks clear and open?

.|Settlements, cracks, or scarps on embankment crest? (if yes, list below)

.|Observed fires, smoke, or steam seen on embankment? | | |

BACKTO MENU

ABUTMENTS | YES | NO | N/A

.|Record readings from piezometers and rain gauges

.|Has the foundation been prepared correctly (vegetation and stump removal)?

.|Has the foundation been well established into the bedrock?

.|Are there any areas of erosion visible in the abutment?

.|Are there cracks in the abutment or areas of visible different movement?

.|Are there any wet areas at the abutment where seepage has taken place?

N|jojlu|p~|W|[IN]|

.|Are there any slides on the abutment?

BACKTO MENU

UPSTREAM FACE | YES | NO | N/A

.|Check instrumentation and record any readings available

Record any piezometer and pore pressure gauge readings available

.|Record pushout-lift thickness and compaction information

Is placement and compaction of material per approved plan?

3.|Is there water impounded against the upstream face?

.|Is the beach formation uniform and free of sinkholes and/or depressions?

5.|Are there slurry fines deposited on the upstream face?

BACKTO MENU

IMPOUNDMENT POOL | YES | NO | N/A

.|Record staff gauge readings for pool elevation

.|Are depressions or sinkholes present?

.|Are pumps presently functioning to remove water?

.|Are any eddies or other signs of leakage or seeps present?

.|Is any superfluous material floating in the pool (trees, garbage, etc.)?

.|Are diversion ditches clear of obstructions, slides, and extraneous material?

.|ls water entering decant pipe but not exiting outlet?

.|Is water exiting decant pipe but not entering inlet?

Ol |[N[O|UV]BH]|W|IN|F

.|Is water exiting decant outlet flowing clear and without debris?

BACKTO MENU

75




DOWNSTREAM FACE | YES | NO | N/A

.|Record lift thickness and collect compaction information

Is placement and compaction of material per approved plan?

.|Erosion, slides, cracks, depressions, bulging, or sloughing? (if yes, list below)

.|Are there any seeps present? (if yes, describe location and flow below) | | |

BACKTO MENU

SPILLWAYS, DIVERSION DITCHES, AND GROIN TRENCHES YES NO N/A

.|Erosion, slides, cracks, depressions, bulging, or sloughing? (if yes, list below)

.|Are there any visible restrictions/obstructions (trees, garbage, etc.)?

3.|Are there any tears in the lining?

.|Any signs of deterioration or erosion in the lining? |

BACKTO MENU

DOWNSTREAM TOE | YES | NO | N/A

.|Check the outlets of decant pipes and underdrains

Are the decant pipe/underdrain outlets deteriorated?

Is the pipe bedding deteriorated?

Any signs of seepage around the decant pipes/underdrains?

.|Examine the water discharge

Is the color of the water uniform and free of unusually colored areas?

Does the water contain sediment?

3.|ls water impounded against the downstream toe?

.|Boils, discoloring, sloughing, backcutting, or obstructions? (if yes, list below)

.|Are the settling ponds functioning per design requirements? | | |

BACKTO MENU

BREAKTHROUGH YES NO N/A

1.|Are any underground mines beneath or adjacent to the pool or embankment?

2.|Any signs of subsidence on or adjacent to the embankment?

3.[Measure any water flow from mine openings on adjacent or underlying mines

Has the flow significantly changed since the most previous measurement? | | |

BACKTO MENU
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SLURRY/RETURN LINES

| YES | NO | N/A

1.|Examine pipes for abnormalities (gouge marks, leaks, cracked joints, etc.)

.|Are slurry lines out of the traffic zone and clear of moving equipment?

.|Are the pipe supports sufficient and preventing significant sagging in the line?

BACKTO MENU

ROADWAYS ADJACENT/ON EMBANKMENT

YES NO N/A

.|Are roadways well-maintained and safe for travel?

.|Are berms installed and maintained where necessary?

.|Are there any means of dust control?

HlWIN|EF

.|Are dump locations well litand maintained?
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FIELD MONITORING INSTRUMENTATION FORM

A. COMPACTION TEST RESULTS Type of Inspection Check Box with "X"
Crest 7-Day Inspection
Upstream Face Special Inspection
Downstream Face Date of Inspection

Signature
B. WEIR/PIPE FLOW INSTRUMENTS

Flow (gpm) Counter Signature
Weir No.
BACK TO MENU

Pipe No.

F. SEEPS

Location (Coordinates) |Estimated Flow (gpm)

C. FACE ANGLES (DEG)

Upstream Face
Downstream Face
D. PORE PRESSURE GAUGE
Gauge No. Units
G. ELEVATION DATA
Location Reading
Free Board
Pool
E. RAIN GAUGES Current Fill
Gauge No. Reading (inches) Decant Inlet
Lowest Point on Crest
Crest Width
Push-Out
H. PIEZOMETERS Yes No
Have piezometers been monitored?
ID No. Tip Top of Pipe Depth to |Water Level| Max. Allowable |Piezometric Surface Elevation
Elevation| Elevation(a) [Water(b)| (c=a-b) Phreatic Level from Previous Visit
Units Units Units Units Units Units

78




8.3 Example Access Database of Hibbs Run - Inspection 3

‘\ H9 &)+ Table Tools | Abutments - Microsoft Access - 2 X
2 Home | Create  ExernalData  DatabaseTools  Acrobat | Datasheet @ - o x
& =, Cut T @ = New X Totals %] €7 Selection - @ @ [ﬁ 2 Replace
= 53 copy =Hsave  F Spelling V3 Advanced = GoTo -
Vieu )| Peste - Format Painter Rﬂ,‘.‘f“ K Delete - HMore~ | 4 o 7 Togagle Filter F?EZ:;,‘:" w,s,:r,',l,::,‘s. Find [§ Select -
Views Clipboard Rich Text Records Sort & Filter ‘Window Find
All Tables
Abutments IS 1 -80.389274361 39.545536838 7/28/2011 Yes Yes Yes No No
= Abutments : Table 2 -80.389274988 39.545536327 7/28/2011 Yes Yes Yes No No
Breakthrough S 3 -80.389276072 39.545536838  7/28/2011 Yes Yes Yes No No
Z3 sreakthrough : Table 4 -80.389292373 39.545520813 7/28/2011 Yes Yes Yes No No
T 5 5 -80.389292101 39.54552151% 7/28/2011 Yes Yes Yes No No
T res i Table 6 -80.38929227 39.545521871 7/28/2011 Yes Yes Yes No No
1 -B80.38775018 39.545144346 7/28/2011 Yes Yes Yes No No
Downstream Toe =
2 -80.387749887 39.545145626 7/28/2011 Yes Yes Yes No No
& oownstream Toe : Table 3 -80.387749604 39.545146845 7/28/2011 Yes Yes Yes No No
e oymation & 4 -80.387750732 39.545145714  7/28/2011 Yes Yes Yes No No
& General Information : Table 5 -80.387750158 39.545147123 7/28/2011 Yes Yes Yes No No
Impoundment Pool P
EH mpoundment Pool : Table
Piezometer =
0 Piezometer: Table
Return Lines =
EH Return Lines : Table
Roadways P
EH Roadways : Table
Spillways_Ditches 2
B Spillways_Ditches : Table
Upstream Face =
[ Upstream Face : Table
Record: W < 1of1l | b M b= | o Filter [ Search KL m ] 3
Datasheet View | Num Lock \iﬁ}ﬁl@-}-ﬁg—
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‘\ H9 - )+ Table Tools | Abutments - Microsoft Access -
B Home | Creste  ExtemalData  DatabaseTools  Acobat | oetasnent |

ﬁ j";,] & cut oo u - ER = Hew X Totals 4] L Selection - E @ [ﬁ
42 Copy =Hsave W speling %) V= Advanced -
Vieu )| Peste - Format Painter fefresn X Delete ~ EMore~ || 4 e 7 Toggle Filter S
All 73 ag Fit Form Windows
Views Clipboard = Rich Text Records Sort & Filter Window

All Tables -«

Abutments x 10:04:50 AM  3.8071782589 1.59713649

EH Abutments: Table No No 10:04:50 AM  3.8071782589  1.59713645°

Erkiirough 2 No No 10:04:50 AM  3.8071782589  1.59713649

B sreakthrough: Table No No 10:04:50 AM  3.8071782589 1.59713649

= = No No 10:04:50 AM  3.8071782589  1.59713645

9 restiTanie No No 10:04:50 AM  3.8071782589 1.59713649

—— = No No 10:17:13 AM 3.19226741791 1.309402108;

No No 10:17:13 AM  3.19226741791 1.309402108

5 Downstream Toe : Tatle No No 10:17:13 AM 3.19226741791 1.309402108

e oymatiors 2 No No 10:17:13 AM 3.19226741791 1.303402108;

E5 General nformation : Table No No 10:17:13 AM 3.19226741791 1.309402108
Impoundment Pool 2

EH mpoundment Pool : Table
Piezometer 2
0 Piezometer: Table
Return Lines S
EH Return Lines : Table
Roadways 2
EH Roadways : Table
Spillways_Ditches %
B Spillways_Ditches : Table
Upstream Face S
EH  Upstream Face : Table
Record: W < 1of1l | b M b= | o Filter [ Search K I TTE— 3
Datasheet View Num Lock HEH;H«_I,—H—
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Table Tools

Da eet
W

Abutments - Microsoft Access

@ - = x

Exterpal Data
fa)

Databpse Tools A
LA

calibri

lﬂ @ = New X Totals %]
=Hsave 9 speling | %

Refresh
m'.'f X Delete - HMore~ | 4

7 Selection -
V3 Advanced
7 Toggle Filter

Filter

=

Size to Switch
Fit Form Windows ~

Find

[ﬁ b Replace

= GoTo~
[§ Select -

Views Clipboard ﬁ Rich Text Records Sort & Filter Window Find
All Tables v %
[ e = 3.8071782589 1.5971364975 7/27/2011  9:01:01 AM Abutments  Coal Impoundr 8.45059980148 8.45345019971 5
EH Abutments : Table 3.8071782589 15971364975  7/27/2011  9:01:01AM Abutments  Coal Impoundr 8.45059980148 8.45345019971 5
Breakthrough =~ 3.8071782589 15971364975 7/27/2011  9:01:01 AM Abutments  Coal Impoundr 8.45059980148 8.45345019971 5
B Breakihrough: Table 3.8071782589 1.5971364975  7/27/2011  9:01:01 AM Abutments  Coal Impoundr 8.45059980148 8.45345019971 5
Tt = 3.8071782589  1.5971364375 7/27/2011  9:01:01 AM Abutments  Coal Impoundr 8.45059980148 8.45345019971 5
T crest Tabie 3.8071782589 1.5971364975  7/27/2011  9:01:01 AM Abutments  Coal Impoundr 8.45059980148 8.45345019971 5

B = 3.19226741791 1.30940210819 7/27/2011  9:13:25AM Abutments  Coal Impoundr 1.98345511612 1.99653732255 8
Dowmst 3.19226741791 1.30940210819  7/27/2011  9:13:25AM Abutments  Coal Impoundr 1.98345511612 1.99653732255 8
& Downstream Toe : Table 3.19226741791 1.30940210819 7/27/2011  9:13:25AM Abutments  Coal Impoundr 1.98345511612 1.99653732255 8
General Information £ 3.19226741791 1.30940210819  7/27/2011  9:13:25AM Abutments  Coal Impoundr 1.98345511612 1.99653732255 8
£ Generalinformation : Table 3.19226741791 1.30940210819 7/27/2011  9:13:25AM Abutments  Coal Impoundr 1.98345511612 1.99653732255 3
Impoundment Pool 2
EH mpoundment Pool : Table
Piezometer 2
0 Piezometer: Table
Return Lines 2
EH Return Lines: Table
Roadways 2
EH Roadways : Table
Spillways Ditches z
B Spillways_Ditches : Table
Upstream Face 2
EH  Upstream Face : Table

Record: W < 1of1l | b M b= | o Filter [ Search K —T— 3

Datasheet View

Num Lock [ B 8. &
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\ el - Breakthrough - Microsoft Access | Table Tools | -
= Home | Create  ExternalData  DatabaseTools  Acrobat ‘

& ji:l E‘;Eumw Calibri -

View || Paste
= - Format Painter

Views Clipboard &

Datasheet

= New X Totals
lﬂ R“ =Hsave 57 Spelling
res!

All- | X Delete ~ EMore ~
Records

l €7 Selection -
V3 Advanced
Filter
7 Toggle Filter

Sort & Filter

=

>N
o

Size to Switch
Fit Form Windows ~

&

Rich Text Window

All Tables

Abutments 2
EH Abutments : Table

1 -80.387751395 39.545146672 7/28/2011 No No N/A N/A
2 -80.387753196 39.545145266 7/28/2011 No No N/A N/A

Breakthrough & 3 -80.387755244 39.545146707  7/28/2011 No No N/A N/A

= Breakthrough : Table

Crest 2
B3 crest:Table

Downstream Toe ES
B Downstream Toe : Table

‘General Information ES
EH  General Information : Table

Impoundment Pool
EH mpoundment Pool : Table

»

Piezometer E3
B Piezometer: Table

Return Lines =
EH Return Lines : Table

Roadways 2
EH Roadways : Table

Spillways Ditches z

B Spillways_Ditches : Table

Upstream Face S

EH  Upstream Face : Table

Record: W < 10f3 | b M b= | o Filter [ Search KL m ]

3
Datasheet View Mum Lock Hﬁ}ﬂ-hﬂrha—
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H9 o o Table Tools Crest - Microsoft Access

= Home | Create  ExternalData  DatabaseTools  Acrobat  Datasheet @ - o x
% = i cut catibri ) Fra— [ H@ = New X Totals | 4] ¥ U7 Selaction @ % [ﬁ 2 Replace ‘
53 Copy =Hsave 9 speling | % V9 Advanced - = GoTo -
Hiewl||REE J Format Painter e P ”A 'Hﬁ - ”ébj ‘ Rffvm X Delete - HMore~ || 5 o ' Toggle Filter an Form w.snvg?wns- o b Select -
Views Clipboard i Font i Rich Text Records Sort & Filter Window Find |
All Tables - | < Position_ID ~ Longitude - Latitude - Date Visited - Photolink - Lift Thicknes - Lift Thicknes - Placement/( - Piezometer - Decant Pipe - Decant Tre &
Abutments Py 1 -80.38804234 39.544727627 7/28/2011 C:\Documents (i} NfA Yes Yes No
EH abutments : Table 2 -80.388046359 39.544737938 7/28/2011 C:\Documents 0 N/A Yes Yes No
Bkt A 3 -80.38804666 39.544739018 7/28/2011 C:\Documents 0 N/A Yes Yes No
3 Breakthrough: Table 4  -80.38804527 39.544738968 7/28/2011 C:\Documents [i] NfA Yes Yes No
o ~ 5 -80.388044939  39.54474087 7/28/2011 C:\Documents 0 N/A Yes Yes Mo
B Crest: Table 6 -80.383053959 39.544753279 7/28/2011 C:\Documents 0 N/A Yes Yes. No
7 -80.38805774 39.544754864 7/28/2011 C:\Documents 0 N/A Yes Yes No
pozretrean lon = 2 -80.383053568 39.544752691  7/28/2011 C:\Documents 0 N/A Yes Yes No
B Downstream Toe : Table
9 -80.388054625 39.544754364 7/28/2011 C:\Documents (i} NfA Yes Yes No
e oymation & 10 -80.383059893 39.544756643  7/28/2011 C:\Documents 0 N/A Yes Yes No 2
& General Information : Table 11 -80.388074063 39.544769501 7/28/2011 C:\Documents 0 NfA Yes Yes No
Impoundment Pool & 12 -80.388099639 39.544775926 7/28/2011 C:\Documents 0 N/A Yes Yes No
=1 mpoundment Paol : Table 13 -80.388138479 39.544797966 7/28/2011 C:\Documents 0 N/A Yes Yes No
Piezometer S 14 -80.38816744 39.544844653 7/28/2011 C:\Documents 0 N/A Yes Yes No
EH Piezometer : Table 15 -80.38822202  39.54486063 7/28/2011 C:\Documents 0 N/A Yes Yes No
Return Lines % 16 -80.388288801 39.544871013 7/28/2011 C:\Documents 0 N/A Yes Yes No
BT Return Lines: Table 17 -80.388330262 39.544915463 7/28/2011 C:\Documents 0 N/A Yes Yes No
Roadways 2 18 -30.388353387  39.54495946 7/28/2011 C:\Documents 0 N/A Yes Yes No
B Roadways : Table 19 -80.38838725 39.544998991 7/28/2011 C:\Documents 0 N/A Yes Yes Mo 8 ]
— — 20 -80.388450469  39.54501094 7/28/2011 C:\Documents [i] NfA Yes Yes No
Spillways Ditches 2
BT Spilways_Ditches : Table 21 -80.388495642 39.545033253 7/28/2011 C:\Documents 0 N/A Yes Yes Mo
22 -30.388525117 39.545086222 7/28/2011 C:\Documents 0 N/A Yes Yes No
staea Face 8 23 -80.388571798  39.54511286 7/28/2011 C:\Documents 0 N/A Yes Yes No
5 upstream Face: Table 24 -20.3838634299 39545125245  7/28/2011 C:\Documents [} N/A Yes Yes No
25 -80.388701653 39.545150157 7/28/2011 C:\Documents (1] N/A Yes Yes. No
26 -80.388728815 39.545196432 7/28/2011 C:\Documents ) N/A Yes Yes No
27 -80.388763217 39.545222235 7/28/2011 C:\Documents 0 N/A Yes Yes No
28 -80.388836694 39.545233595 7/28/2011 C:\Documents 0 N/A Yes Yes No
29 -80.388877456 39.545274498 7/28/2011 C:\Documents 0 N/A Yes Yes Mo
30 -80.388902315 39.545318938 7/28/2011 C:\Documents 0 N/A Yes Yes No
31 -80.388959269 39.545344855 7/28/2011 C:\Documents 0 N/A Yes Yes No
32 -30.389022274 39.545359328 7/28/2011 C:\Documents 0 N/A Yes Yes No
33 -B0.389055744 39.545403839 7/28/2011 C:\Documents 0 N/A Yes Yes No
34 -80.389089525  39.54544678 7/28/2011 C:\Documents 0 N/A Yes Yes No
35 -80.389144252 39.545469577 7/28/2011 C:\Documents 0 N/A Yes Yes No
36 -80.389209643 39.545479999 7/28/2011 C:\Documents [i] NfA Yes Yes No
37 -80.289240779 39.545520857 7/28/2011 C:\Documents 0 N/A Yes Yes Mo
38 -30.389268914 39.545533401 7/28/2011 C:\Documents 0 N/A Yes Yes No
39 -80.389269168 39.545535177 7/28/2011 C:\Documents 0 N/A Yes Yes No -
Record: M < 10f39 | b M b [ K Mo Filter | [Search »
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H9- o 2 Downstream Toe - Microsoft Access Table Tools o

| Home | Create External Data DatabaseTools  Acrobat Datasheet @ - o x
% —:] %ﬁ cut T SE s o] H@ = New X Totals f;L J; 7 Selection @ % [ﬁ 2 Replace
View Paste SIS B I U ” A .Hg = ||ébj ‘ Refresh Hsae & speling || £ Filter T aavanced - Sizeto  Switch Find = ceter
=  Format Painter = ||l All~ | X Delete  FHMore~ | 5 7 Toggle Filter || Fit Form Windows - [§ Select -
Views Clipboard ﬁ Font I} Rich Text Records Sort & Filter Window Find |
All Tables -« Position_ID v\ Longitude -\ Latitude - |DateVi5itEd = |Undenimim v\ Photolink - ‘Pipe Beddin - \ Photolink2 - Underdrain! - | PhotoLink3 - Water Disi «
[ e el 1 -80.389288246 39.545511235  7/28/2011 No No No Yes
EH Abutments : Table - 2 -80.389288956 39.545510678  7/28/2011 No No No Yes
Breakthrough ~ 11 3 -B0.389303563 39.545486378  7/28/2011 No No No Yes
B Breakihrough: Table | 4 -80.389318857 39.545454057  7/28/2011 No No No Yes
Tt il 5 -80.289315082 39.545420011  7/28/2011 No No No Yes
T crest Tabie L 6 -80.389301475 39.545382319  7/28/2011 No No No Yes
- 7 -80.389322184 39.545368007  7/28/2011 No No No Yes
e 2 8 -80.389320877 39.545368471  7/28/2011 No No No Yes
T Downstream Toe : Table : 9 -80.389302002 39.545357479 7/28/2011 No No No Yes
e oymation || 10 -80.389299408 39.545357982  7/28/2011 No No No Yes
EH GeneralInformation : Table | [ 11 -80.389297402 39.545348427  7/28/2011 No No No Yes
Impoundment Pool 2 IS 12 -80.389279488 39.545339234 7/28/2011 No No No Yes
0 mpoundment Pool : Table - 13 -80.389267368 39.545305174  7/28/2011 No No No Yes
Piezometer = || 14 -80.38926363 39.545272181  7/28/2011 No No No Yes
B3 Piezometer : Table - 15 -80.38925308 39.545237361  7/28/2011 No No No Yes
e el | 16 -80.389252949 39.545218401  7/28/2011 No No No Yes
EH Return Lines: Table L 17 -80.389246362 39.545215316  7/28/2011 No No No Yes
Rosdways ~ 1 18 -80.389214166 39.545213845  7/28/2011 No No No Yes
BT Roadways: Table L 19 -80.389172727 39.545193477  7/28/2011 No No No Yes
- - 20 -80.389126902 39.545167051  7/28/2011 No No No Yes
Spillways Ditches = |1
B0 spiitways Ditches - Table - 21 -80.389080652 39.545141656  7/28/2011 No No No Yes
22 -80.38903992 39.545123935  7/28/2011 No No No Yes
staea Face 2 23 -80.388993629 39.545104687 7/28/2011 No No No Yes
5 upstream Face: Table L 24 -30.38895633 39.545075646  7/28/2011 No No No Yes
L 25 -80.388920451 39.545052615  7/28/2011 No No No Yes
- 26 -80.388880953 39.545024734  7/28/2011 No No No Yes
L 27 -80.388847068 39.545005549  7/28/2011 No No No Yes
o 28 -80.388812271 39.544979517  7/28/2011 No No No Yes
- 29 -80.388757969 39.544934642  7/28/2011 No No No Yes
L 30 -80.388722189  39.54491482  7/28/2011 No No No Yes
o 31 -80.38869155 39.544894736  7/28/2011 No No No Yes
- 32 -80.388665404 39.544870222  7/28/2011 No No No Yes
L 33 -80.388673675 39.544835804  7/28/2011 No No No Yes
- 34 -80.388678517 39.544791482  7/28/2011 No No No Yes
- 35 -80.388695162 39.544753136  7/28/2011 No No No Yes
L 36 -80.388708373  39.54472522  7/28/2011 No No No Yes
- 37 -80.388711257 39.54472592  7/28/2011 No No No Yes
L 38 -80.388716085 39.544726217  7/28/2011 No No No Yes
| 39 -80.388718813 39.544729016  7/28/2011 No No No Yes <
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H9 o = Impoundment Pool - Microsoft Access Table Tools -

| Home | Create External Data DatabaseTools  Acrobat Datasheet @ - o x
M| TAE e @3 S M DB e
23 Copy ave peling | % anced - oTo -
View || Paste F Format painter ||| B0 m@‘ E‘ e Rf",!f" X Delete - HMore~ | 4 o 7 Toggle Filter FS,('Z:U‘,?" W,S:;‘E,‘w"s. Find [§ Select -
Views Clipboard '7- Font I} Rich Text Records Sort & Filter Window Find |
All Tables |« Position_ID v\ Longitude -\ Latitude -|DateVi5itEd-|StaffGauge v‘DeprEBiunfv‘ Photolink -\ Pumps - Photolink2 ~| Eddies - Photolink3
Abutments = || 1 -80.387763699 39.545144616 7/28/2011 N/A No No No
EH Abutments: Table [ 2 -80.387774072  39.54512692 7/28/2011 NfA No No No
e renl | 3 -80.387813063 39.545099661 7/28/2011 NfA No No No
B sreakthrough: Table - 4 -80.387846877 39.545070731 7/28/2011 N/A No No No
= el | 5 -80.387880223 39.545050074 7/28/2011 NfA No No No
T crest i Table I 6 -80.387917715 39.545028237 7/28/2011 N/A No No No
7 -80.387970128 39.545014056 7/28/2011 NfA No No No
Downstream Toe = ||
2 -20.382026946 39.545031036 7/28/2011 NfA No No No
& Downstream Toe : Table : 9 -80.388075875  39.54506054 7/28/2011 N/A No No No
e oymation || 10 -80.388123758 39.545086464  7/28/2011 N/A No No No
EH GeneralInformation : Table | [ 11 -80.388131224 39.545092998  7/28/2011 NfA No No No
Impoundment Pool 2 IS 12 -80.388153451 39.545104416 7/28/2011 NfA No No No
= mpoundment Pool : Table | 13 -20.38820043 39.545126301 7/28/2011 NfA No No No
Piezometer 2 |8 14 -80.388238963 39.545149825 7/28/2011 N/A No No No
E piezometer: Table | 15 -80.38827826 39.545176573 7/28/2011 NfA No No No
Returm Lines =~ 16 -80.388315891 39.545201722 7/28/2011 NfA No No No
E5 Return Lines : Table - 17 -80.388353187 39.545227843 7/28/2011 N/A No No No
Roadways ~ 11 12 -80.388387309 39.545254621 7/28/2011 NfA No No No
B Roadways : Table - 19 -80.388434993  39.545284817 7/28/2011 NfA No No No
. - 20 -80.388476915 39.545310538 7/28/2011 N/A No No No
Spillways_Ditches = |IH
T iy Ditense Taste | 21 -20.38852025 39.545340458 7/28/2011 NfA No No No
22 -80.388553073 39.545363713 7/28/2011 NfA No No No
staea Face 2 23 -80.388596591  39.54539004 7/28/2011 N/A No No No
EH  Upstream Face : Table I
[ 24 -80.388637246  39.545413048 7/28/2011 NfA No No No
I 25 -80.388679059  39.54544505 7/28/2011 N/A No No No
[ 26 -80.38872142 39.545470024 7/28/2011 NfA No No No
- 27 -80.388766121 39.545496279 7/28/2011 NfA No No No
L 28 -80.388809677  39.54552446 7/28/2011 N/A No No No
| 29 -80.388851346  39.54555533 7/28/2011 NfA No No No
L 30 -80.388857125 39.545595125 7/28/2011 NfA No No No
- 31 -80.388929651 39.545629432 7/28/2011 N/A No No No
[ 32 -80.388943974 39.545645123 7/28/2011 NfA No No No
- 33 -80.388944708 39.545651158 7/28/2011 N/A No No No
[ 34 -80.388938677 39.545656382 7/28/2011 NfA No No No
| 35 -80.388954596  39.545648257 7/28/2011 NfA No No No
*
Record: M 10f35 b M B | Mo Filter | [Search |4 »
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Impoundment Pool
EH mpoundment Pool : Table

»

Piezometer
3 Piezometer: Table

Return Lines
EH Return Lines : Table

Roadways
EH Roadways : Table

Spillways Ditches
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Datasheet

| Return Lines - Microsoft Access
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= 53 Copy
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(F}

All Tables
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B3 crest:Table

Downstream Toe
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»

Piezometer
B Piezometer: Table

Return Lines
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-80.387753762 39.545145693
-80.387753274 39.545145357
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-80.387757271 39.545145085

Rich Text

lﬂ = New X Totals

=Hsave 57 Spelling

Refresh
All- | X Delete ~ EMore ~

Records

7/28/2011 N/A
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H9 ™ ¥ Table Tools Roadways - Microsoft Access -

| Home | Create External Data DatabaseTools  Acrobat Datasheet @ - o x
% —:] # Ccut T Sl . lL/ H@ = New X Totals 4l J; £z Selection @ % [ﬁ b Replace
53 Copy =Hsave 9 speling | % V5 Advanced - = GoTo -
Hiewl||REE F Format painter ||| B0 ”A 'H& - ”abj ‘ R:ﬁ" X Delete - HMore~ || 5 Pt 7 Toagle Fiter Fsltlzlfu|rcr|n W:'\vgzcwns' e i Select -
Views Clipboard '7- Font I} Rich Text Records Sort & Filter Window Find |
All Tables |« Position_ID v\ Longitude -\ Latitude - |DateVi5itEd = |Maintenan0 v\ Berms - ‘Dustcuntml - ‘Dump Locati - Photolink - | Photolink2 ~ Commeni =
Abutments = || 1 -80.390299566 39.543523258 7/28/2011 Yes Yes No N/A
EH Abutments: Table [ 2 -80.390282488 39.543486375 7/28/2011 Yes Yes No N/A
e renl | 3 -80.390264746 39.543447342 7/28/2011 Yes Yes No N/A
B sreakthrough: Table - 4 -80.39025814 39.543418889 7/28/2011 Yes Yes No N/A
= el | 5 -80.39023634 39.543368302 7/28/2011 Yes Yes No N/A
T crest i Table I 6 -80.390215345 39.543343585 7/28/2011 Yes Yes. No N/A L
7 -80.390227864 39.543358253 7/28/2011 Yes Yes No N/A
Downstream Toe = ||
2 -20.390206653  39.54335322 7/28/2011 Yes Yes No N/A
& Downstream Toe : Table : 9 -80.39018872  39.54335998 7/28/2011 Yes Yes No N/A
e oymation || 10 -80.390135886 39.543314832  7/28/2011 Yes Yes No N/A
EH GeneralInformation : Table | [ 11 -80.350093304 39.543269364  7/28/2011 Yes Yes No N/A
Impoundment Pool 2 IS 12 -80.390048226 39.543225705 7/28/2011 Yes Yes No N/A |
= mpoundment Pool : Table | 13 -80.390015268 39.543171495 7/28/2011 Yes Yes No N/A
Piezometer = |8 14 -80.389961783  39.543121503 7/28/2011 Yes Yes No N/A
EH Piezometer : Table I 15 -80.389909609 39.543065375 7/28/2011 Yes Yes. No N/A
Returm Lines =~ 16 -80.389875977  39.54300674 7/28/2011 Yes Yes No N/A
E5 Return Lines : Table - 17 -80.389866431 39.542971001 7/28/2011 Yes Yes No N/A
Roadways ~ 11 18 -80.389867542 39.542990064 7/28/2011 Yes Yes No N/A
ET) Roncways: iabie - 19 -80.389863092 39.543043015 7/28/2011 Yes Yes No N/A
: - 20 -80.389835238 39.543095412 7/28/2011 Yes Yes No N/A
Spillways_Ditches = |IH
T iy Ditense Taste | 21 -80.389816218 39.543129457 7/28/2011 Yes Yes No N/A
22 -80.389788831  39.5431398 7/28/2011 Yes Yes No N/A
Upstream'face 2 23 -80.389796349 39.543134266 7/28/2011 Yes Yes No N/A
EH  Upstream Face : Table I
[ 24 -80.389782587 39.543272531 7/28/2011 Yes Yes No N/A
I 25 -80.389774383 39.543317897 7/28/2011 Yes Yes. No N/A
[ 26 -80.389737607 39.543365294 7/28/2011 Yes Yes No N/A
- 27 -80.389722212 39.543386501 7/28/2011 Yes Yes No N/A
L 28 -80.389688662 39.543443696 7/28/2011 Yes Yes No N/A
| 29 -80.389655828  39.54342498 7/28/2011 Yes Yes No N/A
L 30 -80.389624758 39.543517691 7/28/2011 Yes Yes No N/A
- 31 -80.389587121  39.54356061 7/28/2011 Yes Yes No N/A
[ 32 -80.389558667 39.543600991 7/28/2011 Yes Yes No N/A
- 33 -80.389506979 39.543641809 7/28/2011 Yes Yes No N/A
[ 34 -80.389472506 39.543682429 7/28/2011 Yes Yes No N/A
| 35 -80.389428044 39.543708817 7/28/2011 Yes Yes No N/A
L 36 -80.389417155 39.543735257 7/28/2011 Yes Yes No N/A
| 37 -80.389379302 39.543777516 7/28/2011 Yes Yes No N/A
L 38 -80.389339016 39.543820866 7/28/2011 Yes Yes No N/A
- 39 -80.389298367 39.543856988 7/28/2011 Yes Yes No N/A -
Record: 4 4 10f85 | » M K: [ W Mo Filter | [Search |4I m ] »
Datasheet View | Num Lock [ B 8. &
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(= I e ] ¥ Spillways_Ditches - Microsoft Access Table Tools =)

S Home | Creste  ExtemalData  DatabaseTools  Acobat  Datashest @ - 7 x

= % cut - . . p = New X Totals 4l ¥ Selection j [ﬁ b Replace
% B calibri 1 o H@ 2| U B %
A

53 Copy =Hsave 57 spelling V5 Advanced - = GoTo -
Hiewl||REE F Format painter ||| B0 ”A 'H& - ”abj ‘ R:ﬁ" X Delete - HMore~ || 5 Pt 7 Toagle Fiter Fsltlzlfu|rcr|n W:'\vgzcwns' e i Select -
Views Clipboard '7' Font I} Rich Text Records Sort & Filter Window Find |
All Tables |« Position_ID v\ Longitude -\ Latitude - |DateVi5itEd = |Spillwavrvp - ‘Emsionlcrac - ‘Emsionl(:mc -\ PhotoLink - Restrictions - | Photolink2 ~ Ditch Clo =
[ e el 1 -80.387672406 39.545039199  7/28/2011 Left Groin Ditd No No
EH Abutments : Table - 2 -80.387661875 39.54503444  7/28/2011 Left Groin Ditcl No No
Breakthrough ~ 11 3 -B0.387660687 39.545034723  7/28/2011 Left Groin Ditcl No No
B Breakihrough: Table | 4 -80.38764633  39.54503203 7/28/2011 Left Groin Ditd No No
Tt il 5 -80.287641429 39.545009674  7/28/2011 Left Groin Ditcl No No
T crest Tabie L 6 -80.387660655 39.544956162  7/28/2011 Left Groin Ditd No No
7 -80.387660273 39.544906615  7/28/2011 Left Groin Ditcl No No
Downstream Toe Il S
8 -80.387646952 39.544870829  7/28/2011 Left Groin Ditcl No No
& Downstream Toe : Table : 9 -80.387672718  39.54481914 7/28/2011 Left Groin Ditcl No No 1|
e oymation || 10 -80.387682569 39.544768713  7/28/2011 Left Groin Ditdl No No
EH GeneralInformation : Table | [ 11 -80.387709529 39.544722085  7/28/2011 Left Groin Ditcl No No
Impoundment Pool 2 IS 12 -80.387719182 39.544668128 7/28/2011 Left Groin Ditcl No No
0 mpoundment Pool : Table - 13 -80.387730133 39.544612646  7/28/2011 Left Groin Ditcl No No
Piezometer = || 14 -80.387740378 39.544554497  7/28/2011 Left Groin Ditcl No No
B3 Piezometer : Table - 15 -80.387763993 39.544502975  7/28/2011 Left Groin Ditcl No No
e el | 16 -80.387831672 39.544495732  7/28/2011 Left Groin Ditcl No No
EH Return Lines: Table L 17 -80.387892912 39.544487865  7/28/2011 Left Groin Ditcl No No
Rosdways ~ 1 18 -80.387956434 39.544478534  7/28/2011 Left Groin Ditcl No No L
BT Roadways: Table L 19 -80.388011001 39.544447969  7/28/2011 Left Groin Ditcl No No
- - 20 -80.388025737 39.544401869  7/28/2011 Left Groin Ditcl No No
Spillways Ditches = |1 =
T8 spiiways Ditches: Tabie - 21 -20.38803822 39.544346829  7/28/2011 Left Groin Ditcl No No
22 -80.388041204 39.544288542  7/28/2011 Left Groin Ditcl No No
staea Face 2 23 -80.388076604 39.544246973 7/28/2011 Left Groin Ditcl No No
5 upstream Face: Table L 24 -30.383146302 39.544225532  7/28/2011 Left Groin Ditdl No No
L 25 -80.388205485 39.544216249  7/28/2011 Left Groin Ditcl No No
- 26 -80.388260825 39.544203052  7/28/2011 Left Groin Ditcl No No
L 27 -80.388330133 39.544184187  7/28/2011 Left Groin Ditcl No No
o 28 -80.388380386 39.544152734  7/28/2011 Left Groin Ditc No No
- 29 -80.388401556 39.544103788  7/28/2011 Left Groin Ditcl No No
L 30 -80.388412838 39.544048686  7/28/2011 Left Groin Ditcl No No
o 31 -80.388448872  39.54401515  7/28/2011 Left Groin Ditcl No No
- 32 -80.388501796 39.543984415  7/28/2011 Left Groin Ditcl No No
L 33 -80.388563771 39.543973367  7/28/2011 Left Groin Ditcl No No
- 34 -80.388627B1 39.544005759  7/28/2011 Left Groin Ditcl No No
- 35 -80.388691381 39.544039153 7/28/2011 Left Groin Ditcl No No
L 36 -80.388749667 39.544034274  7/28/2011 Left Groin Ditcl No No
- 37 -80.388812129  39.54400801  7/28/2011 Left Groin Ditcl No No
L 32 -80.388862433 39.543978153 7/28/2011 Left Groin Ditcl No No
| 39 -80.388929093 39.543967463 7/28/2011 Left Groin Ditd No No <

Record: M 10of43 b M B | Mo Filter | [Search |4 I} »
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H9 o = Upstream Face - Microsoft Access Table Tools -

| Home | Create External Data DatabaseTools  Acrobat Datasheet @ - o x
T e T Rl e e AT ol el =R
23 Copy ave peliing | % anced - o0Ta -
View || Paste F Format painter ||| B0 m@‘ E‘ e Rf",!f" X Delete - HMore~ | 4 Pt 7 Toagle Fiter FS,('Z:U‘,?" W,S:;‘E,‘w"s. Find [§ select ~
Views Clipboard ﬁ Font I} Rich Text Records Sort & Filter Window Find |
All Tables -« Position_ID v\ Longitude -\ Latitude - |DateVi5itEd = ||nstmmenta = \ Piezometer - ‘Pﬂm Pressul - ‘ijt]'hidme! - Lift Thicknes - |Plaﬂementfl = ‘Waterlmpol
‘Abutments 2 | 1 -80.388961824  39.54564288  7/28/2011 Yes Yes N/A 0 N/A Yes
FA abutments : Table - 2 -80.383977339 39.545630301  7/28/2011 Yes Yes N/A 0 N/A Yes
Breakthrough ~ 1 3 -80.389005644 39.545609816  7/28/2011 Yas Yes N/A 0 N/A Yes
BB Breakthrough: Table || 4 -80.389051055 39.545583404  7/28/2011 Yes Yes N/A 0 N/A Yes
— ~ I 5 -80.389067525  39.54554381  7/28/2011 Yes Yes N/A 0 N/A Yes
T crest i Table I 6 -80.389054277 39.545505077 7/28/2011 Yes Yes. N/A 0 N/A Yes.
| 7 -80.389035954 39.545465501  7/28/2011 Yes Yes N/A 0 N/A Yes
DownstreamTon = 3 -80.389003275 39.545428736  7/28/2011 Yes Yes N/A 0 N/A Yes
& Downstream Toe : Table : 9 -80.388955193 39.545413837 7/28/2011 Yes Yes N/A 0 N/A Yes
e oymation || 10 -80.388301709 39.545415589  7/28/2011 Yes Yes N/A [ N/A Yes
EH GeneralInformation : Table | [ 11 -80.388837218 39.545411396  7/28/2011 Yes Yes N/A 0 N/A Yes
Impoundment Pool 2 IS 12 -80.388801684 39.545402973 7/28/2011 Yes Yes N/A 0 N/A Yes
0 mpoundment Pool : Table | 13 -80.388764907 39.545336054  7/28/2011 Yes Yes N/A 0 N/A Yes
Piezometer = || 14 -B0.388751823 139.545343487  7/28/2011 Yes Yes N/A 0 N/A Yes
B3 Piezometer : Table - 15 -80.388741546 39.545303994  7/28/2011 Yes Yes N/A 0 N/A Yes
Return Lines ~ 1 16 -B0.388723052 39.545265515  7/28/2011 Yes Yes N/A 0 N/A Yes
BB Return Lines : Table || 17 -80.388707148 39.545225967  7/28/2011 Yes Yes N/A 0 N/A Yes
Roadways renl | 1% -80.388664666 39.545195031  7/28/2011 Yes Yes N/A 0 N/A Yes
EH Roadways : Table || 19 -80.382603276 39.545133933 7/28/2011 Yes Yes N/A 0 N/A Yes
. : 20 -80.388541761 39.545166945  7/28/2011 Yes Yes N/A 0 N/A Yes
Spillways Ditches = ||
20 spilays_Ditches s Table | 21 -80.382472691 39.545153216  7/28/2011 Yes Yes N/A 0 N/A Yes
22 -80.388415298 39.545131563 7/28/2011 Yes Yes N/A 0 N/A Yes
e face 2 - 23 -80.388399539 39.545088184 7/28/2011 Yes Yes N/A 0 N/A Yes
| Ui L 24 -80.333373995 39.545046702  7/28/2011 Yes Yes N/A o N/A Yes
I 25 -80.388355131 39.545007307 7/28/2011 Yes Yes. N/A 0 N/A Yes.
| 26 -80.388322786 39.544963128  7/28/2011 Yes Yes N/A 0 N/A Yes
|| 27 -80.388269245 39.544926827  7/28/2011 Yes Yes N/A 0 N/A Yes
|| 28 -80.388195433  39.5491069  7/28/2011 Yes Yes N/A 0 N/A Yes
| 29 -30.388110641 39.544903363 7/28/2011 Yes Yes N/A 0 N/A Yes
|| 30 -80.388034268 39.544923491  7/28/2011 Yes Yes N/A 0 N/A Yes
|| 31 -80.388013588 39.544936815  7/28/2011 Yes Yes N/A 0 N/A Yes
| 32 -30.382011187 39.544938767  7/28/2011 Yes Yes N/A 0 N/A Yes
33 -B0.388009909 39.544937822  7/28/2011 Yes Yes N/A 0 N/A Yes
*
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