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1 Introduction

This report was prepared by SubTerra, Inc. for the Landsburg Mine Site Potentially
Liable Party (PLP) Group to address and evaluate coal mine hazards in the vicinity of
the Landsburg Mine site (see Figure 1). As illustrated in Figure 2, the Landsburg Mine
site includes three zones of north south striking coal seams that dip between vertical at
the northern end and near vertical (70 degrees) at the southern end. The site
incorporates three distinct mining areas:

1. The central mining area is known as the Rogers Mine and consists of the Rogers
No.1, Rogers No.2, and the Rogers No.3 Mines. This mining area is the focus of
remedial activities being undertaken by the Landsburg PLP Steering Committee.

2. The mining area to the west of the Rogers Mines is known as the Frazier Mine
(also referred to as the Frazier Workings of the Danville Mine)

3. The mining area to the east of the Rogers Mines is known as the Landsburg
Mine (also referred to as the Landsburg Workings of the Danville Mine) where
several, near vertical coal seams ranging from 6 to 18-ft in width were mined.

These mines have also been collectively referred to as the Ravensdale and Danville
Mines (Hart Crowser, 1993, 2003) in reports prepared for the Office of Surface Mining
Reclamation and Enforcement (OSMRE).

A greater emphasis is placed on the Rogers Mines in this report, as these mines are the
primary focus of the Potentially Liable Party (PLP) Group. However, all coal mine
hazards have been evaluated consistent with the King County standards for coal mine
hazard analysis.

1.1 Purpose and Scope

The purpose of this report is to document and evaluate coal mine hazards above the three
north south trending coal mine areas described above. The explicit scope of work included:

1. Compile and field verify a plan and sections showing the mined out areas and
surface features for all three seams and various mines on the different seams.

2. Prepare a plan view map and rectify to surface coordinates in a CAD format
capable of being imported as a layer in an “arcview” GIS system.

a. The surface plan to show the areas of surface depression above the
Frazier, Rogers, and Landsburg seams.

b. Show slag piles proposed for trench backfill and provide a justification /
analysis for using said slag as trench backfill. Provide
recommendations as appropriate for full excavation and reclamation of
slag pile areas.

3. Cross sections will be prepared as appropriate to document mine conditions,
depth to coal or voids.

4. Perform stability and risk analyses in accordance with the King County
requirements, determining the potential for surface subsidence, and the need
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for setbacks from potential subsidence areas in all three seams (i.e., Frazier,
Rogers, and Landsburg).

5. Prepare subsidence reclassification (severe, moderate, or declassified) and
recommendations of allowable land uses in severe and moderate areas.

1.2 Background

The Landsburg Mine site is the location of an ongoing remedial action under the State of
Washington’s Model Toxics Control Act (MTCA). As noted above, the site is the location
of several abandoned underground coal mines that were operated from about 1896 to
1977 when the last of the underground mines, Rogers No. 3 was closed. The site is
located approximately 1.5 miles northwest of Ravensdale, WA in Sections 24 and 25,
Township 22N, Range 6E, WM as shown in Figure 1.

The mined section of the Rogers coal seam has a near vertical dip and consists of coal
and interbedded shale, approximately 16-ft in width. The mine section is about a mile in
length. Mining occurred at depths of up to 750-ft using a mining method called
“booming” which followed the coal seam vertically. A trench with near vertical walls
formed as the result of subsidence following the excavation of coal in the Rogers seam.
The dimensions of the trench vary from between 60 to 100-ft wide, between 20 and 60-ft
in depth and cover an area about % mile in length.

The trench above the Rogers seam was used in the late 1960’s and early 1970’s for
disposal of industrial waste materials, construction materials, and land clearing debris.
Drums, liquids from tanker trucks, and other industrial materials were disposed of in the
northern portion of the trench.

Several preliminary environmental investigations were performed prior to 1991 and the
initial involvement of SubTerra, Inc. Since 1991, site environmental investigations and
remedial planning have been managed by Golder Associates with SubTerra, Inc. being
responsible for evaluating remnant mine stability and the preparation of this report.

1.3 Approach

The initial project work began in 1991 involving data collection and an initial assessment
of the stability of the remnant trench above the Rogers Mines. A conceptual model of
the mine site and surrounding area was initially prepared (Golder Associates, 1992) for
use in the technical evaluation of remedial alternatives. This section describes our
approach to developing the mine site model and our overall approach to resolving Coal
Mine Hazards in the study area.

1.3.1 Documentation of Mine Workings

Several mine plan drawings were obtained from local sources (see Section 3.1),
spanning the life of the mines (1896-1977), and were integrated to form a single plan
map of the entire mine development and coal extraction area. The computer software
package, AUTOCAD 2000 Land Development was then used to form a 3-dimensional
model of the underground mining areas and the current surface development. Various
cross sections were then prepared through the site to further evaluate the mined
workings and potential for the occurrence of surface subsidence.
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Surveying and proof drilling were carried out by other Contractors retained by the PRP
Group including Cramer Northwest and Triad Associates (surveying) and Golder
Associates (geological, geotechnical, and hydrogeological site characterization). Golder
Associates were also responsible for the overall technical management of the project for
the Landsburg Mine Site PLP Group.

Survey data were integrated with the mine plan drawings and the results of proof drilling
were used to “anchor” the northern and southern ends of the Rogers Mine workings.
Frazier and Landsburg Mine workings were positioned relative to the Rogers Mine using
the available mine drawings.

1.3.2 Mine Site Hydrology

Input to the mine site hydrologic model was obtained from mine plans, mine records
(e.g., pumping data) and from interviews with miners who had actually worked in the
mine. Additional detailed hydrogeologic characterization was carried out by Golder
Associates and described in separate project reports.

1.3.3 Coal Mine Hazard Assessment

The potential for subsidence development on the site was evaluated using techniques
initially developed for use in Colorado (CLMRD, 1986; Breeds, 1995) and subsequently
codified as Washington State, King County Department of Development and
Environmental Services Standards for Coal Mine Hazards (K.C.C. 21A.24.210).

1.4 Report Organization

The report is organized into six sections and three Appendices. Sections 1 and 2
contain the introduction and a description of the subject site conditions. Section 3
documents the layout and remnant condition of the mine workings in the study area and
Section 4 presents the Coal Mine Hazard analysis. Section 5 presents our conclusions
and recommendations and Section 6 contains the study references and bibliography.
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2 Site Conditions

This section presents a description of the physical characteristics of the study area. An
understanding of the physical environment of the study area is necessary for
development of the mine stability assessment.

2.1 Topography

The local area is comprised of heavily vegetated, rolling hills. Elevations range from a
low of about 500 feet above main sea level (msl) along the Cedar River to about 940 feet
on the hill to the immediate east of the mine (USGS 1973). Topographic contours
shown on Figure 2 were developed from aerial photography and provided to us by Triad
Associates. The Triad provided topographic information is consistent with USGS
topographic contours; however, the absolute accuracy of the elevation data is unknown.

2.2 Redqgional Geology

This section on the geology of the study area is based primarily on geologic mapping of
the Cumberland quadrangle (Gower and Wanek 1963) and of the Maple Valley
Quadrangle (Vine 1962). Mine records and plans obtained from Palmer Coking Coal
Company were used to provide site-specific details to general area geology. Figure 3
illustrates the generalized surface geology in the study area.

2.3 Stratigraphy

2.3.1 Puget Group (Tp) Bedrock)

The oldest rocks exposed in the Cumberland quadrangle are the non-marine coal-
bearing sedimentary rocks of the Eocene-aged Puget Group. Excellent exposures of
these rocks occur in the canyon of the Green River, where a section of about 6,000 feet
of the Puget Group is exposed. Neither the base nor the top of the Puget Group is
exposed in this section.

The Puget Group is composed of sandstone and siltstone with numerous carbonaceous
shale and coal beds and minor amounts of claystone and conglomerate. All gradations
of sandy sandstone and siltstone are present, and most of the rocks are either silty
sandstone or sandy siltstone. The sandstone beds are typically yellowish gray to light
olive gray, fine grained, micaceous, and arkosic or feldspathic. Most of the sandstone
beds are cross-laminated and from massive outcrops. Some beds are ripple marked,
and convolute bedding, and intra-formational breccia occur in a few places. The
siltstone beds commonly are medium light gray to dark gray and contain varying
amounts of finely disseminated carbonaceous fragments (Gower and Wanek 1963).
The Landsburg Mine coal seams and associated shales and sandstones are within the
Puget Group (Figure 3).

Most of the rocks of the Puget Group in the Cumberland quadrangle appear to have
been derived chiefly from a plutonic or metamorphic terrain, but they also contain some
volcanic detritus. A 20-foot bed of volcanic conglomerate composed of sub-angular to
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sub-rounded pebbles and cobbles of porhyritic andesite outcrops north of Georgetown in
the northwest part of the quadrangle (Gower and Wanek 1963).

2.3.2 Glacial Drift

Most of the study area is covered by deposits of glacial outwash and till. The outwash is
composed of stratified gravel, sand, silt, and clay. The till consists of unsorted clay,
sand, cobbles and boulders. The outwash is confined largely to the lowlands, where
locally it may be quite thick. Till also occurs in the lowlands, but most commonly mantles
the hillsides. Some of the hillside areas shown as bedrock in Figure 3 are partly covered
by a thin veneer of glacial drift that is not extensive enough to be differentiated on the
map.

The majority of the Landsburg Mine area is mantled with glacial drift deposits. The
higher elevations along the Rogers Seam had a thin veneer of glacial drift (likely Vashon
Till) over the Puget Group sedimentary bedrock. At lower elevations in the extreme
north and especially over the southern half of the Rogers Seam, the glacial drift thickens
and consists of outwash deposits at the surface. Based on the interpretation of
employee interviews and mining records, glacial tills may be present along the surface of
the bedrock below these outwash deposits.

2.4 Geologic Structure

Throughout most of the mapped area, early Tertiary rocks are highly folded and faulted.
The principal deformation occurred after the extrusion and deposition of the andesite
volcanic rocks and before the deposition of the late Miocene sediments. The age of the
upper part of the andesite volcanic rocks is unknown, but in the nearby area, west of
Issaquah, marine sedimentary rocks of early Miocene age have been involved in the
principal deformation (Warren et al, 1945). Therefore, in the Cumberland quadrangle
the major period of deformation is assumed to have occurred during Miocene Time.
Only gentle warping occurring after the deposition of the late Miocene sediments (Gower
and Wanek 1963).

2.4.1 Folds

The bedrock in the Cumberland quadrangle has been completely folded into a series of
north and northeastern trending folds (Gower and Wanek 1963). The Landsburg mine
site geologic structure represents the western limits of a northeast trending anticline.
The Puget Group strata dip steeply at the Landsburg Site. Dip angles of the Rogers coal
seam and adjacent strata are near 90 degrees on the north end and gradually reduce to
63 degrees on the south end of the mine.

2.4.2 Faults

The rocks in the study area have been displaced by numerous faults. Strike-slip, normal
and high angle reverse faults have been recognized, but the type of movement along
most of the faults is unknown (Gower and Wanek 1963). Thrust faults are anticipated to
be present in the region (Zoback and Zoback 1980). Most faults in the region trend
northwest, and the majority are apparently down thrown on the northeast side (Gower
and Wanek 1963). Displacement ranges from a few inches to as much as several
thousand feet.
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Numerous faults were encountered during mining the Rogers coal seam. Most
noteworthy is the fault in the northern portion of the mine where sufficient displacement
(approximately 75 feet based on examination of mine plans (PCC, 1992)) occurred
requiring a rock tunnel to reconnect mining operations to the coal seam. This fault
extends vertically through all four levels of the Rogers Mine to land surface where an un-
mined, and hence un-collapsed, rock pillar is used for the trench cross-over roadway.
From a review of mine plans and records available from the mining operations on the
Landsburg seam, a fault apparently was encountered at coordinate 9500N, 9000E. If
this represents the same fault encountered, in the Rogers seam, the strike would be
directly east-west, which is somewhat different then the majority of faults in the region.
Records from the mining operations on the adjacent Frazier seam also indicated that a
fault displacement may have been encountered close to 9500N coordinate which also
could represent the eastward extension of this same fault observed in the Rogers and
Landsburg seams.

2.4.3 Joints

The reviewed literature and data did not provide information on jointing in the study area.
Joints were observed in the exposed sandstones along both the hanging and footwalls
within the trench of the Rogers seam during a site visit by GAI. The joints were minor
and appeared tight. Two sets of joints were observed which appeared perpendicular to
each other in the exposure. Joints within each set had a spacing of approximately three
feet. The strike of these joint sets is expected to be parallel to site faults.

2.4.4 Stress

Regional stress directions are useful for understanding local fault systems. The Puget
Sound Olympic Peninsula province is characterized with the major principal horizontal
stress being a north-south compression. The minor principal horizontal stress direction
throughout this province averages about east-west (Zoback and Zoback 1980). Faults
that are steeply dipping with east-west strikes, such as the one observed in the Rogers
Seam at 9500N, 8000E should therefore be tight due to the north-south compression.

2.5 Mine Groundwater Conditions

In the northern portion of the Rogers Mine, sedimentary bedrock of the Puget Sound
group is either exposed or mantled with only a thin veneer of what appears to be glacial
till (Vashon Till). Northward from Rogers Portal #2, glacial outwash and possibly
alluvium appear to be present and deposits up to a maximum of 100 feet thick occur.
The thickness decreases to a thin veneer or is missing at the extreme southern end of
the mine at Rogers Portal #3. Interviews with mine employees and information in the
mine records indicate that a “hard pan” or glacial till may be present between permeable
glacial outwash deposits and the bedrock over the southern portion of the mine. The
location of this “hard pan” was important during mining to avoid disturbance and
groundwater inflow to the mine. Although the outwash aquifer may have been
hydraulically separated from the bedrock during pre-mining conditions, subsidence
during and following mining is expected to have disrupted the continuity of this till and
enhanced communications between the groundwater in the glacial outwash deposits and
mine workings.
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Under current conditions, groundwater recharge to the glacial outwash aquifer is from
direct infiltration of precipitation and surface runoff from high ground, especially from
those areas having low permeability bedrock or glacial till close to the surface.
Groundwater in the mine is expected to result from: (1) direct infiltration of precipitation
and surface water entering the mine trench, and (2) seepage from the glacial outwash
aquifer. The total recharge area to the mine is anticipated to be limited to the
topographic drainage pattern in the immediate area. An estimate of total recharge to the
Rogers coal seam can be made from mine dewatering rates during active mining
operations. As evaluated in Section 3.5.4, the estimated average dewatering extraction
rate was about 35 gpm during the wet season for the entire mine. However, there is
some uncertainty whether these dewatering rates reflect current conditions with
potentially increased hydraulic intercommunication between the glacial outwash aquifer
and the mine workings.

The mine in the Rogers Seam is expected to have re-saturated since operations ceased.
The groundwater level within the mine is estimated to be currently at an elevation of
about 630 to 650 feet MSL based on the elevation of the Rogers #2 and Rogers #3
portals. Groundwater is discharging from these portals, at least during the wet season.
Since the vertical seam was typically mined without vertically continuous pillars being left
in place and the mine opening was backfilled with rock, it is expected to be hydraulically
continuous with very high transmissive characteristics. The groundwater level in the
mine is therefore expected to be close to the elevation of the portals.

Groundwater flow from the mine in the Rogers seam is expected to be controlled by the
structure and bedding of the sedimentary bedrock. Coal seams are commonly the most
transmissive units in the Puget Group. The sandstone exposed on the hanging and
footwalls of the trench appears to be low permeability possibly with significant silt
content as is typical of sandstones in the Puget Group. Other units within the Puget
Group in the immediate area around the mine are shales and probably siltstones with
permeability’s lower than the sandstones.

Faults are commonly conduits for groundwater movement in bedrock aquifers.

However, interviews with mine employees revealed that groundwater inflow to the mine
did not increase upon encountering a fault (Falk 1992; Eltz 1992; and Simmons 1992).
Other research has shown that faults in the region are typically tightly sealed and are not
conduits for groundwater movement (Pappajohn 1992). During displacement, the wall
rock of sandstone shale and coal would be comminuted, and infill along the fault plane.
Also, the regional stress field with major principal horizontal stress oriented N-S, will also
tend to reduce the transmissive properties of faults oriented E-W, such as encountered
in the northern section of the mine.
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3 Coal Mine Workings in The Study Area

This section represents a summary of the process undertaken to locate underground
workings associated with the Landsburg Mines in the study area. This information
formed the basis for our evaluation of the potential for additional surface subsidence and
subsidence hazards associated with future planned use of the site.

3.1 Landsburg Mine Site Coal Mines

As noted in the Introduction, the Landsburg Mine site incorporates three distinct mining
areas:

1. The central mining area is known as the Rogers Mine and consists of the
Rogers No.1, Rogers No.2, and the Rogers No.3 mines. This mining
area is the focus of remedial activities being undertaken by the Landsburg
PLP Steering Committee.

2. The mining area to the west of the Rogers Mines is known as the Frazier
Mine (also referred to as the Frazier workings of the Danville Mine)

3. The mining area to the east of the Rogers Mines is known as the
Landsburg Mine (also referred to as the Landsburg workings of the
Danville Mine) where several, near vertical coal seams ranging from 6 to
18-ft in width were mined.

These mines have also been collectively referred to as the Ravensdale and Danville
Mines (Hart Crowser, 1993, 2003) in reports prepared for the Office of Surface Mining
Reclamation and Enforcement (OSMRE). Historic mine records also refer to the Frazier
and Landsburg workings of the Danville Mine as noted above.

3.1.1 Rogers Mines

Three operating mines have been documented in the Mine Inspectors Reports for the
Rogers seam:

1. Rogers No. 1: Operated from 1959 to 1962 from the Rogers No.1 Slope
2. Rogers No. 2: Operated from 1960 to 1966 from the Rogers No.2 Slope
3. Rogers No. 3: Operated from 1963 to 1975 from the Rogers No.3 Slope

The Rogers seam was discovered in the late 1950's when a bulldozer, prospecting for
coal, cut across the strata with a minimum of cover; the bulldozer operator's name was
Enoch Rogers and the seam was named in his honor. The Rogers seam was mined
from four (4) different levels accessed from three (3) slopes/declines as shown on
Figures 2 and 5; a "water level" tunnel was also constructed to facilitate water removal
from the upper level. The seam was mined from 1959 until 1975 when all active mine
openings were closed by blasting. During this time frame, approximately 490,000 tons
of clean coal was produced.

The steep inclination of the coal seam led to the use of mining methods typically
associated with the hard rock mining industry and associated terminology. For example,
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in this mine, the mine roof is referred to as the "hanging wall" and the mine floor is
termed the "foot wall"; other terminology definitions are provided below.

3.1.2 Landsburg Mine

The Landsburg Mine (see Figure 6) was operated concurrent with the later stages of the
Frazier Mine from the mid 1930’s through 1961. Three principal coal seams were mined
with early mining from outcrop at the northern end of the mine in the 18-ft seam. The
initial decline was subsequently abandoned after it caught fire and a new decline was
established to the east (circa 1940). This decline accessed the 8-ft seam, rejoining the
18-ft seam south of the abandoned area with workings advancing towards the south.
Approximately 3,000-ft of southerly advance occurred in the 8-ft seam through the end of
1946 with one reported sinkhole near the County Road. The underground mine
continued to be operated by Palmer Coking Coal Company through 1961. A small strip
pit was later excavated at the south end of the 18-ft seam in 1976 and 1977 when
approximately 31,000 tons were mined.

3.1.3 Frazier Mine

Watkin-Evan’'s 1912 report (Watkin-Evans, 1912) notes that the Danville Mines were
prospected as early as 1896 with discovery of the easternmost coal seam, which
became known as the Frazier Workings of the Danville Mine. Initial attempts to mine in
the area were unsuccessful due to faulting and the difficulty of mining in a near vertical
seam. Mine maps indicate that mining started as early as 1896. Various companies
including, North Coast Colliery, Danville Coal Company, Success Coal Company (1924
to 1926), Thermal Coal Company, and Palmer Coking Coal Company (1937 to 1959)
operated the mine. The mine extended over a strike length of approximately 4,000-ft
mining to a depth of 100-ft MSL (see Figure 8). A small strip pit surface mine was later
excavated near the central portion of the mined Frazier seam in 1975 when a little over
3,000 tons of coal was extracted.

3.2 Data Sources

The preliminary data search involved contacting industrial companies, regulatory and
public agencies and retired mining personnel who had worked at the most recently
active mine, the Rogers No. 3 mine.

3.2.1 Office of Surface Mining Reclamation and Enforcement OSMRE)

Ms Ginger Kaldenbach of the OSMRE was contacted to find out whether that agency
had on file any pertinent documentation for the Rogers mines and to determine the
status of the caved area above the Rogers seam with regard to reclamation funding.
The content of this conversation is summarized below:

e The OSMRE was created after the closure of the Rogers mine and was not
the recipient of records on underground mine operations in the King County
coalfields. Maps are best located through the Washington Division of Natural
Resources.
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e The caved zone above the Rogers seam has been identified as a hazard by
the OSMRE but is not currently at the top of OSMRE's priority list. It was
agreed that a written request for clarification of this issue was appropriate.

Mr. William Kombol of Palmer Coking Coal subsequently followed up with OSMRE and
five sinkholes above the Landsburg mine were backfilled by an OSMRE Contractor in
2003 (see Section 4.4 below).

3.2.2 Washington State Division of Natural Resources (WADNR)

A visit to the Washington DNR was arranged through Mr. Tim Walsh and carried out on
January 15, 1992. Data reviewed included:

¢ Mine Map Collection, File K55, Landsburg and Rogers Mines.

Structural Geology maps.

Open File Reports on coal mining in King County.
Annual Report of Coal Mines (1959 - 1962)

Seattle Water Department, Cedar River Wellfield reports.

Copies of four mine maps were retrieved along with structural geology maps covering
the project area. Copies of the Wellfield reports were subsequently obtained directly
from the City of Seattle.

A subsequent attempt to locate editions of the Annual Report of Coal Mines from 1962 to
1975 involved a series of referrals (the Washington State Librarian, the Washington
Department of Labor and Industries, and the Mine Safety and Health Administration).

No production data for this time period has been retrieved to date except for the
summary data provided in DNR's Open File Report 84-6.

3.2.3 United States Bureau of Mines (USBM)

Personnel from the USBM, Denver Technical Center were contacted to determine the
availability of records for the Rogers mine; no data has been retrieved from this source
to date. However, USBM Mine Inspector records were located in the archived PCC files
retrieved from William Kombol's office.

3.2.4 Palmer Coking Coal Company (PCCCQC)

A visit was made to Palmer Coking Coal's main office in Black Diamond on January 13,
1992 to recover records for mines in the Rogers seam. Approximately 40 sets of
drawings and maps were identified from a master list provided by William Kombol (PCC)
and reviewed; thirteen (13) sets were retrieved for copying.

Archived files for the period covering the Rogers mine(s) operations were reviewed and
two boxes of documents were removed for further examination. Pertinent records
consisted of:

o Daily Mine Safety inspections and Reports: The daily mine inspection reports
indicate that methane was never detected in any of the Rogers seam mines.
Carbon Monoxide was occasionally detected along with depleted oxygen
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conditions indicating that spontaneous combustion, a precursor to mine fires,
was occurring.

e Annual Production Reports: Data from these reports has been used to construct
mine raw coal and clean coal production estimates.

¢ USBM Coal Mine Inspection Reports: These reports describe the conditions in
the operating mines and include reference to roof control plans and mining
methods.

3.2.5 Interviews with Retired Mining Personnel

A series of six interviews were arranged using a list of retired Palmer Coking Coal
mining personnel provided by William Kombol during the January 13, 1992 meeting.
Interviewees included:

e Mr. Jack Morris: President of PCCC during Rogers mine(s) operations.

e Mr. Bob Morris: Miner at Rogers Mine No. 3.

¢ Mr. Evan Morris: Vice President of PCCC during Rogers mine(s) operations.
e Mr. Carl Falk: Secretary of PCCC during Rogers mine(s) operations.

e Mr. Archie Eltz: Miner at Rogers mine(s).

e Mr. Cameron Rich: Engineer for Rogers mine(s).

e Mr. Alva "Bud" Simmons: Mine Superintendent, Rogers mine(s).

All but one of the interviews were carried out over a three day period from January 22 to
January 24, 1992 (Mr Cameron Rich was hospitalized on the day scheduled for his
interview). Each interview was conducted on an informal basis at the residence of each
retired miner. Each interviewee was informed that the information to be provided would
be treated confidentially. Two base maps were used as discussion points

(1) Rogers mine section updated by C. Falk on 11/1/72.
(2) Rogers mine/Landsburg mine plan updated February, 1967.

Information was solicited regarding water inflows, fault conditions, mining method and
sequence, extraction ratio, condition of subsurface after mining, etc. A summary of the
topics covered is presented in Appendix B along with individual interview records.

3.2.6 Review of Aerial Photographs of the Area

Copies of historic aerial photographs of the area were provided by William Kombol, PCC
(see Appendix G). These photographs confirmed the surface expression of historic
mining activity, including the locations of surface mine facilities. However, the more
detailed historic information, contained in the mine plans, was used to construct the
drawings and cross-sections provided in this report.

3.3 Coal Seam Characteristics

The Rogers seam strikes approximately north south and dips from between 90° at the
north end near the Cedar River to about 70° at the southern limit. A typical east-west
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section through the seam locates a massive sandstone footwall, one foot shale, four (4)
feet bottom coal, two (2) feet muck, four (4) feet top coal, five to eight (5 to 8) feet
carbonaceous shale and shale, and a massive sandstone hanging wall (interview with
Archie Eltz; USBM Roof Control Plan). The coal is classified as high volatile bituminous
(Mine Inspectors Reports) with a calorific value of between 10,500 and 11,500 BTU/Ib.

Three coal seams were mined at the Landsburg Mine, a 6-ft seam, an 8-ft seam and an
18-ft seam. The Landsburg seams also strike approximately north south and dip from
between vertical at the north end to about 70° at the southern end,

The area to the south of the Frazier mine, also referred to as the Upper Frazier
Workings, accessed the Frazier seam and a second seam (farthest west) called the
Jones seam These seams dip between vertical and 88°. These workings are evidently
not connected to the Frazier workings to the north, which were located in a 90° dipping
section of the Frazier seam.

3.4 Mining Methods

Due to the vertical orientation of the coal seams, the Landsburg mines utilized a system
of coal extraction more typically used in the hardrock mining industry. This system
involved the development of "levels" with coal extracted by "booming"” (see Figure 4)
between underlying and overlying levels.

The initial development work involved constructing both an access slope and a return-
airway slope from the surface to the mine level. Once the exhausting ventilation circuit
was established, a level entry or "gangway" and "counter" were advanced along strike to
the mine limit (either property boundary, fault, or other location determined by mine
management). The gangway was driven at an upward slope of approximately 3% to
promote drainage back to the access slope where a small sump was located to facilitate
water handling. Gangways were typically mined 16 ft wide by 10 ft high with a 10 ft by
10 ft counter mined approximately 30 ft above. Vertical chutes were driven between the
gangway and counter on 50-to-75 ft centers. All excavation was by drill and blasting off
the solid, however, in later years, a vertical kerf cutter (large chain saw) was used to
mine a relieving slot prior to drilling blast holes. Ground support consisted of wooden
sets (two 16-to-24 inch diameter, upright timber posts with a 16-to-24 inch diameter,
timber crossbar) on seven (7) feet centers with 2 x 4 inch wooden lagging between sets.
Coal was loaded into 5-ton mine cars and hauled to the slope bottom by an electric
locomotive and from there to the surface by continuous rope haulage using a large
surface hoist.

Once the selected boundary was reached, the zone above the counter was developed
ready for "booming". This process involved additional chutes mined upwards and
crosscuts mined parallel to the counter on approximately 30 ft centers. The uppermost
crosscut was located to leave 50-to-75 ft of coal between the crosscut and overlying
gangway or surface. Four (4) inch boreholes were typically drilled upwards from the top
crosscut in levels 2 and 3 to drain water from the overlying workings.

A majority of the coal mined from the Rogers mines was extracted by "Booming”. This
mining term, unique to mines in the Landsburg, Rogers, and Frazier seams, simply
refers to the process of blasting pillars of coal isolated between adjacent
crosscuts/entries and chutes. The booming round (see Figure 4) was initially fired in the
uppermost pillar to start the cave. Coal was then "pulled/drawn" through the first open
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chute and loaded into mine cars. Pillar booming then proceeded downwards towards
the gangway where part of the pillar between the gangway and counter was occasionally
left due to poor conditions. Pillar booming then proceeded back towards the slope
allowing for concurrent booming and crosscut/chute development.

There is some disagreement between the retired Palmer Coking Coal personnel
interviewed regarding whether blast holes were drilled only in the coal or into both the
coal and hanging wall rock. A section of the booming round, drawn in 1963 after a cave
from the 2nd level ran through to the surface gravels in the southern end of the mine,
indicates that holes were drilled to within about two (2) feet of the hanging wall. This
round would result in a caving width of about 16 ft consistent with the width reported by
personnel who worked underground (see Appendix B, Archie Eltz, Bud Simmons).

In the upper level, booming typically resulted in a cave to surface and coal was drawn
down until the miners could see daylight (see Appendix B, Bud Simmons, Archie Eltz).
This process caused short circuiting of the ventilation system requiring that the caved
area be periodically backfilled from the surface (see Appendix B, Bud Simmons). In the
2nd and subsequent levels, blastholes were drilled to within a few feet of the overlying
level gangway thus connecting with the overlying caved zone. Coal was subsequently
drawn down until rock and/or gravel appeared in the gangway. The rock, being heavier
than the coal, would often work its way to the bottom (loading area) first, presenting both
miner and mine management with the dilemma of whether to load out the rock in order
to recover additional coal. One miner reported seeing daylight from the third level (see
Appendix B, Archie Eltz), however, this phenomena was not confirmed by other
underground personnel. Observation of the caved zone from the upper crosscut in the
level being mined indicated that the caving area was full of broken material confirming
that material was being drawn from the level above.

3.5 Rogers Mine

3.5.1 Mine Layout and Sequencing

Details of the mine layout and sequencing of mining operations are based on maps and
working drawings retrieved from Palmer Coking Coal and the Washington Division of
Natural Resources (Table 3.1) supplemented by Mine Inspectors Reports and personnel
interviews. Key elements of the sequence of operations in each of the three Rogers
mines are shown in Tables 3.1, 3.2, and 3.3.

The Rogers No. 1 (referred to in the records only as the "Rogers Mine") Slope was
constructed prior to 1959 and was then abandoned due to the presence of a fault. The
slope was re-entered in March, 1959 and a 130 ft long rock tunnel was driven to the
south to intersect the coal seam. A return air slope was subsequently completed and a
gangway and counter were driven to the southern boundary of the upper level by
January of 1960. Rogers No.2 access and return air slopes were completed in 1960
while coal was being boomed from the 1st level; coal extraction in the 1st level was
completed in 1962.

Mining of the 2nd level gangway and counter was completed in December, 1961 and the
Rogers No. 3 slope was driven from the 2nd level to the surface during 1962. Pillar
recovery ("booming") was completed in the second level in June of 1965. The 3rd level
gangway and counter were driven, concurrent with 2nd level booming, starting in
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January of 1964. These entries were mined a distance of approximately 4950 ft from the
Rogers No.3 slope to the northern property line and were completed in May, 1966.

Although no precise dates are provided on the mine drawings, the water level tunnel and
counter were constructed and coal was "boomed" to the base of the overlying "strip pit"
between 1965 and 1966, based on an examination of sequential mine drawings. From
Nov, 1966 to July, 1967 coal was removed from beneath the Rogers No.2 Slope portal
to a point located 300 ft to the north. This area, initially covered by about 13 ft of gravel,
is shown as extensively caved on the mine superintendent's drawings. In addition,
based on a reference in Coal Mine Inspectors Report No. A23 and the interview with
Archie Eltz, it is suspected that the excavation may have daylighted in this area.

Compiletion of the Rogers No.3 Slope to the fourth level and construction of the 4th level
gangway and counter also commenced in July of 1967. Fourth level development and
3rd level booming continued through September of 1969 when the 4th level gangway
and counter were completed. This area was then left open until booming of the 3rd level
to within 250 ft of the Rogers No.3 slope was completed in June of 1970. Significant
floor heave was encountered on returning to the fourth level requiring additional
excavation. Additional crosscuts and chutes were also constructed prior to firing the first
4th level boom in September 1970. It should be noted at this point that the area in the
3rd level, immediately above the first two booming rounds in the 4th level, was not
extracted due to collapse of the hanging wall in the upper 3rd level crosscut. lItis
therefore likely that the first two 4th level booming rounds only caved as far as the 3rd
level gangway.

Booming was completed in the 4th level in October 1974. Pillars adjacent to the Rogers
No.3 slope were extracted during the following year and the Rogers No.3 mine was
abandoned in August of 1975. The mine was permanently closed on December 12,
1975 by blasting in the access and return air slope portals. A bulldozer re-graded the
surface to its present generally level topography.

3.5.2 Coal Production and Extraction Ratio

Coal production data obtained from Palmer Coking Coal Co. (PCC), Division of Natural
Resources (DNR), and the State's Annual Report of Coal Mines have been summarized
and presented in Table 3.5. A total of approximately 890,000 tons of raw coal produced
during the life of the three mines resulting in about 494,000 tons of clean coal.

Extraction ratios were estimated by:

(1) Coal in place was estimated by measuring the sectional area of the
extraction zone in each mine and multiplying by the reported coal thickness.

(2) The extracted coal volume was estimated using the clean coal tonnages and
a coal density of 67 Ib/ft.

(3) The extraction ratio is estimated by dividing the extracted volume by the in
place volume.

This simplified analysis provides an average extraction ratio of about 80% for the Rogers
seam and individual level estimates of 62% Rogers No.1, 69% Rogers No.2 and 90%
Rogers No.3.
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3.5.3 Faulting

Several faults were documented on the mine superintendents drawings and the mine
maps. Only one of the mapped faults resulted in complete loss of the coal seam. This
fault was initially discovered at the bottom of the Rogers No. 1 slope and required
construction of a 130 ft long rock tunnel to rejoin the seam. This fault also appears to
have been encountered when mining the Landsburg seam some 750 ft east of the
Rogers seam (Appendix B, Carl Falk); the location of this contact indicates that the fault
strikes approximately east-west. Pertinent features of the smaller faults include; offsets
of from 2-to-16 ft (Mine Superintendent's Drawings); polished surfaces (Appendix B, A.
Eltz); and tightness (Appendix B, reports by all interviewed personnel that mining
through fault zones did not result in increased water flow).

3.5.4 Water Inflow and Pumping Data

Groundwater control was accomplished in the Rogers mine(s) by grading the gangway
at a slight incline with positive drainage back towards the bottom of the mine access
slope. Water gravity drained, via a shallow ditch dug in the footwall, to a small sump at
the slope bottom and was pumped, from there, out of the mine.

Two types of pumps were typically used for water removal. Centrifugal pumps were
used when larger than usual pumping rates were required due to water accumulation
following a power failure. These pumps were characteristically low head, high volume
and had to be used in stages (e.g., water was first pumped from the 4th level to the 3rd,
from there to the 2nd and so on). The type of pump most frequently used for routine
mine dewatering was the Bean pump; one large Bean (Model 345) with a maximum
rating of 80 gpm and two smaller Beans (Model 55) with a combined capacity of about
60 gpm. The Bean pumps were typically located in a cut out between the gangway and
counter with suction lines deployed to the sump; the big pump was typically run
continuously even when there was no water in the sump.

It is difficult to precisely estimate the quantity of water entering and pumped from the
Rogers mine(s) as, consistent with standard practice, pumping records were not kept.
However, an approximate range in inflow rates can be estimated based on mine
personnel estimates and notes on mine maps, back-analysis of water accumulations
observed during power outages and pump capacity/utilization.

The first source of inflow rate data is an interview with Bud Simmons who estimated a
pumping rate of 35-to-40 gpm. He also noted that the mine was typically dry in the
Summer months and this is confirmed by a note on the 1963 mine map which states,
"Very little water being made. Pumped 1/2 hour each week during summer and fall prior
to winter and rainy season”. This note references water removal from the bottom of the
Rogers No.1 slope during mining of the 2nd level at the southern end of the mine.

The second estimate is based on telephone interviews with Bud Simmons and Bob
Morris. Mr Simmons reported that power outages of from 3-to-4 hours typically resulted
in water rising in the gangway a distance of 1-to-2 feet. Mr. Morris remembered a
situation between 1972 and 1975 when power was out for 24 hours and resulted in a
rise in water level of about five (5) feet. Back-calculation of these two events provides
inflow estimates of 36 gpm (Morris) and 35 gpm (Simmons).

It is therefore appropriate to state a range in probable inflow rates with qualifying
assumptions:
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Min. Expected Value for Pumping Rate: 20 gpm.
Most Likely Value for Pumping Rate: 35 gpm (calculated for wet season).

Max. Expected Value for Pumping Rate: 80 gpm (capacity of large Bean
pump).

3.5.5 Remnant Condition of the Underground Workings

The remnant condition of the abandoned Rogers mine(s) workings will affect long-term
stability of the trench and the potential for sudden collapse when operating heavy
equipment in the trench.

A similar method of analysis to that used for extraction ratio calculation has been used to
estimate the potential for remaining open voids in the Rogers seam:

(1) The total volume of rock and coal loosened by booming was calculated by
multiplying the total extraction zone area by the width of the booming round
(approximately 16 ft according to mine records and interviews with retired
miners. Total volume calculated as 1,500,000 yd?®.

(2) The volume of bulked rock remaining in situ was estimated by subtracting
the volume of raw coal from the total volume and multiplying the result by a
bulking factor of 1.35. Total remaining volume calculated as 970,000 yd®.

(3) The bulked volume of rock which has caved into the mine workings was
estimated by multiplying the length of the caved zone (from the 1974 mine
map) by the trench cross-sectional area (taken from section drawn by C.
Falk dated 1974) and a bulking factor of 1.35. Caved volume calculated as
400,000 yd?.

(4) The estimated volume of open voids was calculated by subtracting the
remaining in situ and caved rock volume from the total volume, expressing
the result as a percentage of the total volume. Calculated as 8%.

Significant uncertainty exists regarding the absolute value of this ratio as the precise
volume of originally open trench cannot be determined from the available data and at
least one of the personnel interviewed stated that some material from outside the trench
area was used for backfill during mine operations. In addition, the trench was
subsequently used for disposal of solid, non-putrefactive waste (stumps, demolition
debris, etc.)

A more rigorous engineering analysis of the stability of the surface trench is not
warranted as the majority of the trench consists of broken, caved material and backfill.
Nevertheless, although it is likely that a majority of trench bottom subsidence has
already occurred, it is prudent to investigate subsurface conditions before proceeding
with remedial actions. This recommendation is further supported by observations of one
of the retired PCC personnel who noted that large slabs of sandstone, which were seen
to cave into the trench, could possibly span underlying voids (see Appendix B).

Reports of floor heave and failing roof support posts and crossbars in the lower levels
confirms the expectation that significant movement of the hanging wall, and to a lesser
extent the footwall, will have occurred at the relatively high extraction ratios estimated for
the lower levels. There are two aspects of this mode of deformation, which may be of
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potential importance to this study. Firstly, movement will have occurred until a point of
stability was reached where the horizontal stress is balanced by the strength of the
caved material and hydrostatic pressure associated with the flooded workings. This
action would serve to restrict major vertical deformations. Secondly, these deformations
may have resulted in an increase in permeability, parallel to the bedding and strike of the
coal seam in the footwall and hanging wall rock. Observations in the surface trench and
photographs of the underground mine workings (e.g., see Appendix F) indicate that the
disturbed area would be limited to a few feet in thickness.

3.6 Landsburg Mine

3.6.1 Mine Layout and Sequencing

The Landsburg mine was initially mined from the north via declines starting in the early
1930’s. Mine records indicate that a single level was initially mined from the first decline
towards the south. The initial decline was subsequently abandoned after it caught fire
and a new decline was established to the east (circa 1940). This decline accessed the
8-ft seam, rejoining the 18-ft seam south of the abandoned area with workings
advancing towards the south. Approximately 3,000-ft of southerly advance occurred in
the 8-ft seam through the end of 1946 with one reported sinkhole near the County Road.
Recovered records indicate that mining occurred from a single level, however, it is
possible that mining also occurred in a level above the one shown on Figure 6 in the
early mining stages. A third decline accessed the Landsburg seams from the south with
mining on three levels indicated on the mine plans. It is also possible that an upper,
fourth level was mined although no records were recovered that indicated it was.

Mining occurred primarily in the 18-ft seam, however, crosscuts were driven in the rock
between the 18-ft and the 6-ft and 8-ft seams to access their coal reserves. The mine
was reported to be subject to spontaneous combustion that was probably the cause of
the earlier mine fire that led to the closure of the initial decline. The following description
of the mining method was obtained from the State Inspectors Report:

“Master chutes, next to the footwall on 45- to 50-degree angles are driven
up, along strike and in the coal bed, off the gangway at regular intervals.
The master chutes are equipped with a 2 ¥ ft wide chute and a 3-ft gage
track. From the master chutes, level rooms, designated as crosscuts, are
driven about 35 to 45 ft apart vertically along the strike and next to the
footwall of the coal bed for distances of about 200-ft inby and outby of the
master chute. The level places are 10-ft in height and 10-ft wide.
Intermediate transfer chutes were driven next to the footwall on a strike
angle of 50 degrees about 50-ft apart, to transfer the coal to cars on the
gangway. The 35-ft to 40-ft pillars of coal left between rooms or
crosscuts are mined on full retreat by the “booming” method, working
from the highest room down, in sequence. Long holes are drilled, loaded
and fired and the loose coal is moved to the chute by either scraper or
shaker conveyors.”

One of the saddest moments in the life of a coal mine is when a fatality occurred and
there were several reported fatalities in the Landsburg mine (see Appendix C). The first
accident occurred in 1951 when John Henry, a 58-year old miner fell 100-ft down a coal
chute. A second accident occurred in 1954 and involved the collapse of the floor in a
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counter causing two miners to fall into the chute below. The first of the miners, Ray
Coutts was rescued unharmed but the body of the second miner, Harry English, could
not be recovered despite 8-days of intense effort. Another accident was reported in
January 1955 when four miners were killed by “a cave extending to surface filling the
gangway and counter with water, mud and debris”. Records also indicate that the
bodies of Frank Stebly, Louis Valenti, John Kovash, and Nathan Russel were not
recovered. A memorial was established east of the Rogers No. 3 portal (see Figure 7)
that commemorates the deaths and internment of these men in the Landsburg Mine.

Reports of these accidents indicate that the coal seam was caved to surface suggesting
that similar conditions existed above the Landsburg mine as currently exist over the
Rogers Mines.

3.6.2 Coal Production and Extraction Ratio

Coal tonnages for the Landsburg Mine were reported as 38,000 tons between 1932 and
1937. PCC took over the Danville mine in 1937 and coal tonnages for the Danville Mine
(Landsburg and Frazier seams) are reported as 663,000 between 1937 and 1961. An
additional 31,000 tons were mined from a strip pit at the south end of the 18-ft seam
from 1976 to 1977. In 1984, WADNR'’s inventory of Washington State abandoned coal
mines listed the total Danville Mine production at 874,400 short tons.

The same mining method was used in the Landsburg mine as was subsequently used in
the Rogers mines. Furthermore, similar amounts of coal were extracted from each of
these mines along an approximately equal strike length suggesting an equivalence of
extraction ratio (i.e., 70 to 90%).

3.6.3 Remnant Condition of the Underground Workings

Far less is known about the remnant condition of the underground workings in the
Landsburg mine than was discernable for the more recently mined Rogers Mines.
However, published records indicate that the same mining method was used at
Landsburg as was subsequently used in he Rogers Mines so that similar remnant
conditions are likely to exist. Sinkholes have been mapped above the Landsburg at both
the southern and northern ends of the project. Sinkholes at the northern end appear to
be associated with some of the earliest mining (see Figure 6) while sinkholes at the
southern end appear to be associated with the most recent workings in the 18-ft seam.

Several of the sinkholes that developed above the northern end of the Landsburg Mine
have been backfilled and marked with permanent monuments (see Appendix E; Hart
Crowser, 2003, for OSMRE).

3.7 Frazier Mine

3.7.1 Mine Layout and Sequencing

Mine records indicate that mining started near the middle of the seam in 1896 but was
not successful. This is probably because early mining occurred near surface in a faulted
part of the seam (see Figure 8). Mining was subsequently carried out using two declines
to access workings in the northern section of the Frazier seam. Up to three levels
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appear to have been worked from these declines. Additional mining occurred to the
south from a third decline that accessed two vertically extensive mining levels.

A record of the make-up of the coal seam is contained in a 1934 publication by the
University of Washington (Daniels, 1934):

Roof, coarse sandstone

Coal, bone streaks 2’ 00"
Carbonaceous Shale, soft 03"
Coal, bone streaks 7' 00"

Floor, dark gray shale

3.7.2 Coal Production and Extraction Ratio

21000 tons of coal was reportedly mined from the Frazier seam between 1896 and
1928. Production records from 1937 onwards commingle tonnages produced from the
Frazier and Landsburg workings of the Danville mine with accumulated tonnage reported
at 874,400 short tons (WADNR, 1984).

Recovered mining sections indicate that similar mining methods were used to extract the
7-ft thick Frazier seam as were used to mine the Landsburg seams, and the range in
extraction ratio (i.e., 70 to 90%)) is therefore likely to be the same.

3.7.3 Remnant Condition of the Underground Workings

Even less is known about the remnant condition of the underground workings in the
Frazier Mine than was discernable for either the Landsburg or Rogers Mines. However,
similar mining methods were used in all three mines and it is likely that the remnant
condition of the Frazier mine is similar to both the Landsburg and The Rogers Mines.
Sinkholes have developed above the southern sections of the Frazier mine, as shown on
Figures 2 and 8, and may have also occurred over the relatively shallow northern
workings.

A shallow rock tunnel (see Figure 8) drains upper areas of the northern mine workings
towards the Cedar River.

3.8 Evaluation of the Relative Position of Mine Workings and Surface Features

There is always some uncertainty regarding the precise location of historic, abandoned,
coal mine workings due to the lack of accurately identifiable surface features and the
age and accuracy of historic survey data. Part of our work therefore concentrated on
placing the mine workings using historic survey data and then confirming placement
accuracy by proof drilling.

3.8.1 Approach

We began the process by reviewing and digitally scanning all of the pertinent and
available mine maps. Drawings generally consisted of plan (aerial) and cross-section
(subsurface) map views of the Landsburg, Rogers and Frazier Seams at various levels
of detail.

Supporting information included a collection of historic Landsburg Coal Mine maps
provided by Palmer Coking Coal Company, data extracted from microfiche records in the
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Washington State Coal Mine Collection, land survey information provided by Triad
Associates, and previous reports prepared by Golder Associates, Inc.

The plan map information was then superimposed on the base survey map, and each
available cross-section was then correlated with the overlying topography and
established mining areas. Land section lines and surface topographic features were
subsequently used as common reference points to locate the mining areas in relation to
Triad’s current (2002) survey. The established locations of the mining areas were then
integrated to create a three-dimensional model using the AUTOCAD computer aided
software package.

Even though the map collection included a complete set of plan (aerial) maps for the
mining areas, several areas lacked correlating cross-section (subsurface production)
information.

Through our review of the mine maps and previous reports, we have a high level of
confidence in the relative positioning of the Rogers and Frazier Mines. We also have
confidence in the positioning of the “Landsburg Strip” at the south end of the Landsburg
mine. However, we have moderate uncertainty in the relative position of the
underground workings on the north side of the Landsburg Seams.

3.8.2 Positioning of Rogers Mines

Map K of King County File K55 was used initially to position the Rogers Seam mines
relative to the surface roads, section lines, and river. Proof drilling or Ground Proofing
was subsequently carried out at the northern and southern ends of the Rogers mines
during installation of monitoring wells.

Figure 9 show the results of proof drilling at the southern end of the Rogers mine
adjacent to the Rogers No. 3 Portal. The observed offset can be eliminated and the
portal area better matched with surface data if the mine is “moved” towards the south.
Figure 10 demonstrates the accuracy of the “relocated” mine based on the southern
proof drilling data. At the northern end, the “relocated” workings also better match the
proof drilling data as illustrated in Figure 11.

3.8.3 Positioning of Frazier Mine

The Frazier mine workings are anchored on the north end by the located water level
tunnel positioned just south of the pipeline road. The remainder of the mine was
positioned using surface survey points shown on the historic mine drawings.

3.8.4 Positioning of Landsburg Mine

The northern end of the Landsburg mine workings were located, relative to the Rogers
seam workings using Map K of KC File 55. The southern end was located using data
from a section showing the 1976/1977 Landsburg Strip and a plan showing the relative
location of the southern Rogers and Landsburg declines.
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4  Coal Mine Hazard Evaluation

4.1 King County Coal Mine Hazard Analysis Requirements

King County has previously identified coal mine hazard areas on an area wide basis
without detailed analysis of site specific subsidence potential. Their sensitive Areas
Ordinance (recently superceded by a Critical Areas Ordinance) requires that a Coal
Mine Hazard assessment be conducted by a qualified Civil/Mining Engineer and that
areas be classified as “Severe”. “Moderate”, or “Declassified”. A copy of the King
County requirements is provided in Attachment A.

4.2 Subsidence Mechanics and Modes of Surface Failure

Traditional methods of subsidence prediction are not appropriate with regard to
analyzing the long-term stability of the Landsburg Coal Mines where the coal seams are
near vertical. Subsidence, in this case, has typically been confined to an area directly
up-dip from the extraction zone where the migrating void forms a sinkhole. In the case
of the Rogers Mines, a trench was formed where several sinkholes coalesced.

The remnant condition of the Rogers Mine Trench has been outlined above in Section
3.5.5. Trench wall stability, on the south side of the rock bridge, was further evaluated
by excavating a 2-ft wide, temporary trench perpendicular to the east side of the larger
trench. This exploratory trench encountered very hard sandstone and siltstone just
below the weathered rock surface that could not be dug by the excavator.

Encountered materials were massive in nature with little to no evidence of cross-bed
fracturing. The resultant rock mass strength was estimated to be in excess of 3,000 psi
(estimated UCS > 8,000 psi) with trench wall stability controlled by bedding. This is
consistent with the reports of trench wall failure involving “slabbing”.

The entire trench above the Rogers Mines will be backfilled as part of the remedial
action so that any potential for trench wall failure will be restrained.

4.3 Use of Coal Mine Spoils for Trench Backfill

Coal mine spoil stockpiles are located at the southern end of the site just west of the
Landsburg Mine Strip Pit; near the Frazier Mine; and north of SE 253" Street (also
known as the Morris Mine Connection Road). Additional stockpiles are also located off
site in the town of Black Diamond. These stockpiles contain rock (e.g., sandstone and
shale) that was hauled out of the mines with the coal and subsequently separated from
the coal using mechanical methods and washing. Neither of these processing methods
removed all the coal and the stockpiles therefore contain weathered shale, siltstone, and
sandstone with disseminated coal.

These materials will generally be of low strength and should be suitable for general
trench backfill where material strength is not important. The carbon content of the
remnant coal and shale may provide beneficial attributes to the goal of filling the trench
with benign material. The material may not be suitable for use as fill or cover above
grade, however, this should be determined during final design of the trench cap based
on strength tests of the stockpiled materials.
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4.4 OSMRE Sinkhole Remediation

The Office of Surface Mining Reclamation and Enforcement (OSMRE) carried out two
closure programs within the study area in 1993 and 2003.

441 OSMRE Navy Mine Project (1993)

OSMRE completed several coal mine hazard mitigation projects in the vicinity of the
project in November 1993 (Hart Crowser, 1993). One AML feature, identified as L-01 in
the previously referenced report, was thought to be a subsidence located above the
Landsburg Mine workings. This feature was backfilled with approximately 200 cubic
yards of controlled density fill to a depth of 12-ft below grade (see Appendix E).

4.4.2 OSMRE Project No. WA-03-002 Danville Mine Project (2003)

Five abandoned coalmine features (RV-01 through RV-05) located roughly above the
Landsburg Mine (see Figure 2) were remediated by OSMRE in August 2003 (Hart
Crowser, 2003). Prior to reclamation, the five features consisted of steep sided, near-
circular depressions that ranged in diameter from 25 to 80-ft with an average depth
between 8 and 30-ft. Each feature was filled and graded to a slope of about 2:1 (H:V),
hydroseeded, and identified with a monument consisting of a steel pipe cast into
concrete (see Appendix E).

45 Coal Mine Hazard Areas

45.1 Severe Coal Mine Hazard Areas

Severe coal mine hazards within the study area are associated with the subcrops and
outcrops of the mined coal seams where sinkholes have either already formed or where
there is a significant potential that sinkholes will form in the future. Three severe coal
mine hazard areas have been established as shown on Figure 22:

1. Portions of the tract set aside for the Rogers Mines (Tract X).
2. The area surrounding the 6-ft, 8-ft, and 18-ft seams in the Landsburg Mines.
3. The area surrounding the Frazier Mine.

The areas identified as “severe” on Figure 22 also include foot-wall and hanging-wall
buffers intended to account for uncertainty in the positioning of the underground mine
workings. Descriptions of the affected property parcels are provided in Appendix H.

45.2 Moderate Coal Mine Hazard Areas

No areas have been classified as subject to moderate coal mine hazards.

45.3 Declassified Coal Mine Areas

The areas outside the previously noted coal mine hazard areas are deemed to be
declassified coal mine areas.
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5 Conclusions and Recommendations

The project work described in this report has been accomplished over a twelve year
period starting in 1992 with the development of a conceptual mine model, and ending in
2005 with the preparation of this coal mine hazards assessment report. The following
conclusions can be drawn from this work:

Six seams have been mined in the project area, Jones, Frazier, Rogers, and
Landsburg 8, 6, and 18-ft seams. These seams dip near vertical and have been
extensively mined as shown on the drawings in this report.

Sinkhole type subsidence has occurred throughout the project area immediately
up dip of the underground workings. Typically, sinkholes have developed
concurrent with and/or shortly after mining in the upper levels of the individual
coal seams. However, there are areas over the Landsburg seams where
sinkholes, associated with deeper levels, have been discovered after mining
ceased. Therefore, while widespread future subsidence is unlikely, there is some
potential for additional subsidence of this type to occur in the future.

A significant volume of open subsidence trench exists above workings in the
Rogers mines. Mine spoils can be used to backfill below grade portions of these
trenches. However, this use must be acceptable to the Designer of the final
trench cover, assuming that this remedial technology is eventually employed.

The following conclusions can be drawn regarding the positioning of abandoned mine
workings:

1.

The Rogers seam workings are positioned to an accuracy of +25 feet in the east-
west direction and +50-ft in the north south direction.

The Frazier seam workings and the southern end of the Landsburg seam
workings are positioned to an accuracy of +50-ft.

The following conclusions can be drawn regarding groundwater flow and migration:

1.

There were no incidences of inflows recorded along faults or cross-bedding on
the mine plans or sections.

There were no incidences of inflows reported along faults or cross-bedding
during interviews with historic mine personnel.

Inflow was reported and documented as occurring via the collapsed zone above
the mine workings and through overlying unconsolidated deposits that were
disturbed by subsidence from the mine workings.

An average inflow rate for the Rogers No. 3 mine was estimated at 35 gpm
based on pumping data.

The following recommendations and/or suggestions are made:

Some additional site characterization may be used to reclassify the areas
between the mined seams at the Landsburg mine and between the Jones and
Frazier seams at the Frazier mine.
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¢ Inthe mean time, severe coal mine hazard areas may be utilized as suggested in
Ordinance 21A.24.210 with the exception that structures should not be
constructed above any areas that are judged to be prone to sinkhole type
subsidence.

e The records indicate that a memorial was set up to commemorate the deaths of
Frank Stebly, Louis Valenti, John Kovash, and Nathan Russel following the
January, 1955 cave-in at the Landsburg Mine. This location and a picture of this
memorial are shown in Figure 7.
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TABLE 1 ROGERS SEAM - MINE MAPS

Map No. Year Description
14 4/22/66 aPil;':\sn' oo;:’ogars 1/2 showing Rogers 3 in development. Shows surface "strip pit" between Rogers portal and return
27 Undated | Working drawings for Rogers No. 1 development and booming.
236.A 10/1/60 NE extension surface plan showing hoists and bunkers.
236.B 10/1/60 Plan and sectional views of Rogers No. 1 and 2 slopes, major northern fault, and sump.
354 4/24/61 Plan of Rogers 1/2 showing Rogers 2 in development.
357 3/29/60 Plan of Rogers 1/2 showing Rogers 2 in development.
392 4/22/66 Plan of Rogers 1/2 showing Rogers 3 in development.
657 2127174 | Shows A-A, A-B sections from #672. v
662 Undated | Working drawings, Rogers No.2. Shows pillaring operations from fault (chute #8) to chute #39.
672 Undated | Shows plan of caved area above Rogers seam and Landsburg workings.
692 Approx. Working Map of 3rd and 4th levels. Shows pattern of development and booming. Shows extent of caving.
1974 Indicates 80-to-90 % extraction. One ton = 2 cu. yds.
704 Undated | Superintendents Plan, Rogers No.2
DNR 1 1975 Section through Rogers Mine at Abandonment
DNR 2 1965 Section documenting inspection of second level during 1963
DNR 3 Unknown | Section showing 1* and 2™ level development/mining
DNR 4 1970 Section showing 1% 2™, 3", and 4" level development/mining
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TABLE 2 SEQUENCE of MINING in the FIRST LEVEL
Approx Activity Notes
Date

Pre-1959 | Complete Rogers Slope. Work halted due to fault (J. Morris).

Mar, 1959 | Mine 130' rock tunnel to intersect coal. No inflow of water when mining through fault. Probably same fault
encountered in Landsbu[g (C. Falk).

Apr, 1959 | Complete return air slope.

Jan, 1960 | Complete gangway and counter to southern end of Mining controlled by need to promote drainage. Presence of gravel in this

1st level. area prevented further mining. Holes not drilled through hardpan (C. Falk, A.
_ Eltz). One hole reported making 7-15 gpm (B. Simmons); other holes wet.
Jun, 1960 | Complete area designated as "coal extracted by Area at surface caved (2). Coal reported as "100% extracted " in this area
booming". (A. Eltz).

Dec, 1960 | Complete booming from 1150 to 1250 ft. Chutes holed through to surface, surface caved. Reported able to see
daylight from gangway.

Jul, 1962 | Complete booming to rock tunnel. Surface caved extensively. Small pillars remain where coal pillars left
underground for mine fire control. Caved zone periodically filled from the
surface.

Unknown | Coal stripped from southern end of major fault Area between base of "strip pit" and No. 1 return slope shown as removed.

using truck mounted drilling rig and dragline.

Unknown | Coal stripped to north of fault (depth = 30") Coal stripped approx 100 ft north of Rogers No. 2 portal.

1965 to Water level tunnel and counter constructed. Coal
1966 boomed to base of "strip pit".




TABLE 3 SEQUENCE of MINING in the SECOND LEVEL

Approx Activity Notes
Date
1960 Mine Rogers No. 2 Slope and Return Air Slope.
Dec, 1961 | Mine gangway and counter to southern end of mine; 150 ft of solid coal left between upper crosscut in 2nd level and
complete development crosscuts and chutes. gangway in Rogers No.1. Rogers No.1 kept dewatered and periodically
inspected. Test holes bored to define proximity to gravel layer at
southern end of level.
Sep, 1963 | Complete booming to below southern limit of 1st level | Areas caved through to surface (subsequently backfilled). Pillars left in
*| workings. 2nd level from directly below southern limit of 1st level for approximately
250 ft towards south. Mud inflow occurred August, 1963. Bulkheads
and stoppings set to prevent inflow and control fires. Extraction ratios
from 80 to 90 % reported.
Feb, 1965 | Complete booming to rock tunnel. Pillars left for fire control (BS). Often remnant pillars chosen to coincide
with fault (BS). Holes drilled through to 1st level gangway to drain water
(BS, Maps). Caved zone inspected daily and periodically backfilled
(BS). Booming round drilled within few feet of first level; often broke
through caving to gangway.
Jun, 1965 | Complete booming to No. 2 return air-slope. Pillars left for mine fire control. Coal between top of booming round and
1st level gangway reportedly caved without blasting.
Nov, 1966 | Mine area beneath No. 2 Slope 300 ft north of portal. Area mined from 3rd level with extensive caving.
to

Jul, 1967




zone designated as "Coal Extracted by Booming".

TABLE 4 SEQUENCE of MINING in the THIRD and FOURTH LEVELS
Approx Activity Notes
Date
1962 Mine Rogers No.3 Access slope and return airway to Slope and aircourse for the Rogers No. 3 level were driven to the
surface. surface from the Rogers No. 2 gangway..
May, 1966 | Mine 3rd gangway and counter 4,950 ft to horthern Level 3 is referred to in the Coal Mine Inspectors Reports as the Rogers
property boundary. No. 3, 2nd level.
1967 Drive Rogers No.3 slope to 4th level. Level 4 is referred to in the Coal Mine Inspectors Reports as the Rogers
No. 3, 3rd level.
Jul, 1967 Boom 3rd level to beneath bottom of Rogers No.2 Surface in this area initially overlain by 13 ft of gravel. Zone extending
slope. 300 ft north of Rogers No. 2 portal shown as caved to surface; this was
also reported in Coal Mine Inspector Report A23, and may be the
location referred to By Archie Eltz when daylight could be seen from the
3rd level. Portions of caved zone shown as backfilled on the Mine
Superintendent's drawings.
Dec, 1967 | Boom 3rd level to rock tunnel Four inch holes drilled through 90 ft pillar to 2nd level for drainage.
Jan, 1969 | Boom 3rd level to beneath northern end of 1st level

Four inch holes drilled through 50 to 60 ft pillar to 2nd level for drainage.
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TABLE 4 SEQUENCE of MINING in the THIRD and FOURTH LEVELS

Approx Activity Notes
Date
Jul, 1967 to | Mine 4th level gangway and counter to major fault. End of 4th level approximately 3200 ft from bottom of Rogers No.3
Sep, 1969 slope. gangway finished approximately one year before booming
started.
June, 1970 | Boom 3rd level to within 250 ft of Rogers No. 3 slope. | Four inch holes drilled through 50 to 60 ft pillar to 2nd level for drainage.
Sep, 1970 | First booming round on 4th level. First two booming rounds shown as caved to 3rd level. Area
immediately above these two rounds in 3rd level shown as left in place
due to hanging wall collapse in 3rd level crosscut.
Oct, 1974 | Complete booming on 4th level. Small (15 ft) pillars left between booming rounds. Four inch test holes
drilled through 100 ft pillar to 3rd level.
1975 Complete mining 3rd level, Rogers No.3 slope pillar. Pillars extracted prior to abandonment of level.
1975 Complete mining 2nd level, Rogers No.3 slope pillar. Pillars extracted prior to abandonment of level.
Dec, 1975 | Abandon Rogers No. 3 Mine On December 12, 1975 the Rogers No. 3 slope and return airway were

sealed by blasting from the surface. Remaining voids were filled using a
dozer (App. 111.3)




TABLE 5 LANDSBURG MINE - ROGERS SEAM MINED/WASHED COAL TONNAGES

Year Mine, Raw Clean Seam Notes
Rogers Coal Coal Thkns
No. (tons) (tons) (ft)
1956
1957
1958
1959 1 23205 16217 Washington State DNR, OFR 84-6, Plate 2 of 2
1960 1 17960 12573 7.5 Palmer Coking Coal Reéords
1960 2 12400 8678 7.5 Palmer Coking Coal Records
1961 1 14200 8516 7.5 Palmer Coking Coal Records
1961 2 49900 32472 7.5 Palmer Coking Coal Records
1962 1 21920 14375 ND Mine Inspectors Reports
1962 2 23865 16763 ND Mine Inspectors Reports
1963 2 42620 28152 Washington State DNR, OFR 84-6, Plate 2 of 2
1963 3 8160 5383 Washington State DNR, OFR 84-6, Plate 2 of 2
1964 2 39120 25838 Washington State DNR, OFR 84-6, Plate 2 of 2
1964 3 46418 22780 Washington State DNR, OFR 84-6, Plate 2 of 2
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TABLE 5 LANDSBURG MINE - ROGERS SEAM MINED/WASHED COAL TONNAGES

Year

Mine, Raw Clean Seam Notes
Rogers Coal Coal Thkns
No. (tons) (tons) (t)
1965 2 38610 25502 Washington State DNR, OFR 84-6, Plate 2 of 2
1965 3 17910 8824 Washington State DNR, OFR 84-6, Plate 2 of 2
1966 2 25100 16574 Washington State DNR, OFR 84-6, Plate 2 of 2
1966 3 47440 23372 Washington State DNR, OFR 84-6, Plate 2 of 2
1967 2
1967 3 79230 39069 Washington State DNR, OFR 84-6, Plate 2 of 2
1968 2
1968 3 70426 34698 Washington State DNR, OFR 84-6, Plate 2 of 2
1969 2
1969 3 78881 38862 Washington State DNR, OFR 84-6, Plate 2 of 2
1970 3 45594 22463 Washington State DNR, OFR 84-6, Plate 2 of 2
1971 3 65517 30105 8 Palmer Coking Coal Records
1972 3 59525 28572 8 Palmer Coking Coal Records
1973 3 31336 16295 8 Palmer Coking Coal Records
1974 3 27884 14500 8 Palmer Coking Coal Records
1975 3 9188 5051 8 Mine closed 8/20/75.




SubTerra, Inc. Landsburg Mine 5/17/05
Coal Mine Hazard Assessment

Appendix A

King County Sensitive / Critical Area Standards and Guidelines
A.1l. Coal Mine Hazard Areas: Development Standards

A.2  Coal Mine Hazard Area Guidelines: Guidance on Analyses to
Characterize Hazards and Develop Mitigation

27 PN: 2001-45
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ENVIRONMENTALLY SENSITIVE AREAS 21A.24.180 - 21A.24.210

21A.24.180 Sensitive area tracts and designations on site plans.

A. Sensitive area tracts shall be used to delineate and protect those sensitive areas and buffers
listed below in development proposals for subdivisions, short subdivisions or blndlng site plans and shall be
recorded on all documents of title of record for all affected lots:

1. All landslide hazard areas and buffers that are one acre or greater in size;

2. All steep slope hazard areas and buffers that are one acre or greater in size;
3. All wetlands and buffers; and

4. All streams and buffers.

B. Any required sensitive area tract shall be held in an undivided interest by each owner of a build-
ing lot within the development with this ownership interest passing with the ownership of the lot or shall be
held by an incorporated homeowner's association or other legal entity which assures the ownership,
malntenance and protection of the tract.

C. Site plans submitted as part of development proposals for building permits, master plan

~ developments and clearing and grading permits shall include and delineate:

1. All flood hazard areas, if they have been mapped by FEMA or King County or if a special study
is required; ’

2. Landslide, volcanic, coal mine and steep slope hazard areas;

3. Streams and wetlands;

4. Buffers; and

5. Building setbacks.

D. If only a part of the development site has been mapped pursuant to K.C.C. 21A.24.120C, the

part of the site that has not been mapped shall be clearly identified and labeled on the site plans. (Ord.
14449 § 11, 2002: Ord. 14449 § 11,2002: Ord. 10870 § 465, 1993).

21A.24.190 Alteration. Any human activity which results or is likely to result in an impact upon the
existing condition of a sensitive area is an alteration which is subject to specific limitations as specified for
each sensitive area. Alterations include, but are not limited to, grading, filing, dredging, draining,
channelizing, applying herbicides or pesticides or any hazardous substance, discharging pollutants except
stormwater, grazing domestic animals, paving, constructing, applying gravel, modifying for surface water
management purposes, cutting, pruning, topping, trimming, relocating or removing vegetation or any other
human activity which results or is likely to result in an impact to existent vegetation, hydrology, wildlife or
wildlife habitat. Alterations do not include walking, fishing or any other passive recreation or other similar
activities. (Ord. 10870 § 466, 1993).

21A.24.200 Building setbacks. Unless otherwise provided, buildings and other structures shall be
set back a distance of 15 feet from the edges of all sensitive area buffers or from the edges of all sensitive
areas, if no buffers aré required. The following may be allowed in the building setback area:

A. Landscaping; :

B. Uncovered decks; ‘

C. Building overhangs if such overhangs do not extend more than 18 inches into the setback area;
and

D. Impervious ground surfaces, such as driveways and patios, provided that such improvements
may be subject to special drainage provisions specified in administrative rules adopted for the various

sensitive areas. (Ord. 10870 § 467, 1993).

21A.24.210 Coal mine hazard areas: Development standards and permitted alterations.
A. Alterations within coal mine hazard areas shall not be permitted without prior acceptance of a

coal mine hazard assessment report and provided that:
1. Based upon recommendations contained within the report, a studied site shall be classified as

one or a combination of the following:
a. declassified coal mine areas;
b. moderate coal mine hazard areas; or
c. severe coal mine hazard areas.

. (King County 9-2002)
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2. The coal mine hazard assessment report shall be prepared by a professional engineer using
methodology and assumptions consistent with standards or professional engineering guidelines adopted by
the department. The report may contain the following as determined by the department to be necessary for
the review of the proposed use:

a. a statement of the professional engineer's qualifi catlons and licensing information, together
with a signature and stamped seal;

b. alist of references utilized in preparation of the report;

c. adescription of the analytical tools and processes that have been used in the report;

d. surface exploration data such as borings, drill holes, test pits, wells, geologic reports, and
other relevant reports or site investigations that may be useful in making ¢onclusions or recommendations

about the site under investigation;

e. a description of historical data and information used in the evaluatlon together with sources.
Such data and information shall include:

(1) topographic maps at a scale and contour interval of sufficient detail to assess the site. The
site boundaries and proposed site development shall be overlain with the mine plan view map, as
appropriate; ‘ .
(2) copies of illustrative coal mine maps showing remnant mine conditions, if available;

(3) aerial photography, as appropriate;
(4) geological data including geologic crosssections and other illustrative data as appropriate;
and

(5) available historic mine records indicating the dates of operation, the date of cessation of
active mining, the number of years since abandonment, mining methods, shoring and timbering information,
the strength of the overlying rock strata, the extracted seam thickness, the dip or inclination of the strata,
workings and surface, the projected surface location of the seam outcrop or subcrop, the estimated depth of
the seam outcrop or subcrop, if covered by glacial outwash, glacial till or other materials at depth, total coal
tonnage produced, estimated coal mine by-product material produced and the estimated extraction ratio.

f. a mine plan view map, reproduced at the same scale as the topographic map, showing the
location of the mine, the extent of mining, the proposed site development, if applicable, and any remnant
abandoned mine surface features. The following shall be included:

(1) the layout of the underground mine;

(2) the location of any mine entries, portals, adits, mine shafts, air shafts, timber shafts, and
other significant mine features;

(3) the location of any known sinkholes, significant surface depressions, trough subsidence
features, coal mine spoil piles and other mine-related surface features;

(4) the location of any prior site improvements that have been carried out to mitigate abandoned
coal mine features; and

{5) zones showing varying overburden-cover-to-seam-thickness ratios, when appropriate.

g. a statement as to the relative degree of accuracy and completeness of the maps and
information reviewed, especially regarding historic mine map accuracy, and reasons why such sources are
considered reliable for the purpose of the hazard assessment report;

h. a mitigation plan containing recommendations for mitigation, as appropriate, for the specific
proposed alteration;

i. recommendations for additional study, reports, development standards or architectural
recommendations for subsequent and more specific proposed alterations, as appropriate;

j. analysis and recommendations, if any, of the potential for future trough subsidence and special
mitigation; and

k. a delineation of coal mine hazard areas for the site under investigation using a map identifying
the specific category (i.e., severe, moderate, or declassified) of mine hazard area. For the purposes of '
obtaining accurate legal descriptions, the mine hazard areas shall be surveyed and the survey map shall be

drawn at a scale of not less than 1"=200’.

(King County 9-2002)
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3. Giving great weight to the licensing requirements of professional engineers and standards of
professional accountability and liability, the department shall review the coal mine hazard assessment report
and within the time period specified in K.C.C. 20.20.050 either accept the report, recommend revisions or
additions to the report or return the report to the applicant as unaccepted and detail the specific deficiencies.
In the event of a disagreement, the applicant may submit the report to a mutually agreed-upon third party
professional engineer who will conduct the review and issue a decision binding upon the department and
applicant. :
4. When a hazard assessment report has been accepted, the applicant shall record a notice on
the title of the property as follows:

"NOTICE"

"This property is located in an area of historic coal mine activity. A coal mine hazard
assessment report has been prepared to characterize the potential hazards contained on
this property. The report is dated [insert date of the final report], was prepared by [insert
name of professional engineer with license number] at the direction of [insert name of
property owner], and reviewed by the King County department of development and
environmental services [and, if necessary, include name of peer reviewing professional
engineer with license number]. A review of the report is advised prior to undertaking
unregulated or exempt land use activities and is required prior to undertaking regulated land
use activities."

B. Permitted alterations within a coal mine hazard area are.allowed as follows, subject to other King
County Code permit requirements:

1. Within declassified coal mine areas all alterations are permitted.

2. Within moderate coal mine hazard areas and coal mine by-product stockpiles, all alterations are
permitted subject to a mitigation plan to minimize risk of structural damage using appropriate criteria’ to
evaluate the proposed use.

If required or recommended by the hazard assessment report, the mitigation plan to address potential
trough subsidence must be prepared by a professional engineer and may be included in the coal mine
hazard assessment report or may be an additional study or report, as appropriate.

3. Within severe coal mine hazard areas the following alterations are permitted:

a. all grading, filling, stockpile removal, and reclamation activities undertaken pursuant to a coal
mine hazard assessment report with the intent of eliminating or mitigating threats to human health, public
safety, environmental restoration or protection of property, provided that:. .

(1)  signed and stamped plans have been prepared by a professional engineer;

(2)  as-built drawings are prepared following reclamation activities; and

(3) the plans and as-built drawings shall be submitted to the department for inclusion with
the coal mine hazard assessment report prepared for the property.

b. private road construction and maintenance activities, provided that mitigation to eliminate or
minimize significant risk of personal injury are incorporated into road construction or maintenance plans.

c. buildings with less than four thousand square feet of floor area that contain no living quarters
and that are not used as places of employment or public assembly, provided that mitigation to eliminate or
minimize significant risk of personal injury are incorporated into site, building, and/or landscaping plans.

d. additional land use activities provided that they are consistent with recommendations
contained within any mitigation plan required by the hazard assessment report. (Ord. 13319 §7, 1998: Ord.

11896 § 1, 1995: Ord. 10870 § 468, 1993).
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Guidance on Analyses to Characterize Hazards and Develop Mitigation

Proposed developments in Coal Mine Hazard Areas are required to mitigate specific hazards.
King County will usually require specific studies as part of a sensitive area report that will
evaluate and define these hazards and develop appropriate mitigation. Guidance is provided in
this document on the appropriate geotechnical analyses necessary to characterize hazards and
develop mitigation measures that will meet the standards in K.C.C. 21A.24.210. These
guidelines include details of reporting requirements for abandoned mine related studies,
procedures for evaluating potential hazards including ground failure mechanisms and analysis
methods, determination of hazard areas, methods to eliminate hazards and reference materials.

A. GENERAL GUIDELINES FOR COAL MINE HAZARD EVALUATIONS

All permitted alterations within hazard areas must demonstrate to the satisfaction of the
Department of Development and Environmental Services (DDES) that the hazard will not impact
the alterations and that the alterations will not impact the hazard areas. In order to acceptably
evaluate the potential impacts of and to the proposed alteration in Coal Mine Hazard Areas, the
following aspects must be addressed:
e The potential impacts of catastrophic effects and/or predicted trough subsidence and
associated ground deformations from the underlying coal mine workings.
The response of proposed development activities to predicted ground deformations.
The interaction of the proposed activity with the coal mine workings, including; potential
impacts from introducing or removing water from the mine; changes to the subsurface
environment that might lead to, or accelerate degradation processes; and plans for adequately
sealing any new penetrations.
e Methods of mitigating impacts that are contained in the development proposal. Acceptable
methods are contained in Section E.
e Conditions of occupancy in the proposed development.

This guidance provides details on conducting acceptable hazard evaluations and the format for
providing that information to DDES.

B. GUIDANCE ON ABANDONED MINE RELATED STUDY AND REPORT
SUBMITTALS

The abandoned mine studies and reports, referred to in this Section, shall be prepared by a
qualified engineer or engineering geologist as defined in K.C.C. 21A.06. Reports will be

required for: ,
o Determining whether coal mine areas will be regulated as hazard areas.

e Proposed developments in a coal mine hazard area.

‘o Proposals to change land use or zoning designations in a coal mine hazard area.

Studies and reports shall be submitted to the Department for review and approval, if acceptable.
At its discretion, the Department may also require the qualified engineer or engineering geologist
to present the results of their studies to Department staff.
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Preliminary Site Evaluation Report (PSER). A preliminary site evaluation shall be required

for proposed developments in any coal mine hazard area. This material should be submitted for

and discussed in the preliminary application meeting. As a minimum, the PSER shall contain:

1. A work plan outlining the proposed approach to evaluating hazards, including reference to
any analytical tools and processes that will be used, in subsequent stages, for hazard

evaluation.
e Reference to methods recommended in Section F shall demonstrate compliance with this

requirement.

o Ifhazards as described in K.C.C. 21A.24.240A are identified; a proposed program of site
investigation to support engineering design for mitigation of those hazards shall be
included in the Work Plan.

1. Historical data and sources for historical information used, or to be used, in the hazard
evaluation. Such data and information shall include, as a minimum:

e Coal Mine Hazards Maps.

e Copies of the original coal mine maps, illustrating the remnant mine condition(s).
Reproductions from original maps are acceptable as long as they clearly illustrate
conditions that are important to the hazards analysis.

e Aerial photographs. Where possible, aerial photographs showing the current, as well as
the mine abandonment, surface conditions shall be provided.

e Readily available records indicating the extracted seam thickness, dip/inclination of the
workings, location of seam outcrop or subcrop, and dates of working.

1. Plan(s) showing the location of the mine(s) and the extent of mining; the proposed site
development; and any remnant abandoned mine surface features. The plan(s) should include,
as a minimum;

e The layout of the underground mine(s)

e The location of any mine entries, sinkholes, or surface depressions, recorded on title
documents, in published records, or discovered during the preliminary site
reconnaissance.

The location of any abandoned mine surface features.

e The location of any prior site improvements that have been carried out to mitigate or
eliminate catastrophic effects, including any remedial work performed by the Office of
Surface Mining (OSM). Evidence of adequate sealing of sinkholes or mine entries shall
include as-built drawings, completion records recorded with King County, and/or a letter
from the Regional OSM Representative stating that the closure was performed to OSM's
standards. '

e Statement as to the accuracy of locating the abandoned mine workings with respect to the
surface, and the basis for the stated accuracy.

e Any additional assumptions that limit the accuracy or completeness of the information

provided.

1. The results of a preliminary surface-based reconnaissance of the proposed development site.
A Preliminary Site Reconnaissance shall be required to identify any subsidence features or
mine hazards that are present on or within 100 feet of the property including, but not limited

to:
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coal mine spoil piles, and
any indication of combustion in underground workings or coal mine waste dumps.

e surface depressions,
e sinkholes,

e mine shafts,

e mine entries,

[ ]

[ ]

The surface reconnaissance shall include, but not be limited to, inspection, review, and
documentation of any known hazards that have previously been documented by the Office of
Surface Mining, Abandoned Mined Land program (see references Lucas and Assoc., 1987;
Skelly and Loy, 1988; and USHUD, 1977a for examples), or that have been identified from
review and interpretation of air photographs or other sources.

1. Existing surface exploration data (borings, test pits, wells) that exist for the site and copies of
any reports of other investigations in the vicinity of the project.

Site Investigation Program. Subsurface conditions for coal seams located within 200 feet of
the ground surface are required to be investigated by drilling and logging of subsurface
conditions consistent with the following:

e Drill holes shall be located adjacent to, but not within, coal pillars that are shown on the mine
plans, unless the objective is to retrieve samples for testing purposes.

e Holes shall be drilled along the alignment of any linear structure, such as a road or utility
line, where coal mines are indicated to be within 200 feet of the surface.

e Rotary drilling is an acceptable method of drilling provided it is used in combination with
downhole geophysical logging, including caliper logs. Core drilling is preferred, but is not
compulsory, immediately above and through the predicted coal seam location(s). Drill holes
shall be logged continuously throughout their length, including lithology at 5-foot intervals
for rotary drill holes, drill fluid circulation, penetration rate, and free fall of the drill string.
Greater confidence will be placed in core drilling logs than in rotary drilling logs; this may
result in less drill holes being required if core drilling is used in the vicinity of coal seams
instead of rotary drilling.

e Hazards very near the surface such as slope entry portals, shaft collars, prospects and mine
waste dumps may be investigated by test pits or trenching, providing the method enables
investigation to an adequate depth for the hazard being investigated.

o Indirect means of subsurface evaluation, including geophysics, geologic projection, and
evaluation of mining records, may be used to supplement drilling results, but shall not be
used as the sole source for evaluating subsurface conditions.

Final Site Evaluation Report. A Final Site Evaluation Report shall be provided for all
proposed permitted alterations in Coal Mine Hazard Areas. Repetition of information provided
in the PSER is not required unless changes have occurred since the original submittal. Asa
minimum, the report shall contain:
1. The results of the hazards assessment performed according to the Work Plan submitted in the
PSER.
2. Ifhazards were identified in the PSER. the report shall provide:
o The results of the Site Investigation Program carried out to gather engineering data

required for remedial designs.
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o The results of subsidence predictions, including documentation of the trough subsidence

evaluation.
e Plans, engineering studies, and specifications for proposed elimination of catastrophic

effects and or mitigation of predicted trough subsidence effects.
e Proposed construction contractor(s) and estimated construction schedule for mitigation.

As-Built Hazards Mitigation Report. An As-Built Hazards Mitigation Report shall be required

to document any remedial or mitigation activities carried out in Coal Mine Hazards Areas. The

report shall contain, as a minimum:

1. As-built surveys showing the location of mine closures. Any closures carried out by the
OSM, or its supporting contractor(s), are subject to these location reporting requirements.

2. Documentation certifying the mine closures have been constructed as designed.

3. Documentation, if appropriate, that mitigation for trough subsidence areas is not required as
this will be controlled through building permit inspections. Such documentation will clearly
identify the tilt and strain levels that any building permit will need to comply with.

C. PROCEDURES TO EVALUATE COAL MINE HAZARDS

This section presents the methods used for the evaluation of coal mine hazards. The section is
composed of two parts. The first evaluates the potential for sinkhole development. This
evaluation is used to determine if there is any site that will need to be mitigated because of an
unacceptably high probability that a sinkhole could develop from shallow mine workings. The
second section presents the recommended procedures for estimating the subsidence potential of
underground mine workings and to the resulting forces any development would be subjected.

Potential for Sinkhole Development

Matheson (1991) has developed an equation to fit the sinkhole development probability curve
(Figure 1).

P=1.0 (forb/m <6.2)
P=1516 (h/m)™ (for h/m>6.2)
where,
P = Probability of void creating a sinkhole
h = Depth to mine floor
m = Extracted seam height

The extracted seam height (m) used in the formulae should be adjusted for seam inclination as

follows:
_ seamthickness

S0

This equation can be used to predict the probability of sinkhole development over areas where
secondary or “retreat mining™ has not been fully carried out and remnant pillars preserve the
subsurface void space into which the mine roof can collapse.
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Figure 1. Probability of Sinkhole Development

Source: Boulder County Subsidence Investigation report, Figure 8-3, page 8-36 (CMLRD, 1986).

No additional mitigation will be required if the maximum probability of sinkhole development is
less than one percent (< 1%). The recommended procedure for determining the probability of
sinkhole development simplifies what is otherwise a complex analysis. The threshold of P = 1%
has been set bearing this in mind. If the probability is over 1%, then the potential for sinkhole
development will have to be mitigated by the voids being filled, grouted or otherwise acceptably
mitigated to the satisfaction of the department.

Alternative methods for evaluating sinkhole potential may be utilized provided they meet the
intended standard of long-term surface stability. For example, methods commonly utilized in

civil tunnel stability analyses may be utilized.
Estimation of Tilt and Strain from Potential Subsidence

The recommended procedure for calculating tilt and strain is based on the empirical methods in
the Subsidence Engineers Handbook, 1975 (see References). Alternative methods of calculating
potential subsidence magnitudes, strains, and tilts may be used provided they incorporate similar
assumptions to those specified in the recommended procedure. If alternative calculation
methods, design parameters or assumptions are proposed, detailed justification must be provided
to the Department, in the PSER, for review and approval.

The recommended procedure includes the following steps:
1. Estimate the remaining equivalent mining height by either 1) direct subsurface exploration or
2) using mine records and published information on coal seam characteristics.

o Subsurface conditions may be evaluated by drilling. Although drilling is not
compulsory, it is the most acceptable method for providing information that is
acceptable for reducing the remaining mining height value used in subsidence
calculations.
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o Ifthe applicant wishes to conduct a subsurface investigation, the proposed approach

'”"'\7) must be submitted with the PSER for review and approval.

e If a drill hole encounters voids at or above the location of the coal seam, the
cumulative length of the voids shall be added to the void observed at the coal seam
horizon to determine the remaining mining height. '

o Direct evidence of the condition of panels in the same seam with similar dimensions,
similar extraction ratios, and at a similar or shallower depth, shall be accepted as
evidence of the condition of mine workings at any point.

e Surface geophysics, or other indirect means, may be used to assist in projecting
information between and beyond drill holes, but shall not be accepted as the sole
method for evaluating the condition of underground mine workings and calculating
remaining mining height. Assumptions concerning the extent of collapse of mine
workings based on recorded extraction ratios shall be conservative because of
possible inaccuracies of mine records, the likely presence of remnant pillars and the
lack of data to accurately locate them, and because uncollapsed mine workings have
been documented under similar conditions in King County.

2. In the absence of site specific data derived from drilling, the remaining equivalent mining
height shall be estimated as follows:

e For workings between 0 and 200 feet, the REMH is assumed to be equal to the seam

thickness or recorded mining height.

e For workings between 200 and 1000 feet deep, the REMH is estimated from Table 1
and the extracted thickness (from mine records or published data (see References A
and B)). The extraction ratio shall be based on an examination of the detailed mining
records. Where detailed maps or data are unavailable, or drawings are unclear, a
"worst case" extraction ratio shall be used.

)
N

Table 1 - REMH for Workings Between 200 and 1000 ft

Extraction Ratio (%) Remaining Equivalent Mining
Height in terms of Extracted
, Thickness (%)
0 0
10 10
20 15
30 25
40 30
50 25
60 . 20

70 10
80-100 5

e

\_/) e For workings deeper than 1000 feet, the REMH is assumed to be 0.
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3. Estimate the maximum vertical subsidence for each mining panel using the remaining
equivalent mining height and the panel width to depth ratio applying corrections for limited
face advance, where appropriate (see Fig. 3 and Fig. 4 of the Subsidence Engineers
Handbook (SEH, 1975, pp. 8-11).

4. Estimate the maximum vertical subsidence for an inclined seam as the maximum subsidence
that would be predicted for a horizontal seam, multiplied by the cosine of the seam dip.

5. Adjust the downdip, centerline, and updip limit angles for seam inclination using Table 2,
and estimate the subsidence profile (see Section 3, SEH). Topography is considered in
determining the point at which the limit angle intersects the ground surface, and hence the
limits of predicted subsidence.

Table 2 - Down-Dip, Centerline, and Up-Dip Limit Angles

Seam Dip Rise or Up- Centerline Down-Dip Limit
Dip Limit Projection Angle
Angle Angle
0 ‘ 20 0 20
10 15 5 25
20 10 10 30
30 10 15 35
40 5 20 40
50 5 20 40
60 10 15 35
These values are based on a survey standard for the subsidence limit of 0.1
ft.

6. Estimate slope (tilt) from the predicted subsidence curve at intervals of 1/20th of the average
seam depth.

7. Estimate maximum horizontal strain and the strain profile from either:

e Ground curvature using the method outlined on pages 33 - 37 of the Subsidence

Engineers Handbook, or,
e Predicted subsidence and average seam depth using the method outlined in Section 3

of the Subsidence Engineers Handbook

8. For conditions involving multiple seams, separate predictions shall be made for each seam
and superimposed.

No additional mitigation will be required if the maximum predicted ground slope change (tilt) is

equal or less than 1:350 (V:H) and the predicted surface strains are equal or less than 0.003
(in/in). The recommended procedure for determining the predicted tilt and strain simplifies what
is otherwise a complex analysis. For conditions where the predicted ground slope change is
greater than 1:350 (V:H) and/or the predicted surface strains are greater than 0.003 (in/in), then
the potential for damage form subsidence is significant and will need to be mitigated by
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designing the alterations to withstand the forces. Depending on the alteration proposed, K.C.C.
21A.24.210B identifies the safety factors required. Note that special designs may be needed to
mitigate potential impacts.

D. DETERMINATION OF COAL MINE HAZARD AREA

The definition of Coal Mine Hazard Areas states that any area is defined as a hazard if, among
other criteria, it is “subject to the risk of trough subsidence, catastrophic collapse or
combustion...”. Only those areas meeting the definition of Coal Mine Hazard Areas are subject
to the requirements of the Sensitive Areas Code and K.C.C. 21A.24.210. This section provides
guidance on how to determine if a site with identified coal mine workings is subject to these risks

and therefore a regulated hazard area or not.
Demonstration of Risk

Combustion. (Need a clear test for combustion

Catastrophic Collapse. Risk of catastrophic collapse can be demonstrated by conducting the
evaluation for potential sinkhole development presented in Section C. If the maximum
probability of sinkhole development is less than one percent (< 1%), then the site is not at risk of

sinkhole development.

Trough Subsidence. Risk of through subsidence can be demonstrated by conducting the
evaluation for the estimation of tilt and strain from potential subsidence presented in Section C.
If the maximum predicted tilt (ground slope change) is less than 1:350 (V:H) and the predicted
surface strains are less than 0.003 (in/in), then the site is not at risk of trough subsidence.
Alternative methods for demonstrating that abandoned workings will remain stable under
existing and planned future loads are acceptable if the procedures presented below are used to

evaluate remnant roof, floor and pillar stability.

Alternative Evaluation of Trough Subsidence Using Roof, Floor and Pillar Stability

The recommended procedures for evaluating roof, floor, and pillar stability are provided below.
Alternative methods may be acceptable provided they incorporate similar assumptions.

Pillar Stability and Failure. Coal pillar stability is calculated assuming each pillar supports an
area equivalent to its own area plus an area of roof spanning half the distance to the next pillar.
The pillar load (or stress) is calculated using the following formula:

P =  (OLxAT)/AP
where,
PL = Pillar load (Ib/in% or Ib/ft?)
OL = Overburden Pressure, (Ib/in?, or 1b/ft%) calculated by multiplying
the overburden thickness (ft) by the overburden unit weight (1b/ft%)
AT = Total area supported by pillar (ft%)
AP = Area of pillar (ft%)
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This equation can be re-written using the extraction ratio instead of the area supported by pillars:

PL = OL/(1-ER)
where,
Extraction ratio ((AT - AP)/ AT)

ER

Traditional pillar strength formulae account for the intact coal strength (determined in the
laboratory) and the pillar’s aspect ratio. Two methods are suggested in this guidance document.

1. Method suggested by Baushinger (described by Hustrulid (1976), p129; Peng (1978), p188):

PS = CRMS x (0.778 + 0.222(Wp/Hp))
where,
PS = Pillar Strength (Ib/in?, or Ib/ft))
CRMS = Coal Rock Mass Strength (Ib/in?, or Ib/ft?)
Wp = Coal Pillar Width (ft)
Hp = Extracted Seam Height (ft)

2. Method suggested by Hustrulid, 1976:
PS = CRMS x SQRT(Wp/Hp)

The factor of safety (FS) is calculated from the ratio of pillar strength/pillar stress. Ranges in the
value of FS, required for stability, have been suggested by Brady and Brown (1985)(FS = 1.3 to

1.9), and by Peng (1978) (FS = 1.5 to 2.0).

Floor Stability and Failure Floor stability or failure is a function of the ability of the floor rock
to resist the shear forces associated with the pillar punching into the floor. Pillar punching is
analogous to bearing capacity failure of a foundation and is analyzed using traditional foundation
design methods; two solution methods are described below:

1. Method suggested by Brady and Brown (1985):

Qb = 1/2 (GMA x Wp x NG x SG) + (¢ x cot(PHI) x Ng x Sq) + (c X
cot(PHD)
where,
Qb = Bearing Capacity (Ib/in?, or Ib/ft%)
Wp = Coal Pillar Width (ft)
NG = 1.5 x (Nq - 1) x tan(PHI)
Ng = efl* =D ¥ tan’(P1/4 + PHI/2)
SG = 1.0-0.4(Wp/Lp)
Sq = 1.0 + sin(PHI)(Wp / Lp)
c = material cohesion (Ib/in?, or Ib/ft?)
PHI = material friction angle

2. Method suggested by Vesic, 1969 (Reported in CMLRD, 1986):
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. Qb = SS x Nc
) )) where,
- SS = Shear Strength (Ib/in?, or Ib/ft?)
Ne = 5.61 +0.146(Wp / t) for Wp/t>3.8
t = thickness of floor strata (ft)

The disturbing force is the vertical pillar load (PL) previously defined in Pillar Stability and
Failure. The factor of safety is the ratio of the two forces (Qb / PL).

Roof Stability and Failure. The process of collapse over a mine opening involves loosening
and relaxation of the horizontally bedded roof strata which induces tensile and shear stresses at
the abutments. If these stresses exceed the material strengths, then failure will occur. This
failure will progress up into the roof until a stable arch is formed or partial support is provided by
the broken rock pile. An analysis of the bulking potential of roof strata, typical of the Laramie
formation, indicates that movement would be arrested a distance approximately equal to 5-to-6
times the extracted seam height. This hypothesis has been field verified as part of work
conducted by the CMLRD.

Roof stability or failure can be determined by analyzing the resisting and disturbing forces
present in the roof strata immediately prior to failure. Assuming that the roof strata behave as a
simple beam, the maximum tensile stress occurs at the outer fiber at the center of the beam.

) TS =  (3xGMAxL)/(@xt)
at where,
S = Maximum Tensile Stress in Roof Beam (Ib/ft*)\
GMA = Unit Weight of Roof Strata (Ib/ft’)
L = Roof Span (ft)
t = Thickness of Roof Beam (ft)

The maximum shear stress occurs at both ends of the beam above the rib:

SS

(3xGMAxL)/4

where,

SS Shear strength (Ib/in?, or Ib/f?)

I

In the case where lateral deformation is restrained, and the roof can be considered to act as a
beam clamped at both ends, the maximum tensile stress occurs at the upper side on both ends of

the beam.
TS - (GMAxL2)/(2x1)

The resisting forces are the tensile (ZIGt) and shear strengths (TOR) of the roof strata. The
factor of safety is again expressed as the ratio between the two resisting and disturbing forces

/) (Z1Gt/ TS), and (TOR / SS).

cmhagui2.doc 10 3/15/97
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E. GUIDANCE ON THE ELIMINATION OF HAZARDS

This section provides additional guidance on acceptable methods for mitigating identified
hazards in Coal Mine Hazard Areas.

Mine Entries, Shafts, and Existing Sinkholes. Mine entries, shafts, and existing sinkholes
shall be permanently sealed using controlled backfill and/or grouting, or an approved, engineered

seal.

Acceptable seal construction consists of a tapered, reinforced concrete plug constructed within a
steel form; a below grade reinforced concrete cap constructed over shaft collars; and a reinforced
concrete plug for sealing horizontal mine entries. Other proposed methods of sealing will be
considered on a case by case basis.

Site preparation prior to installation of the plug shall include permanently diverting surface
drainage away from the shaft or mine entry, and excavating loose rock and soil away from the
collar of the shaft or the mine entry portal.

Shaft and slope entry seals shall be designed and installed so that they are bearing on competent
bedrock or dense, competent glacial sediments. The top of the tapered plug or the base of the cap
shall extend a minimum of two feet in all directions beyond the shaft or slope entry. The length
of any plug used to seal a horizontal mine entry shall not be less than the maximum dimension of
the entry. The need for installing additional backfill behind the seal of a horizontal mine entry to
prevent potential subsidence over the entry shall be determined on a case by case basis.

Compaction grouting, in conjunction with placement of uncompacted fill, is an acceptable
method of backfilling and grouting. Compaction grouting shall be carried out from the bottom of
the filled zone to the top in increments/stages sufficient to ensure adequate filling, and

compaction of voids.

Prospect Pits. Shallow Prospect Pits shall be backfilled to surface using controlled placement of
suitable backfill. Surface drainage shall be permanently diverted away from existing sinkholes
and prospect excavations.

Potential Sinkholes. Demonstrate by direct subsurface investigation that coal mine workings
either do not exist, or that the workings have fully collapsed so that there is no remaining
potential for sinkhole development; or show that the hazards associated with any voids that are
identified are fully mitigated by backfilling, grouting, or other approved means such that the
potential for sinkhole development is eliminated.

A fence shall be constructed along the sinkhole boundary to prevent access to the area if the
potential for sinkhole development has not been eliminated. Signs shall be posted on the fence at
intervals of no more than 100 feet warning of danger due to possible sinkholes.

Any sinkholes that develop shall be promptly backfilled and surface drainage shall be diverted
away from the sinkhole.

cmhagui2.doc 11 3/15/97
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Coal Mine Spoil Piles. Any coal mine spoil piles from which springs or seeps are discharging,
or which shows evidence of seasonal discharge of springs or seeps, shall be removed or regraded
to expose the source of the spring or seep.

The stability of the coal mine spoil pile(s) shall be verified by a slope stability analysis meeting
the King County standards for such work.

All coal mine waste materials, incorporated within a development, shall be covered with a
minimum of two feet of clean soil and shall be revegetated in accordance with applicable King

County requirements.

No construction shall be permitted over coal mine waste material unless a geotechnical
investigation is completed by a soils engineer, and specific design and construction criteria are
developed to mitigate the potential impacts of the coal mine waste on foundation stability and
performance. Construction shall not be permitted within 100 feet of any coal mine waste dump

that shows evidence of current or past combustion.

Mine Gases. Potential hazards associated with mine gases shall be mitigated by backfilling all
mine entries, shafts, and sinkholes in accordance with these Regulations.

Mine Fires. Construction shall not be permitted over workings where surface or subsurface
investigations indicate the possible presence of combustion in the underlying seam or seams.
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GENERAL INTERVIEW QUESTIONS

Each interview was conducted on an informal basis at the residence of each retired miner.
Each interviewee was informed that the information to be provided would be treated

(1)
(2)

confidentially. Two base maps were used as discussion points

Rogers mine section updated by C. Falk on 11/1/72.
Rogers mine/Landsburg mine plan updated February, 1967.

Information was solicited regarding water inflows, fault conditions, mining method and

sequence, extraction ratio, condition of subsurface after mining, etc.

Interviewees were asked to describe:

(1)
(2)

)
(4)
®)
(6)
(7)
8
(9)

(10)

(11)
(12)

(13)
(14)
(15)
(16)
(17)

(18)
(19)

(20)
(21)

(22)
(23)
(24)

Procedure for mining first level.

Whether water was encountered in the fault penetrated at the base of the
first level slope. '

Extent of water inflow at the southern extent of the 1st level.

Extraction ratio in the southern-most section of coal mined.

Reason for leaving intact coal pillars as shown.

Extent of caving resulting from 1st level extraction.

Whether any material had been removed by surface stripping.

Procedure for mining second level.

Nature and extent of inflow from boreholes drilled to locate the position of
the gravel layer at the southern end of the Rogers seam.

Reason for leaving intact coal pillars as shown.

Whether water was encountered when mining through faults

Source of notes on mine plan referring to "mined out, filled with broken
shale, sandstone, etc.) ,

Nature of excavation shown between Rogers and adjacent 3 ft seam.
Procedure for mining third level.

Reason for leaving intact coal pillars as shown.

Whether water was encountered when mining through faults

Whether an increase in water was encountered over that found in upper

levels.
Reason for not mining block of coal at northern end of mine adjacent to

property boundary.

Whether mining northern-most block in 3rd level resulted in surface
subsidence.

Had the area referred to in (19) been filled.

Was much water drained through boreholes drilled through the 2nd level
gangway during 3rd level development.

Condition of underground caved zone and how observed.

Procedure for mining fourth level.
Reason for not leaving intact coal pillars as shown.



(25)

(26)

(27)

(28)

(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
37)
(38)
(39)
(40)
(41)
(42)

Whether water was encountered when mining through faults

Whether an increase in water was encountered over that found in upper
levels. .

Why mining was not carried out beneath 3rd level workings in northern end
of mine.

Reason for change in cross-cut layout.

Excavation during abandonment.

How openings were sealed.

Nature of "booming" drilling round; were holes drilled into the wall rock ?
Size of underground openings.

Type of mining equipment used.

Nature of ventilation system.

Any evidence of mine fires.

Nature/Displacement of faults.

Whether contaminants had been observed in the mine (e.g., seen, smelt ?).
How much water was being pumped from the mine.

Type of pumps being used, size, horsepower, capacity.

How pumps were deployed.

Size of sump used; how quickly sump/gangway filled during power outages.
Any other pertinent information of use to the project.



LANDSBURG - MINER INTERVIEWS

Name Telephone Address Notes
Jack A. Morris 432-9909 (W) Kerry/Morris Fuel Msg: 2:09, 1/20/92
President 432-3330 Friday Morning 8:00 am.
432-0117 (H)
Evan Morris 432-5403 (W) The Summit Inn Wednesday; 9:00 am.
Vice President 432-0451 (H)
Carl G. Falk 255-7033 18415 102nd SE Wednesday; 1:00 pm
Secretary Renton
Alva A. "Bud" 833-9390 3731 Auburn Way Sth | Friday at Noon (12:00 am)
Simmons Auburn
Mine Superintendent
Archie Eltz 886-2476 (H) 32619 Union Drive | Thursday 8:30 am.
Miner ' Black Diamond
Tony Basselli Carbonado No Contact. Keep as backup if needed.
Foreman

Cameron Rich

829-0286

170 North A st.
Buckley

Thursday 2:00 pm
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TELECON/CONTACT MEMORANDUM - RECORD of PERSONAL VISIT
Company Name: Not Applicable
Address: The Summitt Inn
Black Diamond. Washington
Person: Evan Morris " Job No: 91-13
Telephone: (206)-432-5403 Date: 1-22-1992 Time: 8:00 am _
Remarks: Evan indicated that he knew little about the operating aspects of the Rogers
mines as he had been primarily involved in management. A general
discussion was held regarding the use of the Rogers and Newcastle mines
for waste disposal; the following pertinent information was provided:
. The Polluﬁon Control Board may have conducted an earlier study of the waste at the
) Rogers mine; the name of Dave Mooney was provided.

Several fires (No. put at 3) that occurred in waste at the Rogers mine were effectively
allowed to bumn out.

There was no dumping in the Landsburg mine.

Most of the barrels were placed in the trench to the north of the rock bridge (existing
roadway across the trench corresponding to the fault located at the bottom of the Rogers
No.1 slope). Mainly building debris, stumps, etc placed to the south of the rock bridge.

Reported that one of the miners noted oil in the fourth level sump after tankers containing
"bilge" (my word) water were dumped. Never was much oil; disappeared within a few

days.

Did not think it was safe to operate a dozer in the bottom of the-trench, however, was not
the best person to ask about this.

Reported that a truck that entered the Landsburg mine (18 ft seam) through a sinkhole
was eventually seen at the fourth mine level after three years.

——

%5)’ Action/Next Contact: _ %_
Recorded by:
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TELECON/CONTACT MEMORANDUM - RECORD of PERSONAL VISIT

Company Name: Not Applicable

Address: 18415 102nd Street

Renton

Washington
Person: Carl Falk Job No: 91-13
Telephone: (206)-255-70 - Date: 1-22-1992 Time: 1:00 pm

Remarks:  Carl was the company secretary during the operation of the Rogers
mine. He had good general knowledge of the mine operations but

deferred to operating personnel for details.

Ist Level: - Large fault at bottom of first level slope is the same fault encountered
)} in the Landsburg mine due directly east. Fault in Landsburg seam

may have greater offset.
- Thought that drillholes were only drilled in the coal during

development and booming.
- Did not believe that boreholes were drilled through the hardpan layer

beneath the gravel at the southern end of the mine.

2nd Level: - Pillars left to facilitate mine fire handling.

3rd Level: - Did not believe that there was much difference in the water inflow in

each.of the levels.
- pillars left in third level to facilitate mine fire control left in areas of

faulting.
- Coal left at northern property boundary to protect road.

|/

Action/Next Contact: 1. Locate drilling records for pr: h of fault.

heck r not : r during interview.

Recorded by:
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Car Falk

4th Level: - Bean pump (2/3 " line) used in 4th level. Large Bean and two smaller
pumps. Centrifugal pump used in 3rd level. '

- No exploration for coal beyond the southem end of the Rogers mines

from underground. Some surface based drilling was carried out south

of the fault; indicated that the dip in this area was 45 degrees (should

attempt to retrieve records).

Faults: - The adjacent Landsburg mine was flooded at the time the Rogers

seam was mined.
- Inflows of water were not encountered when mining through faults.

Did not believe that rock was backfilled into the mine workings from surface. His
designation of "backfilled with crushed rock" on the section drawing was based on
observations of underground conditions.

Where water flowed across the Rogers outcrop and/or gravel cover, ditches were
graded to promote flow and reduce infiltration.

Frazier seam made a lot more water than the Rogers.

An excavation line shown on the plan between the Rogers and an adjacent 3 ft
seam is probably a dozer cut. No rock tunnels were mined underground apart from

those level tunnels mined around the major fault.
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TELECON/CONTACT MEMORANDUM - RECORD of PERSONAL VISIT

Company Name: Not Applicable

Width of caved zone may be up to 16 ft. Holes may have been

drilled in coal only at upper levels.
Booming round holes often were drilled within a few feet of the upper

level gangway. Occasionally the floor was penetrated caved
material was drilled into.

Pillar of coal left at northen end of mine to protect surface.

Reported being able to see daylight from 3rd level. Any break to
surface resulted in short circuiting of ventilating air; hole was usually

filled from surface.

Address: 32619 Union Drive
Black Diamond
Washington
Person: Archie Eltz Job No: 91-13
Telephone: (206)-886-2476 Date: 1-23-1992 Time: 8:30 am
Remarks:  Archie was responsible for mining the gangways, counters, and
crosscuts (development work). He left the mine in 1972.
1st Level - Holes not drilled through hardpan at southern end of mine.
- 100% of coal removed from area designated "coal extracted by
booming" adjacent to gravel area.
2nd level - Not sure whether cave caused disruption in gravel layer at southern
end of mine.
- Pillars left to seal mine against mine fires.
3rd level - Holes were drilled into the hanging-wall shale to promote caving.

|-

Action/Next Contact:

" Recorded by: %’-
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4th level

Gas:

Faults: -

General:

~ remains underground.

‘Reported smelling “diesel" fumes in mine. (note: Unable to provide

Coal seam consisted of 4’ bottom coal, 2' muck, 4’ top coal, and
several feet of shale in hanging-wall.

Vertical kerf cutter used during excavation of gangway.

Coal blasted and loaded using Joy gathering arm loader. water had
to be sprayed on coal for dust control during summer months.

25 to 30 ft left between crosscuts initially.

Gangway 16.5’ x 10’; crosscuts and counter 10’ x 10

Did not believe that extraction ratio in 4th level was higher than 50%.
(However, Archie did not work in mine during booming of 4th level).
Large Bean pump and two smaller pumps used in 4th level. Pumps
were run continuously, however, they were not always pumping water.
Pumps are in shed adjacent to mine plant office in Black Diamond.
4th level gangways were mined out at least one year before booming
was started. On returning to this area, significant floor lift (heave)
was observed (up to 5 ft); additional excavation was required.
Periodic floor excavation was required to permit access for mining
equipment.

14" diameter timber posts and crossbeams were initially used in 4th
level; these sometimes failed and had to be replaced. later 24"
diameter posts and x-beams were used. large amount of wood

Landsburg was a gassy mine, however, no methane found in Rogers
mines. Carbon monoxide detected. This indicated spontaneous

combustion.

First two faults (moving from northern end of mine) displaced about
12 ft towards west. Next fault displaced about 16-20 ft towards east.
Sides of exposed rock at fault line were polished.

No inflows of water when mining through faults.

Thought that offset at major fault in Landsburg mine was at least 100

ft.

Archie did not believe that it would be safe to operate a large piece of
equipment in the bottom of the trench as he had observed large slabs |
of sandstone spalling into the void and suspected that these might

hide voids.

precise time, however, believed to be associated with tanker
dumping).
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TELECON/CONTACT MEMORANDUM - RECORD of PERSONAL VISIT

Company Name: Not Applicable

Address:

Person:

Telephone:

170 North A Street

Buckley

Washington
Cameron Rich_

(206)-829-0286 Date: 1-23-1992

Job No: 91-13

Time: 2:00 pm _

Remarks:

Cameron was taken ill prior to meeting.

Action/Next Contact: Reschedule meting after review of other interviews.

Recorded by: (S ko
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Company Name: Not Applicable
Address: ’Ke[_ry/Morris Fuel

Black Diamond

Washington
Person: Jack Morris / Robert Morris Job No: 91-13
Telephone: (206)-432-3330 Date: 1-24-1992 Time: 8:00 am

Remarks:  Jack Morris was the President of PCC and was rarely involved in
mining operations. Bob Morris worked in the mine during 4th level

extraction and mine decommissioning.

Direction for first level rock tunnel obtained by excavating surface

1st level -
outcrop.
- When fault at bottom of Rogers 1 slope was originally found, the mine
was shut down.
4th level - Bob reported that holes drilled into upper level made water; water

drained fairly quickly.
- Thought that heave in 4th level was not as great as reported by

Archie Eltz. Probably of the order of a few feet.
- Portal for Rogers 3 slope lagged with timber to prevent gravel inflow.
- Extraction ratio in 4th level very high. Usually stopped loader when

gravel appeared.

Abandonmnt Openings were blasted shut during mine abandonment. Equipment

and pump lines were salvaged.
- Part of pillar between main and retum slopes mined prior to

abandonment.
General Should contact David Morris regarding material for capping trench.
. Action/Next Contact: 1. Find how water level ent mmission

h
Recorded by: (@3\ =
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TELECON/CONTACT MEMORANDUM - RECORD of PERSONAL VISIT

Company Name: Not Applicable

Address: 3731 Auburn Way South

Auburn

Washington
Person: Alva "Bud" Simmons Job No: 91-13
Telephone: (206)-833-9390 Date: 1-24-1992 Time: 1:00 pm

Remarks: ~ Bud Simmons was the Mine Superintendent of the Rogers mine.
Records on his working drawings accurate. Not drawn to scale in some places.

Ist Level: - 1st level workings ended as ran out of coal. Had to maintain upward
) gradient to promote drainage.

100% of coal removed from area adjacent to gravel.

Upper level caved too quickly. New layout of crosscuts adopted to
control cave.

Water, which normally flowed in surface gullies, was piped over
trench area.

Pillars left in coal to provide control of mine fires. Never actually saw
a fire, however, carbon monoxide was found.

Some coal was mined from the surface using a truck mounted rig and
dragline (see "strip pit" on drawings).

No water located in fault at base of 1st slope.

Water drained through water level tunnel.

7.5 to 15 GPM noted on Bud’s drawing as emanating from borehole
drilled up into gravel layer; other boreholes designated as wet.

2nd level: - Intact coal pillars left to facilitate control _of mine fires.
- Fire control pillars typically left where fault encountered.

- No water encountered when mining through faults. t
|

‘V)) Action/Next Contact:

Recorded by: @)%’—
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3rd level

4th level

General:

Bud Sumrﬁons:

2nd level - Thought that few voids remained underground. Cave was always full

Water drawn from Danville mine for washplant.

of coal and/or muck.

Rock filled from surface on a regular basis. Caterpillar Operator
would push sandstone over lip of trench until stable pile stacked
against overhanging wall. Would then work out over broken rock pile
until trench filled. Subsequent settlement of the order of 20 ft.
Amount of material placed in this manner uncertain.

Cave zone inspected every day.

Gravel zone over southemn end of mine did cave.

Typically, coal pulled from cave until large amount of hanging-wall
rock and/or gravel appeared. Seam was always full of material.

Did not recall being able to see daylight from 3rd level. Remembered
seeing daylight from 1st level.

Water inflows not encountered when mining through faults.

No lateral rock tunnels were mined.

Large Bean pump and smaller pumps used in 4th level. Large Bean
pump only run intermittently.

Estimated water pumping at 35 to 40 gpm.

Did not think that water pumping changed with depth.

Rogers mine used exhausting ventilation system.
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EOAL MINE FATALITIES AT THE DANVILLE AND LANESBURG COAL MINES; RAVENSDALE, WASHINGTON.

DATA COLLECTED FROM THE WASHINGTON STATE ANNUAL COAL MINE INSPECTOR REPORTS: 1885-1962

MAITAL
LAST NAME | FIRST NAME |M.| MONTH |DAY|YEAR MINE NAME TOWN NAME | STATUS | ETHNICITY | AGE
HARKINS E _|A |[FEBRUARY| 17| 1927|DANVILLE DANVILLE MARRIED |AMERICAN 32
HENRY JOHN OCTOBER | 29| 1951|NEW LANDSBURG MINE |RAVENSDALE |MARRIED 58
ENGLISH HARRY JANUARY 6| 1954|LANDSBURG RAVENSDALE |MARRIED 40
KOVASH JOHN F |JANUARY 29| 1955|LANDSBURG RAVENSDALE |MARRIED 45
RUSSELL NATHAN D |JANUARY 29| 1955|LANDSBURG RAVENSDALE |MARRIED 49
STEBLY FRANK JANUARY 29| 1955|LANDSBURG RAVENSDALE |MARRIED 58
VAIENTI LOUIS JANUARY 29| 1955/LANDSBURG RAVENSDALE |MARRIED 58
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LIST OF FATALITIES INSIDE AND OUTSIDE OF COAL MINES IN STATE OF WASHINGTON, JANUARY 1 TO DECEMBER 31, 1927

, DEPENDENTS ' Nature ang Cause
Date NAME OF PERSON Natlonality  Occupation Age I NAME OF OOMPANY Name of Mine County | of Accldent Where Occurring
, ;Wldow Chiid'n !
- —_—
1] .

Jan. 25 | Erncst Allen cereceieseeden.. | Ameriean.. ..., Miner......... 8 : +eereeo.] Northwestern Improvement Ceo........... Fall of eap rock...........,. Working face
Feb. 7| John David:on . .| American. . Miner..... M | 1 | Pacific Const Coal Co..ovvivrinnnniniii! all of coal............ Working face
E{Q‘ 17 | E. A. Harkins A Iner.,....... : lo 08l 0O,y iy ittt Fall of person In chufe _Working face

ar. 17 ' E. "L, Brown. ... . merican arpenter. ... 52 | 1 orton Coal Co.... o n surface
April 8| W. H. Bird...............00" English., Miner.........| 38 M | 1 2 Pacific Coast Conl 00 ciniiiinrinnnnnn, Surface cave-in down mine. . Working face
April 8| Dan” Diek teieeriiiiiiana....| American Miner. .| 32 M | 1 1 | Pacific Coast Coal CO.cvvviinnnnnnnnnnin Surface cave-in down mine. . Working {ace
April 8! Frank Erspamer ceveverene..| Italian. , 45 M I 4 | Paclfic Coast Con] Coovviniiininannnsn, Surfaco cave-in down mine.. Working face
April 8 | A. P, Meshishnek.. .. 01000 American., 32 8 ... . Pacific Coast Goal Co..... .. " Surface cave-ln down mine. . In chute
April 8' Edwin Smith ceseesesiinna.. . Amerlean.. ... 1, ceed] 23 8 ........ .| Pacific Coast Qoal Co............ Surface cave-In-down mine. . In chute
April 81 George Temby Il Amerlean..... Timberman..| 38 M 1 Pacific Coast Coal Co........ - Surface cave-In down mine. . In cross-cut
April 81T, E. West..,.... .| American..... Miner 43 M g 7 | Paclfic Const Coal Qo.... ... Surface eave-ln down mine. In cross-cut
Muy 12 | Jack Larson .. .. Amerlean. .. .. 52 M - 3 1 | Washington Union Coal Go.. ) ; Fall of top coal.........,... Working face
May 13 | Peter Marino ../ Italian, ..., [i] 8 ... 1 Northwestern Improvement Qo..........; Roslyn No. 8,... Kittitas Run over by coal €ar........" In room
June 20 | Adam Brozdoski eveea. Russian...... 52 Mot 3 Northwestern Improvement Co..........| Cle Elum No. 7. y Kittitas Electrocuted by trolly wire. . On entry
dJuly 20 [ N. W, Suak..... . ..| Polish,....... 80 8 ... +++e:e..| Northwestern Improvement Co..........| Cle Elum No, 7 | Kittitas Electrocuted by trolly Wire..| On entry
Aug. 18 | John Simpson - ..| Ameriean..... 37 8 , 1 Northwestern Improvement Co..........| Cle Elum No. 7........] Kittitas Eleetrocuted by trolly wire..| On entry
Sept. 15 | Stanley Angeski ..., «.| Rus‘lan ... .48 8 Northwestern Improvement Qo.......... Cle Elum No. 7......." Kittitas | Cave-In of roof..............| On incline
“Oct. 4| Mike Krbavoe .. Austrian,. . .,. 50 M i 4 Pacific Coast Coal 00.....cuuvvunnnnn...| New Black Diamond...| Xing.... ‘ Fall of coal............ 000" In longwall
Qct. 5| Chas. 8. Bmith. ... Ameriean,., ., 35 M I 1 2 | Bellingham Ooal Qo..... .. secesesens| Bellingham.............| Whatco Fall of coal..... [ 11" «++-| Working face
Nov. 10 | Joe Ohodykin . Polish. _...... 11 M 1 8 | Black Carbon Qoal Co. ¢essseseeesss| Black Oarbon....... Plerce. , -| Explosion of powder...... Working face
Dec. 3| P, p, Quinn..,. esveeseas.| Scoteh.,:,..... 50 M 1 4 Pacific Ooast Coal 00.iiierieinennninns QOarbonadeo............. Plerce. , ..| Gas explosion- seseeesecien..] Top of slope
Dee. 21| 8. Starcovieh ....... .. «ee-..) Austrian., ..., 31 M 1 8 Northwestern Improvement Ceo..........| No. 3.iiiiiiiinann.....| Kittitas ..| Fall o Tock.................| On entry

Totalg|.............. L RPN R et e, FTRT veeleeicnnnd] 16 48

* M—marrfed; S—single,



” .of timber available to provide safe plat#orms and batteries.
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' Palmer .Coking Coal ,Comx‘)a'xiy'
Black Diamond, Washington

JOHN HENRY, occupation miner, about 40 years experience, age 58, |
married, four children, youngest about 13 years, the others 18, 20 and 22 |
-years, respectively, was instantly killed when he fell a distance of about 100 3
feet down a chute at the New Landsburg Mine of the Palmer Coking Coal Co. |

at 11:30 A. M. of Monday, October 29, 1951.

An inspection of the scene of the fatal accident was made by' State and |
Federal Inspectors, U. M. W. of A. representatives, Safety Committee ‘and |

witnesses to the accident.

The coal bed at this mine is approximately twenty feet in thickness,
standing almost vertical 87 degrees; the chutes are driven across pitch on ¢

the footwall on an angle of about 55 t(') 60 degrees, and the booming method

of pillar extraction is employed.
The chute at the place of accident jwas nine feet high measured at right

angle to the pitch of chute, and about 61 feet wide, timbered with three _
piece sets, lagged roof and sides, with |a center prop between the legs about |
four feet above the floor of the working place. A crosscut had been driven |

from the roof of the chute to a pillar above, and inby, of the place of accident.

- . Two split lagging had been placed from the center prop to the floor of the!
‘chute to serve as a platform to stand on, according to the sworn evidence of :

Mr. Morton Mann, working partner of Mr. Henry. They were both drilling a

. yertical hole into the pillar paralleling i'the above mentioned crosscut to start _.
~ -blasting and booming out the pillar. ‘F['he hole was to have been drilled a
.. 'depth of fourteen feet, the first drill had been sunk to the collar and the
_.-extension attached when Mr. Henry skepped off the lagging platform onto |
-. 'the center leg so as to reach and place| the wrenches used to attach the ex- ?
- tension into a tool box on the rib side, when he lost his balance and fell over

. backward into the empty chute, falling | nd rolling down the chute a distance
. of about one hundred feet and was instantly killed. - :

- When inspecting the scene of accident it was observed, and later at the| :
. -inquiry it was found from sworn evidence that there was a plentiful supply | °

R e i S
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S It was recommended and ordered that to prevent a similar accident a
: - safe platform be made, and a battery be so placed below the miners, so that
in case of falling it would be the least possible distance.
All present concurred in the above findings.
Present at the investigation:
Sam Nicholls, Pres. U.M.W. of | A.
Richard Francis, Sec.-Treas. UM.W. of A.
John Morris, Gen. Mgr. Palmer Coking Coal Co.
John Morris, Jr., Supt.
Robert Pierce, Mine Supt.
A. Simmons, Foreman
Albert Donaty, Safety Com. )
Frank Stobly, Safety Com. '
Otto Mattson, Working Partner,
Morton Mann, Working Partner, - '
Evan Morris, Office Mgr..
Dee Zimmerman, Federal Inspector, __
Clarence Holmes, Deputy Mine Inspector, 4 §
- W. J. Evans, Chief Mine Inspector.
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REPCRT OF FATAL ACCIDENT
Palmer Coking Coal Company
Black Diamond, Wash,

JCHN HEMRY, occupation miner, about 40 years experience, age 58, married,
four children, youngest about 13 years, the others 18, 20 and 22 years
respectively, was instantly killed when he fell a distance of about 100 ft
down a chute at the New lLandsburg Mine of the Palmer Coking Coal Co, at 11:30 AM
of Monday, October 29, 1951,

An inspection of the scene of the fatal accident was made by State and
Federal Inspectors, U.MeW, of A, representatives officials, Safety Committee
and witnesses to the accident. Then the above mentioned met at the company
office where an inquiry was held.

The coal bed at this mine is approximately twenty feet in thickness, standing
almost vertical 87 dégrees; the chutes are driven across pitch on the footwall on
an angle of about 55 to 60 degrees, and the booming method of pillar extraction
is employed.

The chute at the place of accident was nine feet high measured at right
angle to the pitch of chute, and about 6% feet wide ; timbered with three piece
sots, lagged roof and sides, with a center prop between the legs about four feet
abova the floor of the working place sbove, and imby, of the place of accident,
Two split lagging had been placed from the cenmter prop to the floor of the chute
to serve as a platform to stand on, according to the sworn evidence of Mr., Morton
Mann, working partner of Mr, Henry, They were both working drilling a vertical
hole into the pillar paralleling the above mentioned crosscut to start blasting
and booming out the pillar, The hole was to have been drilled a depth of
fourteen feet, the first drill had been sunk to the collar and the extension
attached when Mr, Henry stepped off the lagging platform onto the center leg so
as to reach and place the wrenches usad to attach the extension into a ‘ool box
on tho rib side whon he lost his balance and fell over backward into the empty
chute, falling and rolling down the chute a distance of about one hundred foet

o and was instantly killed,

When inspecting the scone of accident it was observed and later at the inquiry
it was found from sworn evidence that thore was a plentiful supply of timber
available to provide safo platforms and batteries,

It was rocommended and ordered that to prevent a simiiar accident that a
safe platform be made, and a battery bo so placod below the miners, so that in
case of falling i% would be the least possible distancc, A1l present concurred
in the above findings,.

Present at the investigation:

Sam Nicholls, Pres, U.MeW. of A,

Richard Francis, Socy-Ireas; UcM.W. of A,

John Morris, Gen, Mgr, Palmer Coking Goal Co.

John Morris, Jr., Supte

Rokert Pierce, Mine Supte

A, Simmons, Foreman

Albert Donaty, Safety Comm,

Frank Stebly, Safety Comm.

Otto Mattson, Working Partuner

Morton Mann, Working Partner -

Evan Morris, Offico Mgr.

Dee Zimmerman, Federal Inspector

Clarence Holmeos, Deputy Mine Inspector

We Jo Evans, Chief Mine Inspector .
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Weo Jo BEVANS
Ghiof Ceoal Mine Inspector
P 505 Harrison Sk,
B e S e o Seattle 9, Wash,
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REPORT OF FATAL ACCIDENT ON JANUARY 6th, 1954, ABOUT 10:40 .
A. M., AT THE LANDSBURG MINE OF THE PALMER COKING,
COAL COMPANY| NEAR RAVENSDALE :

Harry English and Roy Coutts, miners, were working in the counter a few
feet in by the junction of No. 25 chite and the counter when the floor of the
counter sloughed off, plunging Coqtts into the chute from which he was
rescued some four hours later, not seriously injured. .

The coal bed lies on an angle of ;about 80° to the horizontal and averages
18 feet in width. The mining in done on the retreat, extraction of pillars
by the booming method. ' A master ichute is driven up on an angle of about
45° to 50°; wide enough for a 3-foot gauge track and a 21%4-foot wide chute,
Places are driven on the strike about 35 feet apart, about 200 feet; inby
and outby from the master chute.| Chutes are driven on an agle of 50°
about 50 feet apart to transfer the coal to cars on the gangway. All develop-
ment work is on the foot wall side and timbered with three piece sets lagged
overhead and on the hanging wall side. The recovery of the top block first
and on down. Long holes are drilled and blasted and the coal is taken to the
chute by a scraper and hoist, the face men working under the timber. sets.
The angle of the master chute parallels the line of full retreat. The men are

" always protected by the pillar above. Mr. Coutts was rescued by cutting . . ..
over a bulkhead built partially acrbss the chute about 10 feet above the - ...
cogangway.  wo.opieeeTmoe . i L "
.. -~ .- Inspection” of the cpunter'“sl)owec:l it filled tight to the roof with caved

‘material which had ‘run ‘from above indicating a heavy cave had occurred

.- following the sloughing above the chute. R
Z..~Work -to- rescue Mr. English _wasi". started immediately after Mr. Coutt’s

rrescue. A small skip was taken off the top coal of the chute to about 25 feet .
477", above the gangway where the roof thrned up sharply and it became unsafe
17777 to go farther. - Coal was then drawn i&rom the chute, the cave in the counter
[.'. - watched and it was noted the material was running down from the cave .
".inside and over the coal. A mat of ten 35-pound rails, 30 feet long, were -
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pushed over the cave and 2-inch laéging placed on top of the rails, an |
attempt was made to timber under them and clean out the material to the |
chute. Pressure and caved material running from above made this too o

~ hazardous and it was abandoned. It w;as'then decided to drive a small chute |
from the gangway and a crosscut in the pillar from the master chute leaving |
a 15-foot pillar below the counte

r and timber across the chute. This was |
accomplished and the chute em '

ptied but we failed to find Mr. English.
"A meeting ,was called at noon, Thursday,

January 14th. Sam Nicholls, |

Al Donati, and Frank Stebly of the 1
Grillos of the Federal Bureau of Min
- ‘Inspector of the State of Washington;

- opinions asked for regarding further r

. Merritt and John Morris of the Palme 1
ecovery work. Due to the hazardous |

UM.W.A.; L. H McGuire and E. J. |
les; C. R. Holmes, Chief Coal Mine |
Robt. Pierce, Alva Simmons, Frank |
r Coking Coal Co. being present and |

. nature of conditions, the cave having

. would be too dangerous.
.- The work had gon

" day. Most of the t
" . and hazardous but
- workers did outstanding
--had not been successful.
Mr. English was 40 years old, is s

‘ children, He had sixteen Years of coal

water laying above, it was the unanimo

e on for eight gr:uelh'ng days, twenty-four hours each .
ime with water pouring down on the men, disagreeable
there were no complaints from anyone. Sup
work and werc:e very disappointed that their efforts |

gone to the surface, the gravel and

us opinion to continue recovery work

ervisors and

! . ’ :
urvived by his wife and two minor }
mining experience. '

© . A hearing was conducted by C. R. E
. the State of Washington, on January
Company’s office and testimony heard
‘Alva Simmons,
‘. -+ . Skulus, miners;
_*7." Stebly, miners and Safety Committeem
", President of District 10, UM.W.A.; John
-, Morris; L. H. McGuire, Chief Acciden
*". Region II,
‘i Inspector, .
-1Cause of Accident:

Al Donati, President of |

three or fo
actor, . L L
Recommendations; " .- ..

“The company has started a system

YRR

-1, ~Crews coming

Foreman; Ralph Barnet_t’,

en

U. S. Bureau of Mines, and E

'** . This accident was caused by the top
the timbering supporting the counter we
cave from above filling chute and countfe
€ or four weeks preceding the accid

to-prevent accidents otthiskindlnthe Ifutyl'e- L el L RNt IR,
O : ~on’shift should check chiutes carefylly and thoropghly
or. timbering and ‘other unsafe condition

;‘running ic'oal, . . . A ool SR T T T ..f- k _ R
" 2. Chutes should be kept filled as much as practical for efficient operation
G e e e €. R. HOLMES, Chief Coal Mine |

lolmes, Chief Coal Mine Inspector of 5
18, 1954, at the Palmer Coking Coal s
from Robert Pierce, Superintendent; |
Roy Coutts, Hans Saftich and John
Local No. 6481 U.M.W.A. and Frank
. Present also were Sam Nicholls, |
‘Morris, Sr.; John Morris, Jr.; Evan
it Prevention and 'Health Division, |
J. Grillos, Federal Bureau of Mines | o

coal of chute No. 25 sloughing off, *}
nt down the chute which started a |
r above it. - The heavy rains bf the
eved to be a contributing

-t

ent are.bell

ot ‘vertcal chutes which

5 and ‘make Decessary repairs bef

1S

coede

- Inspector, State of Washington -




UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MINES
215 Federal Office Building
II Seattls L, Washington

Mr. John H, iv-orris, President
Palmer Coking Coal Coupany, Inc.
Box 8

Black Diamond, Washington

Desr Mr, MHorris:

The enclosed report covers a Federsl investigrtion of a fatal
roof-fall accident thet occurrsd =t the Lands‘ourh mine, Palmer Coking
Coal Compeany, Inc., Landsburg, Xing County , Washington, on Janusry 6—15

1954,

Any comments

that you may desive to meke regzarding this investi-
gation or report will be =

voreciated,

"$

Very truly y

N

. Ve -
~ P

£
o, // % S /fz//fﬂc/
L. 3. ¥cGuire, Chi=sf
Accident Prevention and
Health Division, Region II

“Znclosurses. R
cc - J. A, Forris

Robert Pisrce
Alva Simmons
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UNITED STATES
DEPARTMENT OF THEE INTERIOR
BUREAU OF MINES

REGION .II

REPORT ON FATAL (CAVE-IN) ACCIDENT AND RESCUE EFFORTS
1ANDSBURG MINE
PATM=R COKING COAL COMPANY , INC.
LANDSBURG, KING COUNTY, WASHI!GTON
(Post Office — Box 8, Black Diamond, Washington)

January 6-14, 1954

By

L. H. "McGuire
‘Mining Engineer

Originating Office — Bureau of Mines
215 Federal Office Building, Seattle 4, Washington
: L, H, McCGuire, Chief
Accident Prevention and Health Division
Region II



AN

REPORT ON FATAL (CAVE-IN) ACCIDENT AND RESCUE EFFORTS
LAVDSBURG: MINE
PAIM™R COKING COAL COMPANY, INC,
LANDSBURG, KING COUNTY, WASHINGTON
(Post Office - Box 8, Black Diamond, Washington)

January 6-1%, 1954
By

L, H. McGuire
Mining Engineer

- INTRODUCT ION

Harry J. English and Roy Coutts, miners, were trapped by & cave~in
at the counter entry, No, 25 chute, Landsburg No, 1 bed, landsburg mine,
Palmer Coking Coal Company, Inc., LlLandsburg, King County, Washington, at
10:40 a.m., YWednesday, January 6, 1954, Roy Coutts was rescued at 2:15 p.m.,
on the same day and suffered minor injuries, Rescue crews worked continuous—
ly from the time Roy Coutts was rescued until 7:00 a.m. January 14, 1954,
when it was decided to stop the work because of danger to workmen. Harry J.
English is buried permanently in the Landsburg mine. EHe was 40 years of age
and had 16 years of mining experience, He is survived by his widow and two

children under 18 years of age.

: The Bureau of Mines was first notified of the accident at 2:00 DP.l.,
January 6, 1954, by Clarence Holmes, chief, coal-mine inspector, State of
Washington, Bureau of Mines personnel of the Seattle Safety Station responded
lmmediately. Edward Roberts mining health and safety engineer, arrived at the
mine at about 3:00 p.m., on the same day, The author and E, J. Grillos,
health and safety engineer, relieved Mr. Roberts and assisted with the rescue
efforts until the work was finally terminated on January 1%, 1954,

GENERAL INFORMAT ION

The Landsburg mine is situated about 15 miles southeast of Renton,
Washington, The mine is opened by four slopes; one pair, consisting of a
haulasevay and air course, is 600 feet in length and dips 38 degrees from
horizontal; the other pair, also a haulageway and air course, is 380 feet in
length and dips 40 degrees from horizontal., The latter haulage slope is
used exclusively for hoisting coal, and it is about 1 mile from the gangeay
intersection of the other mine slope. Most of the coal is mined from the
Landsturg No, 1 bed, which averages 18 feet in thickness, Two Other parallel
coal beds, known as the No, 6 and the 8-foot coal beds, are connected to the
No. 1 workings by rock crosscuts. They are 15 feet and 8 feet in thickness,
respectively, The 8-foot coal bed is under development. These coal beds
generally dip 88 degrees from horizontals however, at the location of the ac-
cident the bed dipped 80 degrees. The mine was opened in 1941. The coal is
subject to spontaneous combustion and several mine fires have occurred from



this cause in the past, however, nd lives werd lost in gealing off and exy'
tinguishing the fires, 4An explosion has not dccurred at this mine.

Thirty-seven men were employed dhdé?g%ound, énd three men worked
on the surface., Three shifts were worked daily, of which two were on pro—-
duction, 5 days a week., The average daily production was 200 tons of coal,
which was loaded by scrapers discharging intogavity chutes and & tractor-

crawler loader in the gangway,

: Master chutes, next to the footwall on 45- to 50-degree angles

are driven up, along the strike and in the coal bed, off the gangway at
regular intervals., The master chutes are equipped with a 2-1/2-foot-width . 2
chute and a 3-foot-gage track, I¥rom the master chutes, level rooms, desig-
nated as crosscuts, are driven 2bout 35 to 40 feet apart vertically along

the strike and next to the footwall of the coal bed for distances of about
200 feet inby and outby the master chute. The level p laces are 10 feet in
height and 10 feet wide. Intermediate transfer chutes were driven next to
the footwall on a strike angle of 50 degrees, about 50 feet apart, to trans—
fer the coal to cars on the gangway. The 35~ to 4O-Foot pillars of coal

left between rooms or crosscuts are mined on full retreat by the "booming!
method, working from the highest room down, in sequence. Long holes are
drilled, loaded, and fired and the loose coal is moved to the chute by either
scraper or shaker conveyors, Facemen are at all times protected by timbering
and lagging, in addition to the pillar above., The master chute rarallels the

line of full retreat.

The footwall is a hard, sandy shale and the hanging wall is a soft
shale., A systematic method of timbering was followed; well-alined, framed
timber 3-piece sets, on 5- to P-foot centers, with lagging overhead and lag-
ging on the hanging-wall side, were erécted promptly as the develophent ad-
vanced in the gangway, counter, master chutes, and rooms, Intermediate
angle transfer chutes between the gangway and counter entries were adequately
supported during construction with rows of stulls on 7-foot centers, along
the hanging and footwall sides of the chutes and overhead lagging along the
hanging-wall side of the chute. To prevent knocking out timbers near the
counter entry when the transfer chute is in Operation, the footwall side of
the chute is usually driven vertically for a distance of 8 to 10 feet immedi-
ately below the counter entry floor connection., The transfer chute timbers
beneath the counter connection are inspected visually by the mine foreman
and are replaced when necessary, As a further precaution, the counter sets
on each side of the chute opening are reinforced for several sets with spread—
er timbers, installed halfway between the collar and the floor, This was the
practice at chute No, 25 where the accident occurred as indicated by the
spreader timbers recovered later from the bottom of the chute with grooves
where the wire ropes of the scraper had rubbed,

Story of the Accident
Harry J. English and Roy Coutts, miners, were caught by a cave-in
that occurred at the counter entry, No, 25 chute, Landsburg Wo. 1 bed at
10:40 &.m., Wednesday, January 6, 1954, when a brow of coal broke off on the

2
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hanging-wall side of the ¥o, 25 chute opening. The break occurred at and
beneath the floor level of the counter entry. (Ses steish appensad 43
this report,) According t0 statsments by Roy Coults, he was standing nesr
the center of the chute on the hahsinsdimll side of Ehe'couhter entry and
Harry English was on the inby edge of the chute opening and near the hang-
ing wall when the accident occurred. The timber supports in fhe counter
entry were, in turn, dislodged when the pillar beneath gave way which re-
sulted in the cave~-in. Inspection of the counter entry immediately fol-
lowing the accident, indicated that it was filled tight to the roof with
caved meterial that came from above., Because of the fact that the chute
was nearly empty, Roy Coutts fell into the chute and slid down a consider-
able distance on top of the loose coal, When the ¢ave-in from above oc—
curred, he was carried on down with loose timbers, rock, and coal to the
chute bulkhead approximately 10 feet above the gangway entry where he was
rescued at about 2:15 p.m., on the same day. Mr. Coutts received a broken
wrist, severe bruises 1o shoulders and hips, cuts about the face and body
and physical shock.

. Work to rescue Mr, Fnglish was started immediately after Mr,
Coutts was rescued by removing a skip of coal along the hanging-wall side
of the chute for a distance of 25 feet above the gangway, as shown by
Step No, 1 on the attached sketch. Because of dangerous ground conditions
and a sharp inerease of the chute angle, it was necessary to abandon this
search project at 5:00 a.m., on January 7, 1954,

It was then decided to draw chute No, 25, At this time, 21 cars
of coal and rock were drawn in the hopes of recovering Mr. English. When
large rocks appeared, it was known that the caved ground above the counter
entry was coming through the chute and possibly passing over Mr. English.
In the next attempt, Step No, 2, a mat consisting of ten 35-pound rails,
30 feet long, was pushed over the cave which extended about 15 feet above
the floor of the counter entry. The rails were covered with 2-inch plank
laid against each other (See sketch.) It was hopeithat when the chute was
drawn below, that the mat would close off the opening, preventing the chute
from filling up with more rock from above and that Mr. English would be
recovered.

On January 8, the mat was completed and 12 more cars of rock were
dravn from Fo. 25 chute, It was then determined that the main run of rock
was traveling down the chute beyond the ends of the rails, and glacial
gravel was beginning to appear, Therefore, the further drawing of the chute
was discontinued because of the danger of starting & major inrush of rock
and gravel from above. It was then decided to try and support the rail mat
and then excavate the loose rock beneath the mat with a scraper, and at the
same time start a rescue chute from the gangway in the pillar of coal between
No, 25 chute and the master chute, It required 2-1/2 shifts of difficult
work to intall one 10~ by 10-inch by 18-foot-length fir timber from wall to
wall, Because of the slow progress, and danger of an inrush of rock and
gravel from above, crushing the mat and trapping workmen underneath, the men
were withdrawn from the counter entry on orders of the State coal-mine inspec—
tor during the morning of January 9, 1954, This decision was agreed to by
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America

i»ir. Sam Nicholls, president, District No, 10, United Mine Workers of America,
safety committeemen, compuiy officials, State and the Bureau of Mines Fspre-
sentatives.

& survey, using the accessible openings of the pillar block between
No. 25 chute end the master chute and the gangway and counter, was made on
Jamuary 9, 1954, ag it was decided to drive the rescue crosscut and rescue
chute in the pillar between No, 25 chute and the mster chute and eventually
forepole and timber across the No, 25 chute, 15 feet below the floor of the
counter level. As an added safety precaution, a bulkhead was installed in
the master chute to prevent the possibility of an inrush of rock and gravel
from above the counter,

The work was started on the afternoon shift Janvary 9, 1954, and
was completed on the day shift January 13, 1954 by working continucusly with
very experienced crews, After the bulkhead across No. 25 chute was care-
fully inspected, chute drawing commenced at 3:20 p.m., on Jamuary 13, 1954,
The chute was finally emptied at 6:30 a.m., on the following day, Harry
English was not found, Only timbers and tools near him were recovered.

The bottom of the chute was thoroughly cleaned by men working with lifelines.

A meeting was held at 12:00 noon, January 14, 1954, to determine
what course of action should be taken to recover Harry English., It was de-
cided to appoint a committee to make a thorough underground investigation
and report their findings individu=lly, v

The investigating party consisted of the following persons?®

Representing?
Sem Nicholls, President, District No. 10, United Mine Workers of

Albert Donati - Miner, (Safety Committeemen), President, Local
Union No, 6481, U.M,W.A,

Frank Stebly — Miner, (Safety Committeeman), Local Union No.
61"81’ U.Molwch

. Safety Division, %rtment of Labor and Industries, State of Wash.
'c‘:larence Holmes -~ Chief Coal-Mine Inspector

Officials of the Compeny

Robert Pierce Mine Superintendent
Bud Simmons Mine Foreman

U, S. Bureau of Mines

B, Jy Grillos Health and Safety Engineer
Louis H, MeGuire Mining Engineer



Each and every member of the committee, whose names appear above,
rendered individusl and unbiased opinions, which were unanimous, in that any
further work to recover Harry Englich would greatly endanger the lives of
fellow workmen. Finally, the committee recommered that the area surrounding
the location of the accident should be sealed off and permanently abandoned.

The company kindly donated an acre of land above the cave-in to
the English family as a memorial,

A great deal of credit is due to the compeny officials, supervisors,
and mine workers for their outstanding performance during 8 grueling days, 2l
hours each day, in their all-out efforts to rescue Mr. English, The work was
performed under difficult and trying conditions with water pouring down on
them most of the time. Not a single complaint was heard and no injurles oc-

curred,

A hearing was conducted by Clarence R. Holmes, chief- coal-mine
inspector of the State of Washington, on January 18, 1954, at the Palmer
Coking Coal Company's office, Landsburg, Washington, for the purpose of de-
termining the csmse of the accident and obtaining appropriate recommendations
to prevent a recurrence of a similar accident, Sworn testimony was heard
from Robert Pierce, superintendent; Alva (Bud) Simmons, mine foremsn; Albert
Donati, miner (Safety Committeemans, president, Local Union No. 6481, United
Mine Workers of America; Frank Stebly, miner, (Safety Committeemen); Roy
Coutts, Ralph Barnett, Hans Saftich and John Skulus, miners. Present also
were Sam Nicholls, president, District No. 10, United Mine Workers of America;
John Morris, Sr., John Morris Jr., and Evan Morris, representing the Palmer
Goking Coel Company, Inc., L. H. McGuire, and E. J. Grillos, representing the

U.S. Bureau of Mines,

Cause of Accident

This accident was caused by a brow of cozl breaking off on the hang~
ing wall side of the No, 25 chute opening, at and beneath the floor level of
the counter entry. The timber supports in the counter entry were in turn dis-
lodged when the pillar beneath gave way, resulting in & cave-in from :sbove,
which filled the chute and counter entry above the chute. The heavy rains
during a period of U weeks preceding the accident is believed to be a contri-
buting factor, The author noted that the footwall was very wet and that
water was dripping from numerous cleavage planes near the hanging-wall side
of the coal bed in chute No, 25 at the top bulkhead. The original 8- by 8-
foot opening in No, 25 chute was enlarged to 12 by 12 feet and in places wp
to 15 feet squa»e below the top bulkhead which mey be attributed in part to
the action of the water in weakening the sides of the chute,



RECOMMENAT IONS

Compliance with the following recommendations may prevent accidents
of a similar nature in the future:

1. Workmen coming on shift should check chutes carefully for tim-
bering and other unsafe conditions and meke necessary repairs before running
coal. Wet conditions in the chute area over a considerable period of time
should be carefully considered by supervisors and workmen and necessary pre~

cautions taken.

2. Transfer chutes between the gangway and counter entries should
be kept filled as much as practical for efficient operation.

The company has already started a system of vertical chutes which
should help to prevent accidents of this type in the future.
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OZ’;% 7% M
L.-H. McGuire, Chief
Accident Prevention and
Health Division, Region II



7 _TATAL ACCIDENT DATA

1, Daily employment: 40 Time of Accident: _10:40 a.m,

2. General location of accident: No, 25 chute, No, 1 bed

3. Occupation when injured: Miner Regular occupation: __yes
4, Age:_ 4o Approx. experience: Regular job when injured _ 12 In mines 16
5. Dependents: Widow_x No, of children tinder 18 2 '

é. Method of loading in place where aceident occurred:

Mechanical X

ADDITIONAL INFORMATION REQUIRED IF FATALITY RESULTS FROM FALL OF ROOF,FACE,RIB

7. Location: Face Room Haulageway. Idle workings Other counter

8. Type of permanent support in use at location where accident occurred:

Posts’ =x Crossbars X lagging

e ———

9. Type of temporary support in place where accident occurred:

Posts x ‘Crogsburs x

10. Did injury occur inby last permanent roof support? No X

11.Average distance from last supports to face! Permanent_ 6 ft, Temp._5-6 feet

12. Vas standard support plan in effect: Yes; Was it followed in this place?
Yes

| 13. last prior visit by mine officials: Date_ 1/6/54 Time 9:45 a;m.

14, Cave-~in (see sketch) chute and counter

above filled with rock and coal,
ADDITIONAYL INFORMATION REQUIRED IF FATALITY RESULTS FROM HAULAGE ACCIDENTS:

DNA
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REPORT OF FATAL ACCIDENT ON JANUARY 6th, 1054,
ABOUT 10:40 A.M., AT THE IANDSBURG MINE OF
THE PALMER COKING COAL COMPANY NEAR RAVENS#

DALE

Harry Eriglish and Roy Coutts, miners, were working in the
counter a few feet 1ft by-the junction of #25 chute and the
counter when the floor of the counter sloughed bff; plunnging
Coutts into the chute from which he was rescued some four hours
later, not seriously injured. .

The coal bed lies on an angle of gbout 80° to the horizon-
tal and averages 18 feet in width. The mining is done on the
retreat, extraction of pillars by the booming method. A master
chute 1s driven up on an angle of about 459 to 500; wide enough
for a 3 foot gauge track and a 2% foot wide chute, places are
driven on the strike about 35 feet apart, about 200 feet; inbye
and outbye from the master chute.. Chutes are driven on an angle
of 500 gbout 50 feet apart to transfer the coal to cars on the
gangway. All development work is on the foot wall side and
timbered with three piece sets lagged overhead and on the hanging
wall side. The recovery of the top block first and on down.

Long holes gre drilled and blastéd and the coal is taken to the
chute by a scraper and hoist, the face men working under the
timber setse The angle of the master chute parsllels the line
of full retreat. The men are always protected by the pillar
above, Mr. Coutis was rescued by cutting over a bulkhead built
partially across the chute about 10 feet above the gangway.

Inspection of the counter showed it filled tight to the
roof with caved material which had run from above indicating a
heavy cave had occurred following the sloughing above the chute.

Work to rescue Mr. English Wwas started immediately after
Mr. Coutt's rescuee A small skip was taken off the top coal of
the chute to about 25 feet above the gangway where the roof turn-
ed up sharply and it became unsafe to go farther, Coal was then
drawn from the chute, the cave in the counter watched and it was
noted the materisl was running down from the cave inside and
over the coal, A mat of ten 35 pound rails, 30 feet long, were
pushed over the cave and 2 inch lagging placed on top of the
ralls, an gttempt was made to timber under them and clean out
the mgterial to the chute. Pressure and caved mgterial running
from above made this too hazardous and it was abandoned. It was
then decided to drive a small chute from the gangway and a cross-
cut in the pillar from the master chute leaving a 15 foot pillar
below the counter and timber across the chute. This was accomp-
lished and the chute emptied but we failed to find Mr. English.

A meeting was called at noon, Thursday, January l4th. Sam
Nicolls, Al Donati, and Frank Stebly of the U.M.W.A.; L. H.
IlcGuire and E. J. Grillos of the Federal Bureau of Mines; C. R.
Holmes, Chief Coal Mine Inspector of the State of Washington;
Robt. Pierce, Alva Simmons, Frank Merritt and John Morris of the
Palmer Coking Coal Co. being present and opinions gsked for re-
garding further recovery work. Due to the hazardous nature of



Landsburg Mine -2=-

conditlons, the cave having gone to the surface, the gravel and
water laying above, it was the unanimous opinion to continue
recovery work would be too dangerous. :

The work had gone on for eight gruelling days, twenty four
hours each day. Most of the time with water pouring down on the
men, disagreeable and hazardous but there were no complaints from
anyone. Supervisors and workers did outstanding work and were
very disappointed that their efforts had not been successful.

Mr. English was 40 yegrs old, is survived by his wife and
two minor children. He had sixteen years of coal mining ex-
perience,

A hearing was conducted by C. R. Holmes, Chief Coal Mine
Inspector of the State of Washington, on January 18, 1954, at
the Palmer Coking Coal Company's office and testimony heard from
Robert Pierce, Superintendent; Alva Simmons, Foreman; Ralph
Barnett, Roy Coutts, Hans Saftich and John Skulus, miners; Al

‘Donati, President of Local #6481 U.M.W.A. and Frank Stebly, miners

and Safety Committeemen. Present also were Sam Nicholls, Pres-
ldent of District 10, U.N.W.A.; John Morris, Sr.; John lorris, Jr.;
Evan Morris; L. Hs McGuire, Chief Accident Prevention & Health
Division, Region II, U. S. Bureau of Mines, and E. J. Grillos,
Federal Buregu of Mines Inspector.

CAUSE OF ACCIDENT:

This accident was caused by the top coal of chute #25
sloughing off, the timbering supporting the counter went down the
chute which started a cave from above filling chute and counter
above it. The heavy rains of the three or four weeks preceeding
the accident are believed to be a contributing factor.

RECOMMENDATIONS ¢

The company has started a system of vertical chutes which
should help to prevent accidents of this kind in the future.

l. Crews coming on shift should check chutes carefully
and thoroughly for timbering and other unsafe conditions and make
necessary repairs before running coal. '

2. Chutes should be kept filled as much as practical for
efficient operation.

o R NONS PV,

Ce. Re Holm3s, Chief
Coal Mine Inspector
State of Washlngbton



| in tm‘- fac

a Ry

e
: f‘

115 fac,e’. & fE'ggr::
Zii’;e n- » i .




”Dﬁﬁfﬁﬁﬁ~- at ex&c+1 k-
~edge of the- ﬁrvw on Ghe haﬂgingﬁs*ds "

- IX

:Jﬁﬁz :

- anyone

'1;¥” 5 EIAZ$&‘{.3ﬁ ot was g&e Wiébh sf ube zop ﬁf the_chaﬁe?””{ “

inspec
"&%ﬁﬁbﬁ@'"?f“ apgr“ -

’aéﬁ?ééif'“ﬁt the timeﬂI fel 1y must have baen baeking¢'“
| ?I"EEL“ *‘*“eulz. you ia:een %:ha ehute f‘zﬂ.}. r‘i’” IR

:EFJ £&;HA Siiﬁﬂﬁ 3, ?ﬁreman,
. HOWES:

. SIEC e “fheraiwnf:¥’
';ta eﬂanter.,. - ;

_Q$$§ @as @a
' '¢u @;s

14
T
B
m»;
fe)
u

’kﬂwhe b“aw. ,ngrg ﬁé&i@;ﬁsjcﬁgﬁfg

:ﬁISTaL“a'» ¥~c« ceul& @a uhy 39 avsia arauhﬂr Sﬁ&ﬁ.&ﬁﬁ e agZh o

4 gy o
.,»L

s T

e
'_@"’.’g'f

els

eee ..;..v...

,"é x4 op 6 long x 5 wides - Visual
ue mﬁds inte ”;Iﬁere wag 8 r*sly Gﬁ ?cn @lth

‘,ﬁ. ﬂ:‘%ﬂli ccﬁe at?aifh% or, at an




 any indfeation of wwemal condibic

s g "33*& m‘sae arr,s;s‘ih..zaa s"& iu %‘;a ﬂ%rﬁ%e, . ;
' mraﬁsﬁa i %&«ﬁ??” e | S

' @ibﬁz‘a was f;aﬁe 8 ’bi'%: G& wat:g*v 2:23& Ls‘% ::zw@le 'ef_}w@iaka,

B aper and a.hse*s iﬁan haﬁ %aﬁm ,;mia weﬁ&aa& %fs meg ‘as i
‘%@im ?maﬁi' :1 = S : : : CE

?E‘:ﬁﬁf. "‘%’&s Ez?a EZI? ‘*Qci: 'isheﬁa?*’

| COUTTS;  “Thers was rock and cosl, pretiy roeky. % iﬁ&t‘ Egj‘{fﬁ%
- i¥ wes worse, end fust before it wam ?1’&‘533' 3’*9@5&3 P R

"fw ﬂsxtr éz*m: wml;i &arry *mu iaack s?:z%i'; E> i‘ea’k, wmléa?i‘,{ ‘

/. i}ﬁ?&”fﬁz “E‘& ﬁ&

Y ':&si}m,xﬁ% ?'g'w ?em ezzy iﬁﬁa ﬁ?&@_:&: ﬁt hmka mff a*ma

- A%s-»?’m:{g ‘ lze;m m ﬁgm i 1 epigtneily made)

HOLNS: "IF the. ‘zoal moves, that éa%ewshsﬁ: long to stay sheve;

goesnlt 1677

B #'{3‘?5;5« » _;‘ ﬁ?_{%_g Q— e e e e .‘_A... L - A '“"f:"—; e e e e -,--'~—'- ---—:—-- --:- —*’-‘-‘-.‘-‘:'--_

ﬁﬁ'{m Aaz' '@aa m@ &@a zriszéﬁ %ﬁﬁ- @zma%ﬁ

 CEUTTS: #Thare wers two sebs to tm fa@ﬁ frms uiz% 'ezaa ai’ @m gria?.y. ‘
~~J.~‘?’m m i;hs faes wwm bﬂ 12 t;a 2,4 l@e‘&. R A A

BT FT hg s_ma, iﬁa& éna’; how }maig ! '%m '&faﬁ‘ Fa _ﬂem*if;e CAVE.
3%: mg?; ‘Bave besn for tha vent pest ms % '
Ei;&:m&iia There wag not *hasa ma 16 ;%xi; ti‘ma

ﬁﬁ‘;‘.;;’%ﬁst “ﬁi& a &rsﬁ%& «amﬁ s;i £ i%;?‘*

| GEUTIS: "Fo. The Ay ha %imi am&, ﬁ.i: smsn rwm *ﬂ%ﬁ#é@ﬂi}}a ’fﬁ;‘t
thﬁre was ‘m*’ tﬁn mzzr’;a 5}3‘&&&2&"&: , B E RN e

' & m *‘3@3 e&;wﬁs? m m esﬁ*s":’“ L

‘f'”g,:-:ﬂ%z,?;,’ -%t?sé *‘{w@wa ssg %:aza, ;&.3 mmra**

‘%‘ ez "ﬁw mﬁ’i aam E‘iﬂém 2;%&@_ ﬁ‘&%ﬁ mtein when f

B

- éﬁwm a = ﬁ f&a’a %g %iaaa ﬁrizz; 1 sis
E : aw*“*zbﬁ, ﬁiﬁ@r, %ﬁ m@a mm %:s %m sm %%;h :

| EOIEES; ”ﬁw wars eﬁ the gengs



- te msrk wii:

S@TX&E; ' "Y&s, we were eabir

s auiz?”

: Bﬁmﬁz#-‘ ”"55& waza'e n;a ta 8 N
aﬁy_ what had 13% -] mnch,dawn : E&ﬁ.n@ idea hnw big the hﬁle really'was.

HIGE'LI:S:
. man fazz.mgwnlmw get«s;w k-

Game dovwri, and then ana’sheg-y
- falling, then we he
. 1% was cmiﬁg-»-
wem? iw the L]

ﬁlﬁﬁ@%s "Itz was apprcxima 8
&1& th@ men. a.ll é&g‘?“ R

SAFTICH; T gﬁ.ﬁn't cﬁg, 3; wa tm y'getzsia& mmga the.

%%;r E@LZS **ﬁ@mah cea}. é; you

Séﬂ;@ég ”’ﬁ’a %ake ths caal in the s‘bumpaa 4 Fz:m"mar,_ were in the B
skumgs._ e taLe abeut six ears alﬁegethsr. ' S e L

ﬁIcEaLgss ”na 3nu nse 3c&r own 3aégamant 1n tha amﬁﬁntzyﬁu dc taks

%F?IGE: ”Yes, unleas ﬁxﬂ fzelia _us ‘m i:ake it frsm semewhem else.
Eem&zs: ”ﬁh@ is suppesed to wark dem there?“ L ) f o o
| SAFTICH: The miners wlm 1oad f;hsa cars in the simm;s& and puus
~them back o the chutes John was about to pull the chute at the -
time, I was going %o pull the fine coal loose when T hesrd meanﬁ. e
~.John ran up o the counter snd fau_n& 5.%; was all caveﬁ inh. ___G_amﬁ_
“baek €5 gangway ~=~-heara zmthing.“‘ Lo R A s T
ﬁ&ﬁﬁs; ”*”“hers waa stﬁ.}. smff gﬁiﬂg inbc the chuta’.*’;"' L
a@mgsx ‘ ' " S R

smmﬁ-

nd it ec .;ﬁ,ﬁueﬂ,;" aammg é.wm
.beamse}it was 851l cem.ng ﬁewm

’ ¥ w'ihe' benefzc.;:_.-l?” : |

’-ﬁiﬁfﬁﬁm ;

AZ Bﬁﬁﬁz 5 mimar anu Fraaidsn% ef I:acal 6481, gave hia thoughbs on
the mtter.- ‘ : o -

Bﬂﬁﬁwzr- “It ﬁiﬁnft }.eak tﬁe baﬁ 1;9 as* ST SR ,
_eaﬁ cmzld ;reu sea tha glc;ry h@l@

E@m:y ”Hew for a‘bevaa thg
~ when 1t was m%y? e T

”Ia thera aﬁythmg o

7_'375}3@3 befster, 1% wes our- ida& ‘hat wes

""l'is_ zzhem ‘eny safe way?.., hie. ‘wers gl
f4lled it would be good snd sal L and zzaka far aafs %:rava- ings-




‘ '?-’for eas.l;

".“ffzf‘aams; _they drove a room up %o the sounter, | Tap I
- only fon co:al? If it 15 ver{:ieal, thare :!s s. chame far the p&ssag_,a .
bl@ekmg a?. AT : R o 3 SRR :
”':JGHQ QE?‘L:’S Zuiﬁer, nex% tcak ‘hhe aai;h, angi ws.s quastmneﬁ
f*gez&g | ”gi& you see some of this ackiong” '“'i | o
smmw" ”I ﬁras ﬁarkiag the stumps ﬁrmm uhaz'e.‘ I waa &eszm th;are ,

PI’EEGE; ”E‘naﬁs.eé tzzs Ba:i amut Q#&S; 1 wanizazi m &
. spot before lunch. After lunch; : :
 vertlcal chute, Affer i@aaing am‘i ‘backlng, looked up and saw a-

- 1light. Went back %o the vertical smm, -someone wWHs coming up the
 chute.” Went in counter to the chube. . :f‘here was ten Teet of muck

and, after eabting, had two cars loaded from the gtumps. - Four cars.

wers empty end we were about resdy to pull the chute when we hegrd
- the call for belp, ¥We knew iy was- at the f&ee, then some one ran
- in saying zome one was working up. there. “We  lst the coal down and

then we hesrd Roy's volee, Fhen we weve ai; lunch we looked to see

- whére everyone was. Soméone went Ho poke the coal af tha mulkheaa, -
. then when 1% caved in we theughh i'.hes Water naei bre’aghv she cave in :
 and was not excited tnsa. ‘ L , , ,_ L

- HGI&’E&, - M"How mueh time had elapsea &fz;er .a.: was hepm before yeu
gweni: baak ‘ahere? ; s e

, "S?JIL’J;J' S U1 was abeu?: ES b.alf' hegrq Af sr sating 1unch we were z*eady
ke Qﬁull the chute, _We ~$hought perhaps John was- 4n-there;wecould ——-

~see the. opening ab the counter over the ehux‘;e. it was rock in Sshere,
ané we kn W men ware wm:fkinb np thaz?e.“ ,

' "RQMT PI&R»&, ;mp‘a, . gfsar nein& gz.ven ishe sath, ’t' : :ﬂ._ his st—wy,'.g

‘a 14301{ sd; ' %:he
Stpne m*iéga was workw.g at the -

to the bottom. There wers no sidés defts A1l of it went down *bha

chutes We went down and dug 1t out but were ‘about four hours. getting
. mpe It was 11380 {ROY COUTPS;."Twenty to eleven, Itd just put my :
% watc?:; in m;?' pac;zeis;”} snd we were uni:iz. 233.;» gsttiné 3@3 csu‘ﬁ. "

HQLM& i*I aaiieve the ‘move ‘%:a aﬁept iﬂw vewiaal chata systeza 15 a

" good moves Thers will be no burden of welight and sianghage of the
- chubes then. This chube haa been pulleé tiz@ 1917, m&re ceal eeuld -

L ~vi’IEaﬁEz ‘*zf i‘b ha& bean mere fa}.l, &3 weuld h.ave haa e harﬁen tima
-7 getting Roy oube Iy would have let the coal down and kill&d,& éray_,yf -

Vo . The ehute is at & angle. . There was no sign nfv al b of thi
’:..wabe?a "’hay had tm ezem Vhe ehui:a wb o gei: h“he,

| WORRES, SR.: I the water begﬁ.na gaiiﬁ.ng in tba master ohy
-""maz*k ﬁ.s on the x«atrea* they are using,. they o

have ueazz lef”ﬁ in the chni:e;




'E@msg ."”hey we&l@ *_avs g ‘m m;auert ene asna m ah

'ﬁi-' 2 , o 1 blo
&R:{st: "1 ﬁeu’bi; that a.z;‘tnat vﬁagr«ee_it coald zaa

wml& cover. ii: a,nd “s_ijma#s bav aaa

szmmis: “Thi‘g
piacas have: ;‘9‘3‘

ﬁ@i&’iﬁm ”%‘fraat"{
F“%@TK. mzm: o
E';OG'QI&{" *"?’*ere thsré' sgmsaders An ?;he: imedﬁ.ate xri mity, with”
. supports.and lagging abové the set?  Is it practicsl to use s

in the area, so t}aat if ?:he lc@ser sﬂeﬁ meé, tha %ep &?ou
cs‘s:ze Gowng® L . , - e : S

31&23%(31‘45» ""*he mén waﬂ:m&, é:hese‘ ehuaas "‘im&em& @h&“ ﬁz«*;.vz.ng the
elmtes uz_a.. Eﬁuh si&es are wea&e : as uirht ‘a8 pcssibl “so they: can‘t
mGVGq : ER IR I ' - L e

gnd gmssibly three, apmaé.er

P‘I‘,:‘:Ef*”«“ There '%re:ée i:‘%:'a, tweon &
,ame\ és*m thmx ’i:he ek te,

chute’ am the face.  The spreader
Spreadarz had betm hemeen the

keGﬁI%E:-- wyg they conld hﬁ;eh i:m imbers _:»:ngze_s_ ,z’;z;e cmmtez' mn, ’

ﬁhey vrrmld :ao‘b aeed legs?

ﬁﬂtfi“’f - ’*TQS wa.& a ccm.nuer ’3_@@ I @.La.’ﬁsed.” .-;

’ éihat 5iu$ %?asx'z_jd""'

I’@H@‘%z "Ehe pautes _,...elp oat very zaueh
z;fmzzam ’*i@ith *he verbieal chutes, are they irc.;m to h&v& a ‘
‘master chute oot Tn a regular chnte only caal goes m, na me gaea '

- Yhere aﬁé g0 "hey da m’s imw h : 'az it ;is in there. R S

| COMMENT: "If they drew only t
fall aa far @r the- m ring o

&'5153?1315, Sﬁ.a ’*%i
wﬁ.hh i’ds s&me sﬁayfq

| GRIIIOS: FThere ave two. ways. . With "i:he amzsnaily hari "ai_lfall _zgra" o
‘have had; there eould have bsen. & f:ﬂ:!ack ﬁ.n the flacr %m }'fthe Bsal- -




. loading wien the light gods oats!

O NI R N .

gave' away al:i."gg orices M‘bahly best to kesp the ol
S i&?ﬁiéﬁ only bs- good

o uoRRIS, SR.s
%&1‘53, if ﬁh@m

. DONATI: We had lighbs befores

-thai; way when
fest mlé

; m_s&x;’ﬁ |

s 0 §aa1 abm malwmld
With 11ghts to g!

- they load only until $he light gﬁas mti "‘&ey }aava o stop -

s ,.;ham.&aﬁm

‘. Gvi%i“fﬁms | “’E}aa:!a are a fw aﬂg,ie gimtea tn the am%am , "%ae b:iaeh o
'-‘jbet;wean %zhe gangway and ths e@unte“ is th..s eay. e -

t

j_@am T0Rs  "How axe bhe clmtos arivent®

smﬁﬂﬁ; gf{‘ﬁg mc;gmﬁ
o mAth the Zight on they cen drsg the goal from the chy

érivazi, they would have o cont!

| “?hsy ma}.ﬁ have o iza:x*ry anﬁ raz:nlma %ﬁs 2.

E@ERI& aﬁaz "yith $he v‘émiaal ama%;eﬁ it‘» wﬁ.ll Wﬁ?ﬁ _,!?iaﬁ 'em?; - If

in the fubure they do not make the apex too thin, 1t wenld hel@»
'Raaﬁ:znabla precautions showld be useds . They smm m** make the
apax bon '2;%1,.:;, esgsai&lly whers hﬁam 1s watam B R

*’I’fz is pst;tg ve:e‘s;ieal, zmi: wexf 8 fe&%s aﬁsﬁ than iaiwg

Ay o
——go-siralghte® -~ R —

" HOBRIS, SRatp *‘*E‘han %hiakmg this wa
- f tﬁze 2’3’3 W !.{‘

‘-?; amzazs, pai: ”%3' aheu!%ﬁ saa z:mts #_n"'ﬁ.a mat t;sm ahal
) .ﬁﬁem%g ﬁi’ﬁgy hwe i;hiﬁ aenﬁiﬂm ' s &

mi:i » hax?e mtnh a

t ;'a wl

i:ef:&g “Fizm eosl mﬁa !z:iw fzmw up ami tzhay 2&&% &a‘ mﬁ: a azan
n insa the e‘ha»a t@ ciem mt‘: S

- COMMENT: "The mam on shi;ﬁ't aﬁma aiwc% isha eha%e e&c}a aﬁ? ‘%fﬂw,
,gamg f:r:a ﬁfsrks s S

 QUESTIONG ”%&3 a‘w&t kimring the c!mw?"

&hat %he 3.@.51; %m h&ma ami Mﬁca afﬁra hﬂm»‘*

ndations b zasap,-t%aa chwite full 18 not tee eassw
' buak not for:

- longa They can take only three or four cers. When rock comes down

- they have %o let it go untll more coal aw&ﬁ m :{f ih ma m:
. they mm bave ta leave the zslm%w ma.z LT e

. MpRRIS, SH.; ® I m@’”
1;!:391? mﬁ; W&@ :

Ve mn* ,Safﬁty gmtkae ﬁ.s vamr g@@ﬁ,



'5-'1}71;{3 “Yss P ‘ahey all éisi Bhas.f vex*“ hest.”
f%f@f: Iu, g .-*' - “‘ﬁ:a aertainly Lem m&uire bussr bsra%’rawiab plgns

| The hearing closes

: 30] 2313, ..}E. .“f ”Everyazze has bee:; vmfy booi a’:za ceaperauedfm' ﬁver;;r
 waye I 'would 1ike to compliment bolh tha men and the inspeetc?s
o Lo z;hair Line work, We apyreaiata it; ~ ST .
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dié net at a:zy ﬁime hes -»any grumbhag, or whimmrino**’ R

u;? ‘\""OI’ a new W&y %t) g{ﬂ} i}.’i _Vﬁlﬁl’l 0‘@.@ failedt
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~ have rendered individusl snd unbissed opinins, which are wanimous, in -

| "mzwmm vork %o resover Harry wmmamnywm
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- LANDSBURG MINE OF THE PA

A cave extending to the surface
water,
Frank -Stebly,
John Kovash, married and four
married with one dependent child,

- perience in steeply pltchmg coal. beds Mr. Frank
a idrmer president of Umted Mine

.. He.was a 'member of the general Safety Com-
30, 1954 made a general s

A - .sociated with safety work and was;
. of America Local No. 6481.
mittee and on December

- \

R mme
.“' “This rmne was ongmally opened
(slope near Cedar River. The gangwa?

", 8% grade and the present 41°, hoisting

o necting rock tunnels had been drlven
.ot mer beds underlying,
‘was being "done in-the B

'_s_hale, the hanging wall
‘bed is guite uniform in thickness. '
f;and in 6 or 8 months mining in

“Angle chutes pitching abouit 50°
: counter at intervals of
'operatmn vertlcal chu

BEPORT OF FATAL ACCIDENT JANUARY 29 1955, 4:00 A.

mud and debris, caused the death _of four men:
married; Louls Vaienti married and one dependent chﬂd

dependent children;

known as the; 6’ and 8, and, some "deyelopment work;.
* bed. The accxdent pccurred

‘which is 18 feet in thlckness ‘and dlps ‘about 80°."
softer with. sdme scft coal next tQ the

" The coal had ‘been mined 1o wtthin approximately 600 feet.ot ’the ! pe
tlus‘ level would have been completed.‘{.
\were .driven betwe
75 to 100 feet at the time of development. For safer
tes had replaced angle, chutes for man ways Vand supply |

. AT THE
MER COKING COAL COMPANY -
with

ﬁlhng the gangway and counter

and Nathan Russell

' All men were miners with long ex- |
Stebly had long been as-
Workers -

afety mspectlon of tlus

about a rmle distant trom the present
had been driven about 5, 000 feet on a
slope .and air way developed Con-
and some coal had been mined from two ;

in the No. 1. Bedu;
‘wall is hard sandy’

: The fopt
wall -The cpal _

riee ey ...,..,"-. Senel

n the gangway @ and
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. 'Two parallel places were driven above the co{lnter and the practice was to
Irill test holes into the coal above the upper piace to check the amount of
~coal to the hard pan overlying, also for the presence of water, no water had
been found in any holes.

" The mining was done by long hole blasting, startmg with the top place and
leaving about 50 feet of coal below the hard pan as a barrier pillar, working
the places down in sequence and taking the upper place out 20’ to 30’ in
advance of the place below.

The powder charge was placed in the back of the hole and the lower ten
feet was filled with stemming which would leave ten feet or so of coal on the
timbers as a cushion. When gravel came down or wall rock showed up, the

‘men moved back and fired the next line of holes The coal was moved to

the chute with a hoist and scraper and by grav1ty to the gangway. The
" - mminers were always working under timbers. ‘

The caves came through to the surface usualiy about 200 feet behind the.
- retreating faces. These cave holes were filled w1th gravel by a bulldozer.

and ditches cut around to prevent water from entermg the mine.

Frank Stebley and Louis Vaiente were workmg in the gangway and John
Kovash and Nathan Russell were working in the counter.

The morning of the disaster, January 29th at about 4:00 AM., Elmer
Ranta, night watchman, stated the signal for the hoist started ringing. This
had happened on occasxons before when some ob]ect had fallen and caused
‘)y phone but failed. When the men for the mormng shift came about 6:00

““/A M., and two went down to investigate, they found the landing at the bottom
of the slope filled with debris and water. '

Officials were notified, who called me. On nrnvmg at the mine a party .

" consisting of the State and Federal Coal Mine : ‘Inspectors and company of-
" ficials entered the mine and found the gangway filled with mud, debris and
.water. The counter was covered 2 feet to 3 Ieet deep with mud and other
debris, it had been 4 feet to 5 feet deeper and some had settled down the
chutes to the gangway. There was indication 1t had come with great force

" and none of the men could be alive. At the cave on the surface, some 1,000 B

" feet from the mine portal, we saw a hole 40 feet to 50 feet across and estimated

it 70 feet to 100 feet in depth with water accumulatmg at the bottom and

- the sides sloughing in.

It was considered unsafe to attempt any recovery work, a pump was in-
stalled at the bottom of the slope, however, Very little water had come mto
the mine. Work filling the cave hole was started February 10th. - . - =

. The State Coal Mining Board members were advised of the time‘of the "
: 5’1nvest1gatmn and were invited to ‘attend, and to come in time to inspect the

, property previous to the meetmg Mr. Pascoe and Mr. Rushton came Friday.

wF : r

c ‘myself \.A:_'., R [

Tl

“Mr. Walmsley, being ill, was unable to attend. 'An inspection tour was made :
‘by -Mr. Pascoe and Mr Rushton accompamed by company ofﬁcials and '_

The mvestlgatmn was held m the company 5. oﬁice February 12th at 10 00 -
““'“/A M. and testimony was given by Elmer Ranta, watchman; Chas. McAlister;
Chas. Anselmo; John Skulas; Hubert Kravagnaﬁ Don Manson; Dave Manson, B

- Ralph Barnett; William Zaputil, miners; and Fire Boss Al Parohm, company -
E v;ofﬂclals -Robt. -Pierce, Supt. Alva Slmmons, Ioreman, and J ack Morrls, Jr.,~-
.7 general manager. . i.': .o o _ T e e e T
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t

. District UM.W.A. President, Mr. Sam Nicholls, Mr. J. H. Pascoe and

Mr. Charles Rushton were invited to que;stion witnesses to bring out points

to their own satisfaction. ; :
Testimony indicated the general mining practice was good and there had
been changes made since the mine was opened, safety being the objective in

view, Minor accidents were few and not attributive to the mining method

or practice. o ;
All the men stated they thought the mine’s general condition the last few

" weeks was better than usual; the coal seemed drier and no indication of any

unusual or unsafe condition. P . -.
A company official thought a basin of water below the hard pan could

.. have caused the accident, others who c,:on:lmented thought it possiblé. Steeply ..
_ pitching coal beds present hazards not found in flatter beds. o '

~ It is doubtful if the bodies of the men, will be recovered or if mining will -
be resumed in this coal bed in the immediate future. '

"It is recommended as a precaution to prevent a future recurrence of ‘th,is

nature should the company start any mining operation in these steeply pitch-

ing beds it would be with a method approved by a Committee composed of

. State and Federal Mine Inspectors, representatives from district and local

|

U.M.W.A. and an agent from the Federal Bureau of Mines ‘at Washington,
. D. C. : . Lo ' ' '

- In addition to the men mentioned Abéve present at the méeting was L. H.
McGuire, Sub-District Supervisor, Health and Safety District H, U. S. Bureau

. of Mines; Al Donati, President of Local ;[6481, U.M.W.A.; Dave Evans, Safety
. Committee man and friends and relatives of the entombed men. -

S | C. R. HOLMES,
- | Chief Coal Mine Inspector
- : ' - State of Washington.
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Cave-in At Eanﬁsﬁurg-&ééneSam:*day;
- Traps Hen On Two Levels: A Similar

1

 Rezident Occurred ThéfE a Year ﬁg@}

at the Landshurg Mine No. 1 just!
north of TRavensdale last Saturday and four mine :
were buried beneath hundreds of tons of caurth, rock]

- debris, and the whole area Tlooded with water. Duey
to the large ared which sunk.down, closing the miney
_shafts below, no attempt has been made Lo find thel:
bodies of the four men, nor will an attempt he madel
to enter the mine again until aving SLODS, minet
N :

officials say.
All Leave
'l‘hc‘hmr men are
08, fenvensinles, Frunk Stebly, DY,
1inek Xnmnnml; Jahn Kovash, 14,
1obart, and Nathan D, Russetl, 4K,
af Cv.rbonndo. All are married and’
Jhave families. Vvahent, R wife,
sadeline und married daughter;
Kovash by his wife, Julin, and nix
SONY and Anughters, uped from K
1o 24 yemrs: Stebly by nis wife,
Selma, 0 whom he witd married 2
has two sons

Tragedy struck

Fumilies H
Louis Valiente.

Explores

ENUMCLAW,

eacsasssssnnnent

eacusessanassssen!

Girls Club House
Receives i

Thut the Enumelaw Glrls Club’
1House holds n warn spot in the
henrts of anuny individunls in
the commimity evideneed
ug“lmhw(. Aveclwhen o grenerous
cheekt arrjved from Mre LG
Ulman,

Mre,  Vilomn eanressemt her
pleasure 4t the need which the
pullding was filling in pnv\'mhxg
an attractive meoting pluee for
the girls :0rgnnl1.nthum. In her
accompanylng note she wrote,
wit iw  such o ratistnction to
know thit this work will be cur-
ried on it the np\m!ldlng in char-
acter of, girls \n this copumun-

Aty i

|Past P‘resi'dents'-

" Past prcummts ‘and

p.T. A. Founders,

founderd of
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few months age. e :
and ont dnughter by 2 previous standard Qil Company ot
marringe, and Russell by his wife, {farnia hns rompleted its leasing}
wanda, and one daughter and two _prngmm in the Emlmcluw-\!uckl»_\' i
sons. {nrea, nnd during  the past two
. _ Only Four 1n Mine weelts company ;:l'(-lﬂ;:h-".s have
The four men were the only | been busy in the Marion -lislrlvl‘ :
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MINE ACTIVITY — HISTORICAL — PART 1

(Tons per year per mine)

MORRIS BROS. COAL CO., INC.

YEAR  DURHAM #2 DURHAM #1  MORRIS OCCIDENTAL ANNUAL
: ~ TOTALS
1922 21,127 21,127
1923 24,517 24,517
1924 27,866 27,866
1925 23,473 23,473
1926 29,189 -29,189
1927 23,583 23,683
1928 18,889 23,509 42,398
1929 2,907 38,229 41,136
1930 4,946 43,454 48,400
1931 ~ 6,232 38,530 43,762
1932 28,060 28,060
1933 41,358 41,358
1934 17,8@9 17,809
1935 19,774 19,774
1936 20,877 20,877
1937 20,618 20,618
MINE .
TOTALS 171,651 4,946 5,232 292,218 473,947

MINE ACTIVITY — HISTORICAL — PART 4
(Tons per year per mine)

PACIFIC COAST COAL CO

YEAR JOHN HENRY ANNUAL
NO. 1 TOTALS
1986 4,432 4,432
1987 26,852 26,862
1988 105,072 105,072
1989 120,400 120,400
1990 32,553 32,553
MINE
TOTALS 289,309 - 289,309

(1st Qtr)



MiNE ACTIVITY — HISTORICAL — PART 2
(Tons per year per mine)

PALMER COKING COAL CO., INC.

YEAR DURHAM  DANVILLE OCCIDENTAL PALMER FULTON ~ FRANKLIN| FRANKLIN FRANKLIN/  KUMMER ROGERS ROGERS ROGERS ANNUAL
STRIP PIT 10/11/& 12 NO. 10 FULTON NO. 1 NO. 2 NO. 3 TOTALS
1933 4,339 4,339
1934 20,469 20,469
1935 24,409 24,409
1936 28,732 ; 28,732
1937 42,823 1,927 i 44,750
1938 28,063 2,088 20,274 i 50,425
1939 15,633 13,080 18,715 i 47,428
- 1940 10,721 34,348 14,512 | 59,581
1941 19,070 41,300 14,5877 i 74,947
1942 31,326 28,359 5,124 ! 64,809
1943 16,329 22,088 | 38,417
1944 13,969 13,255 5,944 i 33,168
1945 ‘ 18,116 13,056 6,822 i 37,994 .
1946 20,416 12,039 | 32,455
1947 23,377 2,585 17,412 : 43,374
1948 18,201 1,492 34,242 53,935
1949 21,503 37,989 | 59,492
1950 26,839 42,474 | 69,313
1951 50,066 45,044 | 95,110
1952 48,846 44,147, 92,993
1953 44,816 45,039 | 89,855
1954 46,790 87,594 | 134,384
1955 18,634 69.351i 87,985
1956 21,420 | 15,042 37,221 7,627 81,210
1957 18,077 i 44,031 62,168
1958 37,952 42,685 80,637
1959 56,464 18,092 15,217 89,773
1960 33,967 12,573 8,678 55,218
1961 794 6,139 8,516 32,472 47,921
1962 15,789 14,375 15,763 45,927
1963 ' 15,617 28,152 5,383 49,152
1964 2,267 5,029 25,838 22,780 55,914
1965 8,172 25,502 8,824 42,498
1966 8,043 16,574 23,372 47,989
1967 8,599 39,069 47,668
1968 6,080 34,698 40,778
1969 8,759 38,862 47,621
1970 9,330 22,463 31,793
1971 360 30,105 38,465
1972 28,572 28,572
11973 16,295 16,295
MINE
TOTALS 255,883 662,723 92,202 22,938 17,412 405,880 66,652 184,603 7.527 50,681 152,979 270,423 2,189,983
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MINE ACTIVITY — HISTORICAL — PART 3
(Tons per year per mine)

PALMER COKING COAL COMPANY, PARTNERSHIP

YEAR ROGERS WILKESON- LANDSBURG FRASER  McKAY| - GEM ~ McKAY ~ BIG LAWSON ANNUAL
: NO. 3 CHINASLOPE STRIP STRIP SEC. 18 SEC. 18 SEC. 12 DIRTY SLAG TOTAL
1974 14,500 450 : 14,950
1875 5,051 4,220 2,458 3,167 14,896
1976 9,081 6,058 7,957 696 23,792
1977 2,461 6,445 1,687 3,405 13,998
1978 - 6,p87 9,448 ' 15,735
1979 : ' 161 14,4709 14,631
1980 8,736 7,710 16,446
1981 5,250 3,669 8,919
1982 ' 2,625 1,629 3,094 7,248
1983 : 217 2,966 1,548 799 5,530
1984 . 6,726 2,068 8 8,802
1985 7,598 1,202 3,538 12,338
1986 7,924 3,186 11,110

MINE

TOTALS 19,551 16,212 14,961 3,167 30,078 42,240 26,743 7,912 7,531 168,395




SubTerra, Inc. Landsburg Mine 5/17/05
Coal Mine Hazard Assessment

Appendix E

OSMRE Mine Closure Reports

31 PN: 2001-45



e

-~
1

t o

P

’

United States Department of the Interior

OFFICE OF SURFACE MINING
Reclamation and Enforcement
Brooks Towers
1020 15th Street
Denver, Colorado 80202-2348

IN REPLYREFER TO:

March 22, 1994

Mr. William Kombol

Palmer Coking Coal Company

P.0. Box 10

Black Diamond, Washington 98010

Dear Bill:

Enclosed for your information is a copy of the final construction
report for the mine closure constructed on your property for the

Landsburg mine ogening.

You should be aware that the concrete plug constructed in this
opening was designed to prevent access into the mine but is not
designed to support the load of a structure nor does it eliminate
the potential for future subsidence of mine workings.

Thank you for your cooperation during this project. Please call
me at (303) 844-3067 if you have questions.

C:;é;nger Kaldenbach

Project Manager

Slncerely,

Enclosure
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S ] Hart Crowser, Inc.
“"i ﬂ RT‘ RC)In, ‘ R o 1910 Fairview Avenue East

Seattle, Washington 98102
FAX 206.328.5581
206.324.9530

Earth and Environmental Technologies

J-3109-40

December 3, 1993

Ms. Ginger Kaldenbach

U.S. Department of the Interior
Office of Surface Mining

1020 15th Street

Denver, Colorado 80202

> Re:  Final Construction Report
Navy Mine Reclamation Project
King County, Washington

Dear Ms. Kaldenbach:

Mitigation of the above-referenced abandoned coal mine hazards was completed on
November 1, 1993. This letter summarizes the mine hazards, work accomplished,
construction methods, problems encountered, and any significant changes made to the
project plans and specifications.

The contractor’s work was documented in our daily field reports previously submitted to
the Office of Surface Mining (OSM). Sequence of the work is shown in Table 1, and a
summary of the bid quantities is presented in Table 2, both of which are presented at the
end of this report. A photograph1c record of construction act1v1t1es for the closure of
each mine feature is presented in Appendix A.

Each coal mine feature presented a hazard as an attractive nuisance. The locations of the
mine features are shown on Figures 1 through 5. The features consisted of:

» Two vertical mine entries that appear to be related to the workings of the Navy Mine
(N-01 and N-05);

Seattle + Tacoma * Richland » Anchorage + Portland « SanfFrancisco + Long Beach
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» One inclined mine entry that extends into workings of the Navy Mine (DJ-01); and

» One mine feature that may be a subsidence located above workings related to the
Landsburg Mine (L-01).

The scope of the initial reclamation project did not include closure of N-05. This
opening was only discovered during site preparation activities for opening N-01. OSM
- authorized the contractor to close N-05 with a change order to the existing contract.

Reconnaissance of the area, information collected, and discussions of the mine features
are described in Hart Crowser’s Task 1 report to OSM (J-3109-26, dated April 15,
1993). -

Conceptual reclamation designs were presented to OSM in Hart Crowser’s Task 3 report
(J-3109-26, dated June 22, 1993)

Construction was accomplished from September 27 to November 1, 1993, by Livingston
Construction, Inc. Work was accomplished in general accordance with the project plans
and specifications except as discussed herein.

CONSTRUCTION METHODS
Reinforced Concrete Wedges (N-01, N-05, and DJ-01)

Reclamation of openings N-01, N-05, and DJ-01 utilized a permanent closure method
widely used by OSM. It involved excavating soil and/or rock materials around the
openings, constructing steel wedge-shaped forms for each opening, backfilling the wedges
with reinforced concrete, then backﬁlhng with soil over each concrete wedge. As-built
wedge placement is presented in Figure 6 for N-01, Figure 7 for N-05, and Figure 9 for
DJ-01.

As-built wedge form reinforcement is presented on Figure 8 for N-01 and N-05 and on
Figure 10 for DJ-01.

Excavation. The contractor excavated the soil around openings N-01 and N-05 with a
Hitachi EX220 tracked excavator to prepare the area for wedge placement The
contractor excavated loose weathered rock and soil by hand around opening DJ-01 after a
"Spyder” backhoe was unsuccessful at climbing the steep slope below the opening.
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Wedge Fabrication. The wedges for openings N-01 and N-05 were similar to each other
in size and resembled inverted four-sided pyramids. For opening DJ-01, the contractor
constructed a six-sided wedge because of the irregular shape of the opening. The _
dimensions of the wedges are presented in Table 3. The steel wedges were fabricated on
site in a staging area next to the gravel logging road leading to N-01 and N-05.

Wedge Placement. The tracked excavator was used to lower the wedges into position to
seal openings N-01 and N-05. The wedge for DJ-01 was lowered into place using a Bell
204 helicopter. The contractor adjusted the position of the wedge in DJ-01 to orient it
better using a 6-ton hoist with a cable attached to the large tree above the opening. He
used concrete blocks to support the underside of the wedge during repositioning.

Concrete Placement in Wedges. The contractor elected to place concrete in wedges for
N-01 and N-05 using the Bell helicopter instead of rehabilitating the old logging road
across the clearcut area. Concrete was delivered to the site from Cadman Sand and
Gravel in Black Diamond, offloaded into 1/2 cubic yard buckets, and transported to the
openings with the helicopter. Each round trip of the helicopter took approximately 3
minutes. Once the wedges were full, concrete was placed around the outside of the
wedges to form a seal between the form and the bearing soil. A total of 44 cubic yards
of concrete was used for these two entries. - o

For opening DJ-01, the contractor pumped the concrete up the slope from behind the
Williams residence to the opening using a concrete pump truck (Corbett Concrete
Pumping). Cadman delivered 8 cubic yards of concrete to the site. The contractor
placed about 4-1/2 cubic yards of concrete into the wedge and about 3-1/2 cubic yards
around the outside of the wedge to form a seal between the form and the bearing soil/
weathered rock. '

Concrete mix proportions are presented in Table 4 at the end of this report.

Site Restoration. Site restoration for N-01 and N-05 included backfilling over the
wedges, grading to provide positive drainage away from the closure, smoothing out ruts,
seeding, fertilizing, and covering the disturbed areas with straw mulch. Backfill was
placed in about 12-inch lifts and tamped with the excavator bucket to a firm condition.

Site restoration at DJ-01 included backfilling above the wedge to the approximate
surrounding grade, seeding, fertilizing, and covering the disturbed areas with an erosion
mat. Backfill was placed in 6- to 12-inch lifts and compacted to a firm condition with a
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hand compactor. The contractor also placed one truckload (about 10 yards) of 5/8-inch
crushed rock on the driveway because of disturbance from construction equipment traffic.

Controlled Density Fill (L-01 )

Controlled density fill (CDF) was used to backfill mine subsidence feature L-01 in two
stages. Cadman Sand and Gravel delivered the CDF to the site from Black Diamond and
Issaquah. Corbett Concrete Pumping supplied a trailer-mounted concrete pump. CDF
was pumped at a rate of about 60 cubic yards per hour. The Summit-Landsburg Road
was closed during CDF placement. S B .

CDF Placement. CDF was pumped a distance of about 150 feet through a 3-inch-
diameter hose from the pump located on Summit-Landsburg Road, through a wooded
area to the subsidence feature. CDF was discharged from the ground surface and was
permitted to drop to the bottom of the subsidence feature (a maximum of 18 feet). The
contractor elected to allow this free-fall distance because of concern for the safety of
workers near the edge of the depression.

A total of 319 cubic yards of CDF was required to fill the subsidence feature. Initially,
after placing about 150 cubic yards of CDF the OSM representative directed the
contractor to stop because it appeared that the CDF was not filling the depression.
However, as trucks that had been en route to the site were unloaded, the level of the
CDF began to rise. With a total of 201 cubic yards placed, the CDF level had risen
from 18 to 12 feet below the ground surface. About one week later, after OSM directed
the contractor to resume backfilling, CDF placement continued. An additional 118 cubic
yards were required to completely fill the subsidence feature. Figure 11 shows the levels
and amounts of CDF placed in two stages in L-01.

The proportions of materials in the CDF mix are presented in Table 5 at the end of this report.

PROBLEMS ENCOUNTERED DURING CONSTRUCTION

In general, the contractor did not encounter any major problems during construction.
Several minor problems that occurred are presented below.
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N-01, N-05, and DJ-01

Poor weather prevented the helicopter from getting to the site for wedge and concrete
placement as initially scheduled. The helicopter had to be rescheduled for use several
days later.

DJ-01

Excavation around the opening and backfilling activities had to be accomplished by hand
because the "Spyder" backhoe was unable to climb the steep slope below the opening.
The backhoe became stuck in loose surficial soil about 1/4 of the way up the slope.

Following wedge placement with the helicopter and subsequent wedge reorientation in the
opening, gaps between the weathered rock and the fabricated wedge still existed. The
gaps ranged in width from 6 to 12 inches. The contractor plugged the gaps with wood,
wire mesh and plastic sheeting. One of the plugged gaps on the top side of the wedge
gave way during concrete placement and allowed a very small amount of concrete to pass
along the side of the wedge. '

The hoses from the concrete pump truck became plugged at the beginning of the concrete
placement and caused about a 1/2 hour delay.

The contractor had significant difficulty placing the "Regular Curlex Blanket" one of two
types of erosion mat suggested by OSM to aid revegetation around DJ-01. Consequently,
the contractor decided to remove the "Curlex" material and use the other suggested
product, "SuperGro", which was much easier to install.

L-01

The batch plant of the CDF supplier in Black Diamond, Cadman Sand and Gravel, broke
down during CDF placement. As a result, Cadman delivered CDF from their Issaquah
Plant (a farther distance from the site than Black Diamond), which caused a delay in

. CDF placement. As a result, the hoses from the concrete pump nearly bepame plugged

during the wait for trucks.
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DEVIATIONS FROM PLANS AND SPECIFICATIONS

In general, it was not necessary to deviate significantly from the project plans and

specifications during construction. However, several minor changes occurred during the
course of the project and these are described below.

N-01

The height of the wedge was about 1 foot taller than specified (11 feet versus 10 feet)
and the apex angle of the wedge point was slightly smaller (53 degrees versus 60 degrees)
than outhned in the plans.

The contractor did not use high early strength concrete inside the wedge form. OSM
approved this change from the specifications at the pre-construction meeting.

No imported general fill or topsoil was required for backfilling above the opening.
The monument stickup was 1.3 feet versus the specified 2 feet.

The contractor substituted 10-20-20 fertilizer because the specified 16-16-8 fertilizer was
not readily available.

N-05

The contractor submitted a contract change order for additional work required to
complete the closure of N-05, which was only discovered during site preparation
activities for N-01.

The height of the wedge was about 1 foot taller than specified (12 feet versus 10.9 feet)
and the apex angle of the wedge point was shghtly smaller (53 degrees versus 60 degrees)
than outlined in the plans.

The contractor did not use high early strength concrete inside the wedge form. OSM
approved this change from the specifications at the pre-construction meeting.

No imported general fill or topsoil was required for backfilling above the opening. |

The monument stickup was 1.3 feet versus the specified 2 feet.
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The contractor substituted 10-20-20 fertilizer because the specified 16-16-8 fertilizer was

not readily available.

DJ-01

Due to the geometry of the opening, the apex angle of the wedge point was smaller (45
degrees versus 60 degrees) than outlined in the plans. This was acceptable to OSM
during constuction.

The contractor did not use high early strength concrete inside the wedge form. OSM
approved this change from the specifications at the pre-construction meeting.

No imported general fill or topsoil was required for backfilling above the opening.

The contractor substituted 10-20-20 fertilizef because the specified 16-16-8 fertilizer was
not readily available.

OSM directed the contractor to use a biodegradable erosion mat on newly seeded steeply
sloping areas around DJ-01, which were disturbed during construction. OSM
recommended that the contractor select either "Regular Curlex Blanket" a wood fiber and
plastic mesh composite or "SuperGro" a non-woven polypropylene blanket reinforced
with polypropylene netting. The contractor initially selected the "Regular Curlex
Blanket", but after difficulties with installation, "SuperGro" was used instead.

Installation of the curlex blanket was problematic primarily because the wood fibers came

apart from the plastic mesh when the composite was unrolled.

L-01

The contractor submitted a contract change order for mobilization of the concrete
pumping truck for the second phase of CDF placement.

OSM allowed the contractor to place CDF into L-01 without the restriction that the CDF
free-fall distance be limited to 4 feet or less. Limiting this free-fall would require
workers to stand out at the edge of the subsidence depression. The contractor was
concerned about the safety of workers in this position and proposed the deviation from
the specifications prior to the CDF placement.

The monument stickup was 4.5 feet (per OSM’s verbal direction) versus the spemﬁed 2
feet shown on the plans.
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CLOSING

We accomplished our work for the exclusive use of the U.S. Department of the Interior,
Office of Surface Mining (OSM), for the specific subject site. We performed our work
in accordance with generally accepted geotechnical engineering practices for the nature
and conditions of the work completed, in the same or similar localities, at the time the
work was performed. No other warranty, express or implied, is made.
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We enjoyed working with you on this project and look forward to the successful closure
of additional abandoned mine openings. If you have any questions regarding this report
or other aspects of the project, please call.

Sincerely,

RN

RS W N
[BPRES_ 3 - 12- 954

) »“\S\l’C(\IAj_,?};‘Q £

STEPHEN A. SIEBERT, P.E. J. JEFFREY WAGNER, P.E..

Senior Staff Engineer Associate
SAS/ITW:sde/cen .
FINAL.Ir

Attachments:

Table 1 - Project Sequence

Table 2 - Bid Quantities

Table 3 - Nominal Wedge Dimensions Used in Construction

Table 4 - Structural Concrete Mix Proportions (N-01, N-05, and DJ-01)
Table 5 - Controlled Density Fill Mix Proportions (L-01)

Figure 1 - Vicinity Map - N-01, N-05, and DJ-01

Figure 2 - Vicinity Map - L-01

Figure 3 - Site Plan for N-01 and N-05

Figure 4 - Site Plan for DJ-01

Figure 5 - Site Plan for L-01

Figure 6 - Opening N-01 Plan and Profile (As-Built)

Figure 7 - Opening N-05 Plan and Profile (As-Built)

Figure 8 - Wedge Form Reinforcement (N-01 and N-05) (As-Built)
Figure 9 - Opening DJ-01 Plan and Profile (As-Built)

Figure 10 - Wedge Form Reinforcement (DJ-01) (As-Built)

Figure 11 - Feature L-01 Plan and Profile (As-Built)

Appendix A - Construction Photographs
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Table 1 - Project Sequence _ ' ’ Sheet 1 of 2
Dates Item
7/30/93 Invitation for bids issued by OSM.
8/12/93 Pre-bid site inspéction.
9/8/93 Contract awarded to Livingston Construction of Olympia,
Washington.
9/23/93 Pre-Construction meeting.
9127/93. Contractor received notice to proceed and began
mobilization and site preparation for N-01 and DJ-01.
9/28/93 Excavated around N-01.
9/29/93 Spyder backhoe unable to get up to DJ-01. Excavation
completed around DJ-01 by hand.
9/30/93 New opening discovered during clearing of access road to
N-01. New opening designated N-05.
10/4/93 Excavated around N-05,

10/4 - 10/6/93

Fabricated wedge for N-01.

10/7/93

Placed wedge in N-01.

10/8 - 10/11/93

Fabricated wedge for N-0S.

10/12/93 .

Placed wedge in N-05.

10/12 - 10/13/93

Fabricated wedge for DJ-01.

10/14/93 Placed CDF in L-01. Backfilled hole with 201 cubic yards
of CDF to a depth of 12 feet below ground surface.

10/15/93 Concrete placement in N-01 and N-05 wedge and DJ-01

' wedge placement cancelled. Helicopter could not get to

site due to poor weather.

10/18/93 Placed concrete in N-01 and N-05 and placed wedge in
DJ-01 with helicopter. Placed 19 cubic yards of concrete
in N-01 and 25 cubic yards of concrete in N-05.

10/19/93 Adjusted position of wedge in DJ-0L.

10/20/93 Second stage of CDF placement at L-01. Depression

backfilled to ground surface with 118 cubic yards of CDF.
Backfilled N-05. .

10/21/93

Backfilled N-01.
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Sheet 2 of 2

l Dates l Item ,
- e ———————

10/22/93 Placed 8 cubic yards of concrete in DJ-01. 1
10/25/93 Backfilled DJ-01.
10/21 - 10/28/93 Spread seed, fertilizer, and mulch around N-01 and N-05.
10/29/93 Spread seed and fertilizer around DJ-01 and attempted
unsuccessfully to install "Curlex" erosion mat.
11/1/93 Removed Curlex erosion mat. Spread seed and fertilizer
on slope that had been cleared for Spyder backhoe.
Placed "Supergro” erosion mat in area around DJ-01 and -
on cleared slope.
11/2/93 Final walk-through with OSM representatives.




R
-

Hart Crowser

7-3109-40
Table 2 - Bid Quantities
I
Cost per Cost per
Estimated Estimated Actual Actual
Item Description - ’ Unit Unit Cost Quantity Quantity Quantity Quantity
1. Mobilization and Site
Preparation
a) N-01 Ls $7,700 1 $7,700 1 $7,700
b) N-05 Ls $700 1 $700 1 $700
¢) DI-01 ‘LS $1,800 1 $1,800 1 $1,800
d) L-01 LS $750 1 $750 1 $750
2. Excavation and Replacement
a) N-01 cYy $35 © 70 $2,450 130 $4,550
b) N-0S cY $35 70 $2,450 90 $3,150
¢) DI-01 LS $3,750 1 $3,750 1 $3,750
3.Wedge Construction
a) Wedge Form Construction ) 1 A .
i) N-01 LS. $16,400 1 $16,400 1 $16,400
ii) N-05 Ls $16,400 1 $16,400 1 $16,400
iii) DJ-01 LS $14,600 1 $14,600 1 - $14,600
b) Reinforced Structural Concrete
) N-01 cY $470 25 $11,750 19 $8,930
i) N-05 CcYy . $470 25 $11,750 25 $11,750
iif) DJ-01 CY $180 15 $2,700 8 $1,440
4. Controlled Density Fill (L-01) CY $50 - 250 $12,500 319 $15,950°
5.Backfill
a) Imported General Backfill
i) N-01 Ton $50 35 $1,750 0 0
ii) N-05 Ton $50 35 $1,750 0 0
iif) DJ-01 Ton 4 $50 35 $1,750 0 0
b) Imported Topsoil
) N-01 Ton $20 9 $180 0 0
i) N-05 Ton $20 9 $180 0 0
iii) DJ-01 Ton $50 7 $350 0 0
6. Revegetation
a) N-01 Ls $500 1 $500 1 $500
b) N-05 ’ LS $500 1 $500 1 $500
¢) DJ-01 Ls $500 1 $500 1 $500
d) L-01 LS $500 1 $500 1 $500
7. Demobilization
a) N-01 Ls $2,500 1 $2,500 1 $2,500
b) N-05 ‘ ‘ Ls $300 1 $300 1 $300
¢) DI-01 Ls $650 1 $650 1 $650
d) L-01 LS $300 1 $300 1 $300
Total $117,410 | '$113,620
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Table 5 - Controlled Density Fill Mix Proportions (L-01)

Item . Quantity per Cubic Yard
Portland Cement (Type I) 30 pounds

Fly Ash | 300 pounds

Fine Aggregate (Building Sand) 3100 pounds

Water 300 pounds

Air Eﬁtraim'ng Agent (ASTM C-2) 2 ounces
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Photograph 3 - Hoses from pump through wooded area to L-01.
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Photograph 5 - CDF in bottom of L-01.
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STATEMENT OF WORK
GENERAL DESCRIPTION

110 SCOPE OF PROJECT
The purpose of this project is to close and reclaim three abandoned coal mine-related features
located near the towns of Cumberland and Ravensdale in King County, Washington. The mine

features are apparently related to the Navy Mine (N-01 and DJ-01) and the Landsburg Mine (L-
01) A Regional Map and vicinity maps of the sites are presented as Flgures 1, 2, and 3.

Reclamation of the three mine features will be accomplished in the following two ways:

1. Mine Entries N-01 and DJ-01. Excavation of soil and/or rock to expose a well-defined
opening followed by construction of a reinforced concrete wedge to form a plug in the
entry. A steel form is to be fabricated, placed in the opening, then filled with concrete.
Soil backfill is to be placed from the top of the wedge to the ground surface.

2. © Mine Feature L-01. Control Density Fill (CDF) is to be pumped (or tremied if
groundwater is present) into the opening to fill it to the ground surface.

The purpose of the work is to permanently prevent access to the underground mine workings.

Methods, materials, submittals, execution of work, and other items are specified in the following

~ sections of these Construction Specifications. The dimensions of each mine feature are based

on measurements performed at the site during exploratory work. They are the Engineer’s best
estimates. Actual conditions may vary from these estimates. Construction dimensions for N-01
and DJ-01 shall be established in the field by the Contractor after excavating soil overburden to
the extent directed by the OSM site representative to expose a well-defined opening.

120 SITE DESCRIPTIONS

N-01. The opening appears to be related to workings of the Navy Mine, based on current
available mine maps. The opening is about 6 to 7 feet in diameter at the ground surface and 21
feet deep vertically. Reportedly this 21-foot depth marks the foot wall of a coal seam and the
shaft then angles downward at about 45 degrees for an unknown depth. The vertical side walls
along the upper portion of the shaft appear to generally consist of brown, silty, gravelly sand.

DJ-01. The opening appears to be an inclined entry that extends into workings of the Navy
Mine. The opening is located on a steep side slope (about 142 Horizontal to 1 Vertical
[1%AH:1V]) about 40 feet above the backyard of the residence of David and Lori Williams at
36108 312th Avenue S.E. in Cumberland, Washington. The mine opening appears to slope
down into the hillside at an angle of about 45 degrees.

During investigative work, the opening was excavated by hand to observe the condition of rock
surrounding the opening. The "crown" of the opening consists of moderately weathered, highly
fractured sandstone and siltstone. The "invert" of the opening, as visible from the ground
surface, consists of sloughed soil and sandstone. The apparent top of a coal seam is evident in
the side wall of the opening, about 2 feet below the "roof." Opening d1mens1ons are estimated
to be about 3 to 4 feet by 3 to 4 feet.

C-1



Mobilization and Site Preparation

. Payment for "Mobilization and Site Preparation" shall be at the contract lump sum price,
which shall include full compensation for providing all equipment necessary to
accomplish the work. Also included in this price are work area access (including
temporary roads), the job trailer (optional), sign, safety tape and/or fences, sediment
control, clearing and grubbing, preparing material storage areas, and purchase or rental
of equipment required for safety. The total bid for "Mobilization and Site Preparation”
shall not exceed 15 percent of the total of bid items 2 through 6. This price shall be
séparated into three separate lump sum prices to cover:

la) N-01;
1b) DJ-01; and
Ic) L-01.

Excavation and Replacement (N-01, DJ-01)

Payment for excavation of soil and/or weathered rock shall be made at the contract unit
price per in-place cubic yard of material excavated, placed in stockpile(s), and
subsequently placed and compacted above the finished reinforced concrete wedge. The
price shall include all labor, equipment, and materials necessary to excavate all openings
to expose competent bedrock or bearing soil, and a well-defined opening and to replace
.and compact the material as directed by OSM.

Quantities of excavated material will be determined by a cross section survey before and
after excavation. The survey will be performed by OSM and may be reviewed by the
Contractor. Survey points shall be along grid lines spaced approximately at intervals of
5 to 10 feet depending on the surrounding slope and as determined appropriate by OSM.

Excavated material shall be segregated and placed in one or more on-site stockpiles for
reuse or disposal as directed by OSM. Stockpiles shall be protected from erosion and
off-site sedimentation as specified. Cost for handling excavated material, stock-pile
construction, reclamation, and erosion protection shall be incidental to other work.
Quantities of excavated material not reused on site, for whatever reason, shall be
disposed of off site as directed by OSM. Payment shall be based on loose cubic yards
in truck as estimated by OSM, for the purpose of negotiating an equitable change order.
This price shall be separated per opening as follows:

2a) N-01; and
2b) DJ-01.

Wedge Construction (N-01, DJ-01)

Closure operations for this type of mine plug will be paid by the following bid items:

C-5



SECTION 200
MOBILIZATION AND SITE PREPARATION

210 SCOPE

This work shall consist of performing all tasks necessary prior to reclamation of the openings.
This preparatory work shall include the transportation of all equipment and personnel to the site;
clearing, grubbing, and accessing the area; facility installation (such as job trailer, s1gn and
storage areas); sediment controls; and all safety precautions.

Equipment, materials, and any facilities moved on site shall be stored within the boundaries of

the staging area. The designated staging area will be established during the pre-construction

meeting with the contractor and OSM present at the site. The Contractor shall make every effort
to minimize disturbance to the work site during this project. The Contractor shall be responsible
for suppression of dust due to his operations.

230 SITE FACILITIES

A job trailer is optional and may be provided by the Contractor. If provided, the trailer shall
be established within the designated staging area. The Contractor shall provide and maintain at
least one sani-can in an inconspicuous location at each of the three sites (N-01, DJ -01, and L-01)
during construction.

A sign shall be erected in plain view at the point of access to each project site as shown on the
plans. This sign will be new and erected prior to any construction. It shall be maintained for
the duration of the project and shall meet the following minimum specifications:

1. SIZE: The sign shall be at least three (3) feet in height and four (4) feet in width.

2. MATERIAL: The sign shall be painted on exterior type plywood of at least one-half-
inch (Y2-inch) thickness and mounted on 2 x 4 (or heavier) posts.

3. PAINT: The sign shall be painted with at least two coats of paint, one of which is a

’ primary coat. The paint shall be a quality exterior type comparable to that used in the

general area for commercial exterior signs. Paint color shall be white with black letters.
Letters shall be plain block letters no less than three (3) inches high.

4. DESIGN: The sign shall read as follows:

U.S. DEPARTMENT OF THE INTERIOR
OFFICE OF SURFACE MINING - DENVER, COLORADO
NAVY MINE PROJECT
RECLAMATION OF ABANDONED COAL MINES
Project Manager: Ginger Kaldenbach
Phone: (303) 844-3067



RN

The Contractor shall construct a wedge to fit inverted into the openings. Use Figure 11 to
calculate the required wedge dimensions. The Contractor, in conjunction with the OSM
representative, shall measure dimension D across the opening after excavation to top of
competent bedrock or suitable bearing soil subject to OSM’s approval.

Competent bedrock or suitable bearing soil shall be identified and defined by OSM. Bearing
edges shall be uniform and free of loose rock or soil. Bedrock or soil edges supporting the form
with an irregular surface of more than 6 inches are not acceptable.

Fabricate the steel wedge form as indicated on Figure 11. The wedge apex shall have an
included angle of 60 degrees.

Perimeter plate angles shall be as needed to match the excavated opening at the top of rock.
Packing shall be provided as necessary to limit the loss of concrete into the opening between the
outer edges of the steel form and the rock/soil bearing edges. ‘

Wedge construction configuration (external plate steel and internal reinforcing) shall be the
responsibility of the contractor and submitted to OSM for review. The fabricated form shall be
observed by OSM prior to placement.

During wedge form placement, the Contractor shall rock the form back and forth so that it fits
properly into the opening. If it is not possible to achieve an adequate fit for the form with this
procedure, the Contractor shall excavation more material around the opening or modify the form
as directed by OSM. Form placement is to be observed and approved by OSM prior to concrete
placement.

440 CONCRETE REINFORCING (N-01 and DJ-01)

Reinforcing shall be placed in the form and secured in the locations shown on Figure 12. Bar
splices shall be lapped at least 24 inches. Rebar shall extend to within 3 inches of the inside of
the steel.form. Placement of rebar shall be approved by OSM prior to placement of concrete.

450 CONCRETE PLACEMENT (N-01 and DJ-01)

Concrete shall be placed into the form in one continuous pour. Concrete shall overtop the form
to the area between the form and the bearing rock/soil. The OSM representative shall be on site
during concrete placement.

460 CONTROLLED DENSITY FILL PLACEMENT (L-01)

The CDF shall be placed by pumping or flowing through a chute, both of which shall prevent
free fall of material by more than 4 feet. The point of depositing the mix shall be moved as
needed to provide complete filling without necessity of raking the mix after it has been
deposited. Figure 10 presents the approximate dimensions of opemng L-01 The OSM
representative shall be on site during CDF placement. :

C-15
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Site Monument-Section View
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October 21, 2003

Ms. Ginger Kaldenbach

~ U.S. Department of the Interior

Office of Surface Mining
1999 Broadway, Suite 3320
Denver, CO 80202-5733

Re: Final Censtruction Report
Danville Mine Project
Features RV-01 through RV-05
OSM Project No. WA-03-002
Ravensdale (King County), Washington
7722-18

Dear Ms. Kaldenbach:

The abandoned coal mine subsidence features (designated RV-01 through RV-05) addressed
in this report were first investigated by Hart Crowser in June 2002.- Reclamation of the
features was completed by C. Wyss and Son, LLC in August 2003 as described in this letter
report. This letter summarizes the mine hazard, work accomplished, and the variances from
the project plans and specifications during construction. Our work was conducted on
behalf of the U.S. Department of the Interior, Office of Surface Mining (OSM) in accordance
with our Contract No. 1438-51-CT-230020.

The Contractor’s work was documented in our daily reports as it was accomplished. Table
1 lists the sequence of work, and Table 2 presents the summary of bid quantities and the
actual quantities used in reclamation of the abandoned coal mine features. Sheet C-4 from
the construction plans has been annotated to show changes in slope grades, and is included
as an as-built drawing of the reclaimed features. Appendix A contains a photographic
record of closure construction activities.

PROJECT BACKGROUND

The abandoned coal mining subsidences are apparently associated with the former Danville
Coal Mine workings and are located on property presently owned by the Palmer Coking
Coal Company about 2 miles north of Ravensdale, WA. The features are located in the
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U.S. Department of the Interior, : . o .7722-18
Office of Surface Mining - Page 2
October 21, 2003 ‘ ' :

southeast quarter of Section 24, Township 22 Nérth, Range 6 East, on an undeveloped hill
slope site that has recently been logged for timber production.

FEATURE DESCRIPTIONS

Prior to reclamation, the subsidence features RV-01 through RV-05 appeared as steep-sided,
near-circular depressions in the landscape. They were estimated to have an average '
diameter ranging from 25 to 80 feet with an average depth ranging from 8 to 30 feet.
During our initial site visit in 2002, water appeared in the bottom of three of the
subsidences (RV-01, RV-02, and RV-04), while the remaining two (RV-03 and RV-05) were
dry. During the on-site pre-bid meeting, only one subsidence feature (RV-01) contained
water.

CONSTRUCTION METHODS

Hazard abatement work was accomplished by the specified construction method, as
discussed below. Appendix A presents site photographs showing the construction
sequence for reclamation of the feature.

Features RV-01 through RV-05

Closure of subsidence features RV-01 through RV-05 was accomplished by dewatering
(where necessary) and regrading the side walls of the subsidence to a slope such that they
would freely drain water and allow for easy egress. Erosion protection (including silt fences
and hay bales) was placed on the down slope side of each feature prior to the start of
grading activity. Following completion of grading activity, monuments were installed to
permanently mark location of the subsidence features. A small excavation was made over
the center of each feature, where an approximately 6-foot-long galvanized steel pipe was
placed, allowing for about 3 feet of stickup above the graded ground surface.
Subsequently, concrete was poured around each pipe to within approximately 6 inches
below the adjacent grade. Concrete was then poured inside each pipe and monument
markers (provided by OSM) were placed at a slight recess below the top of each pipe.
After the concrete cured, on-site soil material was placed on top of the concrete and
compacted with the track hoe bucket.
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- Office of Surface Mining : ’ Page 3

October 21, 2003

Revegetation of the site was completed by hydroseeding methods. The mulch, seed,
fertilizer, and water mixture was applied to all disturbed surfaces using a truck-mounted
spray hose. All erosion control measures (silt fence and straw bales) were left on site to
provide erosion protection until revegetation is established.

The primary objective for final grading and site restoration was to minimize the hazards
associated with the deep subsidence features. The secondary objective was to create

- positive surface drainage away from each feature such that they would no longer retain

water. The third objective was to make the closures blend into the existing topography and
terrain to the extent possible. These objectives were accomplished.

The reclamation was not designed to eliminate the potential for possible future subsidence.
Future land uses should take into consideration that underground voids may exist and '
additional subsidence could occur.

NO SIGNIFICANT PROBLEMS ENCOUNTERED DURING CONSTRUCTION

No significant problems were encountered during construction activities.

VARIANCES FROM PLANS AND SPECIFICATIONS DURING
CONSTRUCTION

Some modifications were made to the Plans and Specifications for the reclamation of
subsidence features RV-01 through RV-05 as construction activities were performed in the

field. These modifications were as follows.

m  The final slopes for the subsidence features were typically graded to be 2H:1V, or flatter,
rather than the 1.5H:1V slopes shown in the Plans and Specifications. The Contractor
requested to make the slopes flatter, to simplify the regrading process and to avoid the
expense of placing erosion control blankets, which were required for slopes steeper
than 2H:1V. The base of each subsidence feature was graded to 10 percent or flatter to
allow for free water drainage, as shown on the Plans.

The slope change outlined above as well as conservative estimates used for width and depth
of the subsidence features resulted in less excavation (approximately 54 percent reduction)

-during reclamation than was anticipated at the time of bidding. As a result of the reduction
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in regraded volume, the unit price for regrading was renegotiated from that of the original
bid. ‘

CONCLUSION

Except for the changes and modifications noted above, reclamation of the Danville Mine
subsidence features was generally completed in accordance with the plans and
specifications.

We accomplished our work and completed this report for the exclusive use of the U.S.
Department of the Interior, Office of Surface Mining (OSM), for the specific subject site.
We performed our work in accordance with generally accepted engineering practices for
the nature and conditions of the work completed, in the same or similar localities, at the
time the work was performed. No other warranty, express or implied, is made.



U.S. Department of the Interior, , . . -7722-18
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We appreciate the opportunity to work for OSM on this project. Please call if you have any
questions regarding this report or other aspects of the project.

Sincerely,
HART CROWSER, INC.

e =

MATTHEW W. WOLTMAN, EIT
Project Geotechnical Engineer

77804 hih )

~

JOSTEIN AASEN, EIT MICHAEL J. BAILEY, P.E.
Senior Staff Geotechnical Engineer Project Manager
Attachments:

Table 1 General Sequence of Work

Table 2 Bid Quantities and Cost, RV-01 through RV-05 Reclamation
Figure 1 Vicinity Map - '

Plan C-4 Typical Feature Cross Sections and Grading Plan

Appendix A Construction Photographs

F:\Docs\Jobs\772218\Danville Letter.doc



Table 1 - General Sequence of Work

. yod
", ,

Date. ' Activity

8/19/2003 On-site pre-construction meeting with OSM Project Manager, Hart Crowser Project
Manager and Field Representative, and Contractor.

8/23/2003 Mobilize CAT D-8 dozer and John Deere 590D excavator to site.

8/25/2003 Begin grubbing and regrading activity at features RV-05 and RV-04. Install erosion
protection at features RV-05 and RV-04. Mobilize project sign and pumps and hoses
to site.

8/26/2003 Complete grading of features RV-05 and RV-04. Begin grubbing and grading at feature
RV-03 and grubbing of feature RV-02. Install erosion protection at feature RV-01.

8/27/2003 Complete grading of feature RV-03, begin grading activity at feature RV-02. Install
erosion control at feature RV-02. Complete dewatering and begin grubbing and grading
of feature RV-01.

8/28/2003 Complete grading of features RV-02 and RV-01. Complete monument placement at

features RV-01 through RV-05.

8/29/2003 Backfill and compact monument areas with on-site fill soil. Mobilize hydroseed
revegetation equipment to site. Complete revegetation of features RV-01 through
RV-05 and other disturbed areas of site. Demobilization from site.

Hart Crowser
772218/Danville Letter.xls - Table 1.
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__ Table 2 - Bid Quantities and Cost
) RV-01 through RV-05 Reclamation

' Estimated | 20 COStPer| - pcqia) Cost per
Item Description Units |Unit Price| Quanti Estimated Quantity Actual
A ty Quantity Quantity
1 Mobilization LS $3,500.00 1 ~ $3,500.00 1 $3,50b.00
Site Preparation , »
2 and TESC LS $4,000.00 1 $4,000.00 1 $4,000.00
Placement '
(@) $1.50 ,
3 Grading cY $2.33 10,600 $15,900.00 4,880 | $11,370.40
- Monuments, ‘
4 Revegetation, and LS $2,500.00 1 $2,500.00 1 $2,500.00
Demobilization :
Total $25,900.00 $21,370.40
Notes:

@The unit price for grading was renegotiated after completion of construction due to a change in quantity.
The unit price bid ($1.50/cubic yard) was adjusted to $2.33/cubic yard based on the Contractor's submittal

dated September 17, 2003.

Hart Crowser
772218/Danville Letter.xls - Table 2
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hoses. Looking northeast.

(WA-009_RV-01_082503a_Misc Equipment.jpg)
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Photograph 2 Feature RV-01 during dewatering. Looking east northeast.
' (WA-009_RV-01_082703a_DewateredFeature.jpg)

7722-18

n, {em‘porary erosion t c_ontrol, and ewaterin'g



Hart Crowser

7722-18
. Photograph 3 Usmg Cateprllar D 8 dozer and John Deere 200 trackhoe to prepare
)y Feature RV-05. Looking northeast.

(WA-009_RV-05_082503c_Site Prep.jpg)

Photograph 4 Usmg CateplllarD -8 to grade Feature RV 05. Lookmg northeast
(WA-009_RV-05_082503a_Grading.jpg)
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— Photograph 5 Feature RV-04 and associated monument marker.
) (WA-009_RV-04_082803b_MonumentPlacement.jpg)
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Photograph 6 Truck-mounted hydroseed equipment used for revegetation of the
features. :
(WA-009_RV-01_082903a_HydroseedEquipment.jpg)
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) northeast.
(WA-009_RV-01_082903a_RevegetatedFeature.jpg)
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Photograph 8 Feature RV- 2 final grade and associated revegetation. Looking

southwest. _
(WA-009_RV-02_082903a_RevegetatedFeature.jpg)
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SubTerra, Inc. Landsburg Mine 5/17/05
Coal Mine Hazard Assessment

Appendix F

Select PCC Coal Mine Photographs
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SubTerra, Inc. Landsburg Mine April 2005
Coal Mine Hazard Assessment

This wall of coal is being drilled with electric steel augers. The holes will be loaded with
sticks of dynamite. After the charge has exploded, the loose coal will be loaded into coal cars
for a 500-foot trip to the surface. Landsburg Mine, 1953. Photograph by the Seattle Times
copyright 1978 Seattle Times P.O. Box 70, Seattle, WA 98111 all rights reserved; (206) 464-
229.7 This picture has been purchased for personal use only and must not be published,
reproduced, or used for advertising purposes without written permission from the Seattle
Times.

PCCO001 Project No. 2001-45



SubTerra, Inc. Landsburg Mine April 2005
Coal Mine Hazard Assessment
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After a blast of dynamite, John Skulas of Maple Valley pulls the shattered coal with a large
bucket guided by steel cables and powered by an electric winch. —Landsburg Mine, circa
1953. Photograph by the Seattle Times copyright 1978 Seattle Times P.O. Box 70, Seattle, WA
98111 all rights reserved; (206) 464-229.7 This picture has been purchased for personal use

only and must not be published, reproduced, or used for advertising purposes without written
permission from the Seattle Times.

PCCO003 Project No. 2001-45



SubTerra, Inc. Landsburg Mine April 2005
Coal Mine Hazard Assessment

Rogers #3 underground coal mine, circa 1974. Light at the end of the tunnel.

PCC004 Project No. 2001-45




SubTerra, Inc. Landsburg Mine April 2005
Coal Mine Hazard Assessment

Coal cars from the underground Rogers #3 coal mine dumping on tipple, Ravensdale 1974

PCC012 Project No. 2001-45



SubTerra, Inc. Landsburg Mine April 2005
Coal Mine Hazard Assessment

Carl Falk, Office Manager for Palmer Coking Coal Co. 1975 (1920 — 1997)

PCC023 Project No. 2001-45



SubTerra, Inc. Landsburg Mine April 2005
Coal Mine Hazard Assessment

Tony Basselli and “Bud” Simmons ride a coal car coming out of the Rogers #3 mine, circa
1974. Photograph by the Seattle Times copyright 1978 Seattle Times P.O. Box 70, Seattle, WA
98111 all rights reserved; (206) 464-229.7 This picture has been purchased for personal use

only and must not be published, reproduced, or used for advertising purposes without written
permission from the Seattle Times.
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Bill McLoughry hitches another coal car to the main hoisting cable. After the cable is
attached, the coal car will be pulled 500 feet up an incline to the surface. Hoisting machinery
at the Landsburg Mine pulled the cars one at a time with a 125 horsepower electrical motor.
circa 1953. Photograph by the Seattle Times copyright 1978 Seattle Times P.O. Box 70,
Seattle, WA 98111 all rights reserved; (206) 464-229.7 This picture has been purchased for
personal use only and must not be published, reproduced, or used for advertising purposes
without written permission from the Seattle Times.
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Underground coal mining at Rogers #3 coal seam, Ravensdale, circa 1974: Tony Basselli
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Rogers #3 underground coal mine located off Kent-Kangley in Ravensdale, circa 1974,
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M.S.H.A. coal mine inspector, circa 1974
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PALMER COKING COAL COMPANY FIRST AID CLASS 1954 FIRST ROW: Walt Gibson, Joe Zumek, Don Malagrini, Frank
Zumek. SECOND ROW: Bill Petchnick, Bill Parkin, Ralph Barnett, George Morris, Albert Rossi, Jack Henry, George Costanich, Tom
Maks, Jules Dal Santo. THIRD ROW: Bill McLoughry, Tim Harrington, Henry Babb, Arthur Eltz, Joe Wilsco, Bob Coutts, Don
Manson, John Costanich, John Maks, Albert Donati. FOURTH ROW: Ed Johnson, Carl Falk, Jack Morris, Roy Coutts, Evan Johnson,
John Saftinh, Arleigh Odom, Jack Kombol, Steve Androsko, Bill Eddy. FIFTH ROW: John Lombardini, Dick Wetton, Lew McCauly,
Dave Evans, and Mort Mann. SIXTH ROW: Tom Zumek, Bob Pierce, Evan Morris, Dayle Walters, Bud Simmons, Lloyd Austin, John
Umek, Al Parolini, John Skulas; Instructor: Wendell Fisher of the Department of Labor and Industries who conducted a Palmer Coking
Coal Company class in mine safety and first aid training; circa 1954. WILBER PHOTO “PORTRAITS WITH PERSONALITY” RTE.
1, BOX 1003 - KENT - BLACK DIAMOND
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Jim Thompson at the end of the main gangway where the slope to the surface, 1,300 feet above, ascends. Rogers #3 mine, 1974.
Photograph by the Seattle Times copyright 1978 Seattle Times P.O. Box 70, Seattle, WA 98111 all rights reserved; (206) 464-229.7
This picture has been purchased for personal use only and must not be published, reproduced, or used for advertising purposes
without written permission from the Seattle Times.
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Robert Pierce Sr., Mine superintendent. Testing for dangerous methane gasses, circa 1953. If methane is present a blue flame will
show inside the glass, but will not touch off an explosion. From Seattle Times 2-22-53. Photograph by the Seattle Times copyright
1953 Seattle Times P.O. Box 70, Seattle, WA 98111 all rights reserved; (206) 464-229.7 This picture has been purchased for personal
use only and must not be published, reproduced, or used for advertising purposes without written permission from the Seattle Times.
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Inside the Landsburg Mine, Big Seam, circa 1950’s. Left to right: Roy Danielson, John H. Morris, Tom Dobson, Carl Roche,
(unknown), (unknown). This photo was taken as part of a tour for members of the Renton Housing Authority, one of Palmer Coking
Coal Company’s customers.
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Inside the Landsburg Mine, Big Seam, circa 1950’s. Front Row: (unknown), Tom Dobson, Roy Danielson. Back Row: Alva “Bud”
Simmons, John Skulas, and John H. Morris, (unknown), Archie Eltz, (unknown), Stan Hubber. This photo was taken as part of a tour
for members of the Renton Housing Authority, one of Palmer Coking Coal Company’s customers.
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Jack A. Morris operating a Caterpillar D-8 bulldozer on Franklin Hill, circa 1955. Jack A. Morris, son of company founder,
John H. Morris, was President and Manager of Palmer Coking Coal Company from 1964-1976.
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RAVENSDALE COAL BUNKERS (September 22, 1954; #252206-9009) These coal bunkers were for operation of the
Landsburg underground coal mine location north of Kent Kangley and west of Ravensdale.
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ROGERS #3 HOIST ROOM (circa 1966; #252206-9053) This building housed a large drum upon which a thick steel cable was
spooled and unspoiled as coal cars were hoisted up and down the steep slope carrying coal from up an underground slope which was
over 600 feet deep. Located at 26226 Kent-Kangley Road, near Ravensdale, the Rogers #3 coal mine operated from 1963-1975 and

produced 290,000 ton of clean coal.
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ROGERS #3 MINE SHOP (September, 1966; 252206-9053) This building housed machining tools, welders, parts and equipment for
operating the Rogers #3 underground coal mine in Ravensdale. The entrance or portal to the mine is barely visible to the right of the
photo. Located at 26226 Kent-Kangley Road under the BPA power lines, the Rogers #3 mine operated from 1963-1975 and produced

290,000 ton of clean coal.
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LANDSBURG COAL BUNKERS (December 26, 1946; #242206-9020) This coal bunker or storage/processing facility owned by
Palmer Coking Coal Company was located south of the Summit-Landsburg Road. Production during these years was listed
from the Danville coal mine though production may have been from he Landsburg or Frazier coal seams.
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LANDSBURG COAL BUNKERS (December 28, 1939; #242206-9015) This was a fairly typical coal bunkers or storage/processing
facility owned by Palmer Coking Coal Company and located south of the Summit-Landsburg Road. At the time of the photo, this coal
bunker was fairly new. The Danville coal mine on the Landsburg coal seam was the associated underground mine.
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LAST-MINUTE COLLECTIONS—Among the many belated United Good Neighbor solicitations being rushed to conclusion this week
is the one at the Danville mine near Lake Wilderness. Harry English, left, secretary of United Mine Workers Union Local 6481, and
Frank Stebly, president, give campaign literature to miners William Zaputil, Charles McAllister and Albert Parolini as they prepare
to descend into mine shaft. Hundreds of other U. G. N. campaigners in King County are winding up their work before the final
reporting meeting at noon Thursday in the Chamber of Commerce banquet hall.
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‘OLDS VISITS COAL MIN

Forty miles from Seattle a party of Seattle motorists visited the Enumclaw mining district last week in a new Oldsmobile
loaned by Charles Tyson of the Tyson Oldsmobile Company. A new mine is being opened at Durham by Jack Morris of
the Palmer Coking Coal Mining Company, which motorists are invited to visit. Up from the depths (left and right) are
Jim Thomas, George Morris, Gus Dallas, Jonas Morris, Bob Pierce, Dave Stonebridge, Jack Morris, Jr., and Jack Morris,
president of the company. Below is the Olds standing in front of the new coal chutes.
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Landsburg Mine
Site Area Aerial Photograph 1936




Landsburg Mine
Site Area Aerial Photograph 1944
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Landsburg Mine
Site Area Aerial Photograph 1959




Landsburg Mine
Site Area Aerial Photograph 1959




Landsburg Mine
Site Area Aerial Photograph 1960




Landsburg Mine
Site Area Aerial Photograph 1960




Landsburg Mine
Site Area Aerial Photograph 1965




Landsburg Mine
Site Area Aerial Photograph 1970




Landsburg Mine
Site Area Aerial Photograph 1978




Landsburg Mine
Site Area Aerial Photograph 1980
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Landsburg Mine
Site Area Aerial Photograph 1982
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Landsburg Mine
Site Area Aerial Photograph 1994
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Landsburg Mine
Site Area Aerial Photograph 1998




Landsburg Mine
Site Area Aerial Photograph 2001
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Dr. Chris D. Breeds, Ph. D., P.E.

EDUCATION: B.Sc., Mining Engineering (Honors), University of Nottingham, U.K., 1973.
Ph.D., Rock Mechanics, University of Nottingham, U.K., 1976.

AFFILIATIONS: Member American Institute of Mining Engineers (SME)
Charter Member, Institute of Shaft Drilling Technology (ISDT)
Fellow Institute of Mining and Metallurgy (FIMM)
International Society of Rock Mechanics
Member, Construction Specifications Institute (CSI)
Member American Concrete Institute (ACI), Committee 506.
Member, International Society of Explosives Engineers (ISEE)
Member, National Society of Professional Engineers (NSPE)
Director, American Rock Mechanics Association (ARMA)

REGISTRATION: Registered Professional Engineer (PE), Washington, Colorado, Oregon,
Arkansas, lowa, Montana and Nevada: Chartered Engineer, UK.

EXPERIENCE:

1991 to date President, SubTerra Inc., North Bend, Washington. Director, SubTerra
Engineering Ltd., UK.

1984 to 1991 Senior Mining Engineer then Associate, Golder Associates Inc., Redmond,
Washington. :

1979 to 1984 Mining Engineer, International Ground Support Systems Inc., Denver,
Colorado

1976 to 1979 Assistant Professor, Mining Department, Virginia Polytechnic Institute and
State University, Blacksburg, Virginia (VPI & SU).

1973 to 1976 Research Engineer, Mining Department, Nottingham University, U.K.

PROFESSIONAL SUMMARY

Dr. Breeds professional career has exposed him to a unique combination of education, applied
research, engineering, and field experience on underground mining, civil and environmental
engineering projects. His broad experience includes: subsurface rock mechanics and
geotechnical engineering; subsidence engineering; shotcrete and concrete technology; feasibility
studies and conceptual design for mined facilities; mine systems analysis; preparation of
construction cost estimates, bid documents, and specifications; and project management for both
private and government projects. This broad technical expertise is complimented by management
experience, which includes incorporating and managing companies in the US and Europe as well
as managing large muiltidisciplinary groups involved in project work.

SubTerra Inc. was set up in 1991 to operate as the focal point for a small network of independent
consultants working in the mining, civil, and environmental industries. SubTerra Engineering, Ltd.
was formed in 1992 to provide similar services in the UK and Europe.
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EXPERIENCE in SUBSIDENCE ENGINEERING

Dr Breeds has extensive experience in predicting and analyzing the effects of subsidence on
surface features and structures, and in the design of remedial measures, and site investigation
programs. This experience has involved work with mining companies, federal agencies (DOE,
USBM, USACE), developers, communities, and municipal, county, and state authorities. He is
well versed in the application of predictive methods and has been directly involved with the
development of computerized subsidence prediction models.

Related Resume Sections
Subsurface Design
Instrumentation and Data Acquisition
Geotechnical Engineering and Rock Mechanics

Abandoned Mine Impact Evaluation

Responsible for developing regulations for development over abandoned coal mines in the 6th
largest county in the US. Responsible for analyzing impacts from abandoned mines in Virginia,
Colorado, North Dakota, Indiana, lllinois, New York, Tennessee, Oklahoma and Washington on
surface facilities ranging from landfills to commercial buildings.

e Evaluation of subsidence potential and impacts from historic, multi-level, copper mining
operations in Ducktown, TN. Responsible for evaluating over 3,000 historic mine maps,
selecting 240 for digitizing, digitizing and constructing a 3-D mine model that was
subsequently used for subsidence evaluations in 3 mines, the Mary, Polk County and more
recently, the Callaoway mine that was operated until 1985. For SAIC, EPA, and USACE.
Ongoing project.

e Evaluation of subsidence impacts in the Picher Mining area of Northeastern Oklahoma.
Selected to provide technical leadership to a Federal/State task force established to evaluate
subsidence potential from old abandoned lead-zinc mines in the vicinity of Tar Creek, OK. For
USACE. Ongoing project.

e Preparation of an Administrative Rule for use by the 13th largest county (2,200 sq.mi) in the
US (King County, WA) for permitting development over abandoned mines. This rule contains;
criteria and methodology for quantifying subsidence from abandoned mines; quantification of
significant risk with regard to property damage from subsidence; and criteria for declassifying
undermined areas that are not expected to pose a significant risk of property damage. For

DDES, King County, Washington.

e Consultant to the City of Bellevue for Abandoned Mine Site evaluations. Responsible for
maintaining City of Bellevue’s AML maps and for reviewing developer submittals for properties
underlain by abandoned mines.

—~ Reviewed Quadrant plan for proof drilling shallow tunnels in the Primrose seam.
Observed field work and reviewed field work report.

o Participation in expert panel convened by the City of Bellevue to review City's planned zoning
regulations for the Newcastle-Coal Creek proposed annexation. Work included reviewing
City's consultant work product and mining records, and suggesting appropriate methods of
analysis to be used in redefining the City's proposed zones, for Forest Ridge Home Owners

Association.

SubTerra, Inc. 2 January, 2000
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e Evaluation of subsidence potential and impacts following closure of US Gypsum’s Plasterco
mine. This 100-yr old mine contains extensive stopes mined from 14 levels. Subsidence
ranging from 5 —to- 50 ft, will create a large surface water body and require re-routing of
several roads. A detailed evaluation of subsidence was made for key mine areas and a
proposed re-route alignment over solution mined cavities adjacent to the mine.

e Evaluation of subsidence potential from 2000 to 3000-ft deep solution mined brine wells with
well-developed cavity systems. This project involved a detailed analysis of brine production
records, back analysis of existing cave zones, and prediction of the area potentially subject to
subsidence along with a risk analysis.

e Evaluation of impacts for closure of US Gypsum’s Oakfield mine near Oakfield, New York.
This 100-yr old mine has a strike length of over 10 miles and was worked using room and -
pillar methods. Workings are very shallow and rock cover over the mined out rooms varies
from 20 —to- 100 ft. Subsidence effects are expected to be minimal due to the strong
overlying rocks and the limited surface development.

e Evaluation of impacts for partial closure of US Gypsum’s Hagersville mine. Involved a review
of consultant work products related to subsidence and hydrogeologic impacts and proposed
bulkhead siting and design for separating active and closed workings.

e Evaluation of Renton Avenue Property: Responsible for characterizing and evaluating the
potential effects of near surface (100-200 ft deep) mine workings on a proposed surface
residential development in Renton, WA.

o Habitat Newcastle Property. This project involved plotting and verifying the location of shallow
mine workings relative to twelve condominiums to be constructed by Habitat for Humanity and

developing recommendations for set-backs from the workings.

e Evaluation of Petrovitsky Road Property for DevCo, Inc. Responsible for evaluating a 25 acre
property underiain by workings from two mines. Phase 1 involved the record review,
preliminary site reconnaissance, scanning mine maps from 35 mm fiche, digitizing mine map
and surface features for incorporation in an AUTOCAD drawing of the site, and preparation of

a preliminary report. Phase 2 involved

e Landsburg Mine Site Investigation. This project involved compilation of mine maps and
production records, mining sequence and extraction ratio, nature and degree of faulting, water
inflow and pumping, and preliminary stability analyses for a unique, near vertical, four level

coal mine.

e Subsidence Evaluation, Coal Creek Technological Center, Lafayette, Colorado for Affiliated
National Bank. This study involved the evaluation of subsidence potential for a 33 lot
commercial park underiain by workings from the Vulcan mine located from 75 to 160 feet
beneath the site. Activities included data collection, analysis of previous deep boring and soils
investigations, stability analyses, inspection of existing structures on and in the vicinity of the
site, subsidence prediction, and presentation of methods which could be utilized to promote

the stability of future structures.

¢ Investigation, analysis, and prediction of settlements for a proposed municipal landfill
expansion over abandoned coal mine workings. This work has included: collection and review
of historical mining and geotechnical/rock mechanics data; preliminary stability analyses
(pillar, roof, and floor) based on collected, regional data; coring and laboratory testing to define
site specific parameter values for input to the final stability analyses; final stability analyses
including the use of probabilistic techniques; subsidence prediction (subsidence, strain, and

SubTerra, Inc. 3 January, 2000
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tilt); closure designs for two shafts and a decline; presentations to Colorado Department of
Health and Colorado Geological Survey groups.

Evaluation of proposed 105 acre development underlain by abandoned workings from the
Newcastle mine, for the City of Bellevue, WA. Work included review of AML report submitted
by the applicant, development of permit requirements and developer submittals, and review of
developer work products. The engineered approach developed by Dr. Breeds for this project
was eventually incorporated in the City of Bellevue’s regulations for developments in
abandoned coal mine areas.

Review of subsidence evaluation report for municipal landfill site underlain by coal mine
workings in six seams.

A proposed 240 acre apartment development was found to be underlain by workings from the
Spring Brook coal mine which was active from 1940 to 1952. Existing mine maps and mine
production data suggested the presence of unmapped workings. Preliminary estimates of site
investigation and remediation costs were made.

Investigation of the potential impacts of the Richmond Stanley tunnel on proposed
development.

- Investigation of site underlain by old (Circa 1900) coal mines to evaluate the potential for

subsidence and potential impacts to a proposed housing project, for King County Housing
Authority. The project involved researching historic data (mine plans, production records),
interviewing state agency personnel and local residents, projection of mine data on surface
plans and trenching to determine whether surface depressions were caused by underground

workings.

Abandoned/Active Salt Mine Evaluation Project Manager for the evaluation and analysis of
abandoned and active salt mines for use as LLW disposal facilities in New York. This involved
developing remedial designs for abandoned facilities, and partitioned disposal space in active
mines, shaft design, long term stability analyses, and life-cycle cost estimates.

Mechanical/Hydrological Characterization of Mechanically Disturbed Zone: This project
involved an in depth analysis of the disturbed zone surrounding underground openings in salt
with regard to sealing and backfilling. An extensive salt mine rock mechanics database was

also established.

Active Mine Projects

SubTerra, Inc. 4

Preparation of input to Permit Revisions for the Twentymile Mine’s Northern Mining District
regarding subsidence effects on the railroad, county roads, Twentymile cliff (Rockfall
hazards), Fish and Middle Creeks, and associated Alluvial Valley floors.

Preparation of a report on Subsidence Related Horizontal Displacements and Strain
Monitoring in the Western Coalfields, for the United States Bureau of Mines. This report
examines the current approach to measuring and predicting strain (and related structural
damage) based on Western US, longwall case study data. :

Preparation of subsidence predictions for the Belrock mining area, Cyprus Empire corporation.
Project involved analysis of existing survey data from 300 to 900 ft deep workings and
prediction of subsidence, tilt, and strain for the new panels.
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o Preparation of subsidence predictions, damage potential, and remedial methods for the
existing western area of the Foidel Creek mine, Cyprus Coal Company, Oak creek, Colorado.
Presentation of findings to the Routt County planning commission as part of Cyprus' permit

process.

o Development of mitigation for potential rockfall hazards associated with undermining a 200 ft
high sandstone cliff in Colorado. This work involved mapping the site, retrieving geotechnical
and topographic data for calibrating the CRSP model, evaluating rockfall hazards using the
CRSP model, designing mitigation measures, and as-builting the completed project. Barrier
designs that were evaluated included steel fences, a vertical, reinforced-soil wall and a 20-ft

deep trench/berm combination.

e Preparation of subsidence predictions for Eastern expansion to Cyprus Coal Company's
Foidel Creek mine involving 29 longwall panels, 840 ft wide and over 20,000 ft long.
Subsidence, and related strain and slope, predicted for 3 alluvial valley floors, county road,
railway line, and 3 sets of overhead electricity transmission lines. Report prepared as input to

Cyprus' permit documentation.

e Preparation of subsidence displacements (subsidence, tilt, strain, and curvature) for 9 longwall
panels planned for extraction beneath 3 overhead (345 KV) transmission lines. Detailed
analysis of foundation displacements for 4-legged steel towers and wooden pylons and
presentation of displacement predictions to the three major power companies involved in

power transmission.

Energy Spur, Southern Pacific Railroad. Prediction of track settlement and re-ballasting
requirements for multi-panel undermining of SP's Energy spur. This project also involved
preparation of a monitoring plan, scheduling track remediation, and interactions on a daily
basis during live track re-leveling while the rail subsided up to 5 ft.

Fish Creek Alluvial Valley Floor (AVF) Study. This project has involved back-analysis of
subsidence and horizontal displacement survey data for single and multi-panel, longwall, coal
extraction; development of start and transverse subsidence profiles for sub-critical (W/h=0.6)
workings; prediction of subsidence impacts to an AVF affected by panels with W/h of 0.6 and
0.85; preparation of permit revisions; and development of monitoring plans.

Preliminary evaluation of surface subsidence for a 24 panel longwall development for Wolf
Creek Collieries, Kentucky. Project involved ground subsidence prediction, evaluation of
potential impacts to wells, roads, railroads, and dwellings, and requirements for mining

adjacent to the Big Sandy river.
Liaison with USBM Denver Research Center on Mine Subsidence Engineering and
development of Subsidence Information Center.

Development of a strata simulator to model surface movements resulting from longwall coal
extraction. Research sponsored by DOE.

Subsidence Engineering with the NCB (National Coal Board, U.K.), North Nottinghamshire
Area, involving:
—  Analysis of over 200 documented subsidence case studies involving longwall and partial

(room and pillar) extraction coal mining in single and multiple (up to 7) seams. Analysis
performed to provide a statistical evaluation of the effects of geology on the magnitude of

mine subsidence deformations.

— Investigation of CLASP (Consortium of Local Authorities Special Programs) structures
subjected to mining subsidence: Phase | involved the analysis of over 50 case studies of

—_________-_—_—-———————————_——.:——__————_—_—__————————_
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undermined CLASP structures. Phase Il involved the instrumentation of a site containing
both CLASP and conventional structures. Monitoring of the ground surface movements
and structures was carried out during longwall undermining.

e Investigation of more than 15 undermined industrial sites to evaluate and quantify the effects
of remedial measures used to control subsidence induced structural damage. Key projects

included:

- Subsidence investigation of a brick manufacturing plant; involved the monitoring of surface
and structures at a site where trenching was used to reduce the damage due to longwall

undermining.

— Instrumentation of the Rolls Royce Hucknall site during longwall undermining; involved the
instrumentation of large structures, hangars, precision machinery, runway and gas pipeline
during undermining. Site and mining precautions were taken to minimize surface damage.

- Instrumentation of a large textile factory; involved the monitoring of a large factory
subjected to maximum compression from longwall mining. Several structural precautions,
including trenching, were incorporated in and monitored at the site.

— Bench scale modeling, field verification, and analysis of effectiveness of trenching used to
protect structures_from compressive ground strains resulting from longwall undermining.

— Investigation of the impacts of longwall undermining of a large brickbuilt structure
underlain by spacious, deep cellars. Project included structural precautions, surface
subsidence and strain measurement (monument layout designed to facilitate principal
strain magnitude and direction calculation).

w
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EXPERIENCE IN INSTRUMENTATION AND DATA ACQUISITICN

Over the past three decades, Dr. Breeds has provided Instrumentation Services for civil
tunneling, underground mining, geotechnical engineering and blast monitoring projects. He has
been involved with structural and geotechnical monitoring instrumentation throughout his career
with programs ranging from simple SONDEX installations to a system involving a 3,000 channel
DAS. This work has been undertaken for clients ranging from local contractors to National
Laboratories (e.g., LANL, SNL) and projects sponsored by the US Army Corps of Engineers.

Related Resume Sections
Subsurface Design
Shotcrete and Concrete Technology

Nuclear Waste
Blast Design, Blasting, Blast Monitoring and Construction Vibrations

Geotechnical Instrumentation Projects

e Howard Hanson Dam (Ongoing): Responsible for the planning, installation and monitoring of
inclinometers, Piezometers, Multipoint Borehole Extensometers, and load cells to monitor
support loads and wall deflections during cofferdam excavation. Utilizes 3, Geomation 2380-

80 MCUs for data acquisition. For Traylor Pacific.
e Leominster Bridge (Ongoing): Responsible for planning, installation and monitoring of fiber

optic, dynamic structure monitoring system designed to evaluate the pre and post-tensioned
performance of this 1880 stone bridge. Data acquisition and presentation via the mtemet For

Atkinson-Noland.

e Portland Treatment Plant: Installation and monitoring of multi-point, sondex system adjacent
to pile driving operation at the PTP. For Callaway Ross.

e South Tacoma Trunkline: Installation and monitoring of dual-point Sondex System above a
microtunnel being constructed beneath Interstate 5 in Tacoma, WA. For EJ Rody and Sons.

e Investigation of more than 15 undermined industrial sites to evaluate and quantify the effects
of remedial measures used to control subsidence induced structural damage. Key projects

included:

- Instrumentation of the Rolls Royce Hucknall site during longwall undermining; involved the
instrumentation of large structures, hangars, precision machinery, runway and gas pipeline
during undermining.

- Instrumentation of a large textile factory; involved the monitoring of a large factory

subjected to maximum compression from longwall mining. Several structural precautions,
including trenching, were lncorporated in and monitored at the site. ' '

e Specialist subcontractor to Los Alamos National Laboratory, EES-13, Las Vegas. Supporting
the management of ESF testing at Yucca Mountain for the National High-Level Waste

program. Involved in:
— Provide technical input to geotechnical data collection requ:rements and geotechnical data

as-building. Prepare technical memoranda on geologic mapping. Prepare test planning
package and work plan for underground geologic mapping.
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— Prepare test planning package and work plan for construction monitoring in the ESF.
Responsible for liasing with Sandia National Laboratory for geomechanical testing, seismic
and blast monitoring. Responsible for developing the ESF design data requirements in
conjunction with M&O MK ESF designer.

—  Prepare testing requirements for input to ESF design (based on ESFDR and TPP 91-5).
Primary author of the ESF Design Requirements document.

—  Preparation of TCO inputs to test interference (TIE) and waste isolation evaluations (WIE).

— Preparation of detailed design requirements for underground testing areas including;
Alcoves 1-4, Thermal Testing Area; and Ghost Dance Fault Alcoves (6&7).

e Assistant Project Manager for Technical and Field Services, Underground Testing, Deaf Smith
County, Texas ESF. Responsible for organization and fiscal management of multidisiplinary
project ($2.5M p.a.) for site characterization of the proposed salt High Level Radioactive
Waste Repository site.

e Principal Investigator for Shaft Site Characterization and Instrumentation, Deaf Smith County,
Texas ESF. Responsible for managing and directing technical efforts of multidisciplinary
group (geology, hydrology, rock mechanics, ADAS, thermomechanical) developing the
instrumentation and testing program for 3,000-ft deep shafts in salt.

Blast and Construction Monitoring Projects

SubTerra, Inc. is the local distributor for Instantel blast monitoring products and has been
involved in the development and use of both high frequency vibration and piezometeric
monitoring at blast sites. SubTerra, under Chris Breeds’ direction, is also the local agent for the
OSMOS structural monitoring system which provides a complete DAS/Instrumentation system

for dynamic structure monitoring, including dams.
e Yucca Mountain near-field blast monitoring program. Responsible for the design of a near-
. field blast monitoring system designed to quantify criteria for minimizing rock damage at the
periphery of the excavation. Accelerometers and geophones were located 3-ft and 10-ft from
the final profile and monitored using standard Blast Monitors. For LANL.

e Blast monitoring and optimization for a cut and fill stoping operation using cemented backfill.
Involved monitoring both underground and at the surface with post-blast evaluation of firing -
sequence, explosives types, drill hole layout, blast damage, and impacts to stope wall and
pillar stability. This project was one of the first to utilize near-field, high frequency blast

monitoring for optimizing blasting practices.

e Responsible for designing and setting up a blast vibration and dynamic pore pressure
measurement system for monitoring adjacent to blasting a cut-off trench below a FERC
regulated earthfill dam. Dynamic pore pressure measurements are made in boreholes using
3/8-in diameter ICP-38, PCB sensors coupled to conventional Blast Monitoring Equipment.

For the Benham Group, Oklahoma.

e Monitoring Pile Driving Operations for:
— 124" Street Bridge, Redmond, WA
— South Fork Bridge, North Bend, WA.
— Preston Bridge, Preston, WA

_—_—__————_————_—_—.—-—_—_——_——'——-——_———
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— Tacoma Narrows Bridge, Técoma, WA.

— Yakima Bridge, Yakima, WA

— SR18 Slide Repair (Driving 6-ft diameter shafts)

— University of Washington Field house (Driving 3-ft diameter, 130-ft deep shafts)
- Pioneer Square Renovations, Seattle

— Clackamass River, (Pile driving near gas pipelines), Oregon

e Monitoring Blast and Construction Vibrations at:
— Oconee Nuclear Power Plant, Duke Energy, SC
— Issaquah School District, Elementary School No. 13, Newcastle, WA.
— Renton School District, Hazelwood Elementary, Newcastle, WA.
— Howard Hanson Dam, Cumberland, WA. (Traylor/lUSACE)
- Snoqualmie River Widening, Snoqualmie, WA (Goodfellow/USACE).
— Rock Quarries (see Blast Monitoring Section). '
- Underground Mining and Tunneling projects (see Blast Monitoring Section).

;
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EXPERIENCE IN GEOTECHNICAL ENGINEERING and ROCK MECHANICS

Over the past three decades, Dr. Breeds has provided geotechnical engineering services, in soil
and rock, for underground mining and tunneling, and surface civil engineering applications. He
has been involved with site investigation, geotechnical data reduction, preparation and review of
geotechnical baseline reports, analysis of geotechnical data for input to design, slope stability
assessments including wall design, and surface water management design. Dr. Breeds was
recently appointed a Director of the American Rock Mechanics Association.

e As President and Chief Engineer of SubTerra, Inc., Dr. Breeds is the Responsible Engineer
for SEPA projects undertaken by SubTerra. SEPA Projects that have involved site
characterization/investigation; slope stability assessment; surface water management,
including sediment and infiltration pond design; and other geotechnical work products include:

— Lake Francis Gravel , King County
— Littlerock Gravel, Pierce County

— Wheeler Gravel, King County

— 5-Mile Quarry, Snohomish County
— Sunset Quarry, Pierce County

— Ratlesnake Fill Site, King County

e Busted Butte (Nevada Test Site, Nevada): Responsible for highwall slope stability analysis
and design of rock bolt and shotcrete wall support.

e Rockfall Hazard Assessment:: Development of mitigation for potential rockfall hazards
associated with undermining a 200 ft high sandstone cliff in Colorado. This work involved
mapping the site, retrieving geotechnical and topographic data for calibrating the CRSP
model, evaluating rockfall hazards using the CRSP model, designing mitigation measures,
and as-builting the completed project. Barrier designs that were evaluated included steel
fences, a vertical, reinforced-soil wall and a 20-ft deep trench/berm combination.

e Home Depot Shotcrete wall: Responsible for evaluating the post-construction condition and
proposed repair for a Shotcrete retaining wall. Client Confidential.

e City of Issaquah - MDRT Review Consultant: Responsible for geotechnical review of
consultant work products for the Talus and Issaquah Highlands projects.

— Soil Nail, Soldier Pile and MSE retaining walls and Rockeries
— Coal mine hazards

— Steep Slope CAS Standards

— Reservoir stability

— Slope Stability

e University of Washington: Invited lecturer in geotechnical aspects of site characterization and
exploration, subsurface excavation and tunnel design in soil and rock.

o Site Investigation, Geotechnical Assessment, Expert Tesﬁmony and Design and Preparation
for Geotechnical Baseline reports :

— Caney Shaft (600-ft, 20-ft dia) .

— Sperry Mine Shaft, Sperry, lowa (600-ft, 20-ft dia)
— Frankfort Tunnel, Frankfort, KY (4,000-ft, 12-ft dia)
— Shoal Creek Tunnel, Austin, TX (3,200-ft, 9-ft dia)

_——;
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— Mineral Creek Diversion Tunnel, AZ (13,000-ft, 18-t dia)
— [East West Drift, Yucca Mountain, NV

— Boston Outfall Tunnel (45,000-ft, 25-it dia)

— Boggy Creek Tunnel (540-ft, 54-in dia)

— West Seattle Tunnel (10,000-ft, 14-it dia)

— Bryn Mawr Microtunnel (800-ft, 36-in dia)

— Spanaway Loop Microtunnel (3,000-ft, 7-ft dia)

W
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EXPERIENCE IN EXCAVATION ENGINEERING, DRILL and BLAST and MECHANICAL
EXCAVATION

Over the past three decades, Dr. Breeds has provided Excavation Engineering services for civil
tunneling and underground mining projects. He has been involved with predicting and analyzing
the performance of both drill-and-blast (tunnel and shaft) and mechanical excavation systems
(e.g., TBM and Roadheader). He authored the Rapid Excavation section of the SME Mining
Engineers Handbook, which provides a feasibility level approach to excavation method selection
for tunnels, shafts, and mechanically bored raises. In 1998, SubTerra, Inc. acquired the Robbins
Company’s Rock Mechanics laboratory and now offers a full range of tests aimed at predicting the
performance of mechanical rock excavation methods. Many of the project examples presented
below are also listed under Subsurface Design, Construction, and Cost Estimating and

Underground Blasting projects.

Related Resume Sections ‘
Subsurface Design -
Shotcrete and Concrete Technology

e St Helier Stormwater Facility, Jersey. Evaluation of geological/geotechnical conditions, back-
analysis of coring, boring, and back-reaming for a 1,500-ft, 10-ft diameter horizontal raise bore

tunnel. For SEL and Balfour Beatty, UK.

e BHP Diamonds, 400-m long, 4-m diameter Raises: Evaluation of raise boring requirements
and estimate of raisebore performance for the Panda Kimberlite Pipe located 320 km

northeast of Yellowknife, NWT.

e Sperry Mine Ventilation Shaft: Professional Engineer of Record for the design of a 600-ft
ventilation shaft constructed by raise boring. Responsible for design of geotechnical site
investigation program, preparation of geotechnical baseline report, shaft design, construction
drawings and specifications, and design support during construction. For US Gypsum,

Sperry, lowa.

e Evaluation of rock conditions for mechanically mining the Thermal Test Area and preparation
of data collection requirements for assessing the AM75 Roadheader performance.
Preparation of a Blast Monitoring and Optimization strategy to be used in conjunction with Drill
and Blast construction in the ESF. For Yucca Mountain Project, Test Coordination Office

(LANL).

e Preparation of the Rapid Excavation Chapter for (1992) SME Handbook. This work provides a
"hand book" approach to selecting mechanized mining systems for constructing tunnels,
declines, and shafts and compares the relative merits of TBM, Roadheader, Blind Boring,

Raiseboring and conventional Drill and Blast methods.

e Project manager for blast optimization studies for the San Manuel mine's block caving
operations. Project involved underground blast monitoring of development, production and
test blasts and re-design of the blast rounds to reduce blast damage, drilling and explosives

costs. For Magma Copper Co., Arizona.

e Boston Outfall Tunnel. Part of a team responsible for evaluating Differing Site Conditions
claim and TBM performance on the Boston Outfall tunnel. This work included an evaluation of
site investigation data, construction records, laboratory data and consultant reports relating

ﬁ
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total hardness, UCS, BTS and dynamic rock properties to TBM performance. Client
Confidential.

Mineral Creek Diversion Tunnel. Project involving review and input to the design, ground
support selection, geotechnical data and baseline reports for this 18-ft diameter TBM or Drill-
and Blast driven tunnel. Also involves evaluating TBM performance, formulating the
contracting strategy and developing the contract documents and bidding process. For
ASARCO and Montgomery Watson.

Preparation of the Geotechnical Baseline Report (GBR) for the East-West Drift at Yucca
Mountain, NV. Responsible for back-analyzing data collected during TBM construction of the
5-mile, 25-ft diameter main tunnel and formulating the baseline for the new, 16' 8" diameter
TBM driveage. For TRW Environmental Safety Systems, Inc., Las Vegas, Nevada.

Excavation Engineering laboratory support has been provided for:

US Gypsum Sperry Mine: UCS and BTS for underground mine pillar stability and 600-ft Raise
Bored Shaft, for US Gypsum. ’

Karanjukar Project, Iceland: Punch Penetration and Cerchar abrasivity for Iargé ($150M)
hydroelectric project, Robbins Company, Seattle, WA.

Shoal Creek Project: Punch Penetration, UCS, BTS, and Cerchar abrasion for sedimentary
rock tunnel, Weston Solutions and City of Austin, TX.

Seymour Capilano Project: Punch Penetration and Cerchar abrasivity for BC, Canada tunnel
project, Hatch Mott McDonald.

Effluent Interceptor project, Las Vegas, NV: UCS, BTS, and Cerchar abrasivity for planned
tunnel project. '

e——————————————————————————————————————————————
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EXPERIENCE IN SUBSURFACE DESIGN, CONSTRUCTION, and COST
ESTIMATING

Over the last twenty-five years, Chris Breeds has worked on numerous projects involving

underground and surface construction, subsurface design, instrumentation, and testing. This
broad experience provides the ability to develop a project from a concept, through preliminary
design, site investigation, final design, bidding, Contractor selection, contract management, to

finished product.

Related Resume Sections
Geotechnical Engineering and Rock Mechanics
Shotcrete and Concrete Technology
Abandoned Mine Engineering

Sperry Mine Ventilation Shaft (Constructed): Professional Engineer of Record for the design
of a 600-ft ventilation shaft constructed by raise boring. Responsible for design of
geotechnical site investigation program, preparation of geotechnical baseline report, shaft
design, construction drawings and specifications, and design support during construction. For

US Gypsum, Sperry, lowa.

Shoals Creek Tunnel (Active). Lead Underground Designer for this 8 to 9-ft diameter tunnel to
be completed in Del Rio Shale and Georgetown Limestone in Austin, TX. Responsible for
shaft and tunnel design, support selection, GBR preparation, 30 through 100% designs,
Contract Document, Drawing, and Specification preparation. This project also requires
innovative approaches to designing connections of lateral sewers to the new tunnel usmg
HDD, pilot bore mlcrotunnehng and/or raise boring. For Weston Solutions.

Henderson Tunnel (Active). . Responsible for evaluating geotechnical conditions, designing
grouting programs (materials and equipment selection, laboratory testing, field set up), design
launch frame, and preparing submittals for a large diameter EPBM driven soft ground tunnel
using bolted and gasketed segments for ground support. Responsible for developing jacking
calculations and submittals for 5 Microtunnels. For Kenny-Northwest Boring, JV.

Muskeg River Oils Sands Project (Constructed). Lead designer for four microtunnels drilled .
from a wet well into a cofferdam in the Athabasca River as part of the water intake structure
for this multi-billion oils sands project. Responsible for contract document, drawing and

specn" cation preparation. For Fluor/AMEC.

e Lead Tunnel Designer for the West Frankfort Storm Sewer project (Constructed). Project to
design a 4,000-ft long, 12-14 ft diameter main tunnel and 42-inch diameter microtunnel in
Karstic limestone using either TBM or conventional drill-and-blast mining methods. Involved
designing rock support for the portals, tunnel and shafts, locating and evaluating available
TBMs, preparation of the GBR, and preparation of the plans, specifications, and contract
documents. For WCG and the City of Frankfort, Kentucky.

e Mineral Creek Diversion Tunnel (Constructed). Project involving review and input to the
design, ground support selection, geotechnical data and baseline reports for this 18-ft
diameter TBM or Drill-and Blast driven tunnel. Also involves evaluating TBM performance,
formulating the contracting strategy and developing the contract documents and bidding
process. For ASARCO and Montgomery Watson.
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e Tolt Pipeline Project, Redmond, WA (Constructed). Responsible for evaluating jacking frame
set-up and designing backing for two microtunnels to be jacked from a 90-ft deep, 30-ft
diameter shaft constructed in glacial soils. The first microtunnel will be 1,500-ft long and utilize
a new Soltau jacking frame with 950-ton thrust capability in combination with three
intermediate jacking stations. For Northwest Boring, Inc..

‘& South Interceptor Project, Renton, WA (Cohstructed). Responsible for preparing Contractor
submittals for two 260-ft long, 9-ft diameter microtunnels that will be mined using an Earth
Pressure Balance machine (EPBM) and jacked pipe. For Kenny-Northwest Boring, JV.

e South Interceptor Project, Renton, WA. Responsible for evaluating geotechnical conditions,
designing grouting programs (materials and equipment selection, laboratory testing, field set
up), and preparing submittals for an EPBM driven soft ground tunnel using bolted and
gasketed segments for ground support. For Kenny-Northwest Boring, JV.

e Boggy Creek Interceptor, Austin, TX (Constructed). Project to design a 540-ft, 54-in
undercrossing of US 183 in Austin, TX. Responsible for preparation of a GBR and
specifications for hand mining, pipe-jacking or microtunneling this under crossing in soils
containing cobbles and occasional boulders. For Weston Solutions and City of Austin.

Spanaway Loop Interceptor Project, WA. Responsible for characterizing a microtunnel
alignment in recessional outwash (cobbles and coarse gravel), including drilling (Becker Drill)
and sampling 9-in diameter boreholes and point load testing of coarse gravel, and UCS
testing to evaluate rock strength and hardness.

Preparation of the Geotechnical Baseline Report (GBR) for the East-West Drift at Yucca
Mountain, NV (Constructed). Responsible for back-analyzing data collected during TBM
construction of the 5-mile, 25-ft diameter main tunnel and formulating the baseline for the new,
16' 8" diameter TBM driveage. For TRW Environmental Safety Systems, Inc., Las Vegas,

Nevada.

St. Helier Stormwater Facility, Jersey (Constructed). Evaluation of geological/geotechnical
conditions, back-analysis of coring, boring, and back-reaming for a 1,500-ft, 10-ft diameter
horizontal raise bore tunnel. For SEL and Balfour Beatty, UK.

Busted Butte Test Facility, NTS (Constructed). Principal engineer for the site investigation,
design, and design support during construction for the portal pad, highwall, rockfall hazards
mitigation, portal, and main tunnel and alcove forming the Busted Butte Test Facility on the
Nevada Test Site. Excavation dimensions varied from 3m x 3m to 7m x 7m. A fast-track
design for the surface facilities was completed in two weeks and the overall design and
specifications were completed in six weeks. For Los Alamos National Laboratory, NTS.

Prepare Contractor Design Submittals for tail-tunnel (liner plate) and main tunnel (ribs and
steel lagging) for 10-ft dia. 3,000-ft long, soft ground tunnel in sand, gravel, and cobbles;
Folsom Interceptor 2B (FE2B). For Affholder Corporation, Sacramento, CA.

Comparison of geotechnical baseline with actual conditions for a 38-in diameter Microtunnel
beneath a river and municipal airport. Preparation of the technical basis for a differing site
condition claim where the Contractor encountered logs, steel straps/chains, and other debris.
For Northwest Boring, Woodinville, Washington.
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e Evaluation of tunneling conditions, EPB machine performance, and muck balance with regard
to settlement along the West Seattle Tunnel Alignment. This involved a detailed evaluation of
geotechnical conditions, a projection of the performance of the EPBM under different
operating modes, and a recommendation to complete the tunnel without installing the full
muck-ring and auger. For McNally Tunneling Corporation, Seattle, Washington.

e EPBM troubleshooting. Assisted with the remediation of the West Seattle EPBM when it
became grout bound. Evaluated issues regarding main bearing and seal deterioration. For
McNally Tunneling Corporation, Seattle, Washington.

e Evaluation of segment installation and grouting program, design of low-strength
sand/cement/flyash/bentonite mixes for grouting the segmented liner on the West Seattle
Tunnel. For McNally Tunneling Corporation, Seattle, Washington.

e Design of cut-and-cover structure, tunnel access and wine caves in soft ground using steel
arches and reinforced shotcrete (Constructed). Project involves top heading and bench
excavation in raveling ground with portal connections to a large winery and car museum. For
Underground Associates, Napa, CA.

e Review and revision of Construction Drawings for the Bradshaw Interceptor pfoject in
Sacramento, CA. For Affholder Corporation, Sacramento, CA.

e Preparation of the bid estimate for use of a refurbished Howden digger-shield on the Columbia
Slough project in Portland, OR. A shield used on the London, UK Jubilee line was bid to three
of the six Contractors. For Howden Tunneling, Scotland. _

e SR 164 Culvert Enhancement. Evaluation of site conditions for 220-ft long culvert installation
using pipe-jacking. This work included a detailed review of the current standards for
geotechnical data collection, reporting, and disclosure, an interpretation of site conditions
based on the contract documents, an evaluation of the impact of actual conditions on pipe-
jacking operations and support during claims negotiation. Northwest Boring, Inc., Woodinville,

WA.

e State Route 169 Conveyor Crossing. Evaluation of site conditions and altemative methods for
100 ft long conveyor undercrossing of SR 169 south of Black Diamond, WA, including
preparation of site plan, construction method descriptions, cost estimates, and preliminary
permit documents. Final design of cut-and-cover undercrossing to WSDOT standards
including liasing with WSDOT during design. For Cadman, Inc., Redmond, Washington.

e Plymouth (UK) CSO. Blast monitoring for an 8 ft diameter tunnel being driven at a depth of
approximately 60 feet beneath the City of Plymouth, UK. ‘

e Boston Outfall Tunnel. Part of a team responsible for evaluating Differing Site Conditions
claim and TBM performance on the Boston Outfall tunnel. This work included an evaluation of
site investigation data, construction records, laboratory data and consultant reports relating
total hardness, UCS, BTS and dynamic rock properties to TBM performance. Client

Confidential.

e Evaluation of rock conditions for mechanically mining the Thermal Test Area and preparation
of data collection requirements for assessing the AM75 Roadheader performance.
Preparation of a Blast Monitoring and Optimization strategy to be used in conjunction with Drill

W
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and Blast construction in the ESF. For Yucca Mountain Project, Test Coordination Office
(LANL).

Preparation of the Rapid Excavation Chapter for (1992) SME Handbook. This work provides a
"hand book" approach to selecting mechanized mining systems for constructing tunnels,
declines, and shafts and compares the relative merits of TBM, Roadheader, Blind Boring,
Raiseboring and conventional Drill and Blast methods.

Project manager for blast optimization studies for the San Manuel mine's block caving
operations. Project involved underground blast monitoring of development, production and
test blasts and re-design of the blast rounds to reduce blast damage, drilling and explosives

costs. For Magma Copper Co., Arizona.

Design evaluation, inspection, and construction supervision of ground support for the Foidel
Creek mine entries. Project involved design review, specification preparation, supervision of
pre-construction testing, and inspection during construction. For Getty Mining Company (Now

Cyprus-Amax), Steamboat, Colorado.

Analysis of rock mechanics data and support design for underground pump chamber, shaft
access tunnels, Strawberry tunnel project. Project involved design of an active, post-
tensioned rock support system as a design change during construction and presentation of
the design to the US Bureau of Reclamation. For Ohbayashi-Gumi and US Bureau of

Reclamation, Denver, Colorado.

Project Manager for the design of an undersea expansion for an existing quarry to determine
the project feasibility. This work included; preparation of a site investigation/exploration plan
to definitize offshore and on-shore reserves; design, using existing rock quality data, of the
underground layout; estimation of the underground mining costs.

Assess support requirements, evaluate/analyze lining design, supply shotcrete equipment,
train mining crews and supervise installation of support for undersea coal mine entry, Donkin
Morien project. For Beaver Underground Structures, Cape Breton, Nova Scotia.

Assess support requirements, evaluate/analyze lining design, train engineers, inspectors, and
labor force in support design, support installation and quality control for shotcrete placed as
final support in a 2,600 ft coal mine decline. For Long Drain Slope project, Consolidation Coal
Company/Frontier Kemper, Fairmont, WVa. .

Evaluation of rock mechanics problems associated with portal development at an oil shale
mine. Installation of equipment and personnel training for support of a portal and mine entries
using shotcrete. For Jasper Construction/Union Oil Shale Company, Parachute, Colorado.

Assess support requirements, analyze/evaluate support design, train engineers and labor
force and install shotcrete for temporary support of shafts and underground laboratories,
University of Minnesota, Minneapolis, Minnesota. For Glenn Rehbein Excavating.

Training of engineers, inspectors and labor force with respect to shotcrete technology.
Installation of shotcrete in connecting station for production shafts. Installation of support
stabilization and control of water in V/E shaft stations. For Occidental Petroleum's C-b Oil

Shale mine, Rifle Colorado.

Design and installation of shotcrete system for temporary support of eight shafts ranging from
28 to 38 ft in diameter. Training of mining crews, quality control, optimization of pneumatic

f
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transport system. For Kiewitt/Shea/Kenny J.V., Chicago Water Treatment Facility, Chicago,
lllinois.

Design of shotcrete support for mine entry and draw point stabilization. For CIA Minera Las
Cuevas, San Luis Potosi, Mexico.

Design of ground support system involving shotcrete for in situ recovery of heavy crude. For
Fenix and Scisson/Getty Mining, Bakersfield, California.

Design of transition points and final lining for the second street tunnel. Design and installation
of temporary ground support in tunnel in St. Peter sandstone. For S.J. Groves and Sons,

Minneapolis, Minnesota.

Cost estimate for 3 tunnel locations considered as alternates to bridge construction for the
American river crossing, Sacramento, CA.

Review of construction contractor bid submittals for the Ohio DOT Steubenville tunnel.

Guidance to FHWA regarding two stage contractor procurement (pre-qualification/bid and
award), developed shotcrete specifications for the Cumberland Gap highway tunnels.

Project Manager, Wolf Creek Collieries Caney Branch shaft site investigation. Managed and
provided technical direction for shaft site investigation and preparation of geotechnical report
for two coal mine shafts. Liaison with client and construction manager on geotechnical issues
related to shaft design and construction. :

Remote lining of shaft using prototype shotcrete equipment developed under DOE/USBM
contract; one of three person team responsible for equipment development and on-site
demonstration. This project involved lining the foreshaft for a nuclear weapon test shaft at the
Nevada Test Site using a remotely controlled prototype shaft lining system. An approximately
12 inch thick shotcrete lining was applied to a nominal 14 ft diameter, 140 feet deep augered
shaft. Production time, excluding system delays associated with adjustments to the prototype
equipment, was 28 hours. For Reynolds Electric and Engineering Company, Nevada Test

Site, Nevada.

Yucca Mountain Project, Nevada (Ongoing). Participant in; team review of final designs for
the ESF portal and starter tunnel; site characterization to evaluate mining and ground support
requirements; and geologic mapping and geotechnical data collection during drill & blast and

tunnel boring operations. .

Technical review of M&O originated ESF design packages; rock mass monitoring data;
geologic mapping data; tunnel stability and rock support analyses; etc. Provide technical input
to geotechnical data collection requirements and geotechnical data as-building.

Keystone Gold Project. Responsible for preparing the blasting and subsidence baseline
studies for input to the permit for a new underground gold mine. For Terramatrix’ACZ and

Energy Fuels, Denver, Colorado.

Primary author of an underground low-level radioactive waste repository design procedure for
the UK low-level waste repository at Sellafield, Cumbria, England. Report documents current
European practice and presents design criteria, design alternatives, and flowcharted design
procedures for individual repository components (waste form, waste package, backill,
disposal rooms, access tunnels, shafts and declines).

f
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e Project Manager for the conceptual design for a 200 acre underground low-level radioactive
waste repository for the state of New York. To date this project has involved development of
design criteria for surface and underground structures; compilation of design data; conceptual
design for 5 candidate sites; modeling groundwater flow to the facility; evaluation of long term
stability and longevity of construction materials; industrial safety and dose rate analysis; and
preparation of a detailed cost estimate.

e Design and evaluation of alternative sites and construction methods for the Wesleyville
Cavern LLW Disposal project access shafts, Ontario. Responsible for development of criteria,
conceptual designs for the possible construction alternatives (including freezing and
conventional and blind boring construction methods), schedule and cost estimates.

e Evaluation of altenative shaft sinking techniques for NNWSI (Nevada HLW Repository
program) exploratory shaft facility. Involved detailed analysis of the schedule and cost
impacts of alternative test and construction methods (conventional, raisebore, V-mole); data

quality and safety.

5_—
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ADDITIONAL EXPERIENCE IN SHOTCRETE AND CONCRETE TECHNOLOGY:

As a voting member of ACI 506, Chris Breeds is responsible for coordinating and assembling the
first Underground Shotcrete Guide Specification. He has been involved in numerous projects
involving concrete and shotcrete. Each of the projects referenced below included: (1) preparation
of specifications; (2) design and implementation of the quality control program; (3) selection of
materials; (4) mix design; (5) equipment calibration; (6) training of shotcrete crews; and (7)
operation of equipment used to produce and place concrete or shotcrete. He has liaised with
numerous other projects and owners in an advisory capacity concerning the above topics (e.g.,
Los Alamos National Lab; US Bureau of Reclamation) and has been involved in the development
and testing of concrete/shotcrete additives.

e Design/Evaluation/Inspection of shotcrete/rock bolt ground support system for Foidel Creek
Mine entries, Getty Mining, steamboat, Colorado. Included items (1) through (5) inclusive.

e Shotcrete placed remotely to support a blind drilled shaft at the Nevada Test site for Reynolds
Electric and Engineering Company, Las Vegas, Nevada. Included items (1) through (7)
inclusive.

e Shotcrete for coal mine entry support, International Anthracite Corporation, Pennsylvania.
Included (2), (4), (5), and (6).

e Shotcrete for undersea decline support, Donkin Morien Project, Cape Breton Island, Nova
Scotia. Included items (1) through (7) inclusive.

Shotcrete for permanent support of 2,600 feet coal mine deoline, Long Drain Slope project,
Consol/Frontier Kemper, Fairmont, W. VA. Included items (2) through (6). .

Construction Manager, Twin inverted 60 ft diameter, Shotcrete cones, Atlantic Cement.
Responsible for on site construction supervision, quality control, and liaison with owner,
contractor, and project management personnel. Included items (1) through (7) inclusive.’

Design, fabrication, demonstration and in mine operation of a dual purpose, mobile shotcrete
- and concrete batch plant. For Anaconda Minerals Company, Carr Fork Mine, Toele, Utah.
Included items (2) through (5) inclusive.

Support of portal and mine entries for oil shale development, Union Oil Shale, Parachute,
Colorado. Included items (1) through (6) inclusive.

Shotcrete for temporary éupport of eight shafts ranging from 28 to 38 feet in diameter,
Chicago Water Treatment facility, Chicago, lllinois. Included items (1) through (6) inclusive.

Permanent of shaft stations using shotcrete, C-b Oil Shale project, Occidental Oil Shale, Rifle,
Colorado. Included items (1) through (7) inclusive. ‘

Shaft sinking and development of underground laboratories using shotcrete for temporary and
permanent support, University of Minneapolis, Minnesota. Included items (1) through (7)

inclusive. .

Shotcrete for temporary support of transitions and tunnel sections in St. peter sandstone,
second Street Tunnel, Minneapolis, Minnesota. Include items (2) through (7).

_—___—————_—.=————.————'———————————_———
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e Evaluation of construction methods and materials used for Olympic Oval, Lake Placid, NY.
Preparation of arbitration report concerning reasons for failure, quantitative assessment of
future stability and evaluations of recommended repair. Supervised repair of Oval prior to

1980 Olympic games.

e Supervised repair of Olympic Luge Run, Lake Placid, NY. Evaluated original construction
method, quality control procedures and materials used during construction of the Luge.
Prepared a report concerning reasons for surface spalling, assessments of future stability,
recommended and supervised repair.

' ——-——————_________.____——-——————-———-—-—-————————_——_—
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EXPERIENCE IN BLAST DESIGN, BLASTING, BLAST MONITORING and CONSTRUCTION
VIBRATIONS PREDICTION AND MONITORING

Dr. Breeds has over 25-years experience in surface and subsurface blasting for civil construction
and mining. His experience includes teaching blast engineering at university level, designing
underground and surface blast rounds, preparing blasting input to EIS and SEPA applications,
pre-blast property inspections and surveys, blast monitoring, blast optimization, and developing
blasting regulations for implementation at the State level. The following paragraphs illustrate Dr.

Breed’s explicit project experience.

Related Resume Sections
Subsurface Design
Instrumentation and Data Acquisition
Geotechnical Engineering and Rock Mechanics

"~ Underground Blasting Projects

e Castille Falls Fish Passage Tunnel: Supervision and data reporting for SubTerra personnel
monitoring of blasting to enlarge a Fish Passage tunnel at Castille Falls. BIC: Jerry Wallace,
Wallace Technical Blasting. For Apollo, Inc.

e Cannon Mine, Wenatchee. Blast monitoring and optimization for a cut and fill stoping
operation using cemented backfill. Involved monitoring both underground and at the surface
with post-blast evaluation of firing sequence, explosives types, drill hole layout, blast damage,
and impacts to stope wall and pillar stability. :

e Yucca Mountain near-field blast monitoring program. Responsible for the design of a near-
field blast monitoring system designed to quantify criteria for minimizing rock damage at the
periphery of the excavation. Accelerometers and geophones were located 3-ft and 10-ft from
the final profile and monitored using standard Blast Monitors. For LANL.

e Project manager for blast optimization studies for the San Manuel mine's block caving
operations. Project involved underground blast monitoring of development, production and
test blasts and re-design of the blast rounds to reduce blast damage, drilling and explosives

costs. For Magma Copper Co., Arizona.

o Plymouth (UK) CSO. Blast monitoring for an 8 ft diameter tunnel being driven at a depth of
approximately 60 feet beneath the City of Plymouth, UK.

e Preparation of a Blast Monitoring and Optimization strategy to be used in conjunction with Drill
and Blast construction in the ESF. Involved establishing criteria for monitoring compliance
and blast monitoring strategy to limit rockwall damage during subsurface construction. A
combination of near- and far-field monitoring was implemented. For Yucca Mountain Project,

Test Coordination Office (LANL).

o Blast monitoring and optimization for a cut and fill stoping operation using cemented backfill.
Involved monitoring both underground and at the surface with post-blast evaluation of firing
sequence, explosives types, drill hole layout, blast damage, and impacts to stope wall and
pillar stability. This project was one of the first to utilize near-field, high frequency blast

monitoring for optimizing blasting practices.

e Responsible for teaching Underground and Surface Blast Engineering while an Assistant
Professor in the Mining Department at Virginia Polytechnic Institute and State University.

W
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e Member of a Technical Board assembled by the Department of Labor and Industries to revxew
and revamp WAC 296-52, the Washington Explosives Code.

Ongoing Projects (June , 2004)

e Hansen Dam: Selected to perform pre-blast surveys and monitoring during blasting for the
Fish Passage and Cofferdam Excavation. For Traylor Pacific.

¢ Snoqualmie River Channel Widening at Snoqualmie Falls: Selected to perform pre-blast
surveys and monitoring during blasting for this channel-widening project. For Goodfellow

Brothers.

¢ Hazelwood Elementary: Responsible for review of planned blast work and blasting
specifications and for blast monitoring and reporting during construction.

e South Fork Bridge, North Bend, WA: Responsible for evaluating vibrations from an Oscillating
Pile Driver that was used to construct new bridge piers adjacent to the Snoqualmie River. For
Malcolm Drilling.

e Tacoma Narrows Bridge: Responsible for evaluating vibrations from an Oscillating Pile Driver
that was used to construct new bridge piers at the abutment of the Tacoma Narrows Bridge.

e Snoqualmie Quarry. Responsible for preparing Blasting input to a SEPA document to allow
quarry blasting at this existing aggregate pit near Snoqualmie, Washington. Follow on work
includes weekly monitoring, compliance documentation, and remote blast vibration and nonse
monitoring. For Glacier Northwest, Inc.

e Member of a Technical Board assembled by the Department of Labor and Industries to review
and revamp WAC 296-52, the Washington Explosives Code. '

Completed Projects (June 2004)

e Issaquah Elementary No. 13: Responsible for conducting pre-blast survey of residencies and
for blast monitoring in proximity to the blast area located within the City of Newcastle. For

Issaquah School District.

e Preston Bridge, Preston, WA: Responsible for monitoring vibrations from an Oscillating Pile
Driver that was used to construct new bridge piers adjacent to the Raging River and preparing
a report documenting vibration effects associated with this method of construction. For

Malcolm Drilling.

e Responsible for designing and setting up a blast vibration and dynamlc pore pressure
measurement system for monitoring adjacent to blasting a cut-off trench below a FERC
regulated earthfill dam. Dynamic pore pressure measurements are made in boreholes using
3/8-in diameter ICP-38, PCB sensors coupled to conventional Blast Monitoring Equipment.

For the Benham Group, Oklahoma.

o University of Washington Fieldhouse: Responsible for advising on and monitoring vibrations
from pile driving at this construction site adjacent to the University Football stadium (piles
within 10-ft of stadium foundation). Involved test pile monitoring, recommendations for full
scale construction and monitoring during construction. For Baugh Construction and Agra

Foundations.
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e SR 18 Slide Repairs: Responsible for establishing construction sequencing criteria based on
vibrations form driven test piles, monitoring during construction, and final reporting of
compliance with design criteria to owner. For Condon Johnson, Inc.

o Heritage Court Utility Trench/Vault Construction. Responsible for pre-blast property
inspections, blast monitoring, blasting evaluation and reporting for blasting within 50-ft of
$250,000 —to- $1,000,000 residential structures. Developed safe.blasting criteria from
monitoring data. For McCallum Rock Drilling and First Wellington Corporation.

e Interstate Rock, Washougal Quarry EIS. Responsible for oversight and final review of blast
related EIS submittal for this large block quarry site.

e Cardai Hill Quarry. Responsible for preparing Blasting input to the EIS, including analyzing '
potential impacts on an adjacent gas pipeline, for this new rock quarry near Woodland,
~Washington. For Land Technologies Corporation.

e Goodwin Quarry: Responsible for developing the blasting input to the EIS and SEPA
documentation for the Goodwin Quarry that will be constructed near an existing natural gas
pipeline in Whatcom County. Designed and implemented a Test Blast as part of the EIS
process that incorporated dynamic pore pressure measurements adjacent to the blast and at
locations in the adjacent ancient landslide area. For Land Technologies and Trillium

Corporation.

e Mats Mats Quarry. Responsible for analyzing two-years of blasting data, blast monitoring,
blasting impact evaluation, presentation at public hearings, developing recommendations for
flyrock prevention at this tidewater, rock quarry located near Port Ludiow, Washington on the

Olympic Peninsula. For Lonestar Northwest, Inc.

e Stoneway, Black River Quarry. Provided expert testimony at public hearing of the first periodic
review conducted by King County (the periodic review is a review of a quarry’s compliance
with SEPA and is held every five-years). Prepared reports covering blasting and air quality
that were required by the Hearing Examiner. Responsible for third party monitoring of each
blast at the site. For Stoneway Corporation.

e CADMAN, 'High Rock Quarry. Review and analyses blasting data and records from 1998 to
2000 against criteria provided by SubTerra in the 1996 EIS.

e Good Quarry. Responsible for reviewing blast monitoring data, preparing an evaluation of
blasting practices and potential blasting impacts at this rock quarry near Napavine,
Washington. For Good Construction Company.

e Good Quarry. Expert testimony at public hearing on SEPA appeal for the 30-acre Good
Quarry. Hearing Examiner upheld the County’s original SEPA decision and denied the
appeal. ' v

e Yucca Mountain near-field blast monitoring. program. Responsible for the design of a near-
field blast monitoring system designed to quantify criteria for minimizing rock damage at the
periphery of the excavation. Accelerometers and geophones were located 3-ft and 10-ft from
the final profile and monitored using standard Blast Monitors. .

o Project manager for blast optimization studies for the San Manuel mine's block caving
operations. Project involved underground blast monitoring of development, production and
test blasts and re-design of the blast rounds to reduce blast damage, drilling and explosives
costs. For Magma Copper Co., Arizona.

-
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Plymouth (UK) CSO. Blast monitoring for an 8 ft diameter tunnel being driven at a depth of
approximately 60 feet beneath the City of Plymouth, UK.

Superior Quarry. Responsible for monitoring large production blasts involving 80,000 Ibs of
explosives at this quarry located approximately 500-ft north of SR410, near Enumclaw. For

Ashgrove Cement Company.

Scatter Creek Quarry. Responsible for input to the mining plan and monitoring test blast and
production blasts at this new silica quarry located east of Enumclaw, Washington. Involved in
evaluating alternative crushing systems for 1/4-in minus silica rock production. For James
Hardie Building Products, Inc.

Duvall Quarry. Responsible for developing blasting criteria and blasting input to the SEPA
documentation for this 80-acre quarry site located north of Duvall in King County, Washington.
For Seattle General Corporation and Land Technologies, Inc.

Lummi Island Quarry. Responsible for evaluating slope stability at this tidewater rock quarry .
located on Lummi Island, Washington. For Ace Rock Quarry, Inc.

Littlerock Gravel Pit. Responsible for evaluating current permit issues prior to site purchase
and subsequent SEPA permitting of a 150-acre pit expansion. For Quality Rock Company.

High Rock Quarry DEIS/FEIS. Responsible for preparing blasting input to the EIS and FEIS
(including responses to public questions) and attendance at pubhc meetings for this large rock
quarry near Monroe, Washington. For Cadman, Inc.

High Rock Quarry Blast Engineering. Responsible for evaluating blasting practices and
analyzing 3-years of daily blast production and monitoring data at this large rock quarry.
Monitoring was carried out at the site boundary and at proxnmate residencies and used to
develop a site law relating peak particle velocity to maximum charge weight per delay and
distance. This law was incorporated into overall blasting recommendations for the project.

For Cadman, Inc.

Victor Industrial Minerals Oro Grande Quarry. Project involved an evaluation of the ore
reserves and mining methods at the Oro Grande Silica quarry near Victorville, CA. Included
an evaluation of impact crushing and vertical shaft impactor crushing of relatively wet
materials to %-in minus. For James Hardie Building Products, Inc.

Property Evaluation. Responsible for financial evaluation of a land parcel adjoining an '
aggregate mine near Cle Elum, Washington. For Plum Creek Timber Company

Middlefork Prospect. Responsible for developing the mine plan, feasibility, cost estimate, and
present value of 250-acre aggregate p|t near Snoqualmie, Washington. For Weyerhaeuser

Corporation.
Black Diamond Aggregate Mine: Evaluation of site conditions and alternative methods for 100

ft long conveyor undercrossing of SR 169 south of Black Diamond, WA. Included preparation
of site plan, construction method descriptions, cost estimates, and permit documents. For
Cadman, Inc.

Black River Quarry. Responsiblé for monitoring, evaluating, and reporting blasting at
Stoneway, Inc.’s Black River Quarry in Renton. Blasting occurs within 400-ft of nearby

apartments. Monitoring is carried out at the site fence and at the proximate structure.
Provided expert blast and slope stability testimony at public hearings. For Stoneway

Corporation.
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e Preparation of feasibility study for taking operations at the San Rafael Quarry in San Francisco
bay underground. The existing quarry was to be deepened and breached to provide a deep-
water marina. Quarrying of the meta-sandstone would continue underground and the product
would continue to be loaded to barges in the bay. For Dutra Corporation.

e Preparation of a Blast Monitoring and Optimization strategy to be used in conjunction with Drill
and Blast construction in the ESF. Involved establishing criteria for monitoring compliance
and blast monitoring strategy to limit rockwall damage during subsurface construction. A
combination of near- and far-field monitoring was implemented. For Yucca Mountain Project,

Test Coordination Office (LANL).

e Responsible for téaching Blast Engineering while an Assistant Professor in the Mining
Department at Virginia Polytechnic Institute and State University.

‘e Lake Francis | Quérry. Responsible for permitting an initial 3-year mining phase at this
existing 89-acre site. A Phase Il expansion is in process and will be permitted under SEPA.

¢ 5-Mile Andesite Quarry. Responsible for evaluating feasibility for large andesite rock
production from a new quarry located between Duvall and Monroe in Snohomish County,
Washington. Project Manager for preparation of the SEPA and MC Zoning documentation
and final designs for the quarry. For 5-Mile Quarry Company, Monroe, Washington.

. .
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PARTIAL LIST of PUBLICATIONS

e Breeds, C.D., Gonzalez, and Molvik, D., 2003. South Interceptor Tunnel Construction Using
a Lovat EPBM, Proceedings, Rapid Excavation Tunneling Conference, New Orleans, LA,

June, 2003.

® Breeds, C.D., Gonzalez, D., and Molvik, D., 2003. Tolt Pipeline Crossing of the Snoqualmie
River, Proceedings, Rapid Excavation Tunneling Conference, New Orleans, LA, June,

2003.

® Breeds, C.D., 2003. Modern Advances in Tunneling Technology. Paper presented at the
Annual TRB Conference, Washington, DC, January, 2003.

® Breeds, C.D., Johnston, K., and Fulton, O., 2003. Quarry Blast Permitting in the Urban
Environment. Paper presented at the Annual ISEE Conference, Nashville, TN, Feb 2-5,

20083.

® Breeds, C.D., and Mills, R.M. Rockfall Hazard Risk Analysis and Mitigation in an Area of
Coal Mine Subsidence. Proc. Pacific Rocks 2000, Seattle, WA

e Girard, Liebman, Breeds, and Doe. Editors: Pacific Rocks. Rock Around the Rim.
Proceedings of the 2000 American Rock Mechanics Conference, Seattle, WA.

e Mills. R., Breeds, C.D., Archibeque, S., and Dowling, G. Subsidence Experience at
Twentymile Coal Company. Paper presented at American Rock Mechanics Conference,

Vail Colorado, June, 1999.

e Breeds, C.D. Developing TBM Performance Prediction Methodology for the Yucca
Mountain Project. Paper presented at ASCE Annual Convention, GEO-CONGRESS 98,

October 18-21, 1998.

e Dollinger, G.L., Handewith, H.J, and Breeds, C.D. Use of the Punch Test for Estimating
TBM Performance. Paper presented at TAC 98, Vancouver, BC.

e Breeds, C.D., Mills, R. and Conway, J.J. Mine Subsidence and Rockfall Hazards: A Case
Study from Northwest Colorado, Paper to be presented at the Annual AEG Conference,

Portland, OR.

e Webb, R. and Breeds, C. D. Soft Ground EPBM Tunneling - The West Seattle, Alki Tunnel.
Proceedings Tunneling 97, London, UK.

e Mayo, P.J., Breeds, C.D., and Goodale, B.G. Drift Mine Disposal of Low-Level and Greater
Than Class C Radioactive Waste. Proceedings Waste Management .97, Tucson, Arizona.

e Breeds, C.D, et al., 1996. "Predicting Settlement for EPBM Driven Soft Ground Tunnels
Using Probabilistic Methods." Keynote Paper, Conference on Tunnels and Deep
Excavations, Jakarta, Indonesia, April, 1996.

e Sutherland, A, Goodale, B., and Breeds, C.D. “A detailed Comparative Evaluation of Six
Low Level Radioactive Waste Disposal Methods”. Paper presented at Waste Management,

96, Tucson, Arizona, 1996.
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Breeds, C.D., “Landfill Subsidence.” Presented at the Colorado Environmental Health
Association Annual Conference, Estes Park, Colorado, September, 1995.

D. Baird, N. Chau, and Breeds, C.D., “Cost Estimates and Economic Evaluations for
Conceptual LLRW Disposal Facility Designs.” Presented at the 17th Annual DOE LLW
Conference, Phoenix, Arizona, December, 1995.

Breeds, C.D., “Developing the Mined Option for the New York Low Level Radioactive Waste
Siting Commission.” Presented at the 1995 Institute of Shaft Drilling Technology Annual
Conference, Flamingo Hilton, Las Vegas, Nevada, April 25, 1995.

Breeds C.D., and Talbot R.T., "Disposal of Low-Level Radioactive Waste in Underground
Reposrtones“ Paper presented at the North American Tunneling Conference Boston, MA.

October, 1992.

Breeds C.D. and Schreiber S., "Evaluation of Potential Effects of Abandoned Coal Mines on
Landfill Design and Construction”. Paper to be presented at the 1992 Pacific Northwest
Mining and Metals Conference, Bellevue, WA. April, 1992.

Breeds C.D., Conway, J.J., "Rapid Excavation", SME Mining Engineers Handbook, 2nd
edition, American Institution of Mining Engineers. Publication scheduled 1992.

Conway, J.J., Breeds C.D., and Hammett, R.D., "Optimization of Underground Blasting".
Intermountain Mining Symposium, Northwest Mining Association, Elko, Nevada. October,

1989.

Breeds, C.D., Valencia, F.E., and Pye J.H. Final Report on Remote Shotcrete Lining System,
prepared for the US Bureau of Mines, Carbondale, lllinois.

Pye, J.H., and Breeds, C.D. Ground Support of Decline using Shotcrete, prepared for Donkin
Morien project, 1982.

Breeds, C.D., Valencia, F.E., and Pye J.H. The F.A.S.T. First Automatic Shotcrete
Technique. Proc. Rapid Excavation and Tunneling Conference, San Francisco, CA, May

1981.

Karmis, M. Haycocks, C., Breeds. C.D., and Topuz, E. Design of Coal Pillars from Drill Core
Data. Proc. Coal Conference and ExposrtlonV Louisville, KY, 1979.

Karmis, M., Haycocks, C., Breeds, C., and Lele, M. A study of Underground Convergence on
Longwall Panels by In-Situ Measurements and Computer Simulation Techniques.

Breeds, C.D. Subsidence, Prevention or Control. Proc. 1st Conference on Ground Control
Problems in the lllinois Coal Basin, Carbondale, lllinois. Published by IIImous State University

Mining Department, August, 1979.

Haycocks, C., and Breeds, C.D. Ground Control Simulation over Longwall Workings", Annual
APCOM Conference, Tucson, Arizona, September, 1979

Breeds, C.D. and Haycocks, C. "Strata Control Simulation over Longwall Workings". Annual
AIME Conference, New Orleans, LA, February, 1979.
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e Breeds, C.D. and B.N. Whittaker. "A Critical Analysis of Contemporary Methods of Controlling
Mine Subsidence Damage", 6th International School of Rock Mechanics, Kracow, Poland,
February, 1979.

e Whittaker, B.N., and Breeds, C.D. "The Influence of Surface Geology on the Character of
Mining Subsidence", Proc. Association Geotechnica ltiliana, Capri, Italy, 1977.
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