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theories (Shadbolt, 1977). Far more attention was given to measurement and
prediction of surface movement. Twentieth century investigators studied roof
stresses and pressures, the angle of draw, the shape of subsidence features, the
magnitude of vertical movements, and horizontal ground strains. The developments
were based on experience and field studies in Europe. During this time, the zone
methods for area of influence were developed and related the occurrence of maximum
subsidence to the area of extraction. The zone method led to the "critical panel
width" developed by the National Coal Board (NCB). By the late 1960's a majority
of British investigators were in general agreement about the mechanisms of
subsiderce. Subsidence over longwall panels occurs as a general sagging of the
overburden triggered by fracturing and caving of the immediate roof (Figure 2).
Profile functions were generated which describe surface movements over longwall
mining operations in the United Kingdom. The work sponsored by the NCB was
consolidated into the Subsidence Engineer's Handbook (1975). Profile functions
were developed to predict vertical subsidence, subsidence profiles, horizontal
strains and time relationships of these movements.

Other English investigators (Piggott and Eynon, 1977) studied ground movements
over shallow mine workings developed in a room-and-pillar fashion. This research
found the magnitude of vertical subsidence and the size of the affected area were
different for partial and complete extraction systems. This survey of ground
movements over room-and-pillar coal mines in England supported the harmless depth
theory. Piggott, et al (1977) believe the depth beyond which the influence of
shallow mine workings have no surface effect depends on the geometry of the mine
opening and the overburden. The height of roof collapse over a mine opening is a
function of the volume of the original opening and the volume change or "bulking"
of collapsed material from the intact to loose states. This bulking mechanism is
the basis for much of the recent work with theoretical models in the United States.

Recent Developments. Recent research in the United States has attempted to expand
on European experience to predict subsidence over room-and-pillar and 1longwall
mine configurations in the U.S. (Sutherland and Schuler, 1982). Early attempts
used the principles of continuum mechanics and empirical functions to describe
mathematically the ground wmovements over an extraction (Voight and Pariseau,
1970). With the advent of the computer theoretical models have been developed to
predict movements in the overburden after mining. These empirical and computer
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models are verified and fine-tuned with physical models and in-situ measurements.
The emphasis of this discussion is on the more recent developments, which strive
to more accurately predict ground movements over mining operations in the western
United States.

SUBSIDENCE PREDICTION

The identification of subsidence-related damage to structures, expanding
residential and commercial development, and demand for energy resources has
increased awareness to the potential for subsidence. Researchers are currently
evaluating factors which affect subsidence and are developing new subsidence
prediction techniques. Currently, the significant subsidence-related factors are
thought to include:

1. Thickness of the coal seam extracted;
Depth to mining;
Width of the extraction or panel;
Degree of extraction;
Sequence of mining;
Geometry of the mine workings;
Pillar dimensions;

O N O o PN

Thickness and nature of the overburden;
9. Bulking or caving of fallen strata;

10. Presence or absence of ground water;

11. Method of mine backfill;

12. Artificial support within the mine area;

13. Loading from the surface; and

14. Age of mining activities.

A1l these factors to some degree will influence the potential for, and the
magnitude of, subsidence.

As part of the analysis process, the subsidence engineer must identify the factors
controlling subsidence, anticipate subsidence mechanisms and select an appropriate
predictive model. The factors controiling subsidence can be grouped into four
general categories, which are: (1) the geometry of the mine workings; (2) the
mining method used; (3) the nature and thickness of overburden; and (4) the

proposed land use above the mine.
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Through the 1970's, theories developed for the prediction of subsidence included:
(1) profile functions for trough-type subsidence over longwall mines (National
Coal Board, 1975); (2) bulking or caving theories for shallow workings, which were
based on field observations; and (3) empirical functions, which mathematically
modeled movements over underground extractions. Empirical models developed for
U.S. mines prior to 1970 have not been largely successful or widely used. They
are complex, require input of geometry and geology-related parameters, and should
be verified by field observations or measurements.

In the authors' experience, the most widely used subsidence prediction tools are
the profile functions developed by the NCB (1975). These profile functions are
accurate and reliable for their data base area: coal fields developed by the
longwall mining method in the United Kingdom. However, much of the coal mined in
the United States, and especially the Colorado area, was by the room-and-pillar
method. The vertical subsidence and horizontal ground strains predicted by NCB
profile functions are not accurate over partial extractions. In addition,
measurements in I11inois longwall coal mines show the geology in the United States
is quite variable and affects the predicted movements.

Clearly, additional data acquisition and research is necessary to develop accurate
predictive models for application in the United States. Following are discussions
of various subsidence analysis techniques, which are currently being used or are
being developed for U.S. applications.

ANALYSIS TECHNIQUES
Numerous empirical, theoretical and physical models have been developed to predict
subsidence hazard and associated ground movements. The methods vary with respect
to the treatment of subsidence mechanisms, mine geometry, geology and mining

method.

National Coal Board Experience. For several decades the European coal mining

industry has been forced by extensive surface development and underground mining
to evaluate and treat subsidence. This need prompted the National Coal Board of
the United Kingdom to sponsor a program of field measurements of ground movements
over active longwall mines. They accumulated a large data base, which was used to
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develop descriptive subsidence models for the study area. The Subsidence
Engineers' Handbook (NCB, 1975) was the culmination of this effort.

In Europe high extraction ratios are achieved by mining coal with the longwall
method. The NCB found that ground movements over English collieries were a gentle
sag or trough-type subsidence triggered by fracturing of the roof. From the large
data base, investigators were able to extrapolate profile functions for predictihg
maximum subsidence, subsidence profiles, strain profiles and time relationships.
The movements which can occur at the ground surface include vertical subsidence,
tilt, curvature, horizontal displacement and strain.

Maximum subsidence produced by longwall mining is a function of the extraction
width to mine depth ratio, and is related to the extracted thickness. The surface
area affected was found to be greater than the extracted area and is inscribed by
the "1imit angle" or angle of draw. The NCB found the English geology was an
insignificant parameter in evaluating subsidence, and therefore, was not included
in the analyses. The critical panel width is that which is required to develop
the maximum subsidence at a given mine depth (Figure 3). Narrower panels develop
less than the maximum subsidence over a broader width.
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Figure 3. Critical width concept.

- 197 -



As the ground subsides, strains develop in the ground surface. The ground surface
over the extraction experiences negative or compressive strains, and the ground
over the rib sides elongates and experiences tension. However, for super-critical
panel widths a hump may develop in the compressive portion of the strain profile.

The NCB investigators observed that subsidence developed simultaneously with
extraction, and that subsidence essentially ceased shortly after mining stopped.
Their evaluation techniques allow calculation of a subsidence traveling-wave
profile for a surface point as the mining activities pass below and beyond it.

Work by the National Coal Board was exhaustive, and resulting descriptive models
accurately predict ground movements over longwall mines in Europe. However, their
applicability in the United States is largely limited due to room-and-pillar mine
geometries and varying overburden geology. Case studies at U.S.longwall mines
have shown fair correlation to NCB predictions in some instances. However,
varying geologic conditions controls the accuracy of NCB predictions. The
National Coal Board procedures are not suited to room-and-pillar situations,
because of different caving mechanisms. Strains predicted by the NCB methods for
room-and-pillar configurations are usually underestimated.

Bulking or Caving Theories. For extremely large panel widths, such as are
achieved in longwall mining, it is assumed subsidence will propagate to the ground
surface regardless of the depth of mining. However, where partial extraction of
the coal reserves is achieved and pillars are left to support the mine roof, the
mechanics of failure are significantly different. It cannot be assumed that
subsidence will propagate to the ground surface. The risk of subsidence over
partial extractions can be assessed by: (1) evaluating the ability of pillars to
support the overburden; (2) determining the 1imit of caving due to bulking; (3)
evaluating the potential of the roof to span a void; and (4) assessing pillar
punch into the roof or floor. The parameters most greatly affecting the potential
and magnitude of subsidence over a partial extraction are the width of the
extraction, the depth of mining, the height of extraction, weathering effects and
the geology of the overburden.

Several investigators (Piggott and Eynon, 1977 and Oravecz, 1977) observed ground
movements over room-and-pillar configurations and noted significant differences

-
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from the movements predicted over longwall mining (National Coal Board, 1975).
Piggott and Eynon support the harmless depth theory first proposed in conjunction
with the vertical caving theory. Their theories are based largely on observations
of rubble zones above shallow room-and-pillar workings, which were exposed in open
pit excavations. They believe the depth beyond which the influence of shallow
mine workings have no surface effect depends on the width and height of mine
openings, the nature and thickness of the overlying strata, and the nature and
thickness of unconsolidated surface deposits. Also, the height of roof collapse
observed over the mine extraction is a function of the volume of the original
opening and the volume change or bulking of collapsed material from the intact to
loose states. Generally, the height of collapse observed was limited to 10 times
the thickness of extraction, and commonly 3 to 5 times the mined thickness.

A study of surface and subsurface movements over a room-and-pillar mine was
conducted by Oravecz (1977), while pillars were extracted from adjacent panels.
The study was designed to measure vertical and horizontal displacements of the
ground surface, tilt and vertical displacement of the bedrock strata. The results
indicate that the induced displacement field for the zone over the pillar
extraction 1ies between displacements measured for room-and-pillar and those for
Tongwall mining operations. In essence, the mine is physically transformed from a
room-and-pillar to a longwall mine. However, there are three major differences
between a pillar extraction and longwall mine, which are: (1) the areas of pillar
extraction are piecemeal in fashion; (2) the shape of the completed extraction is
often complex; and (3) small remnant pillars are often left fully or partially
intact. The intact portions were found to significantly influence the extent of
caving and surface movements. Oravecz (1977) found that the magnitudes of the
displacement components were smaller than would be expected for a complete
extraction. The presence of internal barriers and the low panel width to mining
depth ratio helped reduce the displacements.

Simple Beam Analysis. In sedimentary rocks, the strata are usually planar. The
rock types, the frequency of bedding planes and presence of discontinuities
influence the ability of the rock strata forming the roof to span an unsupported
distance. The properties of the immediate roof affect the long-term strength and
stability of the roof. The thickness of the immediate roof, integrity of the
roof, and stratigraphic sequences of the bedrock are the important properties
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affecting the behavior of the immediate roof (Peng, 1978). Thinly laminated
strata tend to fracture and separate leading to roof instability. An immediate
roof may contain material, such as clay minerals, which are more susceptible to
weathering and deterioration. Massive, well cemented sandstones overlying a mine
may be sufficiently strong to span an extraction (see Figure 4).

TROUGH suBsIDENCE FROM

PROGRESSIVE PILLAR COLLAPSE
OR TOTAL PILLAR EXTRACTION
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COAL PILLARS PUNCHING
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MINE ROOF COLLAPSE
IM THIN WEAK ROOE

MINE ROOF
COLLAPSE
STOPPED AT
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/NAIIO' COAL PILLAAS
WEAKENED BY SPALLING
AND WEATHERING

UNDEACLAY MINE FLOOR
SOFTENED BY WATER

AFTER: BRUHN

Figure 4. Modes of subsidence.

A special case of the caving theories is a simple beam analogy which assesses the
ability of a hard bedrock strata to halt subsidence. Peng (1978) presented simple
beam and fixed-ends beam models for calculating maximum tensile stress, shear
stress and deflection of a rock mass acting as an unsupported, uniformly loaded
beam. The critical span of a simple beam under a uniform load is related to the
thickness of the beam, the uniform load on the beam and the modulus of rupture of
the material forming the beam. An indirect tensile strength is an appropriate
measure of the modulus of rupture. Simple indirect tensile strength tests may be
performed on core samples in the laboratory.

Provided the immediate roof is sufficiently strong, massive, Tlacking
discontinuities and will maintain its strength over the long-term, it may bridge a
void created by mining. This method 1is applicable to comparatively narrow
workings, such as haulways. The analysis should include a sufficient factor of
safety to allow for material variabilities, discontinuities and deterioration.
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Continuum Finite Element Approach. Benzley and Basinger (1984) developed a finite

element computer program to compute the failure and collapse of geologic materials
caused by underground mining. The rubble model (Benzley and Kreig, 1980) was
formulated based on the principles of continuum mechanics. The ability to
accurately predict ground motion requires models of several processes, such as:

1) the failure of a rock mass above a mined region; (2) the free-fall of elements
of this mass into the mined-out area; (3) the bulking of the rock rubble; and (4)

the recompaction of this rubble under its own weight and subsequent rubble
(Figure 5).

INA
No

(a) ») (o) (q)

AFTER: BENZLEY AND KRIEG

Figure 5. Rubble formation, (a) continuum
element under gravity load, (b)
rubble element in free fall, (c)
unloaded, bulked rubble element,
(d) loaded, bulked rubble element.

Rubble formation is activated when a critical tensile stress is reached in the
rock mass. At this point, the material loses all stiffness and is allowed to
deform freely and fall under the force of gravity within the void created by
mining. The material is allowed to bulk during free-fall and recompress upon

impact to some predetermined expanded configuration, which is 1looser than the
initial overburden formation.

A dynamic relaxation solution is used in this finite element approach, which
allows handling of the zero strength and rubble free-fall mechanisms. The dynamic
relaxation solution computes static solutions by critically damping the dynamic
equations to an equilibrium state at each time step. In other words, the mass is
treated as a series of blocks, springs and dash pots. An advantage of the dynamic
relaxation solution is that the inertia terms provide continuity between adjacent
load steps. A significant improvement to the solution was the "slip-plane"
concept, which allows rotation and translation of falling elements. An example of
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subsidence simulation by the rubble model and the resulting computer output is

shown on Figure 6.
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Figure 6. Subsidence simulation by rubble
model, discrete slip-plane skewed
mesh.

Subsidence predictions using the rubble model have correlated well with field
measurements at underground coal mines in the United States. These solutions were
developed with the aid of physical simulations of subsidence using centrifuge
techniques, which are described later. Although specifically developed for a
longwall case, the void-volume mechanics of rubble formation should also apply to
room-and-pillar configurations.
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Complementary Influence Functions. Complementary influence functions were
developed (Sutherland and Munson, 1983) to provide a simple technique for
prediction of subsidence over either room-and-pillar or longwall mines.
Sutherland and Munson (1983) found both the mined and unmined portions of a seam
contribute equally to movements at the ground surface. Therefore, influence
functions were formulated based on two elements: the mined element and an unmined
element. This concept assigns a surface response function to each of the elements.

The response of the unmined element is based on the elastic response of the strata
overlying the extraction. This elastic response can be modified to account for a
variable thickness of the elastic beam caused by roof failure and crushing of the
unmined element, which is termed the "yield pillar" concept. The response is
described by a mathematical function.

The response of the mined element is related to the breaking of the immediate roof
and non-uniform distribution of voids in the rubble. The surface response
function takes the form of a mathematical error function. The surface movements
are calculated by integrating or summing the response of each unit element over
all the elements in the area of influence (Figure 7). Both mined and unmined
elements are thought to contribute equally to the subsidence prediction.
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Figure 7. Complementary elements.
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This empirical model is believed to be more simple and more accurate than other
predictive models for application in the United States. The complementary
influence functions are applicable to both longwall and room-and-pillar mine
configurations. The influence function technique 1is especially useful in
room-and-pillar applications because of increased accuracy over the rib side, and
the ability to handle complex geometries. The comparatively smaller panel widths
and closer spacings of rib sides in a room-and-pillar mine necessitates an
accuracy across the entire panel. The influence functions have been proven with
physical models and field measurements at Illinois, Virginia and Pennsylvania
mines. Additional research is needed to refine the parameters used to define the
response functions to account for variable geology.

Block Motion Code. Research at Sandia National Laboratories (Taylor, 1983) has

developed a theoretical block motion code, which may be used to describe ground
movements over underground coal mining activities. This code, known as "“BLOCKS"
was formulated specifically to develop a rubble model for oil shale projects and
subsidence prediction. The block motion code tracks individual elements of a rock
mass as they fall under the influence of gravity through the mine opening, collide
with other blocks, and deform under impact.

The block motion code models the rock mass as a collection of discrete elements,
as opposed to conventional continuum mechanics theory use in the rubble model
(Benzley and Krieg, 1980). This discrete element approach allows greater
flexibility in modeling details of the geologic formations and geometry. The code
is especially useful in highly jointed rock masses, which are difficult to analyze
using the finite element techniques. The individual block elements can be treated
as rigid elements or can deform upon impact. Also, fracturing of individual
elements is permitted. Typical output of the "BLOCKS" simulation is shown on
Figure 8.

The block motion code has gone through several generations of development of the
storage scheme and coding to facilitate computation on the Cray. This approach is
useful in research and in highly complex geologic settings. However, the
extremely large computer storage requirements and associated costs make this tool
impractical for most consulting applications.
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DIAGRAM OF "BLOCKS® SIMULATION DIAGRAM FOR THREE SUPPORTS REMOVED

DIAGRAM FOR FIVE BUPPORTS REMOVED DIAGRAM FOR SEVEN SUPPORTS REMOVED

AFTER: BUTHERLAND, HECKES AND TAYLOR

Figure 8. "Blocks" subsidence simulation.

Physical Simulations. For decades, scientists have proposed that movement

sequences and stress fields related to underground mining can be duplicated in the
laboratory if the body forces acting on a model are increased in the same
proportion that the model scale is decreased. The materials used in the model
must be the same as at the simulated mine. Therefore, using like materials and
increased gravitational loads, the scale model should produce similar displacement
and strain fields as would occur in the field.

A centrifuge can be wused to physically simulate mine-related subsidence
(Sutherland, et al, 1979). The centrifuge is used to increase the force of
gravity on the scale model in the same proportion that the model is reduced in
size. For example, a model of a coal mine constructed at a scale of 1:100 should
experience forces 100 times the acceleration due to gravity (g forces) to
correctly simulate displacement and strain fields. This method of modeling is
believed more accurate than static model testing, where a uniform load is applied
to a surface of the model. The centrifuge better simulates the stress state
throughout the model. Fractures and bedding planes can be physically incorporated

into the model.
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The centrifuge is a very useful tool in research to develop and refine new
predictive models. The technique is most useful when comparing solutions to
computer models, empirical subsidence prediction techniques, and field
measurements. However, the cost and availability of the centrifuge apparatus make
use by the typical consultant impractical.

SUMMARY

Many advances have been made in the science of subsidence prediction. The
National Coal Board and other mining-related European experiences have given
investigators in the United States guidelines to develop predictive subsidence
models. The experience gained in the United Kingdom is helpful 1in guiding
research in the United States.

Major obstacles still to be overcome in the United States are: a lack of
significant correlations between ground movements and mining activities, and few
accurate models for room-and-pillar applications. We believe the rubble model and
complementary influence functions will be wuseful techniques for everyday
application by the subsidence engineer. However, these techniques should be
refined to reflect local geologic and geometric anomalies. The ultimate goal of
subsidence research should be to develop profile functions similar to those
developed in the United Kingdom.
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ESTABLISHMENT AND USE OF MONITORING NETWORKS
Dr. Harry W. Emrick
Colorado School of Mines

ABSTRACT

Modern Subsidence Monitoring should include the interdisciplinary tools
from: Soils Engineering (Rock and Soil Mechanics Technology),
Geophysical Engineering (Seismic and Earthquake Technology), Geological
Engineering (Remote Sensing and Earth Structures), Geodetic Engineering
(Positioning and Geodynamics), Mathematical and Electrical Engineering
Data Processing Handling and Modeling Methods. The main emphasis of
this discussion will focus on the current methodology in Geodesy and
Geodynamics, where the interdisciplinary technology is in use to better
determine absolute positions with Lasers and Microwave instruments,
unconventional Photogrammetry and Global Positioning Systems.

[ appreciate this opportunity to air my views concerning the current technical
aspects of the planning for, establishment of, and utilization of monitoring
networks for mine subsidence or any other earth oriented movements.

As you know, this is a multi-disciplinary opportunity requiring the scientific and
engineering knowledge and experience from a vast array of traditional disciplines
and subdisciplines. However, above and beyond the science, we need to step back
from history and politics and use some common sense in the best interest for the
health and welfare of our citizens.

After your field trip, I know that you have a better understanding of the
subsidence problems. I recently came across a citation from a vrecent
international symposium on mine surveying, "... in the area of the city of Denver
alone, there are about 50 abandoned mines for which there is a lack of proper
documentation on the location on underground excavation creating problems in
issuing building permits. (Chrzanowski et. ai., 1982). I do not know the current
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validity of that statement, however, I can understand the problems surrounding
such determinations.

Once the planning and budgeting have been accomplished for a subsidence monitoring
project I might suggest the following possible optimal scheme for the
establishment of a monitoring network:
1. Obtain as much historical information as possible in order to determine
the extent of the evacuated cavity. Several sources which come to mind are:
well logs, soil samples, mine surveys, surface maps and construction site
information.
2. From all of the gathered documentation, we need to estimate the extent of
our subsidence area. The same methodology as for ore body or reservoir
estimation can be valuable assets during the planning and estimation phase.
3. Additional information should be obtained from geophysical services with
the drilling of boreholes on the subsidence area perimeter and then using
borehole seismic and gravity technology to provide the 3-D map of the
cavity. The geological engineer can also examine the core samples. The
boreholes should be continued to bedrock or through the estimated depth of
the cavity bottom, whichever comes last.
4. Survey monuments for control could then be placed in or adjacent to the
boreholes. These monuments should be of the highest order and extended into
the bedrock or until comparable resistance is encountered. The control
network should be at least one order of magnitude of higher surveying
accuracy than photogrammetry, if that method is under consideration.
5. Within the subsidence area itself the survey monuments should be
connected to bedrock or until substantial resistance, but not through the
cavity itself and:
a. The pattern of the monuments should represent a strong geometric
figure and/or one which is compatible with photogrammetry and/or
development plans.
b. All monuments should be intervisible from a minimum of two control
points.
c. Monumentation should be protected in a range box or at least as safe
an environment.
6. Complete the initial survey and accomplish the adjustment to minimize the
differences from the variety of different techniques, instruments, personnel,
routes, and other conditions.
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Now we are prepared to begin our monitoring efforts. Revisitation for ground
surveys or rephotographing for photogrammetry can now be readied and/or
rescheduled in accordance with the best knowledge of any expected movements or on
a regular maintenance basis. Any evidence of slumping, movement of materials
and/or any seismic or microseismic event in the area should also trigger a special
set of remeasurements. Chrzanowski (Ibid.) mentions the following geophysical

monitoring systems: tiltmeters, strainmeters, borehole inclinometers, rod
and wire extensometers, in-situ stress measurements, use of microgravimetry and
crosshole seismic monitoring, geophones, tomography and others." There is a new
geophysical tool called a ‘“superconducting gravity meter" which is becoming
available and can achieve measurements of gravity in the 10'9 G range. The use
of these types of instruments on or near site will provide real time alert to
possible subsidence. A note of caution is that any geophysical observatory must
be critically designed, emplaced and protected as well as monitored and
maintained. CSM and CU Boulder have some capability and there is some talk of
adding a facility at AFA and another in South Park on CSM's environmental research
property. Comparisons can be made with the previous survey(s) and any earth

movements can then be calculated as accurately as the system in use will permit.

Now for some information on the precision and accuracies of off-the-shelf
technologies:

A. Electronic Distance Measurements (EDM):

There are several preferred types on the market which utilize two frequencies of
light (laser instruments) or microwaves. These dual frequency instruments reduce
several systematic error sources such as refraction and humidity to a minimum.
With these EDM's: 5-6 mm results have been successfully achieved in mountainous
terrain in Canada (Teskey and Gruending, 1985, p.157) and in Hawaii (Laurila,
p.148).

B. Photogrammetry:

This technology requires the positive identification of the monuments on the
photographic medium. The photography can either be flown or a terrestrial camera
may be used. The Canadian study previously mentioned was flown in mountainous
terrain and the results were in the 5-8 mm range (Ibid, p.155). One of the
attendees, John Thorpe has an Analytical Photogrammetry business in Colorado
Springs and has mentioned to me that he can rapidly fly and map any subsidence
differences to the nearest 1/2 foot. This accuracy is dependent upon the flying
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height (the Tow flights may need too much control to be economical). The analysis
of project cost takes these many variables into consideration. A footnote is that
control may be densified using photogrammetry which could bring the cost down
since the ground control is a considerable percentage of the project cost.

C. Global Positioning Systems (GPS):

It is now conceivable to locate "black boxes" and small antennae at the survey
monuments and obtain relative positions in a half hour time period to centimeter
accuracy. At the Bureau of Standards in Boulder using a Water Vapor Radiommeter
(WVR) in addition to the black boxes, a base line was remeasured to millimeter
accuracy. These equipment are now expensive, however, the cost should come down
to around $50,000 for a two receiver system within a few years. The lowest price
that I have seen is $57K per unit in October, 1985.

Thank you for your attention and I believe that you should seriously consider some
of these technologies during your continuing deliberations.
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homes due to mine subsidence has

practices.

ARCHITECTURAL MITIGATING MEASURES
TO CONTROL SUBSIDENCE DAMAGE
Ernest P. Persche, A.I.A.
Ernest P. Persche Architects P.C.

ABSTRACT

With development of the Rocky Mountain region damage to buildings due to
mine subsidence has increased dramatically. Much of the damage reported
could be avoided by prudent planning and zoning practices. Where zoning
doesn't keep buildings away from mine subsidence areas other measures
have to be employed to avert or mitigate potential subsidence damage.

Paramount to deciding any mitigation measures a geotechnical site
evaluation is to be obtained. This report aids in properly orienting
buildings on the site and 1in determining which architectural and
structural mitigating measures minimize subsidence damage.

Proper orientation in relationship to the subsidence profile,
appropriate building shapes, care in placing building elements and
carefully thought out relationships between buildings will help prevent
subsidence damage. Appropriate structural framing methods, whether
rigid or flexible, combined with foundation design suited to subsidence
areas will further mitigate potential subsidence damage.

INTRODUCTION

With the rapid development of the Rocky Mountain region damage to buildings and
increased dramatically in the last 10 years.
Much of the damage reported could be avoided by prudent planning and zoning
We are however faced with development pressures in many areas so that
construction on land subject to potential mine subsidence is a common occurrence
with resultant damage to property in many areas.

commercial structures can be averted with simple damage mitigating measures.
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The first step to avoid or minimize subsidence damage is to obtain a geotechnical
site evaluation that assesses potential subsidence risk. This evaluation needs to
evaluate records of mining activity in the area, information on mined seams and
faults under and adjacent to the site based upon technical reports and mine maps.
Based on the geotechnical report the proposed building or structure can be
oriented or placed on the site to minimize the risk of subsidence damage. Beyond
proper orientation or site planning there are a variety of architectural and
structural design measures, some simple and some technically sophisticated, that
will eliminate or minimize damage due to subsidence.

PLANNING AND ARCHITECTURAL MEASURES

1. Orientation. If lot size allows, buildings should not be located within 50
feet of any known geologic faults. Buildings or structures placed upon such
faults are to be adequately designed to mitigate any potential damage due to
subsidence. Buildings or structures are to be placed with their long sides
parallel to predicted or existing subsidence contours to minimize strain upon
the structure should subsidence occur.

2. Building Shape. Shapes of buildings should be simple and without
projections. The number of corners or angles at ground level is to be kept to
a minimum. Buildings or structures with stepped foundations are to be avoided

unless precautions are taken to allow foundations at different levels to move
independently of each other.

3. Relationships of structures. Buildings in subsidence areas are to be placed
adequately apart to minimize negative visual 1impacts should differential
settlement occur. Appurtenant structures, if required, are to have separate
foundations and have adequate gaps or joints to allow them to move
independently of the main structure.

4. Window and door openings. Windows and doors are to be placed as far from
corners as practicable. Window openings are to be kept as small as possible
with adequate wall areas in between. Door openings should be spaced so that
they are not adjacent to each other. Window and door openings in masonry
structures are to have lintels as head supports rather than arched openings.
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5. Other considerations. Building elements exposed to view should have textured
surfaces that minimize negative visual 1impacts associated with potential
cracks.

STRUCTURAL METHODS

How a structure is designed depends on the specific site characteristics and
building type. FEither rigidly or flexibly designed structures may be used to
mitigate damage due to subsidence. Generally, buildings of small plan area lend
themselves to rigid design. Large structures are to be flexibly designed so that
they may follow the subsidence contours or they may be divided into smaller
segments which lend themselves to either rigid or flexible design.

1. Rigid Design. Buildings are to kept to independent units of small plan area.
Foundations are to be isolated from the subsoil and are to be strongly
reinforced concrete rafts or beams with sufficient rigidity to support the
superstructure over a subsidence wave. The superstructure is to be as rigid
as possible. It is recommended that provisions be made for jacking to relevel
the building should subsidence cause tilting beyond tolerable limits.

2. Flexible Design. Structures are to be designed so that they can deflect
sufficiently to follow the subsidence profile. Foundations are to allow the
ground to slide horizontally beneath them. The superstructure of walls,
floors and roofs should give support to the frame while allowing it to follow
the subsidence profile.

The weight of the superstructure should be kept to a minimum to reduce
horizontal and vertical strains upon the structure. The structure should be
pin-jointed to allow it to lozenge out of square to calculated distortion
levels yet with adequate diagonal bracing to resist wind loading. Floors and
roofs should be designed as diaphragms to keep the building plan form while
being flexible enough to bend with the curvature of the ground.

Door and window openings in flexibly designed structures are to have adequate

tolerances to prevent jamming due to differential settlement. Glazing
tolerances are to be increased over normal requirements.
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SPECIFIC RECOMMENDATIONS TO MINIMIZE SUBSIDENCE DAMAGE

The following recommendations as applicable are to be incorporated as a minimum
into the design and construction of any building or structure:

1. Foundation Design. All foundation types, except deep foundations bearing on
stable material such as drilled piers, are to be placed on a layer of
compacted sand or granular soil with a layer of polyethylene between the
foundation and the granular soil to allow the ground to slide freely beneath
the foundation. Projections below the bottom of the foundation are to be
avoided. Side thrusts or horizontal strains upon foundations are to be
minimized by placing a vertical layer of relatively compressible soils or
other compressible materials at the perimeter of foundations for the full
depth of the foundation or footing. Where deep foundations are to be used,
the design should consider appropriate unsupported lengths in the event of
subsidence around the foundation.

2. Foundation Walls. Foundation walls are to be protected from horizontal ground
strain by backfilling with relatively compressible soils. Alternately walls
may be designed to resist soil pressures of not less than 100 p.s.f. per foot
of depth, and not less than 120 p.s.f. per foot of depth where subsidence risk
is considered severe.

3. Slabs on Grade. A1l slabs on grade are to be placed on a layer of compacted
sand or granular soil a minimum of 6 in. thick. A sheet of polyethylene is to
be placed between the soil and the concrete slab to allow relative horizontal
movement.

Slabs are to be reinforced in both directions to accomodate compressive and
tensile strains. Slabs 5 inches thick or less may be reinforced with a single
layer of welded wire fabric placed mid-point between the top and bottom of the
slab. Welded wire fabric is to be a minimum of 6 X 6 - 8/8. Slabs thicker
than 5 inches are to be reinforced both near the top and bottom with welded

wire fabric or steel reinforcing rods adequate for the stresses placed upon
the slabs.
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Length of Buildings. A1l buildings whether short or long shall be designed to
resist or accomodate anticipated subsidence effects. Long buildings may be
divided into several small units to minimize strain in each unit. Gaps of at
least 2 inches or more are to be provided between units and should extend
through foundations and roof structures. Such gaps should be wide enough so
that the tops of walls will not touch when building segments tilt together.
Gaps may be filled with flexible and compressible materials and closed in such
a way that stresses from one segment of the building are not transmitted to
other segments of the building.

Height of Buildings. Al1 buildings regardless of height shall be designed to
resist or accomodate anticipated subsidence effects.

Tolerances for Tilt and Distortion.

a. Tilt. Maximum allowable tilt for buildings less than 3 stories or less
than 36 feet 1in height shall be 1 horizontal in 200 vertical. For
buildings taller than 3 stories or 36 feet maximum allowable tilt shall be
1 horizontal in 500 vertical.

b. Distortion. Distortions or deflections shall not exceed 1/240 times the
height unless special provisions are made to relieve the strains such as
sliding joint and extra clearances in door or window jambs.

Joints. All joints are to be designed to accomodate at least two times the
anticipated translations, rotations, and distortions. Joints shall also
resist vertical displacement between adjacent structural elements. Joints are
to be appropriately detailed to avoid negative visual impacts when subsidence
occurs.

Masonry Construction. All masonry construction should be designed to conform
to good design practices as used in earthquake prone areas.

Interaction between Foundation and Superstructure. The superstructure of any
building may be designed to give rigidity to the foundation provided that
connections between foundation and superstructure are designed for composite
action. Alternately, the foundation and superstructure may be designed as
separate elements so that they may move independent of each other. Roller
bearings or similar devices applicable to seismic design may be used.
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10. Stairways. Stairs shall be designed so that one end of the stairway is
attached to the structure using a rigid or hinged connection and that the
other end has a flexible or moveable connection that moves freely.

11. Utility Connections. A1l utility connections entering a building or structure
from underground are to have adequate free space around them to allow
differential movement between the ground and structure. Flexible connections,
if allowed by specific codes are recommended. All pressure lines are to have
shut-off valves at the exterior of buildings or structures.

12. Periodic inspection. Building officials should require that periodic
inspections be performed on all buildings and structures subject to potential
mine subsidence effects. The severity of specific local subsidence problems
as determined by the building official is to be a guide for determining the
inspection period.

These are some of the architectural and structural mitigating measures that may be
employed to minimize potential damage to buildings. There also are site planning
and civil engineering methods that may be used to prevent damage to buildings.
Specifically, it is good practice to keep water from seeping into seams and mine
openings under and near buildings. Roof drains and sumps should be discharged
into storm sewers if possible or else water is to be led away from undermined
sites in paved drainage swales. Utility lines coming into buildings should not be
restrained by the building structure.

CONCLUSIONS

The question that remains is "what does this all mean?". For the designer of
large building the answers cannot be simplified. Designers and builders of small
buildings or single family residences can generally conclude that simple building
shapes and adequate reinforcement in the foundations along with measures to
minimize soil strains and stresses on foundations will go a long way to minimize
or eliminate damage due to subsidence. Studies in I1linois have shown that damage
to homes with heavily reinforced foundations was usually superfluous. Homes with
poor foundations suffered heavy damage.
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There is no one best way to avoid subsidence damage.

The easiest method would be
not to build on subsidence prone areas of course.

That isn't a realistic option
in many areas so a combination of the above methods is to be used to mitigate
subsidence damage to buildings or structures.
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HAZARD REDUCTION TECHNIQUES USED FOR PIT
SUBSIDENCE NEAR HANNA, WYOMING
R.G. Mock and L.F. Marrs
Chen & Associates
Denver, Colorado
Casper, Wyoming

ABSTRACT

Three different backfill techniques were used to reduce immediate
hazards associated with pit subsidence over shallow coal mines near
Hanna, Wyoming. The subsidence pits developed above abandoned mine
workings in coal seams which dip between 15 and 25 degrees and have less
than 160 feet of cover. The hazardous subsidence pits were from 20 to
50 feet in diameter and from 20 to 30 feet deep. All of the hazardous
pits had very steep sides, indicating either recent caving at the ground
surface or reactivation of older pits. Mining took place in the area of
the subsidence pits about 75 years ago. At Site No. 1, backfilling with
granular soils was used to eliminate the hazard at pits where backfill
running was considered to be low. A grouted boulder wedge was used at
the subsidence pit where backfill running was considered to be high. At
Site No. 2, one of the subsidence pits broke to the ground surface along
Standpipe Draw, causing runoff from this ephemeral stream to be diverted
into the mine workings. Open boulder backfill was used in the area of
Standpipe Draw to eliminate the hazard, but still allow runoff waters to
enter the mine workings.

INTRODUCTION

Three different backfill techniques were used to reduce immediate hazards
associated with pit subsidence over shallow, abandoned mine workings near Hanna,
Wyoming. The backfilling was done as part of Wyoming Land Quality Division's
Abandoned Mine Land Reclamation program in the Hanna area. The subsidence pits
are located on open range land and, because of their depth and steep sides, the
pits were considered to present an immediate hazard to humans and 1ivestock. The
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subsidence pits were not in an urban area or where future land developments were
anticipated; therefore, the goal of the backfill program was to eliminate the
immediate hazard only. It was recognized that after backfilling, there would

still remain a potential for the development of new subsidence pits within the
project area.

The backfill operations discussed in this paper are part of the larger Project 7
reclamation efforts in the Hanna area being administered by the Wyoming Department
of Environmental Quality, Land Quality Division, under their Abandoned Mine Land
Reclamation Program. It is hoped that the experience gained during this
backfilling project will be of use to others working in abandoned mine land
reclamation and immediate hazard reduction.

PROJECT LOCATION AND GEOLOGIC SETTING

The hazardous subsidence pits were located about two miles east of the town of
Hanna, Wyoming. The hazard reduction project involved two sites along the eastern
1imb of the Hanna syncline as shown on Fig. 1. The coal mines in this area were
in the No. 1 seam of the Paleocene-age Hanna Formation. The Hanna Formation is
made up of interstratified brown to gray sandstone, shale, conglomerate and coal
which were deposited in a fluvial environment. The formation is usually weakly
cemented, and friable sandstones are common in the vicinity of the subsidence
pits. The Hanna No. 1 coal seam varies from 4 to 27 feet thick. The subsidence
pits occur near the outcrop of the No. 1 seam in areas where the cover is less
than 160 feet thick. The No. 1 coal seam along the east 1imb of the Hanna
Syncline dips between 15 and 25 degrees toward the northwest. Several northwest
trending small displacement faults offset the coal seams along the eastern and
western 1imb of the syncline.

MINING METHODS

In 1889, the Union Pacific Coal Company began underground mining of coal near
Hanna. These underground mines were operated until 1954. The drift method of
mine layout was commonly used. The main haulage ways were driven along the dip of
the coal seam, and secondary haulage entries were extended off the main haulage
ways along the strike. Fifteen-foot wide double and triple drift entries were
used, and cross cuts connected the haulage drifts on 50 to 200-foot centers. The
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height of the mine workings commonly ranged from 10 to 14 feet. Panel and pillar
production areas were developed updip of the haulage drifts. The production
panels typically were about 30 feet wide and from 100 to 200 feet long. At
completion of first stage mining, 30-foot wide pillars separated the worked-out
production panels. It was common practice during second stage mining to remove as
much of the first stage pillars as practical. Mining took place in the area of
the subsidence pits about 75 years ago.

SUBSIDENCE PIT SITE NO. 1

Subsidence Pit Site No. 1 is located just to the south of the main 1ine of the
Union Pacific Railroad as shown on Figure 1. Four subsidence pits were present on
Site No. 1 at the beginning of our field investigation in the spring of 1984. The
general relationship of the pits to the mapped mine workings is shown on Figure 2.

Description of the Hazard: When Site No. 1 was first visited in the early spring
of 1984, all four subsidence pits were filled with snow and an assessment of the

immediate hazards posed by the pits was difficult to make from the surface
observations. After the snow melted, only Pits A and B were considered to present
an immediate hazard. Pit A was about 20 feet in diameter, and Pit B was about 50
feet in diameter. The top of the caved material in the bottom of the pits ranged
from 10 to 20 feet below the ground surface. The pit walls were nearly vertical
to overhanging, indicating that caving to the ground surface had occurred
relatively recently. During the field investigations, the floor of Pit B abruptly
dropped an additional 10 feet. The other two pits at Site No. 1 appeared older
than Pits A and B. These pits were from 4 to 10 feet deep and had relatively
gentle sidewalls, indicating wall erosion subsequent to the initial breakthrough
at the ground surface.

Site Investigations: The subsidence conditions at Site No. 1 were investigated by

reviewing the available mine maps, observing surface conditions and drilling
several exploratory holes. The general subsurface conditions at Site No. 1 are
shown on Figure 3, which is a cross-section through Pit B. The section parallels
the main haulage way shown on Figure 2. The mine workings and coal seam dip from
15 to 25 degrees toward the northwest. The cover between the mine workings and
the ground surface is about 60 feet at Subsidence Pit A, 40 feet at Subsidence Pit
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B, 160 feet at Subsidence Pit C and 50 feet at Subsidence Pit D. The mine
workings at Site 1 are below the water table. Subsidence Pit B is located near
the southeast end of the main haulage way, whereas the other three pits are
located in production panels.

Based on the mine geometry, it was inferred that there was a limited potential for
large-scale running of the cave material and this material was considered
relatively stable for the pits located in the production panels. This is not the
case for Pit B, which is located on the main haulage way. Pit B presented a
condition where perjodic running of the caved material was likely. This inference
was supported by the renewed subsidence in Pit B during the spring of 1984. In
addition to the existing subsidence pit, field investigations also indicated that
there is a potential for additional pit subsidence associated with other shallow
undermined areas at Site 1.

Method of Hazard Reduction: After presenting the findings of the field
investigation and reviewing several hazard reduction methods with the Wyoming
Abandoned Mine Land Reclamation staff, it was decided that the most appropriate

method of hazard reduction for the immediate hazards at Pits A and B was to
backfill these two pits. It was not considered cost effective to stabilize the
entire site or to do work at Pits C and D which were not considered to present an
immediate hazard.

Since it was inferred that there was a relatively low potential for large-scale
running of the caved material in Subsidence Pit A, it was decided to fill the pit
with a granular backfill. The backfill used was scoria (baked shale) from a
nearby source. The pit was filled by dumping from the ground surface, and the
backfill was mounded to provide for settlement. The construction area was
topsoiled and seeded after backfilling. Some settlement of the mounded backfill
occurred in the fall of 1984, and additional backfill was placed in Pit A at that
time.

Because of the potential for large-scale running of the caved material in Pit B,
it was decided that a grouted boulder wedge would be used. The required
excavation and finished construction of the wedge is shown on Fig. 3. The caved
material was excavated above the water table and the key for the wedge excavated
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into undisturbed bedrock. Three to 8-foot diameter sandstone boulders were placed
in the excavation and the voids between the boulders grouted. Grouting was done
by placing a quick setting portland cement grout through pipes installed prior to
backfilling. A drain through the wedge was provided to prevent the development of
perched groundwater. The drain consisted of a 12-inch concrete cap sloping to a
drain pipe which was installed as the boulders were placed prior to grouting. A
filter was placed over the pipe to prevent piping of the overlying soil backfill.
After construction of the drain, the remainder of the excavation was backfilled
with miscellaneous on-site soil, and subsoil and topsoil were mounded over the
wedge. The construction area was then seeded.

SUBSIDENCE PIT SITE NO. 2

Subsidence Pit Site No. 2 is located adjacent to Standpipe Draw about two miles
south of Site No. 1, as shown on Figure 1. Standpipe Draw is a major ephemeral
stream with a large drainage basin. Relatively high discharges on the order of
300 cfs occur during the spring snowmelt period; however, the stream channel is
usually dry during other times of the year. Three subsidence pits were present at
Site No. 2 at the beginning of the field investigation in the spring of 1984. The
general relationships of the subsidence pits to Standpipe Draw and the mapped mine
workings are shown on Figure 4,

Description of the Hazard: Both Subsidence Pits A and B were designated as
immediate hazards. These pits were about 20 to 30 feet deep and had very steep
side slopes. Pit C was not considered an immediate hazard. This pit was about 3
feet deep and had relatively gentle side slopes. Caving in Pit A intersected the

channel of Standpipe Draw and diverted the water flow into the mine workings.
During the initial field investigations in the spring of 1984, the entire flow of
Standpipe Draw was cascading into Pit A.

Site Investigations: The subsidence conditions at Site No. 2 were investigated by

reviewing the available mine maps, observing surface conditions and drilling
several exploratory holes. The general subsurface conditions at Site No. 2 are
shown on Figure 5, which is a cross-section through Pit A. The section parallels
the main haulage way shown on Figure 4. Subsidence Pit A developed over the slope
entry to the mine near the bedrock-overburden contact. Pits B and C were located
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at shallow vertical shafts which connected to the main haulage ways. The mine
workings and the coal seam dip about 25 degrees toward the northwest. The open
haulage drifts downdip of the subsidence pits appeared to be in good condition and
evidence of roof collapse was not observed. However, the potential for additional
pit subsidence is recognized at Site No. 2.

Methods of Hazard Reduction: After presenting the findings of the field
investigation to the Wyoming Abandoned Mine Land Reclamation staff, it was decided
to evaluate two general hazard abatement concepts. The first concept was to
divert Standpipe Draw to the southeast around the shallow mine working and to
provide stable seals and backfill the hazardous subsidence pits. The second
general abatement concept was to reduce the immediate hazard by a design which
would allow the water to continue to enter the mine workings. The second concept
was adopted in the final design by construction of an infiltration gallery. The
construction consisted of excavating the three subsidence pits down to the level
of the first cross-cut drift as shown on Figures 4 and 5. Rail bar grills were

constructed where the excavation intersected the three main haulage drifts, and
the excavation was backfilled with 3 to 8-foot diameter sandstone boulders.
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COAL MINE SUBSIDENCE CONTROL CASE STUDIES
COLORADO SPRINGS, COLORADO
Gary J. Colaizzi, Michael R. Virta,
David L. Groy, and Michael R. Schmidt
Goodson & Associates, Inc.
Denver, Colorado

ABSTRACT

Subsidence of the land surface over abandoned underground coal mines is
a continuing problem in Colorado Springs, Colorado. Subsidence events
pose varying problems depending on subsidence type, local geology, and
proximity to buildings and other improvements. Each subsidence event
may be classified as a sinkhole, trough, or shaft collapse. Examples of
these subsidence types and control methods are presented in the form of
case studies. The Corley Shaft case is of the collapsing shaft type.
An air shaft located beneath the house foundation had apparently been
backfilled with random debris which settled about eight years after the
house was built. Remedial action included the injection of concrete and
grout through angled and vertical drill holes. The Country Club Drive
case is an example of a sinkhole collapse beneath a house foundation.
Exceptionally bad ground conditions made it necessary to construct
drilled piers with an I-beam cross member to support the foundation
corner. The surrounding area was supported with pumped slurry confined
by gravel barriers. At Portal Park, an areal depression (trough) was
forming at a municipal swimming pool, and pumped slurry backfilling was
performed to support the area. Gravel barriers were used to contain
the fill to the problem area. Sinkhole type events occurred at Locust
Street, and the Ascension Church. These problems were controlled by
constructing reinforced concrete plugs and/or grouting through vertical
or angled drill holes. The North Point Centre project is an example of
pumped slurry backfilling for preventive subsidence control. Backfill
areas were chosen on the basis of high extraction ratios shown on the
mine map, and planned building sites. These cases are presented as
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examples of practical, effective methods of underground coal mine

subsidence control for remedial and preventive purposes.

INTRODUCTION

In the past several years, mine related subsidence has become an increasing
concern to homeowners, developers, and city officials in Colorado Springs,
Colorado. This paper addresses six subsidence occurrences in Colorado Springs and
the remedial actions taken to solve the problems. Subsidence events pose various
problem situations depending on subsidence type, local geology, and relationship
to buildings and other improvements. Control methods are directly related to the
local geology. The overburden strata in Colorado Springs consists of generally
incompetent sandstones and claystones with alluvial and aeolian surficial deposits
of varying thickness and extent. Subsidence features may be classified as a
sinkhole, trough, or shaft collapse. Each feature requires a site specific
subsidence control method. Subsidence control methods cited in this paper
include: 1) pumped slurry backfilling, 2) reinforced concrete plug, 3) direct
structural support, and 4) grout injection.

Portal Park

Portal Park was a project designed to prevent further subsidence occurrence under
a municipal swimming pool. The project used a pumped slurry system to backfill
iraccessible mine workings. The pumped slurry backfilling method was first
developed and tested in 1970, by the Bureau of Mines (1).

Portal Park is located east of Interstate 25 between Austin Bluffs Parkway and
Fillmore Street (see Figure 1) and is positioned above the Curtis Mine. The mine,
abandoned in 1913, is approximately 30 feet below the surface at the park.
Several subsidence incidents in the park and near the pool had been noted prior to
this project. Eventually, an areal depression formed under a corner of the
swimming pool, prompting the Office of Surface Mining (OSM) to take action. Under
the OSM emergency program, Goodson and Associates, Inc., (G&AI) used a pumped
slurry system to stabilize the swimming pool.
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The mine is in the "A" seam of the Cretaceous Laramie Formation. Overlying
strata is composed of weak sandy shale. The "A" seam ranges from 9.5 to 11
feet thick; however, from drilling data, the actual mining height was found
to range from 6 to 8 feet. In preparation for backfilling, one injection
nole and seven gravel barrier holes were drilled. Gravel barriers were used
to restrict the slurry flow and to concentrate backfill material under the
pool. The holes were drilled into voids at the mine level. The injection
hole was 6 inches in diameter. Barrier holes were 12 inches in diameter and
drilled on 5 foot centers. All holes were cased to the top of the voids.
Barriers consisted of conical piles of 3/4 inch washed river gravel.
Approximately 220 tons of gravel was used to create the barriers. Water from
the mine was used to supply the slurry pumping system. The water well was
drilled into the mine at a great enough distance from the injection hole to
ensure that fill material would not migrate back toward the water well pump.

The slurry pumping system was assembled several hundred feet from the
injection hole. Figure 2 illustrates a plan view of the slurry pumping
system. The main components of this system consist of a receiving hopper,
conveyor, slurry mixing tank, slurry pump, and slurry distribution lines.
Water is pumped from the mine to the mixing tank, and at the same time, sand
or other suitable material is conveyed from the receiving hopper to the
mixing tank. In the mixing tank, high pressure water nozzles mix, agitate,
and suspend the sand creating a slurry. The slurry is then drawn from the
tank by the slurry pump, and discharged into the slurry lines. The sand is
then deposited in the open voids of the mine through injection holes (see
Figure 3). The capacity of the slurry system used at Portal Park is
approximately 50-75 tons of solids per hour. A system of this size requires
approximately 400-600 gallons per minute of water to provide an acceptable
slurry mix. The mix is composed of approximately 12% solids by volume or 30%
solids by weight at 600 gallons of water per minute.

Almost 1000 tons of sandfill were injected into the single injection hole.
The mine in the immediate vicinity of the pool was filled to refusal. Video
monitoring with a downhole camera confirmed that the mine in this vicinity
was indeed backfilled. The camera revealed that sandfill was deposited to
within one inch of the mine roof.
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North Pointe Centre

The North Pointe Centre project is an example of pumped slurry backfilling for
preventive subsidence control. The objective of the project was to limit or
prevent future subsidence by pumping slurry backfill into the mine voids to reduce
the potential downward movement of a mine roof failure.

the North Pointe Centre 1is located on the northern end of Colorado Springs,
Colorado, near Interstate 25 and Rockrimmon Boulevard (see Figure 1). The Centre
overlies a portion of the abandoned Pike View Coal Mine. The mine was last active
in 1957 and was one of the largest in the area.

A drilling investigation conducted in 1984 revealed a potential subsidence hazard
at the Centre site. Owing to previous subsidence occurrences, city and state
agencies have adopted ordinances that restrict development over subsidence prone
areas. The ordinances require site investigations and possible subsidence
mitigation prior to construction. Since the site investigation revealed potential
danger of subsidence, a hydraulic backfilling process was chosen to alleviate the
problem.

In conjunction with the Colorado Geological Survey, mine maps of the Pikeview Mine
and building plans of North Pointe Centre were reviewed. After the review, five
lTocations within the property were designated as backfill sites. Criteria used in
choosing the sites were high extraction areas of the mine and proposed building
Tocations. Prior to backfilling, a total of twenty-nine 8-inch boreholes were
drilled into mine voids. Average depth to the mine was 180 feet. Voids at the
mine level ranged in height from 1 to 11 feet. Figure 4 shows a typical site
within North Pointe Centre. Boreholes 2, 4, and 5 are not shown because they did
not intersect voids and were not used as injection holes.

Backfilling was accomplished in the same manner as the Portal Park Project (see
Figures 2 and 3), with minor adaptations made to the water supply system. Water
for the slurry was obtained from the City of Colorado Springs via a fire hydrant.
Sand slurry was injected into mine voids at approximately 50-75 tons per hour,
utilizing 400-600 gallons of water per minute. Area B (Figure 4) required
approximately 5400 tons of sandfill. It was estimated that 17,775 tons of sand
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would be required to stabilize the five sites. Upon completion of the project,
and injecting all holes to refusal, 99% of the estimated tonnage had been
successfully placed into mine voids beneath the building sites. Individual
boreholes throughout the project site took from 0 to 2153 tons. Many of the
boreholes that did not take significant amounts of material were confirmed to be
backfilled from adjacent holes by the video camera.

Backfilling in advance of subsidence is considered to be more cost effective than
treating damaged structures after subsidence occurs. It was estimated that
backfilling to alleviate future subsidence cost 1less than 1% of the total
development cost.

Locust Street

The Locust Street project is one that exemplifies one of the most common types of
subsidence (sinkholes) throughout the undermined areas of Colorado Springs. This
particular hole surfaced on Locust Street, a residential area of Colorado Springs
(cee Figure 1). The hazards of such holes are apparent; therefore, this project
was funded by OSM's emergency program.

Figure 5 shows the likely subsurface configuration of the sinkhole at Locust
Street. The mine in the area is approximately 70 feet below the surface. The
initial hole measured 8 feet long, 6 feet wide, and 4 feet deep. The objective of
the project was to seal the hole by placing a reinforced concrete plug in it.

In preparation for the plug, the hole was excavated in the shape of an inverted
cone or pyramid. By excavating the hole in this fashion, any downward movement of
the plug would cause it to be wedged against the competent strata surrounding the
hole. Excavation of the hole exposed competent strata several feet below the
surface. A utility line was also exposed in the sinkhole, further emphasizing the
possible hazards. Forms were built to isolate the utility line from the plug.
After excavating 12 cubic yards of material, #5 rebar was placed in the hole to
reinforce the plug. Concrete was then poured, filling the sinkhole. In addition
to the 20 cubic yards of concrete used to fill the hole, road base and asphalt
were used to top off the hole and reconstruct the road.

- 243 -



STREET SURFACE

- UNCONSOLIDATED
REINFORCED
CONCRETE

PLUG—
FORMATION
STRATA
RUBBLE MINE

WORKINGS

Figure 5. Cross section reinforced concrete sinkhole plug.

- 244 -



Ascension Church

Like the Locust Street Project, the Ascension Church was also an Office of Surface
Mining emergency project. A sinkhole developed on the shoulder of Circle Drive
near the Church (see Figure 1 for location). Like Locust Street, the objective of
this project was to seal off tne sinkhole by installing a reinforced concrete plug.

The sinkhole, created by the collapse of a portion of the Rapson Mine, was
approximately 15 feet long, 12 feet wide, and 4 feet deep. The Rapson Mine in
this vicinity is nearly 70 feet deep.

Work began by excavating the sinkhole 1in preparation for the plug. After
excavating the hole to 12 feet, no competent strata was found. ‘A decision was
made to place the plug in the same manner as the Locust Street project; however,
the plug would be supported by grouting the mine voids and the unconsolidated
overburden around the sinkhole. The plug was constructed by placing #5 rebar on
12 inch centers and pouring 16 cubic yards of concrete into the hole. Upon
completion of the plug, 6 holes were drilled around the circumference of the
sinkhole. Of the six holes drilled, 4 were vertical and 2 were angle holes. The
4 vertical holes were drilied to the mine level. The angle holes were located on
opposite sides of the sinkhole and were drilled toward the center of the sinkhole
at depth. Of the 4 vertical holes drilled, 2 intersected coal and 2 intersected
voids. Both angle holes and the 2 vertical holes intersecting voids were cased
and used for injecting grout. A total of 27 cubic yards of grout was pumped into
the 4 nholes, filling mine voids and rubble zones, and stabilizing the concrete

plug.
Corley Air Shaft

In July of 1984, the Office of Surface Mining (OSM) contracted the work for the
Corley Air Shaft emergency project. The Corley Air Shaft project is located west
of Interstate 25 near Woodmen Road (see Figure 1). The project involved
stabilizing a debris-filled mine shaft which had opened up in a residential area
under a house foundation. The shaft underlies the rear foundation wall and is
centered about 16 feet from the southeast corner of the house. After reviewing
mine maps, it was determined that the shaft, 12 feet square, served as the
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ventilation shaft for tne Corley Mine. The Corley Mine lies some 400 feet below
the surface.

Previous to Goodson & Associates' participation, OSM hired a contractor to support
the foundation and stabilize the shaft. A steel I-beam was attached to the
foundation and footer to provide structural strength; however, the foundation wall
still lacked adequate bearing support and the shaft remained unstable. Goodson &
Associates, Inc. proposed a drilling/grouting plan to alleviate the problenm.
Eight angle holes were drilled from varying surface locations. The holes were
drilled into the shaft at varying depths (see Figure 6). Intersecting the shaft
at different elevations revealed the nature of the material in the shaft and
confirmed the shaft's location. The 8 holes intersected the shaft at depths from
30 to 210 feet. Figure 7 shows the approximate shaft intersection locations of 4
of the 8 angle holes and interpretation of shaft conditions from available data.
While drilling, material in the shaft intermittently subsided. Approximately 85
tons of pea gravel were placed in the shaft at the surface during drilling
operations. Hole 5 was drilled to the mine level, 403 feet below the surface;
however, casing of hole 5 could only be accomplished to 235 feet.

Upon completion of the drilling and casing operation, concrete was pumped into
voided areas in the shaft. Concrete (3/8" aggregate) was pumped to the lowest
possible depths. A total of 18 cubic yards of concrete was pumped into the shaft
from 235 feet up to 15 feet below the surface. During pumping operations,
previously placed pea gravel settled nearly 3 feet.

Unconsolidated material at the surface required grout to be used to stabilize the
upper 15 feet of the shaft and surrounding overburden. A total of 12 holes were
drilled for this purpose. The holes were drilled on 4 foot centers, averaging 12
feet in depth. An average of .85 cubic yards of grout were placed in each hole,
totaling 10.25 cubic yards. Grout was composed of sand, cement, and fly ash. The
mix was pumped at a 1 inch slump to insure excellent compaction of overburden and

placement of grout.

Country Club Drive

Sinkhole subsidence due to the roof collapse of the abandoned Rapson Mine
underlying Country Club Drive, (Figure 1), required the use of several control
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methods for this project. Designated an OSM emergency, the subsidence directly
affected one private residence and was endangering a second, thus necessitating
expedient design and construction to abate the hazard. The control methods

utitized were a reinforced concrete plug, direct structural support, and pumped
slurry backfill.

The Rapson Mine operated from 1901-1916 and had a mineable coal seam thickness of
5 to 8 feet. At depths of 72 to 74 feet, the mine overburden consists of 32 to 37
feet of aeolian sand overlying Laramie Formation bedrock, comprised of shales,
carbonaceous shales, and thin sandstone and siltstone layers.

The site at Country Club Drive had experienced the initial sinkhole subsidence
several months before. Under a previous OSM task order with another contractor, a
reinforced concrete plug was placed to alleviate the hazard. With insufficient
bearing material to support the concrete plug (Figure 8), further settlement
occurred.

Goodson & Associates, Inc., under contract to OSM, implemented a design scheme
that provided immediate direct structural support to a private residence in
advance of a pumped slurry backfilling program. The backfilling program was
designed to fill the mine voids directly under the endangered structures. The
first step in the construction sequence was to excavate around the sinkhole. This
provided access for placement of backfill material which was placed and compacted
to below footing level in the sinkhole, while at the same time providing a working
platform for a drill rig. The excavation also exposed electrical and sprinkler
lines which were damaged during the cave-in. Next, 12 inch nominal, pipe piles
were‘placed on both sides of the southeast corner of the structure (Figure 9).
The pipe piles were placed in predrilled holes to a depth of 70 feet (2 feet into
the mine floor) to obtain sufficient bearing capacity. The pipe piles were then
filled with reinforced concrete. A W14x82 steel beam was placed under the
foundation wall of the structure and on top of the pipe piles. Hydraulic jacks,
placed on reaction plates welded to the pipe piles, were used to 1ift the beam
(and the structure) back to a level configuration.

Once the endangered structure was supported and protected from further subsidence,
the next step in the construction sequence was to backfill the mine voids below
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both affected houses. This was accomplished using pumped slurry backfilling. In
order to contain the backfill material directly under the structures, gravel
bulkheads were installed by drilling and casing 12-inch diameter holes and placing
3/4-inch gravel to the roof of the mine (Figure 10). Injection holes (6-inch
diameter) were then drilled and cased to mine level. Utilizing the pumped slurry
injection system previously described, 1050 tons of backfill were placed in the
mine voids beneath the structures. Placement of both the gravel barriers and the
pumped slurry were monitored by a remote video camera.

The project was completed by placing compacted backfill in the remaining portion
of the excavation and by pumping concrete under the garage floor slab of the
directly affected structure. Finally, the landscape was restored to
pre-subsidence conditions.

SUMMARY

Mine related subsidence will undoubtedly continue to create problems in the
Colorado Springs area. Subsidence troughs, sinkholes, and shaft collapses will
occur that will require emergency action. The case studies described are a good
representative cross-section of the subsidence events that have occurred or may
occur in the future. Pumped slurry backfilling, concrete plugs, direct structural
support, and grout injection are practical and effective methods to alleviate
these hazards.
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BACKFILLING OF THE
PIKEVIEW MINE MANWAY
R.A. Phillips, P.E., A.M. ASCE and
D.V. Holmquist, P.E., M. ASCE
CTL/Thompson, Inc.
Denver, Colorado

ABSTRACT

The Pikeview Mine in northwestern Colorado Springs, Colorado produced
about nine million tons of coal. From 1897 to 1940, the main entry to
the mine was a 173 foot vertical shaft. After 1940, access to the
Pikeview was gained via a sloping manway descending at a grade of 33
percent to a depth of about 150 feet.

Evaluation of the condition of the manway in the Fall of 1983 indicated
a significant risk of damage to proposed surface construction above the
entryway. Backfilling was chosen from various alternatives to reduce
the subsidence hazards. Backfilling of the manway to a depth of 120
feet was accomplished in 1984. The backfilling procedure consisted of
four stages including the construction of a grouted gravel blockage in
the manway and the placement of three progressively larger lifts of
sand-cement slurry. A total of 900 cubic yards of slurry, 33 cubic
yards of gravel and 19 cubic yards of grout were used to backfill the
entryway. Field observations and laboratory test results suggest the
risk of future subsidence over the backfilled portion of the manway is
very low.

INTRODUCTION

Evaluation of subsidence potential over the Pikeview Coal Mine sloping entryway in
Colorado Springs, Colorado indicated a substantial risk of future ground
movements. A procedure was formulated to block the lower end of the entryway and
backfill the upslope portion of the opening with cement slurry. Based upon video
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and personal inspection of the entryway, quantity estimates versus actual
materials required to fill the manway, and field observations during backfilling
operations, it was concluded the Pikeview manway was completely backfilled to a
depth of 120 feet. This paper details some of the findings of the subsidence
evaluation and describes the methods used to backfill the entryway.

MINING HISTORY

Abandoned workings of the Pikeview Coal Mine are located in the northwest portion
of Colorado Springs, Colorado. The mine was originally opened in 1897 as the
Carlton Mine and closed in 1957 operating under the name of the Pikeview. The
Pikeview is thought to be one of the largest underground mining operations in the
State of Colorado, covering approximately four square miles and having produced
nearly nine million tons of coal during its 60 years of operation. More than half

of the coal mined in the Colorado Springs coal field was produced by the Pikeview
Mine.

Existing records and conversations with former mine workers indicate the Pikeview
was developed by driving a series of haulways through the coal seam and extracting
the coal in a room-and-pillar fashion. A more complete exploitation of the
reserve included the sequential removal of support pillars in many parts of the
mine.

The main entry to the Pikeview Mine was a 173 foot vertical shaft completed in
January of 1897. The shaft was located in the S.W. 1/4 of Section 18, T13S, R66MW,
near what is now the intersection of Rockrimmon Boulevard South and Delmonico
Drive. The vertical shaft was used for miner access and to hoist loaded coal cars
from the mined level. In 1940, a sloping manway was constructed several hundred
feet to the east of the hoist shaft. The manway was used to transport personnel
from the ground surface to the mine level using an electric tramway system.
According to available information, the manway was a timber supported, square
tunnel having dimensions of 8 feet by 8 feet. The manway reportedly sloped
downward from the ground surface to a depth of 150 feet at a grade of about 33
percent. The upper end of the entryway was sealed in 1957 when the Pikeview Mine
closed.
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PROPOSED DEVELOPMENT

During the fall of 1983, a plan was submitted to CTL/Thompson, Inc. for
development of 1land suspected to be above the abandoned manway and several
adjacent haulways of the Pikeview Mine. A commercial office park was proposed for
the site. The development was to consist of three office buildings, each three
stories in height. No below-grade construction was planned. A considerable
amount of overlot grading would be necessary along the eastern edge of the site to
make this portion of the property suitable for construction.

SUBSIDENCE INVESTIGATION

A preliminary investigation of the site using existing mine maps dindicated the
property was indeed underlain by the abandoned sloping entryway and several
adjacent haulways, as shown on Fig. 1. Based on the available information and
mine maps, a plan for evaluation of the potential for ground subsidence due to the
mining activity was formulated. The purpose of the subsidence study was to
determine stratigraphic and lithologic sections of the site geology, verify the
locations of the entryway and haulways, determine the depth to mining, provide
data and samples for analysis of the mine conditions, and evaluate possible
subsidence hazards.

A total of eight exploratory borings were drilled at the site during the 1983
subsidence evaluation using a Portadrill Prospector drill rig. The rig utilized
air rotary, water rotary, and core drilling techniques to advance the borings.
The drilling program involved plug drilling with a 5-5/8 inch diameter bit and
some continuous coring using a 4-7/8 inch diameter core barrel. After drilling,
the majority of the borings were electrically logged with a gamma detector, high
resolution density tool, caliper, and downhole video camera to provide additional
detail on the site stratigraphy and lithology.

Two borings drilled along the estimated entryway alignment penetrated 7.5 to 8.0
foot voids at depths of 37 and 82 feet. Borings drilled in the northwest corner
of the site indicated the haulways were at a depth of 150 feet or more. Both the
entryway and haulways appeared to be substantially open. No indication of any
surface subsidence was evident above the entryway or adjacent haulways.
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Field observations at the property revealed numerous relic foundations and
structures presumably related to the town of Pikeview (which provided housing and
support functions for the mine) or the mobile home trailer park constructed at the
site following the closure of the mine. Among the structures identified were

remnants of a bath house, trackage leading to the manway tunnel, and the tramway
powerhouse.

Two cast-iron manholes were observed on either side of the estimated entryway
alignment. These manholes were reported to be emergency escape tunnels leading to
the entryway. Based on this assumption, a boring was drilled inside each of the
manholes. The borings encountered 2 to 10 feet of very foul smelling organic soil
and debris overlying hard to very hard sandstone bedrock to the maximum depth of
60 feet. A boring directly south of the manholes, on the centerline of the
entryway, encountered the manway at a depth of 37 feet. It appeared the manholes
were not connected to the entryway in any fashion and were actually part of a
sewage disposal system. This assumption was later confirmed in an interview with
the former mine superintendent.

Several conclusions were drawn from the 1983 subsidence evaluation. The
possibility of damage to the proposed office buildings was considered negligible
because of the structures' positions to the east and south of the mine (Fig. 1).
Furthermore, the study indicated the risk of subsidence features reaching the
surface would be low for portions of the mine at least 120 feet below the ground
surface. This value was based upon experience with bulking factors from other
portions of the Pikeview Mine having similar 1lithology and the results of
laboratory data obtained during the 1983 study. Calculations indicated for an 8
foot opening at a depth of 120 feet, the factor of safety against subsidence
features reaching the surface was 1.5, even using the worst-case analysis

procedure.

However, it was concluded the level of subsidence risk was substantial over the
portion of the mine less than 120 feet below the ground surface, or the majority
of the sloping entryway. Historically, subsidence problems 1in the Colorado
Springs coal field have been associated with shallow workings (less than 100 feet)
or mine features such as air shafts and access tunnels. For these reasons, it was
recommended some mitigation measure or precaution be taken to reduce the risk of
subsidence over the entryway to an acceptable level.
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Several alternatives for dealing with the potential for subsidence over the manway
were discussed as a part of the 1983 study. The simplest method was to avoid
construction over the entryway. since virtually all traffic entering and leaving
the development would cross the entryway, this alternative was not a suitable
solution.  The second method was to structurally bridge the area above the manway
with a heavily reinforced mat. This procedure was judged to be expensive and
time-consuming to construct. A third alternative was to bring down the roof of
the entryway using explosives. This method was considered inappropriate as damage
to existing structures to the north might result and a substantial Tlayer of
unconsolidated material would be created. The fourth and final alternative was to
backfill the portion of the manway thought to be particularly hazardous to surface
construction. Based on practicality, reliability, cost, and the amount of time
needed to complete the reciamation procedure, the backfilling option was chosen.

PROPOSED BACKFILLING PROCEDURE

Preliminary calculations indicated about 950 to 1,000 cubic yards of material
would be needed to backfill the entryway to a depth of 120 feet. A backfill
procedure was formulated consisting of four distinct steps. The initial step was
to provide a blockage in the entryway to prevent backfill slurry from flowing
downward into the mine workings. The blockage was envisioned to consist of
crushed gravel to be cemented in-place with cement and fly ash grout. The final
three steps were to be the placement of progressively larger 1ifts of about 100,
200, and 700 cubic yards of cement slurry. Approximately a one week curing period
would be allowed between construction of the gravel plug and placement of the
first slurry 1ift and between each successive slurry 1ift. The purpose of the
staged construction procedure was to allow the grouted plug and first and second
1ifts of slurry to gain strength, thereby reducing the risk of pushing out the
plug and loosing all or a portion of the slurry backfill. Progress of the slurry
backfilling was to be observed using a downhole camera in monitoring borings
drilled at 50 to 100 foot spacings along the manway alignment. Slurry was to be
injected into the upper end of the entryway through a large diameter, cased

boring. Diagrams for construction of the gravel plug and slurry placement are
shown on Fig. 2.
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FIELD DRILLING PROGRAM

The initial step in the drilling program was to locate the entryway alignment
using available mine maps showing the manway and existing Denver and Rio Grande
Western Railroad. Borings drilled previously at the site that were known to
penetrate the entry way were also helpful in locating the manway alignment. The
positions of borings for construction of the gravel plug were field staked near
the lower end of the entryway, adjacent to the haulways. The location of the
Slurry Injection Point was initially planned about 450 feet to the south. Six
monitoring bore holes were staked along the entryway alignment.

Drilling of the monitoring borings was begun 1in February of 1984 wusing a
Portadrill Prospector drill rig. The monitoring borings were 5-5/8 inch diameter,
rotary drilled holes cased with 4 inch diameter PVC pipe. The positions of the
monitoring borings are shown on Fig. 3. As expected, voids of 5 to 9 feet were
encountered at progressively shallower depths southward along the entryway.

The first exploratory boring drilled for the Slurry Injection Point at the upper
end of the entryway (Boring SP-1) did not encounter any void. However, a large
piece of wood was penetrated at a depth of 26 feet. Boring SP-1 appeared to be
situated in the fill that was pushed into the upper end of the entryway when the
mine was sealed in 1957. The Slurry Injection Point was moved about 20 feet to
the north where an 8 foot void was encountered at a depth of 22 feet (Boring SP-2,
Fig. 3).

Some difficulty was encountered in locating the borings for placement of the
gravel and grout comprising the gravel plug. Borings were drilled at the
positions designated as GH-1, GR-1, and GH-2 on Fig. 3. Video inspection of these
borings in the lower end of the manway, the height and elevation of the voids, and
the amount of water found in Boring MP-2 suggested a portion of the roof in the
entryway had collapsed, creating a flat, pond-like zone and a partial blockage.
For this reason, the gravel plug position was moved upslope to the location of

Borings GH-3 and GR-2.

A 36 inch diameter bore hole was drilled at the same location as Boring SP-2 (Fig.
3) using a caisson rig. The entryway was penetrated at a depth of 22 feet. This
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boring was cased with corrugated metal pipe (CMP) and would serve as the Slurry
Injection Point. The portion of the manway visible from the bottom of the CMP
casing was visually inspected. Some large timbers, loose backfill, and auger
cuttings were present directly below the CMP casing. The manway appeared to be
substantially unobstructed about 30 feet downslope from the Slurry Injection
Point. The entryway was sealed with sandy fill and timbers about 20 feet
upslope. The loose fill and auger cuttings were moved out from beneath the CMP
casing by hand as much as possible to create sufficient clearance and slope to
allow the slurry backfill to flow downward into the open portion of the manway.

GRAVEL PLUG CONSTRUCTION

The grouted gravel plug was constructed at the location of Borings GH-3 and GR-2
(Fig. 3). About 27 cubic yards of 3/4 to 1-1/2 inch crushed rock were placed in
the entryway. About 19 cubic yards of cement and fly ash grout were then pumped
into the gravel mass. After grouting, an additional 5.5 cubic yards of gravel
were placed in the manway through Boring GH-3. This amount of material filled a
small void created in the gravel plug by the grouting pressure and also filled the
8 inch casing to the ground surface.

A total of about 50 cubic yards of gravel and grout were placed in the lower end
of the manway. Based on the estimated dimensions of the entryway, the amount of
material introduced, video camera observations, and the changes observed in the
water level in several of the bore holes, it was concluded the manway had been
blocked at a depth of about 120 feet below the ground surface. Following a ten
day curing period, the entryway was ready for placement of the first 1ift of
cement slurry backfill.

SLURRY BACKFILL PLACEMENT

A slurry mix design was performed using the on-site sands and variable quantities
of water, cement, and fly ash. The mix design indicated slurry containing about 4
percent cement (14 percent total cementitious material, including fly ash) and
exhibiting a slump of 10 to 12 inches would achieve a 28 day compressive strength
of 50 psi or more. The feasibility of using the on-site sands to manufacture the
backfill slurry was discussed with the supplier. Taking into account the costs of
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excavating, transporting, and processing these sands, it was concluded the savings
per yard would be minimal as compared to simply batching the slurry at the nearby
plant using commercial sands.

The consistency of the slurry was visually checked upon its arrival at the site in
conventional concrete trucks and water was added as needed. The downhole video
camera was used to observe the movement of the slurry down the entryway to the
gravel plug. The speed of travel of the slurry was generally between 10 and 20
feet per second. During the three slurry backfilling stages, 134, 203, and 564
cubic yards of slurry were placed in the manway through the Slurry Injection
Point. As planned, a seven day curing period was allowed between each slurry
1ift. A1l samples of the slurry taken at random points during the three pours
exhibited compressive strengths in excess of 85 psi.

The most significant problem encountered during the backfilling procedure involved
the build up of slurry beneath the CMP casing of the Slurry Injection Point. The
slurry appeared to accumulate due to the presence of the timbers and loose fill in
this portion of the entryway and created a steep mound from near the entryway roof
down to the comparatively open part of the manway, about 30 feet to the north. To
maintain an open flow path for the backfill material, a small spillway was dug by
hand from the bottom of the CMP casing, down the face of the mound, after
placement of the first and second 1ifts of slurry. Although time consuming and
requiring difficult hand labor, the spillway procedure worked well and allowed the
slurry to move rapidly into the open part of the entryway with no build up in the
CMP casing.

Using the downhole camera in the monitoring borings spaced at 50 to 100 foot
intervals along the alignment, the slurry level was observed moving progressively
upward in the manway to the Slurry Injection Point and ultimately to the ground
surface. A total of 950 cubic yards of gravel, grout, and slurry were placed in
the entryway. This result correlated well with the original estimate of the
amount of material needed to backfill the entryway to a depth of 120 feet.

The total cost of the reclamation procedure was about $90,000 and was completed in
a period of just over four weeks. Furthermore, it is believed the risk of future
subsidence movement over the backfilled portion of the entryway can be considered
very low.
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SUBSIDENCE AWARENESS AND PLANNING IN THE
CITY OF COLORADO SPRINGS

Darrel Barnes, P.E., Safety & Risk Manager
City of Colorado Springs

The City of Colorado Springs' heavy involvement in the mined land fields dates
back to 1963 when the Colorado Springs Planning Department Geology Section
prepared a mining report of the Colorado Springs coal field entitled "Guide for
Future Land Use". The report presents results obtained in a study of hazards to
man-made structures due to the presence of coal mines in the metropolitan areas of
Colorado Springs. The intent was not to devaluate land values nor to discourage
development of undermined areas but rather to present the problem and to offer
possible alternate land use suggestions over areas deemed hazardous due to
unstable soil conditions created by underground mining operations. It was also
the intent of the Planning Department to acquaint land developers with the need to
design buildings in accordance with the hazards present in undermined areas.

During the spring and summer of 1963 several instances of subsidence were noted.
It was felt that these cave-ins or subsidences were primarily due to a 22 month
drought which was broken in late August, 1963. It is an established fact that
moist soil has a greater plastic strength than dry soil. The report goes on to
provide builders or developers ideas as to how to build over the mined areas.

The City's Comprehensive Plan encourages, based on sound planning and engineering
principles, high density, multi-family residential, commercial, industrial, public
and quasi-public uses as well as parks, golf courses and other open space uses on
property that has been undermined, to amortize the cost of, or eliminate the need
for special construction techniques. As a result of this study the City Planning
Commission issued the following resolution:

"A resolution relating to the subdivision of land areas known or suspected to be
overlying underground coal mine workings whereas, by reason of the rapid and
extensive development of land within the area of the Colorado Springs coal field,
it has become increasingly important to adopt a general policy and method of
procedure respecting the subdivision and development of said lands and whereas,
coal mining has been in progress continuously since 1883 with extensive mining
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during the years 1900 to 1950 when annual production exceeded 100,000 tons and
whereas, during the years since it has been noticed that considerable subsidence
has occurred in said land, and whereas, said subsidence is most adverse to the
development of the overlying land area, and whereas, extensive study has been
devoted to this problem by the City Planning Commission and other officials of the
City, the City Planning Commission has resolved the following policy to guide
developers in the preparation of their subdivision; now therefore be it resolved
by the City Planning Commission: If any area known to be or suspected to be
undermined is to be subdivided then the developer, at his expense, furnish a.
satisfactory engineering report to the Department of Public Works at the time the
preliminary plat of subdivision 1is submitted for the Planning Commission
approval". Signed the 27th day of July, 1964 for the Planning Commission by
Chairman Andrew Marshall, Jr.

Since 1963, the City has provided the quide to the developers in these areas.
Most recently the City's involvement with my office has been as to act as a local
office to notify in the event subsidence occurs. Our office will contact OSM and
the Mined Land Reclamation Office immediately of the subsidence and take necessary
steps to safeguard the area and our underground utilities. It is not necessary
for you to try and remember all of the offices of either the State or Federal
Government to notify in the event of a problem. Simply call the City Safety
Office and proper notification will be made.

On October 3, 1983 this office advised the U.S. Department of Interior, Office of
Surface Mining that they would enter into a cooperative agreement to assess
current land uses within the City in those areas which have been undermined during
past coal extraction operations. The results of this study would be the
preparation of reproducible land use maps which could be overlayed upon the
original mine maps. A second portion of the study would assess existing City and
County regulations, or the need therefore, with regard to surface development in
the areas overlying abandoned coal mines. From this study would come
recommendations for any desirable changes, updates or modifications to existing
City and County regulations regarding control of development in such areas. These
maps have been prepared and are available at the City Safety Office for review.
Concurrent with this mapping program was a study funded by the State of Colorado
Division of Mined Land Reclamation to evaluate the potential for future subsidence
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associated with abandoned coal mines in our City. The interest of this
investigation was to delineate the type and probability of future subsidence
events in order to anticipate the costs of future subsidence events, and serve as
a basis for the development of a subsidence insurance program. This study
consisted of 4 general phases. '

1. Review and integration of existing data.

2. Field exploration and laboratory testing.

3. Engineering analysis of subsidence potential and

4. Evaluation of subsidence abatement and remedial actions alternatives and

costs.

The field program consisted of drilling about 120 rotary boreholes in 8
prioritized zones to evaluate conditions within the abandoned mines. Based upon
this study, the following conclusion and recommendations were reached.
1. Although abatement of shafts and slopes may not prove to be cost
effective, the hazard to public safety from these structures warrants
special consideration for abatement prior to an actual subsidence event.

2. Since the -exact 1location and magnitude of subsidence cannot be
predicted, a wide-spread program of subsidence abatement (i.e., mine
backfilling, etc.) wunder existing residences 1is not recommended.
Instead a subsidence insurance program, which would insure homeowners up
to the market value of their property and provide for remedial action or
repairs, should damaging subsidence occur, is highly recommended.

3. Removal or replacement of utility lines in the high hazard zones is not
recommended. Although there is a high probability of future subsidence,
the history of the study area indicates that damage to utilities has not
been sufficient to cause a public safety hazard. However, the types of
measures outlined in the report to protect utilities are recommended for
all utility lines installed in the future. These types of measures
should also be incorporated into building codes. Regardless of the
measures taken or not taken, a potential for utility damage which could
cause a public safety hazard does exist in the study area.

Unfortunately from any study of this nature the thoughts of the homeowners are
varied. They consist of feeling their property has been devalued by the location
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of a mine under their house or adjacent to it, resale would be jeopardized, and
that there home or themselves could sink into an abandoned shaft or room. The
public perception in many of the cases feels the government has done it to them
again. The only thing we have done is explore just a little more the conditions
that exist and did exist under their homes prior to the study.

Perhaps the best explanation of their fears is the "fear of the unknown" or "what
I don't know won't hurt me". The City feels based on all of the existing studies
that we may be better equipped to sensibly predict the outcome of our subsidence
zones and to build over or around any potential problem area. If this is
accomplished we would then feel our efforts were not in vain regardless of any
adverse public perception.
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KEY ADMINISTRATIVE ASPECTS OF SUBSIDENCE ABATEMENT PROJECTS
Stan Barnard
Wyoming Department of Environmental Quality
Land Quality Division

ABSTRACT

Currently the State of Wyoming's AML Program is administering nine
subsidence abatement projects. The projects include four hydraulic
backfill contracts and five drill and grout contracts. Three of the
contracts have been completed and the other six are in various stages of
completion.

The Wyoming AML Program is structured such that the investigation,
design, and construction management is done by consulting engineers.
The investigative work and the design have been completed or are in the
process on the above mentioned projects. Construction management is
ongoing. During the administration of these projects, it became
apparent that not only is the design of vital importance, but also many
“non-engineering" items play a key vrole in the projects overall
well-being.

Issues such as public inconvenience, public conception, landowner
agreements, design quantities, and construction management must be given
equal importance and dealt with in a timely manner, along with the
design. A1l to often all energy is directed towards the design and
ultimately the bid document. The engineer and administrative personnel
must also concentrate on external aspects. The "non-engineering"
aspects have the ability to alter or even change the design and must be
addressed prior to, during, and after the design phase.

INTRODUCTION

As the railroads headed west across Wyoming, coal was needed to supply power to
the locomotives. The supplying of coal left vast areas of underground coal
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mines. With the disappearance of the steam locomotives another sight, mine
subsidence, is becoming familiar to those people living in towns built above the
old mines.

Wyoming has seven communities which 1ie completely or partially above abandoned
coal mines. The communities vary in size from a few hundred people to over 20,000
people. Each community has had varying exposure to mine subsidence. Some
communities have only seen subsidence events in open fields which have not
adversely effected anybody. Other communities have witnessed entire homes being
destroyed by mine subsidence. Those communities with a strong history of mine
subsidence problems had an influence on the Wyoming AML Program. That influence
led the Wyoming AML Program to pursue an active mine subsidence abatement program.

Wyoming's subsidence control program includes projects that range from
stabilization of a single structure to 200 acres of residential area. Both
grouting and hydraulic backfill techniques have been used. The design of the
subsidence control technique requires various degrees of investigative work and
research. Wyoming utilizes private engineering consulting firms to do the
investigation, design and construction management of a subsidence control
project. Each project that is conducted seems to present new problems as well as
some reoccurring common problems. Some problems, such as, public inconvenience
will occur in varying magnitudes dependent upon the size of the project.

During the administration of these projects, it has become apparent that not only
is the design of vital importance, but also many "non-engineering" items play a
key role in minimizing problems. "Non-engineering" items being defined as those
items or tasks that are done in conjunction with the actual design but are not
normally thought of as an engineering skill. In other words, there are areas
associated with subsidence control which fall more into the administrative tasks.
The administrative aspects have a tendency to fall between the cracks or are given
a lesser priority as the design is compiled. Various administrative tasks and
legal aspects will be identified as related to the investigation, design and
construction management phases of a subsidence abatement project.

INVESTIGATION PHASE

As with most projects, the best way to proceed into the investigation phase is to
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gather the existing information. When dealing with mine subsidence the obvious
information needed starts with mine maps. Mine maps can be found in a variety of
locations. A good place to start is at governmental agencies. Agencies such as
the Bureau of Mines, State Mine Inspectors, Department of Geology, universities,
or regulatory agencies have provided maps in the past.

From governmental agencies the source of mine maps becomes more difficult and
requires some ingenuity. The mining company may still be in existence. If not, a
company may have bought the previous company and may have kept the records. The
railroads may have had a subsidiary conduct the mining. Often times a request to
the railroad company to go through their archived files can turn up information.
It should be noted that this is easier said than done. More unique sources may
need to be tapped. For example, a local historical society can provide not only
mine maps, but also photographs of the old mines. The current mineral owner may
have maps. Also, it is not uncommon for active mines in the areas to have maps.
If names of people who worked in the mine can be obtained, it does not hurt to
visit with them if they can be found.

An individual who worked in the mine can be an invaluable source of information.
Generally this individual can be hard to find. A visit with a person familiar
with the mine can provide many pieces of information that can help solve the
puzzle. Many times maps will not show areas that were pillar robbed or areas that
were mined but not mapped. Information such as ventilation closures, fault zones,
poor quality coal areas, or poor roof conditions can aid the engineer in the
design of a subsidence control project. A word of caution should be given to the
person interviewing the old miners. Memories have a tendency to fade with time
and some information should be taken with a "grain of salt".

Another source of information is the review of the surface above the mine. Past
subsidence features can provide a good indication of the mine conditions below.
Many times old surface subsidence features have been covered up by development or
repair. 01d aerial photographs or topographic maps may identify these features.
Also, newspaper reports can help identify some structures damaged by subsidence
events. For example, a local paper carried the story of a truck carrying a circus
elephant falling into a subsidence sinkhole adjacent to the railroad where they
were unloading the circus train. Likewise, owners of structures may be able to
relate past subsidence experience near their property.
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To culminate and refine the information obtained a subsurface investigation is
recommended. The State of Wyoming generally utilizes drilling. However, with the
recent development and refinement of other techniques, drilling is no longer the
only option. Newer processes to define underground voids, such as resistivity,
may be utilized. Drilling offers the best results, but generally comes with the
highest price tag.

The subsidence control projects conducted in MWyoming have all had some
investigative drilling done. I would encourage some type of subsurface
investigation. The inhibiting factor associated with subsurface investigation is
the cost. While considering the cost associated with a subsurface investigation
one must also look at what information is needed to produce a quality design. The
amount of unknowns associated with an underground mine can be substantial. By
conducting a good comprehensive subsurface investigation the unknowns can be
minimized. A drilling program will also help to identify present mine
conditions. For example, the degree of roof collapse can be better predicted with
the drilling data. This, in turn, will have a bearing on the design and method of
subsidence abatement. In a similar fashion it will help define actual mining
limits which can vary greatly from what is identified on mine maps.

As the investigation information is compiled into a report, the author should
remember who will be the readers. If the report is going to be presented to the
public, it should be written such that the average homeowner can understand the
complex situation surrounding mine subsidence. The reader (public) needs to be
made aware of what facts have a direct bearing on him. Both the pros and cons
associated with subsidence control projects should be outlined. For example, the
public should be made aware of the inconvenience associated with construction work
of this type. Dust and traffic problems seem to be the inconveniences which cause
most complaints.

Another factor which should be considered is how the information will be used.
Because of the influence subsidence has on potential property buyers, the
information may turn into a "real estate guide" for the city. Realtors will use
the information as a guide to determine what areas are susceptible to mine
subsidence. Likewise, appraisers may inflate or deflate the value of property
based on its location with respect to the past mining. These individuals are
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generally not educated in the field of mining and may not be interpreting the
report correctly. In the end it creates a problem which is usually dumped back
into the hands of the reclamation agency.

Public input can be an important source of information. Obtaining public input
can be a difficult task. The State of Wyoming generally holds public hearings.
The attendance can vary from a few people to a packed room. I feel that a better
approach is to address the town or city council. This ensures a fair size crowd
and you are visiting with representatives of the community. The town officials
also seem to have a better handle on what impacts the town more. For example,
they may request that certain streets have work conducted only during hours which
do no hamper traffic flow. Another factor which is helpful is the direct Tink
town officials have to public input. Many times people are more apt to call a
town official rather than the design engineer. Probably the most important
consequence that can come from a public meeting is a source of new information. A
new source of information not previously tapped can be brought forth by someone in
the audience. With the input from the public the design phase can be initiated.

DESIGN

As design begins on a subsidence control project, most of the energy is focused on
the engineering calculations and specification writing. The engineer should also
1nc6rporate some of the administrative and legal aspects in the specifications.
The first area to examine and the most obvious is the actual surface constraints
which may effect the implementation of the design. I suggest that a
"walk-through" examination of the planned pipeline routes, mixing plant location
and general working area be conducted. Many times as the engineer draws up the
location maps he misses items because they are not shown on the base map.

An example of the above situation would be the utilities. Overhead power lines
may limit drilling access. Extremely crowded utilities corridor may prevent
locating an exploration hole in the preferred location. Buried pipelines may have
to be ramped over. From the problems associated with utilities the next area to

examine is associated with traffic.

Traffic flow should be examined on heavily traveled streets. Detours may be
necessary. Also 1ook at the inconvenience to homeowners. For example, if a
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slurry line blocks the access to a garage, the homeowner will more than likely
complain. However, if this is discussed prior to actual construction, the
homeowner may be willing to "live" with the inconvenience. Included with a
traffic evaluation should be a visit with the city's engineer or public works
director. They will be able to give the engineer some ideas for detours and the
various requirements a city might have. At the same time it is good to find out
where street construction will be occurring during the subsidence control
project. This will minimize the chance for coincidental construction in one
location and prevent delays to either contractor.

Street crossings should be reviewed with the city representative. Some cities
prefer buried crossing to minimize the safety concerns while others prefer ramp
type crossing. The ramp type crossings seem to create problems if not properly
constructed. The long-term stability of a ramp crossing is poor and generally
requires maintenance. However, ramp crossings can be easily cleaned up when no
longer needed. The main drawback to buried crossings is the street repair needed
following the extraction.

Traffic problems can also be minimized through the implementation of time
constraints. Time constraints would limit the contractor's activities during a
given period. An example would be to have the contractor shutdown his activities
around a school when the children are leaving. This would serve two purposes.
The first being the lack of traffic congestion due to construction, and secondly,
the safety would be improved.

Time constraints can also minimize the nuisance complaints from residents. A
1imit on loud construction activities will help keep peace among the
neighborhood. Drilling during early morning hours on Sunday is generally frowned
upon.

Another item which can help eliminate inconveniences and nuisances to the public
is the location of mixing plant or batch plant. The further away from the public
the fewer the complaints will be. The more common problems associated with the
plant site location are traffic, noise, and dust. It is easy to see why isolating
the plant site will greatly reduce the complaints. Dust problems will generate
the most complaints. The prevailing winds should be comsidered in determining the
plant site location.
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Dust control should be addressed in the specifications. The construction manager
needs to have adequate language in the contract to require implementation of a
dust control system. The dust control system requirements will vary depending
upon what material is being pumped or processed. A sand will generally require
less watering than a clayish material. The burden of adequate dust control should
rest on the contractor's shoulders since he is the source and has the capability
to correct the problem.

Anticipation of dust complaints or dust related problems 1is hard to accomplish
during the design phase. A quick look at the project area can give the engineer
an idea of what neighborhoods will require extra dust control. A neat and well
kept neighborhood is more cognizant of dust. Traffic in alleyways may be enough
to cause citizen complaints. An area which has paved roads will not create as
many complaints.

CONSTRUCTION MANAGEMENT

As the mobilization for construction begins I would recommend the owner and
engineer implement a preconstruction survey of structures to be affected. The
preconstruction survey should be conducted in similar fashion to a preblasting
survey. If a mine is going to conduct blasting operations in close proximity to
homes or structures, a preblasting survey will be done to determine the existing
status of that structure. The preconstruction survey serves the same purpose of
identifying the existing conditions of the structure.

The preconstruction survey should include such jtems as the owner, the address,
existing damage, photos, diagrams and potential problems. Any damage to walls,
framing, foundations, and concrete slabs or sidewalks should be recorded.
Photographs taken of existing damage with a measurement reference (i.e., ruler)
provides a good record. Also, measurements of cracks should be recorded. This
will allow for comparison if a complaint or concern is registered. The engineer
can then go back and remeasure cracks to see if movement has occurred.

The preconstruction survey will serve many people in different ways. It will

provide the contractor assurance tnat he will be held responsible for damage
caused by his construction activities. For example, a piece of sidewalk may be
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fractured or cracked by drilling activities. The preconstruction survey should
indicate if this condition existed before his operations and, therefore, answer
the question of responsibility. The contractor can also use that same information
to identify situations where protective measures will help minimize damage. The
contractor may decide to use planking to bridge across the broken sidewalk in
order to gain access without causing more damage. In a similar situation that
homeowner may have installed new siding which should be protected. A tarp can be
placed on the siding to eliminate damage from nearby drilling.

It is advisable to have the homeowner's input into the preconstruction survey.
The homeowner will provide information that cannot be easily obtained by the
engineer. The location of gas lines would be an example. At the same time the
engineer should point out problems or potential problems to the homeowner. A
common problem seen on most of the projects conducted by the State of Wyoming is
poor drainage around the foundation. Many homes have rain gutters which direct
the water into the foundation instead of away. Several homeowners have utilized
the preconstruction survey as a "punch list" of items to repair around their
home. The homeowner should also be asked if there are any particular items which
should be avoided. It is surprising how many "prize" hedges or plants can exist
in a person's yard.

Along with providing protection to the homeowner, contractor and the state, the
preconstruction survey also provides an introduction mechanism to open up
communication. During the survey the homeowner has the opportunity to ask
questions about the grouting or slurry process being utilized. The question and
answer session will give the homeowner a good idea of the construction process.
When the construction begins the homeowner will generally be more receptive and
will come out to view the operations. The public relations involved with
operations around an individuals home should not be underestimated.

Another way to keep the people informed is to conduct "block meetings" prior to
starting construction in an area. During the meeting people can be introduced to
the on-site engineer and the contractor. This is a good time to explain the
project and the construction process to be utilized. Photographs and visual aids
are useful in explaining what is going to take place. One tool that has worked
well is the use of video tapes of the mine workings and the construction process.
For example, a video tape of the construction of a grouted gravel column taken
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with a down hole T.V. camera seems to work well. The people can see the process

first hand without trying to visualize it themselves. Many people have commented
that the mine did not Took anything 1ike what they had pictured.

Communication with the people affected by the project plays an important role in
the construction. People should be notified when work is going to be done on or
around their property. For example, if their driveway is going to be blocked for
a period, that person should be notified so that the inconvenience can be
minimized. In a similar fashion a notice in the paper can alert people if a
street is going to be blocked off. If people can be notified prior to creating an
inconvenience, that inconvenience will become 1less of a problem and fewer
complaints are likely.

In conjunction with the public relations and communication tasks of a subsidence
control project, a method for dealing with complaints should be established. The
most common way to eliminate complaints is by having a quick response to a
problem. The on-site engineer should be prepared to respond to complaints. Even
if the complaints cannot be quickly remedied, a visit to and discussion with the
complainant lets him know people are aware of the problem and something is being
done.

Another area which should be monitored closely during construction is the safety
of the operation. Not only should the contractor's operations be monitored but
more specifically the safety of citizens 1in the area where work is being
conducted. Most of the contractors working on Wyoming's subsidence abatement
projects are not used to working in highly populated residential areas. Practices
which do not create safety concerns in an isolated area may have to be modified to
fit an urban setting. For example, drill casing laying on a street can be very
inviting for children to play on. On one project children rolled a short piece of
sixteen inch casing down an inclined street. Along this same line the contractor
has many “spectators" around his equipment. Care should be taken to insure that

people stay at a safe distance.

Traffic safety should also be monitored. Warning devices should be installed and
maintained around hazardous areas. Nighttime traffic is especially dangerous when
men and equipment are working in streets. Flashing warning 1ights and signs
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should be wutilized. It will also be necessary to do periodic checks on the
warning devices since they have a tendency to be moved by children. Generally the
traffic control will be a site specific requirement but the engineer needs the
ability to require the contractor to place warning devices when and where they are
needed.

SUMMARY

As Wyoming's AML Program continues to administer subsidence abatement projects,
the importance of the "non-engineering" aspects seem to increase. It has become
evident that “non-engineering" tasks associated with a design need greater
attention. Both the engineer and administrator of a subsidence control project
need to do a full evaluation of the tasks described within this paper. Since each
project seems to generate its site specific problems, the engineer and
administrator must involve themselves in a guessing game to identify potential
problems. Even if all problems can be foreseen, the early identification of the
problem and the incorporation of a remedy into the design will greatly reduce the
“neadaches" associated with a subsidence control project.
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MINE SUBSIDENCE INSURANCE FOR COLORADOQ:
A RISK MANAGEMENT APPROACH
J. David Holm
Colorado Mined Land Reclamation Division

ABSTRACT

The State of Colorado is in the final stages of developing a Subsidence
Insurance Program which will be operated by one or more private
insurance companies. The states involvement 1is necessitated by
provisions in the federal enabling legislation for the program. Also,
no specific subsidence risk insurance is available in the market place,
today.

Last year during the federal budgetary process, PL 95-87 was amended to
allow states with approved Abandoned Mine Reclamation Programs to
develop ‘"self-sustaining, state administered coal mine subsidence
insurance programs. Our response to this opportunity has included the
following efforts: Reviewing existing insurance programs in other
states; meeting with the commissioner of insurance in Colorado to
resolve  programmatic and regulatory issues; coordinating with
representatives from all segments of the insurance industry including
individual insurers and their local and national trade associations;
completing a land use evaluation and subsidence hazard data base for the
major developed and undermined areas in the state; and, performing
actuarial analyses of expected costs for insuring homeowners and
developing insurance rates and a risk analysis of the potential for
adverse development for this coverage.

Work to be completed in the near future includes finalization of
actuarial work; submission of a grant application to obtain funds
necessary to implement the program; negotiating and executing an
agreement with a major insurance broker for full brokerage services;
preparation of a detailed plan of operation for the program; obtaining
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necessary approval from state regulatory officials; and, marketing the
approved program. These activities are scheduled for completion by
June, 1986.

This paper describes Colorado's Mine Subsidence Insurance Program
Development process and provides an early view of its plan of operation.

INTRODUCTION

Mine subsidence has been recognized in this country for over two hundred years.
Mine subsidence is the sinking or distortion of the ground surface as a result of
the collapse of underground mine workings. A serious problem arises when
structures not designed for the ground movements associated with subsidence are
built on undermined areas. The damage to homes resulting from subsidence may
involve major foundation and structural elements. Also, utilities such as natural
gas lines may be broken during subsidence events resulting in significant hazards
to public health and safety.

There are nearly 50,000 acres of undermined land in the rapidly developing front
range urban corridor affecting more than 4,450 undermined structures in the
Boulder-Weld Coal Field and over 3,000 structures in the Colorado Springs Coal
Field. Approximately 25,000 people are directly affected by mine subsidence
hazards along the Colorado Front Range.

No insurance coverages designed specifically to address the peril of mine
subsidence are sold in Colorado. Homeowners are forced to bear the financial
burden of whatever repairs are necessary. No Federal or State programs provide
aid to homeowners whose residences are damaged by subsidence events.

SUBSIDENCE ABATEMENT

The problem of mine subsidence has been addressed in various ways over the years.
These methods include abatement techniques, mitigation measures and structural
repairs. Abatement techniques are those which have been developed to prevent or
eliminate the occurrence of mine subsidence. Subsidence abatement measures are
aimed at area-wide stabilization techniques including various types of mine
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backfilling activities using pneumatic or hydraulic methods to inject fill
material such as coal waste, sand, fly ash or grout. In cases of shallow mine
workings the possibilities of excavating the overburden to the floor of the mine
and replacing the material as compacted fill 1is a possibility. Also, several
attempts at blasting down the old mine workings have been attempted using
explosives to collapse the mine roof to accomplish void filling.

Site-specific stabilization alternatives include grout columns which may be
constructed to stabilize an individual surface structure or a small group of
structures. This procedure results in a non-compressible cone of cemented fill
between the floor and the ceiling of the void with a column of grout extending
from the slab to the earth's surface. Providing deep foundations for structures
using caissons from the foundation to the strata beneath the mine floor also may

be used to stabilize specific str‘uctur'es.'I

Abatement measures are costly when applied on an area-wide or site-specific
basis. These methods are not 100 percent effective or guaranteed to eliminate

future subsidence, but most observers agree that backfilling programs and
structural stabilization procedures help to reduce the magnitude of future
potential subsidence. Several subsidence events are thought to have been induced
by backfiiling programs.

Mitigation techniques have also been developed to provide new and existing
structures with varying degrees of resistance to subsidence when it does occur.
These methods include trenching around structures and backfilling with
compressible materials, building sectioning to provide flexibility, taping to
prevent safety hazards associated with breaking glass, shoring, reinforcing and
jacking structures.  Architectural measures to mitigate subsidence damages
generally are aimed toward providing highly rigid or highly flexible foundations
and structural elements. These measures are most effective when incorporated
during construction of new buﬂdings.2

Frequently, subsidence damage to structures is repaired by homeowners or
structural contractors. These repairs may be quite costly. Repairs may involve
foundation repairs, interior wall repairs, shoring and bracing and a myriad of
interior finish repairs. Severe subsidence damage to homes may result in a total
loss of the structure since the cost of repair can easily exceed a home's value.
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INSURANCE ENABLING LEGISLATION

The nheavy financial burden upon homeowners for providing repairs to subsidence
damaged structures led to the development of several pioneer subsidence insurance
programs. These programs offered a mechanism for managing the risk and financing
the cost of repairing subsidence damages. Insurance appears to be a more cost
effective response than abatement methods which have been developed to reduce or

eliminate subsidence hazards because only a portion of undermined areas experience
problems.

In 1985, Congress passed enabling legislation for mine subsidence insurance
programs by amending section 401(c) of PL 95-87, the Surface Mining Control and
Reclamation Act of 1977. The legislation authorizes the development of self-
sustaining, State administrative programs to insure private property against
damages associated with inactive coal mine subsidence. The State of Colorado has
responded to this opportunity by carrying out community based mine subsidence
hazard investigations along the Front Range, as well as insurance feasibility
studies aimed at the development of a mine subsidence insurance program. The goal
of State involvement has been to make it possible for the private industry to
enter into this unfamiliar risk area by performing hazard assessments and
actuarial studies which are required by underwriters prior to insuring a specific
peril such as mine subsidence.

EXISTING SUBSIDENCE INSURANCE PROGRAMS
Colorado's effort toward developing a mine subsidence insurance program began with
a review of existing programs in other states. There are three operating

programs. A description of them follows.

Pennsylvania Mine Subsidence Insurance Program:3 The Pennsylvania Mine

Subsidence Insurance Program is by far the oldest program in the country. It was
established in 1961. The Pennsylvania program is a public insurance program. The
program 1is Jlocated administratively within the Department of Environmental
Resources. All aspects of the program are handled by employees of the Department
of Environmental Resources. These services include pre-policy inspections, policy
sales, claim adjustment and special engineering evaluations for difficult and

complex claims.

- 284 -



When a subsidence event occurs, a Department engineer determines the cause and
origin of the damage and decides whether the loss is eligible for insurance. Then
a Department adjuster estimates the cost of repairs for the damage. If the
estimate is less than $4,000.00, the homeowner may select a contractor to provide
the repairs. No bids are necessary in this case. A $500.00 deductible is
attached to the settlement of the claim. If the estimate of the repair exceeds
$4,000.00, then the homeowner must get at least three bids and select the low
bidder for the repair project. However, the Department prepares the first bid or
cost estimate. This  policy has led to numerous disputes during
claims/settlements. Up to 75 percent of the people who experience losses due to
subsidence, repair their own damages after receiving the settlement check from the
insurance program. In the past, a significant number of people took the money but
did not perform any repairs. Now an agent checks to see that damage has been
repaired. An estimated five million people live over abandoned mines in
Pennsylvania. Even so, only 26,000 subsidence insurance policies have been sold
in the state.

Presently, claims are coming in at the rate of 6-10 per month. During the last
fiscal year over $800,000.00 in claims were made. Previously, $500,000.00 was the
maximum level of claims in any one year. The upsurge in claims is attributed to
increasing rates of subsidence in the bituminous region around Pittsburg.

Before issuing a policy, the Department does a thorough inspection of the property
to determine any prior or existing damage. Extensive photographs of the property
are taken. A letter is prepared for the homeowner which documents pre-existing
damages with cost estimates for their repair and an exclusion from coverage for
those damages. However, given an enrollment rate of 250-300 per month, pre-policy
inspections are not always possible.

The Pennsylvania program issues subsidence insurance policies on a basis of
extreme "adverse selection". Virtually everyone who has a subsidence insurance
policy in Pennsylvania is subjected to a real risk from subsidence. Other states
which are able to spread the risk for subsidence to a large population not really
exposed to the hazard, have a greater ability to pay higher amounts for claims and
to pay claims with less discrimination than does Pennsylvania. Even so, each
existing program operates within the commonly accepted norms of the insurance
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industry. The philosophy in Pennsylvania is to put a structure back the way it
was, but not to provide an improvement to the structure or the ground supporting
the structure. Also, the premiums for coverage are higher than other states with
subsidence insurance programs. For example, $100,000.00 coverage for a single
family residence for one year costs $89.00. This is a rate of 9¢/$100.00 of
coverage. The same coverage for a commercial building costs $354.00.

One feature of Pennsylvania's program is the fact that they often add a surcharge
of 25 percent of the premium in areas which are scheduled for backfilling or
flushing operations. It has been their experience that after backfilling
(subsidence abatement) operations there is a noticeable increase in the incidence
of subsidence events.

There is some difficulty in quantifying the cost of the Pennsylvania program over
the long-term. While claims and losses are paid from the subsidence insurance
fund, the administrative costs of the program are sometimes paid from the State's
general fund. When there is a surplus in the insurance fund, the administrative
costs are paid from it. In recent years the program has been self-supporting.

The Pennsylvania Mine Subsidence Insurance Program is comprised of a board which
consists of the Secretary of the Department of Environmental Resources, the
Treasurer and the Commissioner of Insurance. The Board meets twice a year to
review the fund status, to make any needed change in rules and regulations and to
approve the budget prepared by the staff. Otherwise, the State program manager is
in charge of day-to-day operations.

I11inois Mine Subsidence Insurance Program:4 The 1I11inois Mine Subsidence
Insurance Program began in January of 1979. This program is best described as a
private reinsurance mechanism for insurance companies which provide the primary

subsidence insurance coverage to the public. The reinsurance program is connected
to the I1linois Fair Plan. The Fair Plan was established in 1968 during the civil
riots which ensued after the assassination of Martin Luther King. The Fair Plain
provides a mechanism for placing high-risk home insurance policies for structures
in areas which otherwise could not be insured. The Mine Subsidence Insurance
Program is separate from the Fair Plan but reliant upon its administrative
facilities. The I1linois program operates with a minimal staffing pattern, which
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includes a part-time accountant and part-time secretary. The manager serves under
the direction of the Mine Subsidence Insurance Board.

The membership of the Board consists of five representatives of the insurance
industry which are nominated by the various insurance trade associations which
operate in Il1linois. The Governor then appoints four additional members to the
Board which represent the various interest groups which are affected and concerned
with the mine subsidence insurance program (e.g., banking and lending
institutions, real estate agents, homeowners, consulting engineers, etc.). The
I1inois program is run entirely by the insurance industry. The State Insurance
Commissioner has oversight responsibilities for the subsidence insurance program
as he does for all insurance activities in the State.

In T1Tinois, Ticensed insurance companies were given a mandate to sign reinsurance
agreements with the Industry Placement Facilities' Mine Subsidence Insurance
Board. Private insurance companies provide coverage to homeowners, but they are
not responsible for any losses due to subsidence damages. The Industry Placement
Facilities provides 100 percent reinsurance to the companies that issue subsidence
insurance policies.

The I11inois program operates in the following manner. When a homeowner notices
damage to his house which he thinks was caused by mine subsidence, he generally
calls his insurance agent first. The agent then sends an adjuster to the home who
makes a preliminary determination to the cause and origin of the damage. If the
damage appears to be caused by subsidence, and the necessary repair is fairly
obvious, the adjuster settles the claim with the homeowner. On a quarterly basis,
the company reports its losses attributable to claims, and its income from
premiums (less a 30 percent ceding commission). If a company owes money because
premiums collected exceed losses paid, then it mails a check to the Mine
Subsidence Insurance Fund. For subsidence events or ground movements that are
difficult to interpret, a consulting adjuster whose specially trained by
geologists and engineers may be called in to investigate the claim. An
engineering firm may be called in to determine whether subsidence is the cause of
a particular structural damage. Such specialists are available on retainer and
their services are reimbursed from the Mine Subsidence Reinsurance Fund.
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There is an incentive to properly settle claims since the Illinois program is
operated entirely within the insurance industry. Claim settlements have been in
line with the damages which have been observed and repairs have been well-targeted
to abate the problems without creating undue enrichment to any homeowner. When
compared with the Pennsylvania program, Illinois sells a high volume of mine
subsidence insurance policies. This program is blessed with a very "favorable
selection” of policy holders because the risk is spread to large numbers of
homeowners who are not demonstrably at risk from mine subsidence. This is because
subsidence insurance is automatically rolled on to homeowner policies in counties
where at least one percent of the land surface has been undermined. It 1is
estimated that less than 30,000 homes are directly at risk from mine subsidence,
and yet almost 300,000 subsidence insurance policies have been sold. While mine
subsidence insurance is not mandatory for homeowners (waiver forms are enclosed
with the first premium), the insurance coverage is available at a low enough cost
that few homeowners take advantage of the waiver, even though they are not at risk.

The maximum coverage is $50,000.00, which is available for a premium of $18.00.
However, new legislation may raise the limit to $100,000.00 next year. Recently,
the I1linois program had a $9 million premium surplus for a reserve against
losses. The I.R.S. has ruled that this rapidly growing "private" fund is subject
to taxation.

In I1linois, no pre-policy inspection of property to be insured is performed by
the insurance company. If a claim is made, a determination of whether the damage
is pre-policy or post-policy is made by a qualified adjuster or an engineer. The
insurers in I1linois decided that pre-policy inspections were very expensive and
that insurance premiums would have to be adjusted upward in order to do careful
inspection before issuance of a policy. They found it cheaper to determine
whether damage was pre or post-policy after a subsidence claim was filed. To
date, there have been no law suits regarding their determinations of pre-existing
damage. As the program has been in place for a longer period of time, the problem
of pre-policy damage becomes minimal. Most insurance policies in I11inois were
sold at the inception of the program, insurance coverage was automatically rolled
on to existing homeowners policies.

The reinsurance facility providing mine subsidence insurance stays involved in the
day-to-day processing of claims carried out by private companies only because it
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can be difficult to determine if a loss is due to subsidence. The facility has a
right of recourse against the company in the case that it makes a "bad call".
However, this right is rarely exercised, except where there is an appearance of
fraud. Also, since the facility has a right of subrogation, it is in a position
to recover losses if it can show that a coal company or anyone else has liability
for the subsidence damage. One problem in I1linois is the fact that mineral
rights convey broad and sweeping powers to those that possess them. The right to
remove surface support and the right to build structures on the surface pursuant
to the development of minerals, is often conveyed with mineral rights. This
precludes many potential subrogation cases.

Currently, there is an average of one report of subsidence damage a day in
IMlinois. Of these reports, between 25 and 30 percent are determined to be
related to mine subsidence. Where subsidence damages are apparent, many problems
are determined to have occurred prior to the issuance of the policy. Like
Colorado, I1linois has a significant swelling soils problem. In many cases, homes
were not constructed properly given the soils conditions. Also, there are
significant problems with soil piping and hydrocompaction. These factors can
cause structural damages which appear to be very similar to the damages caused by
mine subsidence. One phenomenon they have observed in responding to subsidence
claims has been named "neighboritis". When one home sustains damage, all
surrounding neighbors do careful examinations of their premises and notice
problems too. The average amount per claim in I11inois is around $6,000.00. This
compares to about $4,200.00 in Pennsylvania.

West Virginia Mine Subsidence Insurance Program:5 West Virginia's Mine
Subsidence Insurance Program was established in February, 1982. The West Virginia

coal industry was apparently the motivating force behind the program.

The State Board of Risk and Insurance Management administers the Mine Subsidence
Insurance Fund in West Virginia. This state agency provides reinsurance to
private companies who actually sell subsidence insurance to homeowners. When the
law was enacted, mine subsidence insurance was automatically rolled on to every
homeowner insurance policy in the state. Waiver forms were provided with the
first billing statement which allowed homeowners the option of waiving coverage.
Subsequently, however, the law was amended so that mine subsidence insurance
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coverage was available only at the request of the insured. A dramatic decrease in
the rate of enroliment and the amount of premiums collected occurred after the Act
was amended. Indeed, the solvency of the program was jeopardized by the change in
enrollment policy. Lobbyists for the insurance industry were responsible for the
amendment. Apparently, insurance agents resented the state's entry into the
insurance business. The amendment was counter productive because homeowners
became confused and thought that they were covered when they were not.
Accordingly, the Act was again amended in 1985 providing for a return to the
original enrollment policy.

In West Virginia, subsidence claims are investigated by the State Department of
energy and the Federal Office of Surface Mining. These agencies make the
determination that damages are due to subsidence. If this is the finding the
Administrator of the insurance program calls in a structural engineer to assess
the damages and to recommend repairs. The claim is settled by the private
insurance company on the basis of the engineer's report. Since the program was
initiated a total of 128 claims have been submitted. Total incurred losses amount
to 1.34 million.

West Virginia has a three member board for their subsidence insurance program.
A1l three members are appointed by the Governor. The requirement for membership
is five years of experience in the insurance business. The Board meets once a
month to discuss program operations as well as the status of the Subsidence
Insurance Fund. The Board hired a Risk Manager and Claims Manager to operate the
program and to manage the fund on a day-to-day basis. The stipend for the board,
the staff's salaries and the operating costs for the program are paid from the
fund. <claims for damages and claim adjustment costs are also paid from the fund.
Subsidence insurance coverage is aimed at residential, owner occupied, single
family dwellings in West virginia. The grounds surrounding the structure are not
covered (i.e., sink holes 1in yards, damage to landscaping, etc.). It is a
disaster or catastrophic type coverage which is not intended to restore the full
retail value of the affected property.

Recently, coverage was extended to commercial structures and non-dwelling

appurtenant structures. The premium rate schedule 1is $10.00 for $10,000.00
coverage and $1.00 for each additional $5,000.00 coverage up to $23.00 for a
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maximum of $75,000.00 coverage. This is a rate of about 7¢/$100.00 coverage. The
rate is not based on actuarial determinations, but rather an estimate of expected
cost in the program. The ceding commission retained by agents for selling
subsidence insurance coverage is 30 percent of the premium, or $13,000 per
policy. If an independent adjustment company is used, the cost of claims
adjustment can be passed on to the fund. The cost of in-house claims adjustment
cannot be passed on. The West Virginia insurance program has a straight $250.00
deductible for all claims. Such a small deductible has led to numerous small
claims for minor cosmetic repairs.

NEW AND DEVELOPING SUBSIDENCE INSURANCE PROGRAMS

Since Congress passed enabling legislation last year which provides financial
incentives for states to develop subsidence insurance programs, a number of states
have developed programs. The Commonwealth of Kentucky enacted 1legislation
establishing a mine subsidence insurance program. The proposed Kentucky program
is almost identical to West Virginia's program. The Mine Subsidence Insurance
Fund will be housed in the State Treasury, and the State Board of Risk and
Insurance Management will operate a reinsurance program which depends upon private
companies to provide homeowner's policies and to settle claims.

The State of Ohio has enacted legislation which is a hybrid of the Illinois and
Pennsylvania programs. Ohio will wutilize their Fair plan to administer the
program but a State Subsidence Insurance Board will control the pr‘ogram.6 The
states of Alabama, New Mexico and Wyoming have expressed an interest in developing
subsidence insurance programs. The State of Colorado has been actively developing

a mine subsidence insurance program.

SUBSIDENCE RISK ASSESSMENT

Over the past five years there has been a systematic and comprehensive effort
under way in Colorado through the Inactive Mine Reclamation Program and Colorado
Geological Survey, to identify and classify subsidence hazards throughout the
state. This work has been based on several studies which were conducted in the
middle-to-late 70's in response to state land use legislation passed earlier in
the decade.7’8 This subsidence hazard evaluation work has resulted in the
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development of a comprehensive bibliography of references pertaining to the mine
subsidence in Colorado, 9 an Inactive Coal Mine Subsidence Resource document,
10, complete set of land use maps at a scale of 1:50,000 or 1:24,000 which
portray the actual extent of mining in each county with significant past coal
mining activity, and detailed subsidence hazard evaluations for each undermined
area along the front range urban corridor of (301or‘ado.”']4

We are fortunate in this state to have a relatively complete set of underground
mine maps for past coal mining operations. Certified mine maps were required of
active coal mining operations as early as 1888 in Colorado. While inaccuracies
exist on these mine maps, they do provide an excellent indication of the location
and extent of most coal mining activity in the state. This knowledge of
subsidence hazard areas presents a difficult problem for an insurance program,
however. There is no legitimate way to spread the risk to homeowners not directly
exposed to subsidence hazards. Colorado has an extreme adverse selection of
potential insureds for its program.

The state's interest in developing a subsidence insurance program grew out of a
volatile subsidence problem in the Foothills Coal Field in Jefferson County,
Colorado. During the summer of 1981, the Jefferson County Geologist noticed
commercial construction taking place in area known to be undermined. The
construction was halted so that a proper subsidence hazard evaluation could be
done. The county contracted with a geological consulting firm to evaluate the
residential area adjacent to this construction area when local residents became
concerned that their homes were also undermined. Examination of the underground
mine map revealed this to be the case. The homeowners had not been informed when
they purchased their lots or homes that any subsidence hazards existed. The State
was called in to evaluate the threat of subsidence to these residents when it
appeared that some of the structures were located over very shallow mine
workings. At the same time, the homeowners organized and filed a major law suit
against the county which had allowed development in this subsidence hazard area
and against the developer.

The Virginia Mine Subsidence Hazard Investigation was undertaken in early 1982.

The study showed that 44 homes were in a seven acre zone that could potentially be
influenced by mine subsidence. Eleven homes were located in a relatively severe
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subsidence hazard area. The homeowners looked to the State to take abatement
measures to eliminate the subsidence hazard to public health and safety. The
State evaluated a number of abatement measures for the Virginia Mine. The option
of backfilling the mine and substantially reducing the subsidence hazard was
evaluated in detail. Backfilling was ruled out as a cost-effective abatement
alternative given the high cost (e.g., 1.2 million dollars) and a lack of
assurance of success. The Virginia Mine is filled with saturated mud and rubble.
It would be very difficult to inject fill material into the mud filled voids
encountered during the subsidence hazard investigation. Also, backfilling this
mine would have set an undesirable precedent as far as the state-wide reclamation
program is concerned. With over 50,000 acres of subsidence hazard areas along the
Front Range, it would be impossible to wuse this abatement approach in an
evenhanded fashion for all subsidence prone areas.

Another constraint the State faced in trying to address the subsidence problems
over the Virginia Mine was found in the enabling legislation for the Inactive Mine
Reclamation Program. (The Reclamation Fund can be used to repair foundation
problems or problems in the ground supporting structures but not to repair
buildings.) While there were no evident problems in the ground or severe
foundation problems in the structures overlying the Virginia Mine, there was a
significant potential for future subsidence. Because of this lack of existing
subsidence, other abatement remedies including deep foundations and grout columns,
were ruled out, as well. The end result of this prolonged subsidence hazard
investigation process was the establishment of a subsidence monitoring system.
The monitoring system allowed observation of the ground overlying the Virginia
Mine to assess the development of subsidence features. No specific remedies to
the affected homeowners were made available. This entire process was frustrating
and unsatisfying to homeowners, local officials and State officials alike. It was
the lack of specific remedies for affected homeowners that led to a finding by the
Mined Land Reclamation Board that the State should pursue the development of a

subsidence insurance program.

INSURANCE PROGRAM DEVELOPMENT

Development work for a subsidence insurance began with the review of existing
insurance programs in other states which was described earlier. Then, in February
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of 1984, a Subsidence Insurance Ad Hoc Committee was convened to consider the
possibility of public/private sector cooperative effort to provide homeowners
subsidence insurance coverage. The insurance industry representatives were
generally not in favor of a joint venture. The Ad Hoc Committee formed a
sub-committee comprised solely of industry representatives to pursue the

development of a private subsidence insurance product to provide coverage to
homeowners.

In April of 1984, the subcommittee announced the availability of two separate
products which would cover subsidence. These products are certificates of
insurance designed to cover perils not included on a homeowners all risk policy
(i.e. HO-3 policy). These, so called, Differences in Conditions (DIC) policies
are exclusionary in the sense that they cover all risks except those covered on a
HO-3 policy, and those perils specifically excluded on the certificate. Since
these were unveiled, very few homeowners have purchased these policies who are
concerned specifically about subsidence hazards. One explanation for this
observation may be that subsidence is implicitly rather than explicitly covered
under the DIC Program. Another reason could be the price of the DIC coverage.
Presently the rate schedule is about 22¢ per hundred dollars worth of coverage
($220.00 for a $100,000.00 home). Also, these policies cover numerous other
perils such as landslide, flood and rockfall, which may not be of concern to most
homeowners.

Because the Inactive Mine Reclamation Program is responsible for addressing the
hazards arising from past coal mining activities (including subsidence) the Tlow
participation in the DIC Program is of concern. Subsidence insurance has been
selected as the most appropriate response to the hazard, and yet, at-risk
homeowners are not purchasing the only available coverage.

A pure public sector approach to providing mine subsidence insurance was
evaluated, using an intergovernmental risk sharing pool mechanism. In late 1984,
however, legal restrictions were encountered which apply to public sector pools
1imiting coverage strictly to public sector risks and liabilities.

In January, 1985, the State contracted with a risk management and actuarial
consulting firm to carefully evaluate the subsidence hazards and the feasibility
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of subsidence insurance program for Colorado. Work completed to date includes:

° A review of statutory and regulatory limitations to program development;
Meetings with regulatory officials in the Colorado Department of Insurance;
Interviews with broker firms interested in providing services on a
contractual basis;

o

o

Actuarial analysis of expected costs for insuring homeowners. Expected
costs include premium rates and a risk margin for potential adverse
development (i.e., excessive losses) under this coverage.

For Colorado's proposed insurance program subsidence severity was modeled based
upon engineering data concerning the predicted magnitudes of subsidence events and
the structural characteristics of the property to be insured. The actuarial model
for the'program is based on an engineering analysis of 2400 subsidences over a 45
year time frame. The model provides a frequency analysis of expected subsidence
given depth of overburden and time since mining. Subsidence frequency was based
upon an actuarial analysis of historical and photographic records of occurrences.
The premium rates are derived directly from the frequency and severity analysis.

The actuarial studies indicate that the State can expect subsidence events to
occur at the rate of about 12 per year with an average claim of nearly
$9,OOO.OO.]5 However, a risk (confidence) analysis reveals substantial
uncertainty in these figures. Therefore, a reserve against adverse development

for this coverage is included in the expected costs for insuring homeowners.

At present, no legal or regulatory issues appear to constrain the development of a
subsidence insurance program on a ‘"contracted-out" basis in Colorado. The
Commissioner of Insurance has been involved during the entire program development
phase. It appears that a full service broker can be found through a competitive

procurement process, to administer the program.

PROGRAM IMPLEMENTATION

Six major areas of activity must be addressed before an insurance program can be
made avajlable to homeowners in Colorado.
1. Tne State must receive the funds from a Subsidence Insurance Grant
Application submitted to the Department of Interior. The grant
application describes; how the program is State administered; how the
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program will become self-sustaining; the specific coverages for private
property; and a detailed projection of need and utilization.

2. The State must complete preliminary actuarial work which has been
undertaken to refine expected cost projections, rates and deductible
levels.  Additional data from community wide subsidence hazard
investigations will be available soon.

3. The State must select a broker who is capable of providing a full range
of brokerage services and able to identify an underwriter or insurer to
accept the program.

4. A plan of operation will be developed in conjunction with the broker so
that all necessary insurance providers can be identified and a proposal
can be submitted for approval to the State Commissioner of Insurance.

The program plan must be approved by the Commissioner of Insurance.
The program must be marketed to the general public.

PRIVATIZATION

A ten year financial projection of the program indicates it should become self

sustaining within an eight year period.]6

If this is the case, a private
insurance broker will have a strong incentive to take over the program at that
time. The term “self-sustaining" means that the program is actuarially sound and
the premiums paid by the insured parties are sufficient to cover losses and
administrative expenses. The federal grant funds will cover program development

costs and actual losses until the program becomes self-sustaining.
CONCLUSION

Mine subsidence insurance offers a mechanism for managing the risks and financing
the costs associated with subsidence damages to property. Insurance is only part
of an overall subsidence risk management program, however, it does not deal
directly with the public heaith and safety hazards which exist in subsidence prone
areas. These problems are best addressed prior to any development 1in mined
areas. Detailed subsidence hazard investigations are needed prior to changes in
land use in these areas. Building codes are necessary to insure buildings and
utilities are constructed properly in undermined areas. Geologic hazard zoning
can provide a powerful tool for controlling land use and corresponding public
health and safety problems in subsidence areas.
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Insurance approaches work well to protect against relatively rare, potentially
catastrophic events, which occur at a predictable frequency. It can restore value
to properties which become damaged by subsidence. The availability of insurance
can also remove or lessen the stigma which can become attached to entire
neighborhoods where subsidence events occur. Property casualty insurance provides
the best protection against the most likely adverse effects of ground subsidence
in developed areas. In undeveloped areas where subsidence is a concern,

appropriate land use controls are the most effective means of reducing subsidence
hazards.
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APPENDIX

GEOLOGIC ROAD LOG FROM DENVER FEDERAL CENTER TO MARSHALL, COLORADO
A Visit to the Boulder-Weld Coal Field and Some Considerations
of Burning, Subsiding Coal Mines
James R. Herring
United States Geological Survey, Denver, Colorado 80225

INTRODUCTION

The field trip goes to the southwest corner of the Boulder-Weld Coal Field, with
accompanying description contained in this roadlog. The route originally was part
of a field trip on geologic hazards in the Denver area, taken May 21, 1983, by the
Colorado Scientific Society. The road log describes some of the general geology
encountered along the route, but focuses principally on the hazards and problems
of land use associated with abandoned underground coal mines with their potential
for subsidence and spontaneous combustion.

The trip 1is about 52 miles in length and takes approximately one and one-half
hours to drive, without stops, under normal conditions. The route goes through
Golden to Marshall and Superior with return through the Leyden Coal Field.
Optional side trips and short walks to example problem locations are mentioned in
the text and discussion. Most of the sites for visit have been chosen for their
public access on Boulder City parklands. Other specific problem areas that are on
private land also have been identified along with the notation to seek permission
prior to entry. The included photo of the Marshall area is labeled with the
features discussed in the text, to facilitate location and visitation, and city

parkland areas for public access.

Geologic maps and discussions of the geology in the Marshall area and along the
route have been prepared by Van Horn (1972, 1976) and Spencer (1961). Additional
discussions on the geology and geologic hazards of the Denver area can be found,
respectively, in Hansen (1981) and in Costa and Bilodeau (1982). Also referenced
is a report by Amuedo and Ivey (1975) on land use considerations in the

Boulder-Weld Coal Field.
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The Boulder-Weld Coal Field

The extent, nature, and development of the coalfield are discussed in detail by
Herring et al. (this volume). The coal field begins at Marshall, where the first
mining occurred, and extends northeast for approximately 25 miles. At Marshall
the coal crops out and these exposures no doubt led to discovery of the field and
early development as the coal market began and grew along the Front Range. Rocks
in the field dip gently to the east, seldom more than 10 degrees, thus the coal
seams become progressively deeper eastward. Depth to coal governs the ease of
mining access, consequently mining began in the shallow seams of the western
portion of the coalfield at Marshall and progressed to the northeast, where more
expensive and technologically demanding deeper mines developed later. Mining in
the field extends as far as Dacono and Firestone, a few miles east of Interstate
25. In its life the field has produced about 100 million tons of coal from
approximately 100 underground mines. For comparison a large strip mine today may
produce about 20 thousand tons per day or 10 million tons in a year. Some of the
mines in the field, such as the Gorham Mine, are quite large, extending
underground over a square mile. The coal is subbituminous B to C in rank, has a
heat value of about 8,000 to 10,000 BTU/1b and averages about 0.4% by weight total
sulfur both on as received basis. The usual method of mining was to mine out
areas (rooms) of the coal seam, leaving supporting columns of coal (pillars)
between the rooms. Further discussion of mining methods is included by Hart (this
volume).

Six coal seams, named by number starting from the bottom upward, are identified in
the coal field, although they seldom co-occur at a single location. Usually a
single seam, commonly named the Gorham or Number 3 Seam, has been mined, although
on occasion a second seam may be mined at the same locality. Multiple seam
mining, for example, occurs in some mines near Louisville and Lafayette. Where
mined, the Gorham Seam is commonly about 10 feet in thickness, although in places
it is upwards of 20 feet thick but, also has been mined in places where it is as
thin as 4 feet.

The coal seams occur in the basal 75 feet of the late Cretaceous Laramie

Formation. The Laramie Formation is a nonmarine unit overlying the Fox Hills
Formation, a transitional unit between the late Cretaceous marine shale (Pierre
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Shale) below and nonmarine units above. The Laramie Formation varies in thickness
from 100 to 500 feet and is overlain by the Arapahoe Formation, also late
Cretaceous. The lithology of the two formations is difficult to define. This,
along with the lateral and vertical inhomogeneity of lithology in the Laramie
Formation, makes detailed stratigraphic correlation or structural interpretation
most difficult in the Boulder-Weld Coal Field.

Subsidence in the coal field is discussed in detail by Herring, et al. (this
volume). In summary, subsidence is an on-going process in the Boulder-Weld Coal
Field and 1likely will continue for many decades, if not centuries or longer.
Above the mine-out room, the roof rock eventually fails and stopes (falls) into
the void of the room, occupying slightly more volume than before it fell
(bulking). This process repeats and the cavity, in a sense, migrates upward,
while progressively reducing in volume due to bulking of the collapsed rock.
Eventually, the cavity will breach the ground surface if the overburden rock is
sufficiently thin such that progressive bulking has not first filled it. Many
other factors, such as pillar collapse, the presence of water, or the type of
rock, can complicate the nature and extent of subsidence, hence the prediction of
time and extent of subsidence becomes extremely difficult. What is known about
the Boulder-Weld Coal Field, however, is that vast areas are undermined, including
parts of many towns, and these areas will have to contend with a threat of
subsidence for many years to come. Also, there is a relationship between fire and
subsidence and it should be pointed out that mine fire accelerates subsidence,
while subsidence opens additional airways to support combustion, thus the two
processes are synergistic. Recommendations for reclamation of specific problems
in the Marshall area are mentioned by Herring et al. (this volume).

Coal in the Boulder-Weld Coal Field is susceptible to spontaneous ignition,
especially where it has been freshly worked and has ready access to air while in
the mine or in waste dumps. The actual mechanisms of spontaneous ignition are
unknown, but it seems that the presence of water enhances the tendency for
spontaneous ignition. At outcrop the coal slakes and oxidizes too slowly for
ignition. Thus, few burned outcrops exist in this coal field, in contrast to
other coal-producing areas, for example the Powder River Basin in Wyoming. On
this trip, however, we will pass by the single example of natural combustion of a
large coal outcrop in the coal field.
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The intent of this field trip is to illustrate some of the potential hazards
associated with burning, subsiding coal mines. While only a few mines will be
viewed on the trip, it should be remembered that there are approximately 100 coal
mines in the Boulder-Weld Coal Field and about 10,000 abandoned coal and mineral
mines in Colorado, thus the impact of mine subsidence on society from this problem
is potentially immense. Remember, also, that Colorado is only one of the several
states in the U.S. with this problem, consequently the dimensions of the problem
are nationwide in scope and significance. In addition, many other countries in
the world share this problem; mine subsidence indeed is a nontrivial problem of
immense size and potential cost.

TRIP ROAD LOG
Incremental and total distances in miles

Increment, Total

0.0 0.0 Start from Cold Spring Park-n-Ride lot at Union Avenue and Highway 6.
Head west on Highway 6, notice over the next 3 miles the spreading
urbanization that has expanded westward. This was an undeveloped area
only a few years past. The development is progressing higher up the
flanks of Green Mountain, thus more and more buildings will be
subjected to the foundation problems associated with slumpage and
swelling clays in this area. Concern about coal mine subsidence has
occurred over the mines located 10 miles southeast of here, at Kipling
and Coal Mine Road, while coal mine fires, with fatalities, have
occurred in mines 5 miles southwest along Rooney Road.

4.6 4.6 Highway 93 and 10th Street intersection with Highway 6 approaching
Golden. Vertically-dipping Dakota sandstone lies on west side of
highway with clay pit excavations, while the also vertically-dipping
sandstone on east side is Fox Hills Formation, also with clay pit
excavations. Several thousand feet of section of the interlying
Pierre Shale have been removed here by the Golden Fault, a high-angle
reverse fault. Note occasional small excavation pits on the west side
of the highway. These are exploration pits dug in conjunction with
clay mining in the area.
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1.4

0.4

0.2

0.2

6.0

6.4

6.6

6.8

19th St., Golden. Clay mine pits still visible, particularly on east
side of highway. Building over poorly consolidated soil filling in
the pits has occasionally posed subsidence problems for student
housing buildings at the Colorado School of Mines. Red soil in
roadcut on west side is erosional wash from the Fountain Formation.

Abandoned, flooded coal mines in Golden lie east of here. These mines
were worked in the 1870's using deep, vertical shafts to descend the
length of steeply dipping beds to where the dip flattens out east of
tight-radius folds in the Laramie. The beds have near-vertical dip
for approximately 700 feet, depth, then in a tight-radius fold of a
few hundred feet become nearly horizontal. The location of the mines
will be visited on the return portion of the trip.

Approximately 1/4 mile east of Clear Creek. Contact exposed up canyon
to west is between pre-Cambrian crystalline basement and basal part of
the sedimentary section, here the arkosic sandstone of the
Permian-Pennsylvania Fountain Formation. Over a billion years of
history are missing in this nonconformity.

Crossing Clear Creek. Turn onto Highway 58 eastbound and exit at the
first offramp, Washington Street. 01d newspaper accounts of floods on
Clear Creek recount stories of damage in Golden, including washout of
bridges over the creek. These remind us that most of the large
canyons along the Front Range can become disasters when hundred-year
storm events occur as it did with Big Thompson Canyon. The
downcutting and erosion of Clear Creek has bisected Table Mountain
into North and South halves. On the outskirts of Golden note more
excavation pits to the west, here searching for evidence of Holocene
fault movement from evidence of disturbed alluvium. The Holocene
movement along the Golden Fault is controversially argued. If such
recent movement indeed has occurred then the possible seismic risk to
Denver, Golden and Rocky Flats plant will have to be re-evaluated.
Turn left (north) onto Highway 93, which here follows the trace of
Golden Fault, out of town.
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0.9

8.6

9.3

Hogback of Dakota sandstone occurs at 12 o'clock and low, reddish nub
of Fountain Formation is in the foreground at 11 o'clock.

Pine Ridge Road intersection. North Table Mountain, comprised of
Tertiary age extrusive mafic latite, lies to the east. Notice the
well-developed columnar jointing at the top of the mountain. Clay
strip mine scars are in the Dakota Formation to the west. The areas
of dark soil also to the west, between the highway and the Dakota
hogback, are loadout areas for coal mines that were worked here in the
1880's.

Overturned sandstone hogback of Fox Hills in foreground to west.

Highway proceeds uphill by dairy. Location and nature of the Golden
Fault here is debated, with some interpretations contending that there
is an overthrust salient exposed around the toe of this hill to the
east.

Slides in colluvium are exposed in road cut at top of hill.

Hairpin in old highway can be seen at 12 o'clock across valley. The
hairpin was added to the original highway to help smooth out the
grade, but reworking of the switchback in 1959 reactivated slippage
and the route was abandoned. Even today the road in this stretch is
continually in need of maintenance.

Overturned hogback of Fox Hills Formation visible ahead at 10 o'clock.

Entrance to Leyden Coal Field on right through Leyden Gulch stream gap
in the hogback.

Entrance to Jefferson County Landfill is on right. The pit is dug in
Arapahoe and Laramie formations. At present this is the only active
landfill for the county and necessitates long haulage distances with
commensurately high costs. Pierre Shale (with slumpage) is visible in
road cut north of the landfill entrance.
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1.0 18.2
1.2 19.4
0.9 20.3

Entrance to Rocky Flats plant on right. Eastward, steeply-dipping
beds in this area are obscured by pediment gravels but have been
exposed and excavated to the east where the Fox Hills has been worked
for clay. Most of the clay pits are now water filled. The projected
outcrop of the Fox Hills in this area can be followed by the
occurrence of occasional pine trees, which probably locate there
because of improved drainage, parallel to the highway and to the east
about 1/4 mile. The Cap Rock Coal Mine in the Laramie Formation, east
of the highway and about 1/4 mile north of Rocky Flats Lake, was
located in 45°, east-dipping rocks.

Rockwell wind energy research station can be seen at 2 o'clock.
Straight ahead is the abandoned Ideal aggregate plant, which was
kilning light-weight aggregate of the Pierre Shale taken from the
excavation pit across the highway to the west. The supports of the
rotary kiln are still visible.

Crossing Coal Creek. Fox Hills Formation lies to the east and here
dips about 70° east. In the next two miles ahead, the Fox Hills 'is
covered by pediment gravel, but when the formation emerges, the dip
will have decreased to just a few degrees eastward, as we will have
crossed the southward plunging axis of the tight-radius fold that
occurs in the rocks along much of the Front Range.

Intersection of Highway 128 from east. Proceed northward to top of
hill and overlook of Boulder. Notice the immense thickness of Pierre
Shale which forms the nondescript valley between here and the
flatirons in Eldorado Springs Canyon to the west. Much of this
thickness was removed by the Golden Fault in the rocks to the south
near Golden. The Laramie Formation 1is exposed in roadcuts as we
proceed downhill. In the roadcuts notice the mixture and rapid
alternation of thin beds of sandstone, shale, claystone, and coal,
along with iron-rich concretions. Coal slack in the soil on hill to
right identifies the load-out area of the Premier Mine.
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0.2 21.5

0.4 21.9

0.2 22.

Cross the Community Ditch. Look for Pine Ridge Fault between the Fox
Hills and Laramie exposed in roadcut. This fault trends northeast and
offsets the upthrown eastern block about 250 feet vertically from the
western block. The fault offsets the mined coal seam from underground
in the valley on the downthrown block nearly up to the top of
tree-covered Pine Ridge to the northeast. The Community Ditch is the
inflow to Marshall Lake, on top of the mesa a mile east.

Cross Davidson Ditch. Look 50 feet to east at the shutoff valve of
the 800-psi high pressure gasline and notice the coal mine subsidence
crater that lies only a few feet away to the north. The pipeline 1is
undermined for 1/2 mile to the east by the Marshall No. 3 Mine. There
is a concern that regional subsidence over this mine could lead to
breaching of the pipe. From here to the liquor store the surface
recently has had fill added as part of a reclamation project sponsored
by the Office of Surface Mining. The reclamation is an attempt to
seal off the access of air to a smoldering part of the Marshall No. 3
mine and halt the advance of the mine fire progressing toward the
highway.

Turn into second driveway of liquor store and drive to the rear of the
dirt lot 1in back of the store, facing Pine Ridge. Pause on the
ripple-marked sandstone (sometimes referred to as the "C" sandstone of
the Laramie Formation), which is an occasional marker bed above the
Gorham coal seam. Just on the other side of the fence are several
vertical, PVC pipes drilled into the workings. The pipes have been
used to sample gases in the mine in conjunction with a gas tracer
experiment (see Herring, et al., this volume). On Pine Ridge notice
the exposed gradational contact between the Laramie at the top of the
ridge and the buff-colored massive sandstone of the lower Fox Hills
about half-way down. The mined coal seam on the upthrown block of
Pine Ridge is about 4 feet in thickness, while in the valley, on the
downthrown block the seam is up to 20 feet thick. The valley between
here and Pine Ridge is completely undermined at depths ranging from 10
to 100 feet. Most of this end of the parking lot is undermined and
the mine in places is smoldering, as evidenced by the issuance of
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0.6 22.7

0.1

22.8

steam from test holes drilled into the mine and the acceleration of
snowmelt of this area. See the notes on side trips to the E1 Dorado
Mine and Marshall No. 5. Take the additional side trips from this
point, mentioned in the discussion at the end of the report, or
continue out the driveway at the north end of lot, noticing the Gorham
coal seam exposed in the cut for the driveway. Take the short
north-trending stretch of Highway 170, turning to the east to
continue. From the driveway northward notice the red, rubblized area
on the right. This is burned, subsided rock overlying the Marshall
No. 1 Mine, the original mine of the Boulder-Weld Coal Field. After
turning east, the highway in the roadcut and for the next 1/4 mile
lies on the abandoned Colorado and Southern railway bed constructed
for haulage of the mined coal into Denver. The continuation of the
abandoned railway roadbed can be seen in the valley ahead. Note the
exposure of the Gorham seam in the southern roadcut and places in the
northern cut where the coal has burned and baked the overlying rocks,
indicated by red rock. The highway is completely undermined along
this stretch.

Turn left (north) onto Cherryvale Road, noticing the disrupted asphalt
north of the intersection. The road here was on fire in the early
1970's, ignited from the burning coal mine to the northeast, which has
burned most of the exposed hillside.

Stop at the load-out area of the Peerless and Lewis Mines. Park on
the west side of the road, across from the old winch, and, after
obtaining owners permission, walk eastward up the hillside on the
private land. New house here is located on the trace of the Fox Fault

(see Herring et al., this volume for discussion). The Davidson Ditch
has a history of subsidence here and has been rebuilt this year by the
State Abandoned Mine Reclamation Project. The reclamation technique
combines reinforced concrete lining with rock bolting to stabilize the
ditch against future subsidence. The Fox Mine extends to the north,
where it is accessible via city parkland, and the Peerless (also named
Lewis) Mine was worked to the south. The winch of the Peerless is
still in place and indicates that the main haulageway ran to the south
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1.2 24.0

in the direction that cable would spool from the winch. The main
haulage way for the mine extends 1400 feet south to the foot of Pine
ridge at a pitch of 8°. The Peerless Mine is comparatively shallow on
this hillside, probably no deeper than 35 feet, and this shallowness
has allowed the subsiding ground to exactly outline the underground
room and pillar nature of the mines. To the south the mined area
extends under Highway 170, across the valley, and to the foot of Pine
Ridge. This mine was worked up until 1943 and since that time the
mine periodically has been on fire. It is this part of the coal field
that has received notoriety for burning and parts of it still
smolder, Gas explosions, incandescent melted rock, and melted
highways have been some of the more dramatic effects of the mine
fire. For example, in 1977 a local resident stuck a wagon axle down
into one of the flaming pits. When the axle was removed it was
incandescent white hot and sparking, indicating a temperature in
excess of 1000° C. Many times the local fire department has been
called in response to explosions or fire plumes in the sky. This area
is discussed in more detail by Herring et al. (this volume).

The area seems relatively uninhabited, thus the potential for adverse
effects from fire and subsidence may appear rather minimal. However,
keep in mind that this area is simply an example of what can happen
over an abandoned coal mine and then remember that this coal field
extends for miles under gaslines, major highways, parts of several
cities 1like Louisville and Erie, and undermines the Marshall Lake
Dam.  Thus, the potential for widespread and serious hazard is
considerable. Multiply this by all of the abandoned coal fields in
the state and suddenly the dimensions of the problem increase
tremendously.  Return to vehicles and continue northward along
Cherryvale Road. Notice the thick, massive sandstone lens in the
Laramie Formation. Holes cut in this sandstone layer were used as
storage rooms for blasting powder. Proceed along Cherryvale road
northbound. Where the stretch of Cherryvale Road runs east-west note
the new houses in the valley to the north. Some of these dwellings
are located over or near old mine workings.

Abandoned mine operation buildings visible to west.
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0.6 24.5

0.8 25.3

1.0 26.3

1.4 27.3

1.0 28.7

1.2 29.9

Cross over Denver-Boulder Turnpike.

Stop sign. Turn right (east) onto South Boulder Road (County Road
60). To north you can see Baseline Reservoir, Valmont Powerplant and
Valmont Dike. As you continue eastward you cross fault-block
alternations of Laramie and Fox Hills Formations. Mine workings and
dump 1/2 mile to south are the Cracker Jack Mine.

(Private land) Quarry in clinker is visible at 11 o'clock and can be
reached by parking at the end of Crannel Road to the east. Clinker is
the rock that is baked during combustion of the underlying coal seam.
Coal combustion alters the overlying rock and produces a variety of
high-temperature, metamorphic  minerals in the baked rock.
Temperatures in the rocks here have reached as much as 1100° C,
sufficiently high to produce anatexis of the sedimentary rocks and
resulting 1in production of an iron-rich slag sweated from the
sedimentary rocks. Notice that the hill of clinker is isolated from
the surrounding erosional valley. The clinker is extremely resistant
to erosion and has allowed the burned locality to remain intact while
the surrounding softer rocks have eroded around it. While clinker and
natural combustion are quite common to many other coal fields, this
locality 1is the only occurrence of natural combustion in the
Boulder-Weld Coal Field. The meter-thick soil above the clinker is
unbaked, hence the soil age, here about 150,000 years, places a

minimum age on the coal burn.

Turn right (south) onto 80th Street. This ridge is Davidson Mesa and
is an uplifted fault block of Fox Hills sandstone, visible in the
roadcut just before the top of the hill.

Burned coal dump of the Matchless Mine is visible about 1/4 mile to

the east.

Superior interchange with the turnpike. Cross over turnpike and
follow signs towards Superior (McCaslin Blvd.).
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30.

33.

33.

35.

38.

38.

38.

39.

42.

42.

43.

Coal dump of Industrial Mine visible on ridge to west. Continue
southward, traveling upsection in the Laramie from the coal-containing
section of the lower Laramie.

Intersection with Highway 128. Turn left (east).

Turn right (south) onto Indiana Street. Notice the pediment gravels
for the next few miles. Rocky Flats Alluvium is Nebraskan (Early
Pleistocene).

East entrance to Rocky Flats plant.

Stop sign intersection with Highway 72. Turn left (south) and cross
underpass under railroad tracks.

Turn right (west) toward Leyden. Notice the flat dip of the Laramie
Formation here. As you continue along Leyden Gulch you will go
upsection into the Arapahoe Formation and then downsection into the
Laramie and Fox Hills before reaching Highway 93.

Gas 1injection plant is on right. This 1is where natural gas 1is
injected into the abandoned Leyden Number 3 Coal Mine for storage.
Tower visible 1/2 mile to north a bit farther along the road is the
Tosco Corp. experimental oil shale plant. The Leyden Number 3 Coal
Mine was started in 1905 and last worked in 1950. In 1959, after
considerable testing, the abandoned mine began to be used to store
natural gas to provide storage for peak demand times in nearby Denver
during the winter.

Burned coal dumps on left from the Leyden Mine.
Hogback of Fox Hills sandstone, here mined for clay, coal, and uranium.

Turn left (carefully) onto Highway 93, southbound.

Stretch of repaired highway.
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1.4 47.2

1.6 48.8

1.0 50.6

Interpreted fault salient heads out to east. The entrance on the
right is to the rock quarry in the Ralston Dike. This Tertiary
monzonite intrusive body is related to the Table Mountain volcanics.

Entrance to north end of Pine Ridge Road is on right. This is a good
3-mile sidetrip to see the Dakota in cross section up close. The
section from Dakota to basement rock is also visible along the Pine
Ridge Road valley, with especially good exposures of hogbacks composed
of Lyons sandstone. The Lyons Formation overlies the Fountain, which
in turn overlies the crystalline basement rock. The road to the
Schwartzwalder Uranium Mine begins at the west end of this part of
Pine Ridge Road.

Southern entrance to Pine Ridge Road.

Washington Street intersection with Highway 58. Continue straight
ahead on Washington Street into Golden. Turn right onto 12th Street
and go 5 blocks to the turnaround at the east end of the CSM athletic
field. Here, the clay pits in the Fox Hills can be examined. Notice,
also, the commemorative plaque about the White Ash Coal Mine disaster,
in honor of the 10 men who were killed on September 9, 1889, and are
still entombed. The depth to the mine workings is 730 feet. The two
scenarios reported about this disaster involve breaking into flooded
old workings or mining into the flooded Golden Fault zone. 1In both
cases the mine rapidly filled with water, drowning those remaining in
the mine. Several men escaped who were on the 1ift hoist, which was
being raised at full speed and even then the 1ift was at several times
under water. Return to vehicles and turn right on Maple Street,
passing by the excellent geology museum of the Colorado School of
Mines. Jog right then left over to 19th Street. Turn right.

Turn left onto Highway 6 and return to Federal Center, 6 miles.
However, for an interesting sidetrip with a spectacular view, proceed
straight ahead across the 19th Street intersection and continue uphill
to Lookout Mountain. Along the way you will see fresh, excellent
exposures of the pre-Cambrian metamorphic rocks of the Front Range.
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SIDE TRIPS FROM THE PARKING LOT

From the store parking lot look southeast down in the valley towards Pine
Ridge. The small spoil pile in the middle of the valley was the tipple
location for the Marshall No. 3 Mine and can be seen in the old photos taken
when mining was active in the area (see Figure 1 of Herring et al., this
volume). The mine entrance has subsided open occasionally, allowing access
into the mine where it is extremely dangerous. The entrance was last
backfilled in 1982. Both regional and local subsidence have occurred over
this area.

Walk south along highway right-of-way to the Davidson Ditch. The area
immediately south of the liquor store, along the west side of the Marshall
No. 3 Mine, was reclaimed by the Office of Surface Mining in 1982 by adding 2
feet of fill dirt to cap soil overlying the smoldering mines to try and
suffocate the fire. Regional subsidence has occurred just east of the
reclaimed area and south of the parking lot. Just before reaching the
Davidson Ditch note the high pressure gasline shutoff valve to the east 100
feet. This gasline heads eastward and for the next 1/2 mile is underlain by
the Marshall No. 3 Mine, which poses a regional subsidence threat to the
pipeline.

From the Davidson Ditch south along the east side of Highway 93 the land is
accessible city open space (parkland). This stretch along the highway,
uphill nea;ly to the level of the Community Ditch, is undermined on the
eastern highway right-of-way up to the asphalt, but it is unknown if mining
extends westward under the roadbed. East of the highway about 150 feet and
south of the ditch 300 feet in the entrance to the Eldorado Mine. This mine
as shown on the mine maps appears local in extent, but from the drilling and
tracer gas experiments discussed by Herring et al. (this volume) extends well
up the valley south of the entrance. The entrance has subsided periodically
and was most recently backfilled in 1982. Another subsidence crater is
visible 200 feet southeast of the entrance.

Walk along the south side of the Davidson Ditch towards Pine Ridge. Pine
Ridge Mine and waste dump are visible along skyline to the south. Before
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reaching Pine Ridge walk up the valley to the southwest, where the Marshall
No. 5 Mine entrance is located. The tipple from this mine can be seen in the
old photos mentioned previously. The mine is one of the few in the state
with water flowing from the entrance. A reclamation project was recently
completed. This facility can be seen just downstream from the mine
entrance. A hike up Pine Ridge allows examination of the rocks in the lower
section of the Laramie Formation. Note especially the lithologic variation,
with coal beds alternating with sandstone, siltstone, and shale.

2. In vehicles, proceed east along Highway 170 1 1/2 miles intersecting with
road heading south to landfill. Proceed south. The dam to Marshall Lake is
visible from this section of road and the lake can be viewed from the road
along the south side of the landfill. The 1lake is approximately 7,000
acre-feet in volume, depending on seasonal water storage. Natural drainage
from the dam is to the community of Marshall and eventually to South Boulder
Creek. The north quarter of the dam is undermined by the Gorham Mine. Of
concern is that possible failure of the dam could occur from subsidence into
the mine workings or from hydraulic breaching of the dam through the mine
workings leading to undermining of the dam.
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