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ABSTRACT

This report presents the methodology and procedures utilized in

installing and removing a surface subsidence monitoring net in remote,

rugged, alpine terrain. Work on this project was performed by Mine

Subsidence Engineering Company (MSE) and funded by the Department of

Energy (DOE).

The original contract (73-month duration) called for the install­

ation and monitoring of a surface subsidence net suitable for the char­

acterization of subsidence over multiple lift longwall panels. However,

because oflXlE contract modifications, actual project work involved only

the installation, baseline surveys, and sUbsequent removal of the subsi­

dence monitoring net during the 24-month contract period. These activi­

ties are described herein, as well as the required permitting process.

This report describes a successful methodology for permitting, install­

ing and removinQ a surface subsidence monitoring net under conditions

typical of those faced by many operators in the western U.S.

This work was performed above Mid-Continent Resources' L.S. Wood

No. 3 Mine, in Coal Basin, Pitkin and Gunnison Counties, Colorado, ap­

proximately five miles west of the town of Redstone.
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EXECUTIVE SUMMARY

Measuring, characterizing and understanding the various aspects of

surface subsidence phenomena resulting from underground mining activities

have received considerable attention in recent years - - and for good

reason. On September 24,1980, Mine Subsidence Engineering Company (MSE)

entered into a contract with the Department of Energy (DOE) to perform

work on a project titled: Characterization of Subsidence over Multiple

Lift Longwall Panels. The objective of this study was to develop tech­

niques for measuring and analyzing the response of strata to the mining

of a thick coal seam by the longwall method incorporating multiple lifts.

Specifically, MSE was required to:

Secure a suitable site,
Develop an instrumentation monitoring plan,
Install a subsidence monitoring net,
Monitor the subsidence net in accordance with a pre­

determined schedule set forth in the RFP,
Provide the necessary subsidence data to DOE in a

format which could be used in subsequent
modeling activities, and

Report on the activities and results of the project.

The site selected for the project was Mid-GontinentResources' L.S.

Wood No. 3 Mine, in Coal Basin, Pitkin and Gunnison Counties, Colorado,

approximately 5 miles west of the town of Redstone. The median surface

elevation at the site was 11,500 ft above sea level. Overburden at the

site averaged 2800 ft. Total seam height planned for extraction in two

longwall lifts was 19-21 ft. The following features made this subsidence

project particularly unique:
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A coal mining methodology never before performed in
North America

Remote, rugged, alpine terrain
Dipping coal seam
Extreme depth
Effects of virgin vs. previously mined ground on

subsidence
Depth of cover to mining height ratios (d/h) never

before monitored and/or reported on in the
literature or contained in any predictive
modeling activities.

Had this project been completed, the data obtained would have contri­

buted greatly to the mining-related surface subsidence data base - ­

both domestically and world-wide.

In accordance with the scope of work set forth in the request for

proposal, MSE designed a subsidence net capable of providing both center­

line and transverse profiles with respect to one complete set of upper

and lower lift 10ngwa11 panels and at least one adjacent lift. The net

had to be sufficient to define the final subsidence trough that would

result from mining each individual lift as well as the final, cumulative

subsidence trough resulting from extraction of all three lifts. Specifi­

callys the monitoring net designed was capable of determining:

Maximum subsidence over the 10ngwal1 panels from mining
each lift

Horizontal movement of the ground surface from mining
each lift

Subsidence development profiles along panel centerlines
for each lift

Strain profiles across each panel from the panel ceter­
line to the point of zero subsidence for each lift

Determination of the angle of draw for each lift.

The subsidence monitoring net was designed with monitoring points spaced

a maximum of 200 ft apart. This yielded a monitoring point spacing:
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Overburden depth ratio of 0.07. Subsidence monitoring net design was

constrained by surface topography, vegetative cover as well as local and

Federal (Forest Service) regulations.

For this project it was essential that: subsidence monuments be simple,

easy to fabricate in the field, transportable by helicopter, and easy to

install. Monument construction and installation procedures are dis­

cussed in this document.

The surface subsidence monitoring net was installed during the sum­

mer of 1981 and initial baseline surveys of the monuments performed.

Mining of the multiple lift longwall panels had not started prior to

net installation.

Although DOE discussed possible project cancellation with MSE person­

nel on an unofficial basis as early as January 1982. official notifi­

cation of project cancellation was recived by MSE on April 14, 1982.

The project was cancelled before the actual response of the net to act­

ively subsiding ground could be determined. In accordance with the contract

modification pertaining to project cancellation, funding was not provided.

to perform the following:

Reduction of surveying data
Generation of appropriate maps, plans and profiles
Final baseline survey to validate monitoring point

stability over the winter months.

MSE was directed to remove the subsidence monitoring net in accordance,

with the provisions specified in the Forest Service Special Use Permits.

As a result of these events, this report describes the approach and

procedures associated with permitting, installing and removing a surface

subsidence monitoring net in remote, rugged, alpine terrain utilizing

specially designed monuments. This project demonstrated that a subsidence
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rr:onitoring net can be successfully installed and removed from a remote,

high alpine environment - - conditions often faced by many coal opera­

tors in the western U.S.
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INTRODUCTION
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This study generally reflects a successful methodology for permit­

ting, installing and recovering a subsidence monitoring net under

conditions typical of those faced by operators in the western United

States.

3



SCOPE OF WORK

The revised scope of work for this project was defined in Amend­

ment/Modification No. A003 to DOE contract number DE-AC22-80PC30ll8,

Requisition/Purchase Request number 22-82-PC30ll8~002. A summary of

the Work Statement is presented herein .

.~ective

MSE was responsible for developing techniques to measure and anal­

yze the response of strata to the mining of a thick coal seam by the

longwa1l method with multiple lifts.

Deliverab1es

MSE w~s responsible for preparing a Monthly Project Status Report,.

Semi-Annual Technical Progress Reports and a Final Technical Report.

At the direction of DOE, the Final Technical Report was to be a nar­

rative outlining monument installation and surveying procedures. Fund­

ing was not provided for the reduction of the surveying data and the

generation of appropriate maps, plans and profiles.

Requirements

The revised scope of work was subdivided into five tasks:

1. Secure site

2. Develop an Instrumentation Plan

3. Install the monitoring net

4. Remove the monitoring net

5. Reporting as required by DOE
4



Task 1 - Secure Site

MSE was responsible for securing access from Mid-Continent

Resources, Inc., to monitor subsidence above the multiple lift long­

wall mining operation planned for the L.S. Wood No.3 Mine in Coal

Basin, Colorado. In addition, MSE had to secure the required Forest

Service Special Use Permits from the West Sopris District of the White

River National Forest and the Paonia District of the Gunnison National

Forest.

Task 2 - Instrumentation Plan

MSE was responsible for preparing a plan for DOE approval fully

documenting the proposed installation and monitoring procedures to be

utilized.

The plan was to incorporate a net designed to obtain center line

and transverse profiles of the subsidence troughs resulting from mining

of at least one complete upper and lower lift sequence and one adjacent

lift. The net was to be designed to permit a description of the final

subsidence trough over each panel. Data from the net work was to be

sufficient to.formulate an elementary prediction model.

The plan was to include details of monument layout and construction.

A tentative monitoring schedule was to be included.

Task 3 - Installation

MSE was to install the monitoring net approved by DOE.
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Task 4 - Removal

MSEwas to remove the monitoring net as required by the Forest

Service Special Use Permits.

Task 5 - Reporting

MSE was to perform all required reporting specified by DOE.

6



MONUMENT CONSTRUCTION IN ALPINE AREAS

The subsidence monitoring area is shown on Figure 2. The sub­

sidence monitoring site over the mUltiple lift longwall panels was a

very remote and mountainous area. The area contained both high alpine

meadow and partially forested environments. Elevations in the monitor­

ing area varied from approximately 11,000 ft to 11,700 ft (Figure 2).

The overburden section above the coal seam was approximately 2100 ft

to 2800 ft in thickness.

Site Access

There were no existing roads into the monitoring area. The con­

struction of access roads to the area was prohibited by county and U.S.

Forest Service regulations. The study area could only be accessed by

foot, or helicopter.

Because of its extremely high elevation and severe winter weather,

the monitoring area was inaccessible during the winter. Weather and

snow cover prohibited field work from the middle of September through

the middle of June. All field construction and surveying had to be com­

pleted in the summer months after the snow cover had melted and before

the first major snow storm in the fall.

The use of helicopter transport was required to perform all phases

of site access: reconnaissance, permitting (archaeologic survey), con­

trol survey, net layout, monument construction, monitoring, net removal.

Table 1 summarizes the approximate number of helicopter hours required

for various aspects of the project.
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TABLE 1

APPROXIMATE HELICOPTER HOURS1

Activity

Site Reconnaissance

General lay of the topography and
vegetative cover with respect to the
underground workings. Initial se­
lection of survey control point
locations. Initial selection of
helicopter landing zone5

Permittinl

Site visits and orierttation for
Forest Service personnel. Arch­
ae10gic survey

Control Monument Construction

Mobilization. Construct five concrete
control monuments (see Figure 3 for lo­
cations, Figure 4 for construction
details)

Control Survey

Closed traverse survey tied into
mine control net

Monitoring Net Layout

Survey in locations for subsidence
monitoring points

Monitoring Net Construction

Mobilization. Construct 43 points
(see Fi9ure 6 for construction
details)

9

Helicopter
Hours

4.0

3.0

12.5

7.0

19.5

30.0



TABLE 1 Continued

APPROXIMATE HELICOPTER HOURSl

Activity

Monitoring Net Survey

Sideshots from control point stations

Removal

Remove all 43 monitoring points.
Reclamation. Final site visits
by Forest Service personnel

Helicopter
Hours

15.0

90.0

NOTES:
1. These times represent estimated times based on our experience.

They represent estimates based on a staging area -(with fuel
available) approximately 5 miles from the site area.
These fi gures do consi der decreased 1i ft capabi 1i ty for the
helicopter because of the elevation of the site area. Finally,
these times represent helicopter times for a 7-man install­
ation/construction crew and a 4-man surveying crew.

2. Increased time requirement because initial archaeologic sur­
vey disclosed a significant Ute Indian camping area which
required detailed mapping.
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Forest Service Permits

The monitoring area was within the jurisdiction of the West

Sopris District of the WhiteRiver National Forest and the Paonia Dis­

trict of the Gunnison National Forest. Therefore, Special Use Permits

were required prior to the installation of control and monitoring points.

The procedure for obtaining the permit and finally being released

from the pennit at the end of the project involved six steps:

1- Application

2. Environmental Assessment

3. Cultural Resources Survey

4. Pennit

5. Reclamation

6. Release

These are summarized along with pertinent remarks and notes in

Table 2. Examples of the various forms and reports are presented in

Appendices: A (Application, State~nt of Need, Permit, Release),

B (Environmental Assessment - MSE Draft) and C (Cultural Resources

Survey) •

Cultural Resources Survey

A condition for granting the Special Use Permit involved the

performance of a Cultural Resources Survey by an archaeologist approved

by the Forest Service. This survey had to be performed to insure that

monument construction would not damage any archaeologic sites.

Specifically, the survey was performed along the subsidence moni­

toring lines, at the five locations for the survey control points and
11



Activity
Number

1.0

2.0

3.0

4.0

TABLE 2

SPECIAL USE PERMITTING FLOW CHART
(U.S. Forest Service)

Description

Application
Forest Service
Form FS-2700-3 (1178)
Note: Should include
a m~p

Statement of Need
(Optional Forest Service
Requirement)

Contains the following itmes:
a. Description of project and

i ts 1ocat ion .
b. Relationship of the project

to existing operations or
systems

c. Necessity for project
d. Anticipated future expansion
e. Alternatives to project
f. Need for National Forest lands
g. Other ownership and agencies

involved

Environmental Assessment
(Reference: Federal Register,
Vol. 44 No. 147, Monday
July 30, 1979 p. 44732)

Addresses the following items:
a. Purpose and need
b. Affected environment
c. Alternatives
d. Effects of implementation

Cultural Resources Survey

12

Responsibility

Applicant

Applicant

Forest Service
w/optiona1 appli­
cant assistance

Applicant



TABLE 2 Continued

SPECIAL USE PERMITTING FLOW CHART

Activity
Number Description Responsibility

5.0 Permit Forest Service
Forest Service Form
2700-4 (7/7l)

6.0 Reclamation Applicant
Stipulations appended to the
Special Use Permit

7.0 Release Applicant/
Forest Service Form Forest Service
FS-2700-3a (11-78)
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at eight helicopter landing pads. This survey was performed in June

1981 and involved 1.5 mandays.

As a result of this survey a significant archaeological site was

discovered in the area of one of the survey control points. This had

several consequences. First the control point and attendant helicop­

ter pad had to be moved. Secondly» a detailed map of the site had to

be prepared by the archaeologist.

Snow cover precluded complete mapping of the site until late June.

At that time the mapping was completed. This detailed site mapping in­

volved 1.5 mandays.

In planning for and installing a subsidence monitoring net on

Federal land» an operator should be prepared for the possibility of a

Cultural Resources Survey. In this case» a survey of approximately

9000 ft of monitoring line» five survey control point locations» eight

helicopter landing pads and detailed mapping of a significant site

involved 3 mandays of archaeologist effort. Typical archaeolQ9icreports

are presented in Appendix C.

Monument Construction

Two types of monuments were constructed in the site area:

survey control monuments and subsidence monitoring points.

Survey Control Monuments

No survey control existed in the subsidence monitoring area because

of its remote location. It was therefore necessary to bring coordinate

and elevation control into the monitoring area from Mid-Continent's

mine survey control net. One of Mid-Continent's triangulation stations

14



was located so that extending survey control into the project area

could be accomplished with several long shots. The control survey was

used to establish permanent surveying monuments adjacent to, but outside

of, the monitoring area. These control survey monuments were estab­

lished in locations outside of any area that would have been undermined

during the duration of the project. A total of five control survey

monuments were constructed at the locations shown on Figure 3. This

configuration allowed for a closed traverse control survey to reduce

surveying error.

The construction of the survey control monuments is illustrated on

Figure 4. These monuments were constructed of concrete, with rock bolt

reinforcing rods. Monuments were 12 inches in diameter and 4 to 5 ft

in height.

The typical construction sequence involved the following steps:

1. The monument locations was cleared of all loose rock and

debris down to bedrock.

2. lWo.to four rock bolts (6-ft lengths) were driven to refusal with

a 12-1b sledge hammer into joints and fractures in the rock

3. Aconcrete forming tube was placed around the rock bolts

4. Concrete was mixed in a mixing trough and poured into the form

5. A trivet plate, designed to mate with a Wild trivet was set

into the top of the wet concrete

6. The concrete was allowed to cure a minimum of 96 hours prior

to any surveying

Subsidence Monitoring Points

Mine Subsidence Engineering Company installed a network of 43
15
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subsidence monitoring points over two adjacent longwall areas. This

network. included three lines of points perpendicular to panel center­

lines and a partial line of points over each panel centerline.

Figure 5 illustrates the general layout of the monitoring net and its

relationship to the underground workings.

Each monitoring point was fabricated of 1- and 2-ft lengths of

EW drill rod (1.375-in diameter). A bottom l·ft section had a harden­

ed steel drive point welded on. A 0.25-in thick steel plate, drilled

with holes to mate with a Wild trivet, was welded to a drill rod

coupling. This was installed on top of the drill rod subsidence point

once installation was completed. Details of subsidence monitoring point

construction are illustrated on Figure 6.

The installation sequence 'for monitoring points in soil areas gen­

erally involved the following:

1. A drive head was attached to the top coupling

2. The point was initially driven by ,two individulas with a

fence post driver. Plumb of the monument was frequently

checked wtth a "pill box" level. As needed, 1-ft or 2-ft

sections of drill rod were added

3. The fence post driver was used until approximately 10 to 20

blows were required to drive the point 1 inch

4. A Pionjar gasoline powered hammer-drill was then used to

further drive the point. This hammer-drill was used until

refusal. Refusal was judged as 10 to 20 blows per inch of

drivage

5. The drive head was removed and the top trivet plate was

installed

18
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6. All couplings and the top trivet plate were tightened with

36-in pipe wrenches

7. Plumb of the monument was checked with a "pi11 box" level.

In general, monuments were installed to depths of 5 to 7 ft

before refusal. The deepest monument was installed to a depth of about

12 ft. All monuments were installed to a height of from 1 to 2 ft

above the ground.

Where bedrock lay at or near the surface, the monument installation

procedures were modified as follows:

1. The drill feature of the Pionjar hammer-drill was used to

drill a 1.5-in diameter hole 2 ft into the rock

2. Amonitoring point was then resin-grouted into the hole

This type of construction was required on four of the 43 points

installed in the monitoring net.

Construction of either the soil or the bedrock monitoring points

required a two-man crew. The average installation times for each point

was between 15 and 20 minutes.

Installation of the concrete control points required a minimum

crew of two individuals. Average construction time was 2 hours. It

should be noted that this construction time is based on all construction

operations being performed manually.

Monument Removal

The conditions of the Forest Service Special Use Permits required

that all installed survey control points and subsidence monitoring points

were to be removed at the end of the project.

21



The survey control points were not removed. The mine operator

wated to incorporate the survey control points into his control net.

Responsibility for these monuments was transferred to the mine operator.

Subsidence monitoring points were ~esigned with ease of removal

as a prerequisite. Actual removal of the monitoring points consisted

of jacking them out of the ground with a "bumper" type of jack. Because

of the installation and removal procedure, the ground was not distrubed

and site reclamation was not required. Removal of the monitoring points

required about one-half manhour of time.

22



SURVEYING

This section briefly discusses the equipment and techniques utili­

zed in surveying the control net and the monitoring points. The moni­

toring schedule that was proposed is also presented.

Equipment

The selection of surveying equipment was dictated by the site and

the required accuracy specified in the Statement of Work. The Statement

of Work specified that Third Order, Class II accuracy was required for

surveys performed on the monitoring net. The long distances of traverse

legs for the control survey required a distance measuring device with a

range of at least 2 miles.

All measurements of the vertical and horizontal angles were made

with a Wild T-2 Theodolite. This instrument has an accuracy of 1 sec

of arc.

The slope distances between survey control monuments were measured

with a TOPCON OMC-2 electronic distance measuring device (EOM). Slope

distance measurements when surveying the subsidence monitoring points

were made with a Wild 01-3S. Both instruments have an accuracy greater

than 0.05 ft per 1000 ft.

Techniques

Slightly different surveying techniques were utilized for the con-

tro1 survey and the baseline survey of the subsidence monitoring points.
23



Control Survey

The control survey was performed to an accuracy equivalent to a

Second Order, Class II survey. All internal angles were measured with

the theodolite in the erect and inverted aspect. Six sets of inverted

and erect internal angles were measured at each traverse station. A

closed traverse was utilized to allow for internal angle triangulation

and elevation closure to provide further accuracy.

The initial control survey required a four-man crew 1.5 days.

Subsidence Monitoring Survey

Surveys of the subsidence monitoring net were required to be within

Third Order, Class II accuracy limits. The only surveys performed on the

net prior to its removal were the baseline surveys performed immediately

after the net was installed in August 1981.

Side shots from a survey control point to each survey monitoring

point were utilized as the surveying technique for the surveys of the

subsidence monitoring points. Vertical and horizontal angles were measured

with the theodolite in both the erect and inverted aspects. At least two

complete surveys, done on different d~s,were performed for each moni­

toring point. Preliminary data reduction indicates that this provided

accuracy with in the Th i rd Order, C1 ass II requi rement.

Monitoring Schedule

Because of the schedu1 i ng of the project cance11 ati on, no monitoring

of the subsidence net was performed. This section briefly describes the

monitoring schedule that was proposed for the subsidence net.

24



It was anticipated that the severe winter climate and residual

snow cover would restrict monitoring of the subsidence net to the time

period between June 15 and September 15. It was anticipated that the

entire subsidence net would be surveyed each time to insure that all

surface movement was recorded. All surveys were to be coordinated with

mining activity to insure that the greatest amount of information was

recorded.

The proposed monitoring schedule is presented in Table 3. This

monitoring schedule would have resulted in surveying of active subsi­

dence over Panel 301L three times, Panel 302 four times and Panel 302L

three times inaddition to the initial and final subsidence surveys.

Based on the baseline surveys, a minimum crew size of three indiv­

iduals would have been required for a monitoring survey. This would have

included an instrument man and two rod men. Surveying time would have

been between 1.5 and 2 days. Had it been necessary to re-establish sur­

vey control into the area, it is anticpated that this would have required

an additional 1 to 1.5 days with the three-man crew.
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TABLE 3
PROPOSED SUBSIDENCE MONITORING SCHEDULE

Lift 1981 1982 1983 1984 1985 1986

301 L I II II AAA FFF F

302 I AA AA FFF FFF F

302 L I II II III AAA F

L - Denotes Lower Lift Panel
I - Initial Survey
A - Active Survey
F - Final Survey

26



RESULTS

The only results obtained during the survey were the coordinates

and elevations of the control points and field survey data for the base­

line survey of the monitoring points.

The results from the control survey are tabulated in Appendix D.

The field survey data from the baseline survey of the monitoring net

are tabulated in Appendix E.
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DISCUSSION

This section addresses the layout and design rationale for the

survey control net and the subsidence monitoring net. The constraints

imposed by topography, vegetative cover and local and Federal (Forest

Service) regulations are described. The unique aspects of monument

construction in alpine terrain are discussed.

Control Net

The design rationale and 1ayout of the control net were dictated

by the mine plan, topography, the proposed surveying procedures and

the locations of existing points within the mine's triangulation net.

It was desired to construct the minimum number of points necessary

to provide for a closed traverse control survey. At least one point

in the control net had to be located outside the area of possible in­

fluence of any mining in the five mines within COal Basin. Selected

control points would be positioned so as to serve as instrument sta­

tions for monitoring the subsidence net. These instrument stations/

control points had to be located where snow cover would be minimal Qr

nonexistent by the middle of June. All control points had to be located

such that helicopter landing areas were near by. Finally, all control

point locations and attendent helicopter landing zones had to be free

of any "cultural resources".

The procedure for establishing the control net involved the fol­

lowing steps:

1. Selection of possible sites on a topographic map based on the

existing mine control points, mine layout and surface topography
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2. A site reconnaissance utilizing the helicopter and the

archaeologist

3. Test set up with the theodolite to insure lines of sight

4. Construction of concrete control points

5. Control survey

The layout of the control installed as a portion of this study

was shown on Figure 3. Results from the control survey are pre­

sented in Appendix D.

Subsidence Monitoring Net

The design rationale and layout of the subsidence monitoring net

were dictated by the Scope of Work, the mine plan, the surface topo­

graphy, vegetative cover and conditions established by the Forest

Service Special Use Permits (ie, extensive cutting of trees was not

allowed and monuments had to be removed at the end of the project).

The Scope of Work specified that the net be designed to provide

both center line and transverse profiles with respect to one complete

set of upper and lower lift panels and at least one adjacent lift.

The net had to be sufficient to define the final subsidence trough

that would result from niin:ing each individual lift as well as the

final, cumulative subsidence trough resulting from extraction of all

three lifts. Data from the net had to be sufficient to formulate an

elementary subsidence prediction model.

Specifically the monitoring net was designed to determine:

1. Maximum subsidence over the 10ngwa11 panels from mining
each lift

2. Horizontal movement of the ground surface from mining
each 1ift

29



3. Subsidence development profiles along panel centerlines
for each lift

4. Subsidence profiles across each panel from the panel
centerline to the point of zero subsidence for each
1ift

5. Strain profiles across each panel from the panel
centerline to the point of zero subsidence for each
1i ft

6. Determination of the angle of draw for each lift

In addition to these data it was anticipated that additional

information addressing the following points would have been obtained:

1. The effects of dipping seams on subsidence

2. The effects of topography on subsidence

3. The effects of geology on subsidence

4. The effects of virgin vs. previously mined ground
on subsidence

5. The effects of depth and mi ni ng geometry on subsidence

6. The visible effects of subsidence on the ground surface
for this given environment

The subsidence monitoring net was designed with monitoring points

spaced a maximum of 200 ft apart. This yielded a ratio of monitoring

point spacing: overburden depth (h = 2800 ft) of 0.07. This compares

with the O.lh to 0.15h maximum spacing recommended by the British Na­

tional Coal Board.

Perpendicular (traverse) subsidence lines were extended out from

the panel ribside for a distance of 1250 ft. This distance was deter­

mined from the depth of the seam (2800 ft), the projected angle of draw

(24°) and the pitch of the seam (12°).

Lines of monuments were positioned along the centerline of lower

lift Panel 301L and the centerline of the upper lift and lower lift



pair, Panels 302 and 302l. Topography and vegetative cover controlled

the exact location and length of each centerline segment.

The Panel 301l centerline segment was 700 ft long (5 monuments).

This short length was dictated by steep topography and dense tree cover.

The centerline segment for Panels 302 and 302l was 1000 ft long (7 monu­

ments). The location of this line was controlled by steep topography.

Three perpendicular subsidence lines were installed inaddition to

the two centerline segments. The principal control on the location of

these lines was the desire to place them at the start, end and half-

way points of the 302/302l centerline segment. These three lines were

denoted the north, center and south perpendiculars. All three perpen­

diculars were extended out 1800 ft from the 302/302l centerline segment.

These lines consisted of 7, 14 and 10 monuments for perpendiculars north,

center and south, respectively.

Only the center perpendicular was extended to the Panel 301l center­

line. The other two were constrained by topography and dense tree cover.

The original plan also included rough leveling points installed

along certain segments of the perpendicular lines. The points were to

·pe installed on 50-ft centers. They were to be utilized to better define

the angle of draw. However, the project was cancelled before this work

was performed.

The general layout of the monitoring net was shown on Figure 5.

Monument Constuction in Alpine Terrain

This project involved construction on a subsidence monitoring net

in remote, high alpine terrain. The project indicated that several

factors are key parameters in this type of subsidence monitoring.
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These are:

1. helicopter support

2. simple monument construction

3. Placement of instrument stations to reduce
surveying time

Experience gained on the project was that simple monument constru­

tion is essential. Monuments must be easy to fabricate, transport and

install. MSE believes that the monuments util·;zed in this work satisfied

these requirements. MSE was unable to validate monument stability through

surveying because of the project cancellation. However, observations

during the removal process indicated that the monuments most probably

were stable.

The strategic placements of instrument stations to maximize the num­

ber of points that would be surveyed from a particular instrument set up

should be a factor in the design of a subsidence monitoring net in alpine

terrain. Care should be exercised in locating these instrument stations

in areas prone to lightning strikes. One of the control points installed

by MSE was truck by lightning and the top 1 ft of the concrete monument

blown off. Approximately 1.5 mandays were required to rebuild and re­

survey this point.

Our experience shows that approximately 21 manhours and one heli­

copter hour were required for the installation of each monitoring point.

These figures do include the time and effort required for the initial

reconnaissance, permitting, cultural resources survey, establishing

survey control, net layout, installation and baseline survey. If all

factors except actual installation time are ignored, then approximately

one manhour and V4 helicopter hour were required per monHoring point.
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CONCLUSIONS

This project demonstrated that a subsidence monitoring net can be

successfully installed and removed from a remote, high alpine environ­

ment. The study showed that pre-planning with respect to instrument

station locations was a critical factor in reducing installation and

monitoring time.

It is also critical to closely coordinate activities with the ap~

propr1ate regulatory agencies to avoid unnecessary and costly delays.

Simple monument construction is necessary to reduce installation costs.

The project was cancelled before the actual response of the net

to actively subsiding ground could be determined. Also, no funding was

allowed for a final baseline survey to validate monitoring point stabil­

ity. Future work should be concentrated in these areas.
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APPENDIX A

FOREST SERVICE PERMITTING FORMS
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Form A~'o••cI
OMS :oro. 40-R341S

UlUtecl SIOC.. DepOftlCl.nl of AIJ'lW!"'''' Ii 0. R.eD'. n•• (1.21 £ I~ ",'M ".., Ic. ;:0'''' lS-o)

Jl jl, ..." Semce

SPECIAl. USE APPI.ICAT10N AND REPORT Z Q 11
(R.l.rence FSM 2712) I~ d. Oi."jc' (7.0)

\ •• Uu, nwm~.~(9~1: If. Kin. of wu (13.15)

~
Thl. ,...." I••wth.,iud by th. 0'''0''10 Act of Jwn. A, 1897 0: 08 6 1 2

~ - - - --I., tho ....'"••• • 1 eyoJw.';"" ,he p,opo••d w...... no p.""it
~ ". St.,. (16.17) I"' COW"", (1 a.20) lit. Cord No. (21)"'• ., It. i ..WH w"I... rill. 'o,m i. com"l.,od 0' tho info""o• ....

08fleft It ,"w.... h•• It••n "0••• p." of th. ,.c.,. in .omo e: I GUNN ~ ~ 2- 10
0,"0' "onno'.

I"'" - -
PART I • APPLICATION (To b~ comDlet~cl by appliccntJ
Application is no,oby mado for CI po""it :0 wso National Fo,o" !ancl as indicaTod boiowl

I. O..c,i~,'on of lo"ci, (""14cll )lAP 0' P!.IiT)

A parcel of land in sections 6 and 7, T.10S., R.89W. and sections 1 and 12, T.l0S.,
R.90W., as snown on the attached map.

2. jI..,,..o of w•••

Installation and monitoring of approximately 54 surveying monuments for the purpose
of measuring surface subsidence due to underground coal mining. The work is being
done under DOE contract #DE-AC22-80PC30ll8.

l...n9th in: x WIdth
("••lI =

(Acro.'

,. l"'II""_Oft,•
•• O.ocri ..,loII

NONE. Monuments to be removed upon project completion except where they will be used
by Mid-Continent Resources, Inc. for their subsidence monitoring requirements. All
monuments will be removed when they are no longer required for subsidence monitoring.

b. "to". Ott'll,,"o. CXJ Y.. ,..-, No. II "NO" .ho. dOT. plo"s will b.I..",i.hod

c. eITlmo,•• co., G. Contr",ctlon wi II be9i" w; mi" e. Cona,rucfian .ill b. comol.t•••irh.n
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;ZIP COde'

F5.2700.3/11/,',;1

ox
62901
Engineering Company

81623

I
Appl;cCln"s oaor... •

Min- Carbondale, ILL
Mine Subsidence
P.O. Box 746
Carbondale, CO

6
{~onth.)

$30,000.000s~_..:....- _

P,••••"...it'Oft .f '"'I ;0

00,. of "pplicaflo"
b
' ;'ppliconr. nom. ond lu~notu'.

, epartment of Energy, Carbondale
Jng Technology Center

January 16, 1981 Collin L. Stewart, Partner
I M;rz,eL-~~,~s:\~,e~ce ~;t~:~:neering Company



PART 11 • RE?ORT ON ;t.PPLICA TIOH fTo be comolr!tea ;.v Forest Officer)
. I. ~efI.,,1I d••c,ip,;o.. 0; ,he 0'.0 ene ado.,obility fo, ,iI. p,ooo........ O..,li". 0'.0 on ,.po,o•• ""op Sh••, if n.ocI.d '0 clorify ·iI'Opo••d .....

(V,. Fi.lll ,1Ie111 ~A..c '''Onrt 3oJiJo-;:O, 'f n~.j.d)
R89W., TIOS., Sec. 7 and R90W., T10S., Sec. 12, See attac~ed ma~s. The land under
consideration fo.r this project is well adapted for the proposed use.

2. If p,..., ....I., ""d., It.""i' I..dleo,.,
NtA.._---_-.:_-~-=---:-::--~~~-------­(N_. ot P.n.UC••)

11. __~__"..- _

(COCD ot P.....U)

c. __....,~_~_...., _

(Coco Clo••d)

This project is being done in conjunction
Energy.

3. O•••,llt• ."..., ."!N",b.,...c•• 0" m. lond....clo 0. ""thei,owol •• po~., pro,.clI, H ......n'•• ,igft••-ol.",.,. lIIining cl.im•• I••.•••••'e. Sh.w
eft _, "."i.....r 0/1 Form 5<100.20.

Mid-Continent Coal Lease UC-125457.
with this le~se by the Department of

4. s••,••p",••i",.'. o",ount e... kind. of ,'",b... to b. cu'. ,.comm."d.d ""'",p09. p,ic••• m."'od of Icoli",; includ. ,.com",.ndo,'o" 0" di,p•••1
.f ••,....,.ltl. IIlIlb.r (0) ,. ,_i"...,curt."' .domo,. cppr.. i ••l or (a) '0 oth... mo.. p.""i"...."a., ,.,ulo, "",b., loi. proc.dur.. .

There is no merchantable timber involved. Site clearing between monitoring sites
will involve only oakbrush which will be lopped and scattered.

J. I. tho ".,..... "•• i .. conf.rmity with tho Multl"l. U•• PIon? l!J Y••
1...i,.".....'.1 4 1., ,i •. p,.".'''? Ii]. Y•• (Alloell)

l!",,''''''''~'.l 1I c' .,o._ori, p•.,.o.ocI? (P.L. 91.190) NIA G v•• (Aii4<:A)

0••• I....f."" with rho O""le' I.o..d Adiu."u", Plo,,? NtA 0 Y••
(.VOTE: I('·.VO·· i6 ~A.cutJ ... CIA" ....r 10 ...." of IA. obov. q.... ,io"•• upl..", ",ut.r ,Vo. 6 b.low)

,. it_....." ..... i ...luol'''••..., loc,o,. "';',cIt "'ith' oif••, rho 9,onti .., of rh. ponni, 0' I.."". " •• 0; tho io..d.

Monuments to be removed at conclusion of project or as they are no longer neede~.

7. Un .....1"_. which liI.uld b. ",.0. ° PO" of thit p.rmit (Su FS.V 1730)

B8,R2-E~1, ~-2-D-l, D-2, D-3, D-7, F-24, R2-X2, X-6.
archaeological clearance must be obtained before work
helicopter access will be granted from May 1 - August

In addition, a letter stating
on the ground begins and that
31.

that

62918

e. "•• ,.••"'IIl.....'I ... (006<:"0•.;or. '" 0" como..,.."o" Iiloer ~"4<:A.d)

This is a free use permit as it is issued 'to
another Federal Ag~ncy. (FSM 2710. 12a)

9. Nom. c"ci Acid,••• of ?rmi"•• uoetl., o. it ,,,ould
b••h._ on th. p.,...i t:

Department of Ener~y

RRlf2
Universal 'Match Road
Carterville,' ILL
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Fonn Approved OMB No. OS96~062;Expire. 8/31/82

United Statel Deputment of Agriculture
ForcstSemce REQUEST FOR TERMINATION OF AND APPLICATION· FOR SPECIAL USE PERMIT

(Ref: FSM 2716)

TIIII report II IlIthorlz.CI DV the Or"nlc Act of Jllne 4, 1197 for the pllrpo5e of .Yllllltln, the r.qu.steellctlons InCl no permit mlV De I"\leelllnl...

thll form II compl.r.el.

PART I. REQUEST FOR TERMINATION (TobecomplerwdbyP,mnirtH)

_..!~ld!~~l·!.:~Q.rl - - -_ NATIONAL IfoREST
TO: ..OREST SUPeRVISOR

I (WE), THE UNDERSIGNED PERM:TTEE(S) UNDER THAT CERTAIN SPECIAL USE PERMIT. DATED __--'.u.)ull...'i/-y.J.2..;;i9L.j...... 19&.

AUTHORIZING ME (US) TO
install and operate approximately fifty-four monuments for monitoring

...s.s1Lyrt:ftJailJc;SeWs~yWb~sliQdee;nDJc~eUC~aLYu~s~e.£d.....!:!.byL!u::!.!n~d:!.!:eO.!r.:.!:gl!.r:l::!o~u!ln~d_c~o~a~l!...!.m~i!..!.n~i~n~Q.:.. HAVE

~.W~~J removed all improvements located by ~SE on the parcel covered by said permit

OR

(NAME OR NAMES)

(ADCRESS)

ACCORDINGI.Y.I (WE) REQuEST THAT SAID SPECIAL·USE PERMIT BE TERMINATED. THE REMAINING BALANCE OF ANV FEES PREVIOUSI.Y

PAID SHOUl.O 1& CREDITED TO THE APPI-ICANT NAMED BEl-OW•

( )

,:~., .\. ~ {:....

EES LISTED ON PERMIT)

• 19...8.2

.STRIKE OUT INAPpt.\CA8L,E AI.TERNATIVES

DATEI 8 AllglJst

PART II • APPI.ICATION (To hit ComplBrt!d bv A"pli""nt)

APPI.ICATION IS HERESY MADE FOR A SPECIAL·USE PERMIT TO COVER THE SAME PARCEL OF LAND COVERED SV THE PERMIT REFERRED TO
IN THE ABOVE REQuEST, AND FOR THE SAME PURPOSE OF SAID PERMIT, SUBJECT .1010WEVER, TO SUCH NEW CONDITIONS AND STIPULA­

TIONS AS THE CIRCUMSTAN\.a$ MAY WARRANT.

I (Wit) ACKNOWLEDGE THAT WHEN A NEW PERMIT IS ISSUED, A TRANSFER f"EE OF $ 15 CHARGED. IT WILL 8E INCLUDED IN THE
INITIAl. PAYMENT 1'01' TIo1£ NEW PERMIT.

DATEI _

(TYPE IN NAMES OF PROPOSED PERMITTEES)

BY --------~;:~;';'D.;;_--------(SIGNATURE)

(ADORESS)

(OWl')
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v........ o........et~- .. If..... "•• (1.2) ~. If..' ... (3004) 211" '_lUI,..........
0..'1.70--

SPECAL USE PER.'tlT •• WI."I.. l/·el Ih 0-....... ' ..'21 If. "....." ":1-'21

f)~
612

Act 01 Jv.n 4, 1&91 --~- -_.'t'2d6-,..- 1a ,..,oabt. and noat1ll....s.. t. S,... (I6em lit. e-.", 0&020' k. c... "" ~1)
(Ref. JIISM 271 0)

108 051-- --- -
=

Penni.,ioA il hereby grant~ to Department of Energy, Carbondale Mining Technology

It Center, P.O. Box 2587, Carbondale, ILL. 62901 ,
horeinafzetcalled the permittee, to IIle subject to the c:onditions set out below. the followingde.scnbed lands
or iJDFo9..nu:

A parceL of land in Sections 6 and 7, TIOS., R89W., and Sections 1 and 12, TI0S.,
R90W., ~8 shown on attached map.

Na penrdt covers 8_1__-aa,c:'!?s and/o" __N_I_A__rniles and is issued for the pUr'i'0U of:

1. Construcuon or occupancy and lISe under thi:s~ermit shall b~n within 6 mont!'!s, and
con.crucion. if any. shall be eo~leted ·..ithin 12 menths. from the dace of the lJl'mlit. This
II. ahall b. acually e;utrcised at least 365 days eacn year. unless ot.'elwi.se 3.UU1ori:ed
ill writiq.

2. Ia coasideracioD for this use. the permittee shall pay ~o the Forest Service. U.S. Deoplartment of
A9i=lture, cDe .UIZl ot - r; Dollan (S - c - _) ror the ?eriod
(rolD, N,A 19_. to • 19_. and thereafter
Illlluallyon Nt A 1

_~~o:--_~=-_-:-~o:--__-:-_Donars ($ ) :
PflO'fIid_d, iloV:''fIn. Charges for thi~ use may be made or 'readjusted whene'/er ~et:e~sat; to pla~e ~:te
charres on & buis comm~su,atewith the value of u.s. authon:ed 01 this permit.

3. Tlt;5
7

p.rmh is acceopteO. subi~t to the ccndition.s set iorth herein, and to conditions __1..8 to
2 attached heretO and made a part of this per:'l'!it.

ISSUINQ
O,,.lCI"
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4. Oevelop~r plans; layout plans: cons~c:tion, recon$U'Uction, o~ alte:ration or i~prov~ent$: 01'

revision ot layout or coft.Stnlcrion plans {or this area m~t be approved l~ aavance and It, wnun!f by the
forest supervisor. Trees or sbrubbery on t,he pennitted area may be I'e~oved or destX'?yed only after th~
forest ocneer in eh~e has approved, and nas marl.4:ed or otherWlse deslgnaterl that. wn1C:h may he ~!noved
or destrOyed. nmber cut or destroyed will be paid for by the ?ermitte~ a.s follows: Mechantable timber at
~praised value: YOWlgogt'Owth timber ~~iow m:rchantable size at cu~nt d~age apPI'~isal value: provided
thac the Forest Service reserves the agnt to dispose of the merchantaole nmbe!" to ot:lers than the per­
aUuee ae no atumo&!'! cost to the pennittee. Trees, shn.tbs, ann other j)lant.S may be planted in such
_1Iet' aad in .suCh places about the premi.leS a.s may be approved by the forest oi!lcer in char~e.

S. "nle pemittee shall maintain the improvements and premi.$es to standards ot r~air, orderliness •
...am.... sanitation. andaaiecy accf:1)table ~o the forest officer in charge.

6. This permit la subject to aU valid claims.

1. 'IDe pennittee, in exercising the privileges granted by thi., permit, shall comply with· the ~gulations
or ch. O~artment ot Agriculture and all Federal. State, county, and municipal laws, ordinances, or regula­
cfana wbic.It are applicable to th. area or operations covered by thi.s permit.

8. 'The permittee snail take aU ~asonaQle pre<:autions to prevent and suppress (orest tires. ~o maa
ceria! shall be di.spoaed of by oumin~ in open fires durin~ the closed season established by law or regula­
tieD without :1 written permit from the forest officer in charge VI' hi.s authoriz~ agent.

9: ne permittee shall e:tercise diligence in protecting from dam~e the land and proper cy of the tinited
Scaces covered by aDd used in connection lrith this pennit, and .shaU pay the United States (or any dam~~

resulciD! from ne!ii~ence or (rom the violation of the te:nt.s of this pennit or of any law or reg"Jlation appli·
caDle to the Na.t:iOllaJ. Forests b~ the pennitt.., or b~ 0111 agents or employees or the permittee :lCting
witIWI tile scop. ot tIl.ir agency or employment.

10. The permittee shall tully ~air all dam~e, ochet' than ordinary wear and tear, to national forest t'Oa~

md trails eaused by the permittee in the e~ercise of the privilege granted b~ this permit.

1L No Member oC or Delegate to Congress or Reside!tt Commissioner shall be admitted to any share or
part oC this ~e:1tor to any benefit that may arise hereirom unles.:i it i.s made with a corporation for its
ftaeral benefit.

12. Upon abandonment, termination, revocation, or cancellation of this pennit. the permittee shall remove
wiebiD • reasonable time all st1"'Jetures and improvements e:tcept tn05e owned by the Cnited States, and
shall restore the site, unless othermse agreed upon in writin~ or tn this pe!'T:Iit. If the [:It!!':':'Iit:ee tail.s ~,:)
remove all such structures or im;lt'Ovement5 within a reasonabie period. ther shall b~ome the propel"ty of
the United States. hut that willnoc ~lieve the permittee of liabiLity for the c~st of their removal ana.
rutataeioa oC the site.

13. This pennit is noe tr3Dsi~le. If ~he pe~itteethrou!riJvoluntat;' sale or t:"3nsfef'. or tht'O~h

eu{oI'Cement of contr:1c:t, foreclosure, tax sale. or other valid legal proc~.:iin~ shail cease to be ~he owner
of the physical i~rovemenuothet than taose owaedby t!1e United States situated on the land desc:rib~

ift this pennit and is unaele to !umish adequate proof of abiliry to re<ieem or otherwise reestablish titl/! to
said improvements, this pennit shail be su~iectto cancellation. But ir the pe!'son to whom title to said
improvements shall have b~n tr:u1s£erreoi in either manner provided i5 qualified as a j:le!'Mitt~ and is
willing that nia future oCC"Jpanc:y oi the premises shall be subjec: to such new. conditions and stiouiations
as existing or ~ros~eaivecircumstances ma.y warrant, his continue-i occ"Jpaney ot the premises may be
authorized by permit to him if, in the opinion of the issuing oificer or his successor, i5suanc:! of a 'per:nit
i~ desirable and in the public interest.

14. In case of ehan~e of address, the pennittee shall immediatel,! nod!,;, the forest supero.-isor.

15. The t~oraryuse and occuoancy of the premises 3nd im~rovement.s he~in described l'!l:!.'· be sublet
by the permittee to third parties only with the prior'written ~~rovalof the :orest :;uoel'\-':sor b~t t~e ~e!'.

m~ttee shall eon~inue to b~ res~onsible for compHanee with all condi:icns of this ~er.:'lit by persons .0
waom such F:emlaes may oe sw:llet.

16. T'nis ?ennit :nay be te!'r.'linaced U!=l00 breach or any of t~e c::nditions herein or at the disc:'t"~lon of tlle
retiocal :ot'escer or tl:e Cbief, rorest Service.

17'. In the !vent of any conflict betw~en a:ly of the preceding printeddauses or <10... pro\':;iions t!lert"~i In'':

ur oi the following elauses or any pt'Ovisions thereot. the iolLowin~ ciauses will control
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18. Indemnification of United States

The permittee shall indemnify the United States against any liability
for damage to life or property arising from the occupancy or use of
National Forest lands under this permit.

19. Permit Termination

"Unless sooner terminated or revoked, this permit shall expire and
become void on 12/31/86, but a new permit to occupy and use the same
National Forest land may be granted provided the permittee shall have
notified the Forest Supervisor not less than three months prior to
said date that a new permit is desired, and the permittee is willing
that his future occupancy of the premises shall be subject to such
conditions and stipulations as existing or prospective circumstances
may warrant and if, in the opinion of the issuing officer or his successor,
issuance of a permit is desirable and in the public interest."

20. Refuse Disposal

The permittee shall dispose of all brush, refuse, debris and unused timber
at such times and in such manner as may be required by the District Ranger.

21. Water Pollution

No waste or byproducts shall be discharged if it contains any substances
in concentrations which will result in substantial harm to fish and wild­
life, or to human water supplies.

Storage facilities for materials capable of causing water pollution, if
accidentally discharged, shall be located so as to prevent any spillage
into waters, or channels leading into water, that would result in substantial
harm to fish and wildlife or to human water supplies.

22. Esthetics

The permittee shall protect the scenic esthetic values of the area under
thi~ permit, and tile adjacent land, as far as possible with the authorized
use, during construction, operation~ and maintenance of the improvements.

23. Erosion Control

The permittee shall be responsible for the prevention and control of soil
erosion and gullying on the area covered by this permit and lands adjacent
thereto, and shall provide preventive measures as required by specifications
attached to and made a part of this permit.
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24. Fire Prevention and Suppression

The permittee shall do everything reasonable within its power and shall
require its employees, contractors, and employees of contractors to do
everything reasonable within their power, both independently and upon
request of the Forest Service to prevent and suppress fires on or near
the lands to be occupied under this permit.

25. Archeological-Paleontological Discoveries

"The permittee shall immediately bring to the attention of the District
Ranger any and all antiquities or other objects of historic or scientific
interest including, but not limited to, historic or prehistoric ruins,
fossils, or artifacts discovered as the result of operations under this
permit, and shall leave such discoveries intact until authorized to
proceed by the District Ranger. Protective and/or mitigative measures
specified by the Forest Service shall be the responsibility of the permittee."

26. Mineral, Oil, Gas Rights Granted

This permit is subject to the rights and privileges granted in mineral,
oil, or gas leases covering this land which have been issued by an
authorized agency of the United States, and this permit does not authorize
the prevention or obstruction of the reasonable exercise of the rights
and privileges granted by said mineral, oil, or gas leases.
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STATEMENT OF ~EED

1. Descriptj2~ of j?roject and its location.
The proposed project involves monitoring of mining-induced surface subsi­

dence above two multiple lift longwall panels at Mid-Continent Resources, Inc. 's
Mine No.3. Specifically, the proposed project inv~lves the design, inst~llat~on
and monitoring of a surface subsidence data collectlon system. The work lS belng
done under a Department of Energy Contract #DE-AC22-80PC30118.

The proposed project site is located in the Coal Basin area near Redstone,
Colorado, in sections 6 and 7~ T.10S., R.89W. and sections 1 and 12, T.10S.,
R.90W., as shown on the attached map.

2. D~_~ri~e__Jb~_'=-f?_t~JJ.-9_Yls ..b.5JUlJ_the.Y.!J?j_e..cJ tQ~isjJ.!'.L~~!.E_0.Q.Q.?-.9l:-_~stem~.

The project is related to underground coal mining operations at Mid­
Continent Resources, Inc.'s No.3 Mine. The project will determine the magni­
tude and distribution of surface subsidence effects that may result from the
underground extraction of the coal seam.

The surface subsidence monitoring will not have any adverse effects on any
existing surface ~eatures or the surface environment.

3. ~ece_s~'jJLJg.r: ..,J.b..e.-2.!:.Q.j_ect.
This study has been initiated by the Department of Energy (DOE) as a part

of the Nation's energy program to study Inining conditions and associated sub­
sidence characteristics in coal fields throughout the United States.

As the national energy base shifts from oil to coal, vast areas of the
United States will be subjected to greater underground mining activity. Increased
interest has therefore been generated in the extraction of thick coal seams
located in the western United States.

Recent environmental legislation by both Federal and state governments has
placed severe res.trictions on mining impacts to the surface environment. One
major constraint on the extraction of thick and steeply dipping seams by 10n9­
wall techniques has therefore been a fear of the consequences of the associated
surface subsidence.

At the p~esent time, adequate methods for predicting the characteristics
of subsidence and the impact of subsidence on the surface environment are not
well developed for mining environments in the United States. In many European
countries, notably the United Kingdom, the area of subsidence prediction has
been developed on an empirical basis using extensive subsidence data bases col­
lected over a long period of time. These empirical capabilities are routinely
ultilizedbymine planners to minimize the surface impacts of underground mining.

This study has been initiated as a portion of the DOE's program to collect
subsidence data for the developrnent of empirical subsidence prediction models for
U.S. mining conditions. This study is unique. It is specifically designed to
collect subsidence data from the multiple lift longwalll mining of a thick coal
seam (25 ft thick) under deep overburden cover (2500 ft thick) in a mining en­
vironment that typlifies coal fields in the Rocky Mountain region of the western
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Statement of Need (continued) page 2

United States. It should be noted that the multiple lift longwall mlnlng opera­
tion at the No.3 Mine is the only one of its kind in the United States. It
represents a demonstration of a mining method that has not previously been used
in the' United States.

4. AnticipateQ future expansion.
None.

5. Alter'lajive..Lt9__t~ojecL
No alternatives exist except a no action alternative. Mid-Continent

Resources, Inc. is the only mining company utilizing multiple lift longwall
mining in the United States. The project is being funded by the Department of
Energy to test the feasibility of this type of mining for thick coal seams with
U.S. mining conditions and health and safety regulatory constraints.

6. Need (QF-.!.;_aji9-"_ClJ Forest lands.
The ground surface lies partly within the Gunnison-Uncornpahgre-Grand

Mesa National Forest. The National Forest land is needed to install surveying
points for the subsidence monitoring program.

7. Other ow~.r:.s ..hJ.p...s_a_~.Q_a.9..~c i~_s..in..~'-o 1ved.
Sopris District - White River National Forest

~3n~~~16. 1981
Collin L. Stewart, Partner
Mine Subsidence En9~neering Company
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O!olB :0;0. 40-;D4U

tJl'lJ'ec 5'0'" O..,ar=.n,'o( AI"""'lNt. !)- o. i\.c~,ci no. (1.2) ~ I~ R••.•"""'I I"~ 'u... "~I
--j'0".' S.mc. '"5 7

S?~CtAL USE A?PLICA TION ANO RE?ORT ':ll - -
(Ref.fenc.;:SM 2712)

:::I
d. Ci."ic:' (i")

\ •• Uu, n~m~.~(9~1: \ f.
lCind oi .... (13·: 5)

IloI
!.t, >

f),i. ,.port i. ow'''o,iuel !>y tn. C,vonfc Act of J..,.. 0&, 129.71 ~ -- ---
I.t m. 1''''1'0•• of ..oJ~o'i"~ ,h. ",oDonel " •• OJ'ld no PO"""1- 9. $"". (16.17) i iI. Cown.., (1 S.20) I'" C.. ,d N•• (%1)"'., b. i ..... " .."I.... rili. 10,191 i. cOr.'lOlot04 or rn. infontlo. ~
lioll It '.olli,•• ~... b••" ,,",osi. 0 port of tho ,oco,eI ill ••m., 5 I

,
om.' "'01111.'. II.. - - - -- -
PART.t • A?PLICAilON (To b~ com:.leld by cpplicC:I'lt)
AllOlic:tlon is h.,.:v :"ce~ for :: ;:.,,,,it ~ liS. NaTional Fo,.sT tond_,=.c:..s..:..in:.::c:~·j.::.c:.::;:~• .:.::..:.~:.:• .:.:.lo:'..:w~I _

1. O..c,i,.lolI of 10110' (At::>;;4 !>lAP D' p!.AT)

A parcel of land in sections 6 and 7, T.10S., R.89W. and sections 1 and 12, T.10S.,
R.90W., as shown on the attached map.

2; it"-,,.o••f ......

Installation and monitoring of approximately 54 surveying monuments for the purpose
of measuring surface subsidence due to underground coal mining. The work is being
done under DOE contract #DE-AC22-80PC30118.

x WI drit
~-

(F·.tJ

•• 1"',....__••
•• 0 ••c,i,.I ...

NONE. Monuments to be removed upon project completion except where they will be used
by Mid-Continent Resources, Inc. for their subsidence monitoring requirements. All
monuments will be removed when they are no longer required for subsidence monitoring.

... PI.II••".,,,".~ [XJ Y•• n No. II "NO" s;,•• cio'. ,,1011' ..ill b. f..",i.hed

c. E"l,".,.~ ;;0"

s _$.:-3_0~,0_0_0_.0_0_0 _ 12

Engineering Company

81623

I~;~:~~~~~;:~nce
P.O. Box 746
Carbondale, CO

6

Collin L. Stewart, Partner
Mine Subsidence Engineering Company

c.,•• f "",lie.fio"

January 16, 198
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..ftrellCl."140 en 1I0I.J31.(.' StetIOft 111
or nit J_U.".. ~'EPAProce..
Hlnclbool..1

Tht~ 1h.1I be indud.d •• an
Iftl....T;eri.f Ihe deci.ion notice.

IItpoulbl. orr.... •• • • 11 _k. th.
filldlna or IlO _nealll lvail...1e lor
",W,e r"'.... II.....I"" SUt••nd Ire.wid.
Cltllrtnalloulllli for ao da)" blfo,. the IIncr
...k•• III finel .I_illltion whelher lu
PNP"re la n"lrDIllll.lIllllmplcI II.ttlll.al
.1Id bvr",. lhe IClioa mar blJia wh.n:

"(il"" propolld .ellOft i•. or I. dOllly
.imil.r 10...e wbich noflftilllr require. the
prellilrillloll 0111I",,,",,,"'1,1 imp.cI
".I,ml·lll.

'Iil TM.1lI1ure 01 \h. propCIlC!d 'r:lion i.
....,thnut ""'nL" (40 CFR 1501041.

In Ihe.. IWO sltuaUon•• Ih. deci.ion
nolice.•ncl ill inl.,,1 FOSSI••h.lI be
m.d••"..Ilabl. for a »day public:
.."i"w period prior 10 implemenlation of
lIIe pilln. policy. prol"lIm or proicl;I.

'1IJ2.~urmn', Environm.nl,,1
......m.,lI. and .n"ironmenlill Uhp:lct
1I.'emenil ihould Ilc:ncor.lI)' conform 10
III. followl", oUlline. The oUIline
,,,110"" Ihe lequ.ne. of .I,p. in the
en\'ironmenlal ilrual)·.i.(FS:Ioi 1951).
lectinn. of Ihl: oulhnll /:la)' be combined
Dr h'anilnlld in 'hI! inl"'Sl of clanly
and btl"'ily.
IA.EliOut_

I. CIt..., 1h,.1 Inptl.....1for EAI
a. lulllmllr)' IClplllMlll1 for EA I.
3 1"1,1,,., eun."'IDPI...1for EAI.
4. IlIlmduc;t.ulI
I, Atfl'l;lrd follvil'OlllllClII.
.' E"lItU411l1111 Crileri...
,. All_II"•• Can.id..r.d.
• 'Jr..",. Clf IlIIrl_·nIAhon.
•. F",.IUlIllOll uf Aherneh".."
,. teltmllfif:alillll of .... ' ....1S.",lt:fO

,.fll".." Ali"""h"e.
'I. c...ullilbon With Olh.,..
lI. ltlde.. 10phun.1 for EAI.
\3. Appelldia. foplillCllll for EAI.
(alli.1 of ptepe",.,..
(blliat oI .....r.1. S411. aNI Iocel~

.. whom lhe th, £IS or EA it be.." lIni.
(r.lauh'lanll"l ""'lew l:OIlImIftli or

........riII (fl..1F.IS onIrl.

11UZ.4-CfJnl,n". Writ.,. of
• n\·ironmrnl.1 "leuments or
en"ironmenlil! inlplel .Ialem.nl••hould
be c:oncel'nlld ",'jlh conlenL darily and
brew"y.

W"I"'"' •••11 iIlr.orporallP maleri,,1
Into an en"irnallll'llial illlped ""Iem.nllor
11I\'ifOClllMlllI.1 .'_llMIlll) by refl'NnC:e
whrn 1M efJeet will"" 10 CUI do",. 01\ bulk
Wilhoul impeel.." ...ftC)' .ad public review
01 lhe .diM. TIlt lar.orpor'ltd ..leri.1 ...."
bI cited in lhe .11II,meni (or ......menl) .nd
'II COIIlelll .,ltn)'de.cribtd. No mll.ri.l_r
be Incorpetr.ted It,. re'erence ullle.. It Ia
..._blr I\'.i:-blc for iIlIpection by
,o"n...lI, intere.led pe,... wi\hill the ....
.uowld 'or CGlUlIIII t.I ........., ....., "....

for revl.w.nd _menllblU IIOlbI
Incorpor.IIlI by refttnce.· (.oCR \101.I\).

....lflrl.1 incorpor.l.d by ,,'erence II
con.id.red rellOMbly available when:

(a) II il In .n"lrDnmanll) Iatpaet
Itll.m.nlthlt hal ..... D1id with the
CoIlnc:1\ or EPA. or

(b) II ja I buoL or olher public:ation
,.ner.lly .vlliabl. in tec:bnical
libr.rie•• or

(clll m.y be obtained (.1 the u.ual
co., of fumi.hicaa luch Inronn.li~nl f,om
the pll,.on li...,d ullihe CO"., shllt al
Ih. aourc. of furCher Inform.tion.

In finll .n"ironmenlal impact
alalcmenl•. Ihe ....I.rialll.t.d 'n item. 4
throullh 10 in t'SM 115:.3 sh.1I nonnlU,
DOt '''CI.d \50 PIlei (and preferably
ahorler) or 100 p.... for proposal. of
unu.u.laeope or COIDple"'Iy.

Rl!~poII'ible officl.t.·· • • .1:.11 In.ure
Ihl' pllllr.,Wn.1 i"I'l;rit)·. iIlcludlna .cielllilic
inl""ll" ollhl dlltUlliUlll.nd .n.I~1lII 1ft
en"lnlftmlPnlli ImpecI """'"'1111 IlInd
""'·ironmen IMIII.!. 111.)' .holll
td"1I1ir), un" Ihodg naPC! .nd ,h..11
IlI.Lc ",~licil ",re,.nc:e br foolllOt. 10 Ih.
V.illnllllr: .nd other IOlIfCeI ..Iltd upon for
"mlll....nn. in lhe .1.1.....111 IN
......mrnl\.'·I4ClOll IW.:41.

"'he drllrt 11.1'",",1 _I fulfillllCld
1II.li.r)· to the ful"'t ."Iml J'C!IIible ....
reqllihlmllllll ..I.bb,hId lor finel
.t"lemIlClt.,"I"~ 1102.'1.

1. COl'" _It"",. (optional tor EA,. See
Rellnn 231. PSH 1901.15. Th. tIIVA
Proce•• Handbook. for • IImple CO\'er
.hlle" The covar IhHI sh.n aol llICeed
one palle. It Ihlllllnc:1ude:

"Ilil A IIII oflhe ........lbIe~.....
1m;1ud',na the IIId aPllCJ Mel anr
cou....r1I1i1ll IIJIIlC\U.

"Ihl The lille of the )InlIlOIIcl action .1 II
IhI lubjt!cl O'lhe .111.llllnL .Iher wI\h the
51111I'(al."" CounI)1ie'l (or other jurtedic:1ioD
If IIpplocoablttl wb.,. the action illocaltd.

"Ic! Th.lIl1l111. addrnI.1Ild telepborte
.ulllber or Ih. pereon.1 tile...., wlla••
aupply rurther Inf.,..lloa.

"1"1 AdllipelioD 01 lIletllent ...
'*lIrl. liftlll. or dr.ft or ' lIIJIpllllllnl.

"lei A1I11l!·PIIr••'" Iet .,...
•1"lllnU!nl .

"10 In. dlll. by whidi t:omllll!llli lIIull be
N&:I'i"rcl," (40 Ct1l1102.11I.IDr.ft EIS or.l)').

"lal The 11II11II of lbe mpotlIibl. olrifoial."

Z. SlImmn".·. (Option.1 for EA). The
..,pon,iblfl official will determine Ihe
need for .n environm.ntal I.Rumeni
lummal)·. 1111 duireble for Ie"llhy ud
delllll.d .nvlronmental IIRllmen...
~ch en"ironllllnlal ""ped ...IIIIIenI

COIIIllln ••umm.')' whldi .deqU41lel, and.cr...r.ll!l)' .ummlri.. the .lIt'lllInl. TIlt
aummlll')' ah.1I .1..... the _lor cOllCluelOlll.
..... o'l:OIIlron.., (incIudi", I..... railed
., ·fIeIlr.itte .nd ,.bllc:). aNI llIe __ II
lie rtIlIh'ed (inc:Iud ....
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aiternlll\ ). ".. IUIII""" wiD ......, ..
..." (40CI'I11Q1.111.

II. lumma" il di.IrIbu'ed II •
Itpar.'. documenl. It mu.t:

(al Stl" how III. compl.te. or IA
can be obtained or re\iewed.

(b) tt... a cover .h... a"achad.
3. TobIe II!COnl.n". (Op"'" 'or

IAl. Self..xpl.nalory.
4 'g'md"C"'O" ,t,mp,e d 'pd nil

J?F \suaal. Th. inli'oducUon brirn)'
crelcribe. Ih. nillure of the deci~!tn..l.U
be ..ad•. AmaD .howi", tHi j!liii;f
loc:alion ottn; PlSn bi'1Jroler:t .hDuld bit
Included. MlIi0rJillf: and.llRr'm*
Idenlilled al e u I or ".eopin.." .rod
olhilr IIsenliul bac:karound in'nrAliII_
are preer.nlllcl only if""por,."tJli- .,.a"--'
underalandilll lhe decilion. ? ..,

"TIle .lllIl'lllllll (or .""1IIII1I111h.I'Ir••
Itrillny .pncify III. unde,I)'11II Pl:tpOae .1Id
ftudio which 1M. .Ill·acy I. lIlIpor.d'lIlIllI
prlll'<llInll Ihl! 1I1t."",Ii\·•• 1he ,rUlK'Hd
lell." '40 Q'Il•.").

51111.llIlnll mUll IlInd .getallll'lll. mol)"
... • • 11.1 .11".~c1t:rlll ptrmila. bcen-.•• and
othllr IInlllll!lllent. which IIIU" be u!»tilllll'll 1ft
Implcmllnlil\ll lhe prnpo'Oal. If II i. llIlU'n....
whlllhcr Il .·lICIl!rlll JIl'rmil, IlCPlllll'. or ,
Iftlillrftll'nl i. 1U!CI"~IIf", I"" d, ••l,
.'·i'un_"llllllllp.."t .,..tfOrlr!l1 ..h,,!! ..lid
I......~.nll!nl 11I11) I 'lIll1dh... '\" • • ...
1·.~t«rflrd"";9'P!l··e4 Thlllf'l;l!l", II

...llf:iI un Ih" .IIUlIlillft ..niitt·'11 0I11t1
". .• • Ih.U .ucelnr.llt d.tlt.f1It. I....
1II"lronIlll!ClI 01 dIe.flOill.1 tn be IIfftlCllrd ..
Cft.led by Ihe .ltem"Ii'.... un....
con.ider.liOn. TIll' df'v.riplion. ",..II toe ""
Jon,er Ihlln illllICPtNf)' 10 uneler.llnd lbe.ffect. of lhe .ltemlltiv.... Dal••lId llIW1)'-­
.......1.-..1 .lIn .... COllIlIIlln,ul.III! WII"
.... importllnee uf IholmJNICL wllb ....
inlponllnl mIllen.t IUlllIlIIriII!d.
COfIIOIidllltd. or .Impl)' ft"trnnod, .....
.,II.,·oId ....1... bulk III .lIlt.mll .nd
.11 conc:elllhlie effort .1Id .llmliun ..
Importllnl it....... Vo,,"- "':ripIlCNll uf ....
.fleeled 1II"llOIlm.nl ... IN.tnlllwa 110
_1I1U1e or the lMIaqUKJ oI.ft "',............
.........1.....1." (40CFR '10:.151

Thl. description lhould incl:acle ....jDr
f.c:ton ..rr.eli. und arrecl" hy the
deei.ion-nol lu.1 Ih... ""hlch .re
wilhin Ihe conlrol of lhe Forest SeRice.

e. EI'o/uniion criterio. Thil Hetion
descrlbr.. th. "'aluulion criteriu which
were uled to ,,·.Iuat. altemsti\·". The
apwsqef Ihe.e crllllri••Jd be-­
IIIR-.lAilO""'t A:s1:Jfii,.......

7. A/'emo';",,, mn.ideted. Thil
~tion i. u.~..IIJt.i1l.J!m.1yrta: The f.....
bnen)· d~.crlbtd.~"lIIICIin
fonnU'lbn, the ."en1i1',,·••: and ....:econd ae.~beuaeMJtsmellr..

q;;=!R
• aLllvte detcribed .........
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v e.t e

I. E"''''''99 pCg'temPl;"'" Th~.,.calon lIeUI..S how the .ltem.l.ves
I" wilh eich other I

In .n envlroNnenl.i imp.ct ,tatem.nl lor be dlrecled .olely to ...ponse. and
......menll.nd there are ~'pI in ,.11Y.n' ..buttal••
tnform.lion or ec:1...Ufic uncer1l1lnlr. the 'Flnal envlroMlenl.1 impoCl 111I'.m,"I.
.,enc), .hull .Iw.y. m"l.. cll''' thai ."ch ...." ...pond 10 COIIIlMllt•. The ......ncy ....n
Information illickin. or thMt "1!CIIr1.I"t, dilco'u, 1\ .ppropriale poinl. in Ihe f.nal
..1.... .tet.mant .ay "'ponIlble OPPCIIln. view

"If Ih. Inform.lion re'ev.nt to .dv.,.. which ••1801 ldequal'lf c$ilc:uu.d 1ft tIte
......Ct. ""."Dt",\O .reasonad choice ·dr.ft.t.I....nt .nd .hall IndlClltCl the
....onC all.m.uv" .nd .. not known .nd the ...ncy', NlpctDH \0 the ill....i.ad,' (4ll
..tr.1I COlt. orobl.inln, it .,. nol CFR 1502.1)•
•"orbit."t. the a,.ncy .halllndud. the td
Informalion in lh••nvlronmentallmpact Thi••eclion or a Final !IS .hou
..allftl.nl lor 1•••lInl.nl)."(40 Ct'R 1502.22). d..crtbe how the .ubllinliv.

'If 11~ Ih.lnrormllion reln.nl to adv.,.. inrormation contlined ift the review
Impact. I.....nti.1 to • ,..soned choice comm.ntl (that are Induded in th.
.mol\l eltem'llvel and II nOI knoWl! .nd Ih. apperidix)wa. ulld. or not used. In the
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1.0 INTRODUCTION

1.1 Background Information

Mine Subsidence Engineering,Company has been contracted by the

Department of Energy to monitor mining-induced surface subsidence

above two multiple 11ft 10ngwa11 panels at Mid-Continent Resources.

Inc. Mine No.3. Mine Subsidence Engineering Company has specifically

contracted to design. install and monitor a subsidence data collection

system and to summarize the resulting subsidence data.

Mine Subsidence Engineering Company is applying for a Special

Use Pennit to allow the construction and monitoring of a subsidence

'data collection system on National Forest land.

1.2 Purpose for Proposed Action

This studY has been initiated by the Department of Energy (DOE)

as apart of the Nation's energy program to studY mining conditions

and associated subsidence characteristics in coal fields throughout

the United States.

As the nati~na1 energy base shifts from oil to coal. vast areas

of the United States will be subjected to greater underground mining

activity. Increased interest has therefore been generated in the

extraction of thick coal seams located in the western United States.

Recent environmental legislation by both the Federal and state

governments has placed severe restrictions on mining impacts to the

surface environment. One major constraint on the extraction of thick

and steeply dipping seams by 10ngwa11 techniques has therefore been a

fear of the consequences of the associated surface subsidence.

At the present time. adequate methods for predicting the

characteristics of subsldence and the impact of subsidence on the
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surface environment are not well developed for mining environments in

the United States. In manY European countries, notably the United

Kingdom, the area of subsidence prediction has been developed on an

empirical basis using extensive subsidence data bases collected over

a long period of time. These empirical capabilities are routinely

utilized by mine planners to minimize the surface impacts of under­

ground mining.

This study has been initiated as a portion of the DOEls program

to collect subsidence data for the development of empirical subsidence

prediction models for U.S. mining conditions. This study is unique.

It is specifically designed to collect subsidence data from the multi­

ple lift longwall mining of a thick coal seam (25 ft thick) under deep

overburden cover (2500 ft thick) in a mining environment that typlifies

coal fields in the Roc~ Mountain region of the western United States.

The subsidence data collection system proposed by Mine Subsidence

Engineering Company consists of surveying monuments installed in a

systematic manner along the ground surface above Mine No.3. Aportion

of this ground surface area lies within National Forest lands.

1.3 Geographical Area

The subsidence monitoring site is located in the Coal Basin area

near Redstone, Colorado, in Pitkin and Gunnison counties (Figure 1).

1.4 Program Objectives

The following program objectives have been identified:
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1.4.1 Collect vertical and horizontal subsidence data along

the ground surface above the DOE multiple lift demon­

stration 10ngwa11 panels 301 and 302

1.4.2 Collect the subsidence data within accuracy limits of

Third order, Class 11 surveying

1.4.3 Monitor sufficient ground surface area to define the

angle of draw

1.4.4 Provide at least two surveys of the ground surface for

each lift extracted

1.5 Issues and Concerns

The following issues and concerns have been identified:

1.5.1 Minimize impact on the surface environment

1.5.2 Minimize impact on existing grazing operations

2.0 AFFECTED ENVIRONMENT

The proposed subsidence monitoring area is located along Huntsman

Ridge in the Coal Basin area, Pitkin and Gunnison counties, Colorado

(Figure 2).

The proposed subsidence monitoring area is located in a very

remote and rugged mountainous area. Elevations in the monitoring area

vary from approximately 11,000 ft to 12,000 ft.

The proposed monitoring area is partially forested with mature

and overmature spruce and fir. Because of the elevation, the trees

are not well developed.

Area access is via an existing Mid-Continent drill road and by

foot. The drill road extends to within approximately two miles of the
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proposed monitoring area. It is planned that helitopters will be used

to provide access to the area for survey monument construction and

subsequent monitoring.

Current land use is restricted to sheep grazing in the summertime.

One permittee presently has use of the area.

An ongoing cultural survey has revealed no significant sites

within the proposed monitoring area (See Appendix A for the Preliminary

Archaeological Report). An approved, on-site survey will be filed with

National Forest personnel prior to the start of any survey monument

construction.

3.0 EVALUATION CRITERIA

The evaluation criteria used to select the preferred alternative

were:

3.1 Program objectives are best satisfied

1.2 Issues and concerns are best mitigated

3.3 Least cost

4.0 ALTERNATIVES CONSIDERED

The following alternatives were developed in response to the issues,

objectives and evaluation criteria:

4.1 Alternative A - Aerial Photogrammetry. This alternative includes

the following actions and mitigation measures:

4.1.1 Archaeological survey of all ground points where survey

monuments will be installed. See Appendix A for Preliminary

Archaeological Report.



60



4.2.3 Helicopter access into and out of the site area for

some of the initial work on the survey control net

4.2.4 Installation of a survey control net

4.2.5 Installation of surface subsidence/strain monitoring

points

4.2.6 Cutting of trees will be minimized to those that have

to be removed to establish surveying monuments and

surveying sight lines

4.2.7 Ground surveys of surface subsidence/strain monitoring

points one to two times each summer

4.2.8 Removal of all surveying monuments and restoration of

the access road once subsidence monitoring is completed

4.3 Alternative C- Conventional Surveying with Helicopter Access.

This alternative includes the following actions and mitigation

measures:

4.3.1 Archaeological survey of all locations where surveying

monuments will be installed. See Appendix A for

Preliminary Archaeological Report

4.3.2 Helicopter access into and out of the site area for all

monument construction and surveying work

4.3.3 Installation Qf a survey control net

4.3.4 Installation of surface subsidence/strain monitoring

points

4.3.5 Cutting of trees will be minimized to those that have

to be removed to establish surveying monuments and

surveying sight lines
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4.3.6 Ground survey of surface subsidence/strain monitoring

points one to two times each summer

4.3.7 Removal of all surveying monuments once subsidence

monitoring is completed

5.2 Effects of Alternative B.

5.2.1 Approximately three miles of new pioneer road would

have to be constructed
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5.2.2 The pioneer road would have to be reclaimed at the end

of the subsidence monitoring program

5.2.3 Demonstrated methodology for obtaining both vertical

and horizontal subsidence deformation data within

Third order. Class 11 accura~ limits

5.2.4 Impact on grazing operations would be minimal

5.2.5 Environmental impact should be small

5.3 Effects of Alternative C.

5.3.1 Least cost of three altneratives

5.3.2 Demonstrated methodology for obtaining both vertical

and horizontal subsidence deformation data within

Third order. Class II accuracy limits

5.3.3 Least environmental impact

5.3.4 Impact on grazing operation would be minimal

6.0 EVALUATION OF ALTERNATIVES

6.1 Criterion 1: ~ect objectives are best satisfied.

Alternatives Band C represent proved methodology for securing

the project objectives. Alternative A is an unproven method.

6.2 Criterion 2: Issues and concerns are best mitigated.

Alternatives Aand Care considered equal.

6.3 Criterion 3: Least cost.

Alternative C has the least cost.

7.0 IDENTIFICATION OF PREFERRED ALTERNATIVE

Alternative C is selected as the preferred alternative because it

was the only alternative that satisfactorily met all three evaluation
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criteria. Alternative Awas not selected because it represents unproven

technology. and still required a large amount of on the ground surveying

in addition to the costly air photo flight missions. Alternative Bwas

not selected because it involved the largest environmental impact.

Alternative Bwas also more expensive than Alternative A.
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Introduction

On 27 September 1980 Grand River Institute was authorized by Mine
Subsidence Engineering Company to conduct a cultural resources inventory
of the impact area of a proposed subsidence monitoring net located along
Huntsman Ridge in both the Gunnison and White River National Forests.

The project area is located in:

1.10S., R.9OW., 6th P.M.
Section 1 ~ (Gunnison National Forest,
Section 12 E~ Gunnison County)

T.10S., R.89W., 6th P.M.
Section 6 ~ (White River National Forest,
Section 7 W~ Pitkin County)

Special Use Permits from both Forest Districts concerned have been ob­
tained, but early snows have precluded the actual pedestrian survey.
It 1s our intention to perfonn this survey as soon as the ground is clear
and to then complete a detailed archaeological report for the project
area. This report will be submitted to the appropriate federal agencies
for approval prior to any construction work by Mine Subsidence Engineering
Co.

Known Cultural Resources

Because of its high elevation (> 11,000 feet) and harsh,exte~ded win­
ters, it is doubtful that the study area was occupied/utilized prehistori­
cally except on a seasonal basis, perhaps for hunting or as an access route.
Historically, the area has been used for summer grazing of livestock
(primarily sheep). A search of the Colorado Archaeological Site Inventory,
the Colorado Inventory of Historic Sites, and nominations pending or on
the National Register, however, produced no known archaeological and/or
historical/architectural resourcesinthe project area (see Files Search
documentation, attached). A survey of other lands along Huntsman Ridge
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proposed for coal de~e10pment by Mid-Continent Resources was performed
by Grand River Institute personnel in October 1979, but this inventory
revealed no archaeological or historical resources (see GRI/CRI Report
Nos. 7962(a) and 7962(b), on file at the Paonia and Sopris Forest Djstrict
Offices). Therefore, while it 1s possible that significant cultural
materials from both the Prehistoric and Historic periods are present
in the study area, indications are that it is unlikely. If any are en­
countered, however, during the pedestrian survey, they might prove
valuable in their contribution to the rather meager high altitude archae­
ology data base.

Studies concerning the regional prehistQry include:
1) Hibbetset al.'s (1979) work in the coa1­

producing areas of west central Colorado
and Reed and Scott's (1980) work in the
Gunnison and Uncompahgre Resource Areas, which
identified manifestations of Archaic, Fremont,
and Ute cultures;

2) Baker et a1.'s (1980) work on the Mt. Emmons
project which produced evidence of occupation
as early as 8000 B.C. (Paleo-Indian):

3) Buckles' (1971) work on the Uncompahgre which
identified 12 phases of the 'Uncompahgre Complex'
dating from 5000 B.C. to A.D. 1880.

4) reports of excavations and surveys in northeastern
Utah and northwestern Co1~rado by Wormington (1955),
Wormington and Lister (1956), and Bretern1tz (1965
and 1970), which establish cultural materials from
Paleo-Indian, Archaic, Fremont, Anasazi, Ute, and
Historic Euro-American peoples in the region; and

5) .Jesse D. Jennings' "Prehistory of Utah and the
Eastern Great Basinn (Jennings 1978), which describes
cultural materials from the Desert Archaic, Anasazi,
Fremont, Shoshoni, and Navajo.
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This body of literature suggests that West Central Colorado was influ­
enced by regional variations of the Desert Archaic (Uncompahgre Complex),
the Fremont, and the Ute, and that these people may have been present in

or near the study area.
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A cultural resources inventory of a mine subsidence monitoring net
and a related control station proposed for emplacement along Huntsman
Ridge on lands administered by the National Forest was conducted by Grand
River Institute personnel at the request of Mine Subsidence Engineering
Company of Carbondale, Colorado. The study area is located in T.IOS.,
R.89W., Sections 6 and 7, and T.IOS., R.90W., Sections I and 12, 6th P.M.
A search of the Colorado Archaeological Site Inventory, the Colorado
Inventory of Historic Sites, and nominations pending or on the National
Register produced no known archaeological and/or historical/architectural
resources in the vicinity of the proposed project. A 100-percent pedes­
trian survey of the study area performed by Carl E. Conner (Project Ar­
chaeologist) and Danni L. Langdon on 1 and 25 June 1981 identified archae­
ological site 5PT293 in a saddle area of Huntsman Ridge approximately 500
feet south of the northernmost survey control station. The site was
mapped and photographed and will be avoided by Mine Subsidence Engineer­
ing Company activities. An isolated find, 5GNl570, was also identified
in the study area but it too will be avoided. A determination of no ad­
verse effect is recommended.

~(j.u.."C,c
ar~ nner

Project Archaeologist
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INTRODUCTION

A cultural resources inventory of a mine subsidence monitoring net
and a related survey control station proposed for emplacement within the
Gunnison and White River National Forests was conducted 1 and 25 June
1981 for Mine Subsidence Engineering Company at the request of the U.S.
Department of Agriculture Forest Service. The survey was effected in
compliance with Executive Order 11593, the National Environmental Policy
Act of 1969, and the National Historic Preservation Act of 1966. Field­
work was performed by Carl E. Conner (Project Archaeologist) and Danni
L. Langdon of Grand River Institute.

LOCATION OF STUDY AREA

The locations of the p~posed mine subsidence monitoring net and the
related survey control station occurring within the Forest Service Bound­
ary are described as follows (see Figure 1):

Monitoring net:
T.10S os R.89W., Section 7, W~, and
T.10S., R.90W., Section 12, E~, 6th P.M.

Control station 12:

T.10S., R.90W., Section 12, NE~E~NE~, 6th P.M.

A second survey control station (II) was originally staked on Forest
Service land but, because of its proximity to archaeological site 5PT293,
it was moved 400-500 feet north (up the ridge) onto Mid-Continent prop­
erty. Its relocated position is described as follows (see Figure I):

Control station II:

T.I0S., R.89W., Section 6, SW~W~NW~, 6th P.M.

Three other control stations were inspected on 1 June 1981 but their
actual locations were subsequently determined to be on lands owned by
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Cul tural resources inventory report on a proposed subsidence monitoring net and relited
control stations along Huntsman Ridge in Gunnison National Forest. Private land (Mi~­
Continent) is shown thusly (~). Areas surveyed for cultural resources are highlightedin yellow. .
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Mid-Continent Coal Company. Locations of these stations are described

as fOllows (see Figure 1):
Control station #3:

T.lOS., R.89W., Section 7, NE~~NW~, 6th P.M.
Control station '4:

T.lOS., R.89W., Section 18, SW~E~NE~, 6th P.M.
Control station #5:

T.lOS., R.89W., Section 18, C SW~E~, 6th P.M.

Access to the study area is gained by traveling south from Carbon­
dale, Colorado on Highway 133 to the coke ovens at Coal Creek (opposite
Redstone). The study area lies to the west along Huntsman Ridge, which
demarcates the upper boundary of the Coal Creek drainage.

ENVIRONMENTAL OVERVIEW

Topography/Geology/Soils

The study area lies atop Huntsman Ridge, within an elevation range
of 11,000 to 11,800 feet. Slope on the east side of the ridge is gen­
erally quite steep, up to 66%; slope on the west side is gentler, 20-30%.
The headwaters of several creeks occur just below the top of the ridge -­
those flowing to the west are tributary to Clear Fork, while those drain­
ing to the east empty into Coal Creek and the Crystal River.

Underlying the study area is the Upper Cretaceous age Mesa Verde
formation, which consists of sandstone, shale and, of course, coal de­
posits. (The proposed monitoring net is being emplaced to monitor pos­
sible ground subsidence resulting from the extensive coal mining opera~

tions of Mid-Continent Coal Company.) These deposits yield soils which
are tan, sandy, and contain much broken rock debris. Soil depth is

estimated at 2-15cm along the top of Huntsman Ridge, somewhat greater
on th.e treed slopes below.
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Modern Climate and Biota

The climate of the study area is characterized by long. cold winters
and short. cool summers. Average annual temperature is around 30

0
F.

Annual precipitation averages between 25 to 45 inches. with more than
two-thirds falling as snow. Much of the ridge was still under snow on
1 June of this year. but only small patches remained by the 25th. The
optimum growing season for native plants is 1 July to 15 August.

The upper elevations of the study area are vegetated with tufted
al pine grasses. forbs. and scattered spruce and fi r. Lower slopes ex­
hibit dense stands of evergreen. scattered shrubs. and grasses. Near
springs and creeks. sedges and shrubs are found in greater abundance.
Ground cover is approximately 30-50%.

Faunal sign indicated use of the Huntsman Ridge area by elk and
mule deer. Other mammal species known to utilize this habitat are
snowshoe hare. marmot. weasel, pika. mountain lion, and coyote .. The
area is also grazed by domestic sheep.

General Environmental Assessment

Because of it~ rather harsh. extended winters. it is likely that
the study area would have been attractive to prehistoric peoples only
during the summer months. At this time of year. temperatures are tol~

erable. water is readily available from snow melt, and there is a ple­
thora of edible berries and plants at lower elevations. Also, during
the summer. wildlife migrate to the upper slopes to graze; elk were
seen within 300 feet of the study area at the time of survey.

Aside from slab sandstone. no lithic source materials were observed
in the study area. However. the Crystal River ( ,...; 4 miles east) pro­
vides many cobbles of various materials, while chert nodules may be found
1n outcrops of the Morrison Formation ( ,.., 3 mil es east).
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KNOWN CULTURAL RESOURCES

A search of the Colorado Archaeological Site Inventory, the Colorado
Inventory of Historic Sites, and nominations pending or on the National
Register of Historic Places, produced no known archaeological and/or his­
torical/architectural resources in the impact area of the proposed moni­
toring net/control station (see Appendix A for documentation of files
search). A survey of adjacent Forest Service lands along Huntsman Ridge
conducted by Grand River Institute for Mid-Continent Resources, Inc. in
1979 revealed no cultural resources (Conner and Langdon 1979).

Regionally, studies have been conducted by Hibbets et a1. (1979),
Nickens et a1. (1980), and Gooding (in progress). As part of their archae­
ological survey of the west-central Colorado coal leases, Hibbets et a1.
surveyed two transects within 20 miles of our study area -- Transect 9B,
5039 acres in T.12S., R.9lW., and Transect 9A, 1440 acres in T.13S.,
R.92W. The first yielded a prehistoric site density of .0006/acre, the
second a density of .0007/acre.

Nickens et al. performed a Class II inventory of the Glenwood Springs
Resource Area. within 20 miles of our study area. They predict that the
higher altitudes (spruce-fir. aspen, and mountain grassland strata) will
generally yield less than 5% of the area's cultural resources and that
these will likely be limited activity and short-term camping sites.

A high-altitude excavation at Vail Pass by the Colorado Department
of Highways (Gooding. in progress) produced cultural materials dating
from 7320 to 200 years B.P. Cultural horizons represented include Early
Archaic, McKean Technocomplex, Late Plains Archaic, Woodland. Upper
Republican, and Late Prehistoric.

Other studies concerning the regional prehistory include Reed -and
Scott's (1980) work in the Gunnison and Uncompahgre Resource Areas. which
identifies manifestations of Archaic. Fremont. and Ute cultures; Baker



et al.'s (1980) work on the Mount El1IOOns project which produced evidence,
of occupation as early as 8000 B.C. (Paleo-Indian); and Buckles· (1971)
work on the Uncompahgre which identified twelve phases of the 'Uncompahgre
Complex' dating from 5000 B.C. to A.D. 1880. This body of literature sug­
gests that west central Colorado was influenced by regional variations of
the Desert Archaic (Uncompahgre Complex), the Fremont, and the Ute, and
that these people may have been present in or near the study area.

RESEARCH RATIONALE

~

Because there is so little known about both the archaeology of this
geographic area and that of high altitudes in general, the search for
archaeological sites in this region is scientifically imperative for the
development of a comprehensive data base for western Colorado.

FIELD METHOD

A Class III inventory of the proposed monitoring net was made by
walking each of the three lines (see Figure 1) in a zigzag pattern which
extended 50 feet ';:0 either side of the flagged center1 ine. Survey control
stations were inspected in a spiral pattern to a diameter of 50 feet.
Where necessary, helicopter landing areas were surveyed in parallel tran­
sects spaced at 10-foot intervals. Suspect areas within 50-100 feet of
the areas just described were also intensively inspected. Approximately
8.5 acres were surveyed for cultural resources.

SURVEY RESULTS AND RECOMMENDATIONS

With the exception of one isolated find, the proposed monitoring net
area was found to be free of cultural materials. The isolated find
(5GN1570) consisted of a grey chert interior flake and a unifacia1 mana
fragment of diorite. Descriptions of these artifacts and their location
can be found in Appendix B (OSAC Site and Isolated Find Forms). The
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isolated find will be avoided by Mine Subsidence Engineering Company's

activiti es.

An archaeological site, SPT293, was identified in a saddle of Hunts­
man Ridge approximately 500 feet south of the present location of Control
Station #1. (This site was found during inspection of the original loca­
tion of Station #1 approximately 400-500 feet south of the station's
present location. The station was subsequently moved to its present loca­
tion on Mid-Continent property to avoid the resource.) Covering an area
of -'7200 sq. meters, the site consists of a scatter of 30 chipped and
ground stone artifacts of various materials, including chert, chalcedony,
obsidian, and sandstone. Tools present include scrapers, knives, and
grinding/milling stones, indicating use of the site as a seasonal campsite.
No features or chronologically diagnostic artifacts were observed. The
site was mapped and photographed; no collection was made. (See Appendix B
for OSACsite form and photographs.)

Evidence of subsurface cultural deposits has been revealed in several
places by sheet wash, and it was felt that a trowel or shovel test was un­
necessary to verify the presence of such. Because of the probability that
these cultural deposits will yield additional information important to the
prehistoric use of high altitude sites in Colorado and because the site
appears to possess integrity of location and association (36CFR60.6d), it
is considered potentially eligible to the National Register of Historic
Places. A final determination of eligibility must await test excavation.

It is recommended that such a determination be made as soon as possible.
By moving Control Station 11 north (up the ridge) 400-500 feet onto private
land, Mine Subsidence Engineering Company has avoided site 5PT293, thus
mitigating any direct adverse effects; however, because the presence of
the site is now known to a number of people and pedestrian traffic in the
area is expected to increase, the site will undoubtedly suffer secondary
adverse affects.
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')C&c.~: Arch. S1t~, B1at./Arch1t. Stncture_, B:t8t.LAr~h1t. D:btr1~t_.

6)(~ft uc:b. Iite)IA & DlItrict:y.._ nG-l.;I_:- _

II. L9SAtI0N: 7)Tovuh1p lOS. ;...e 8gw,; WI, of Wk of NW I( of SW I( of

P.H. 6th • 8)CoUllty pnldn and Gunnison

9)V1C8 QUAD El k KnOb.· Cglorado 1963 Attach photocopy

poniaD of Quad. Cl..rlYlhow lite. lO)Other "PI~ _

U)D1Muiou 120 (N-5) 1IIX6Q (E-W) 11 12.)Aru 7200 Iq.1I(+4047.) 1,8 acn.

13)U!H lafar~ca: (ODe UtH ceuterad ou re.ource ..y be liVeD for re.ource UDder 10 acre•• )

A..lL,»1219,417,§,5hd;14,314,219,8,OId. B.LW;I I I,! !d;~.
c~~;1 I I , I , , 1mJ. D.w...J;! I ! I , , !d;1 ! I I I , I \d.

14)Ad4nI. Huntsman R1 dge LoC_Block_Add1t1oD"'_'T'T'-n"
Potentially eligible

III. !WWiEKENT DATA: U)f:1eld .......t: El1.1ble_Not El111ble~eedData.J....

16)a.a.r/Addr..a USES - White R1yer and Gynnison

17)Gcw't IaolVeMDt: CoUlltT_St&u_'ederal.lPrivata_: Aa~CY.....w."SoiIoIES~ _

18)Diata1Mmce:none_Upt,L_duau_haavy__tot&l-: hplalD Sheep grui ng i some

amateur collecting.

19)'fbnata to luource:Watar Irol1on.¥..WlDd Ero.1oU.LAnf-1 Activ1ty.LNellect_VaDdaliaL

Iacnad.ola_CoIL8tnct1oD_;eo..ta, _

20>......-ut Baco-.ndatiau AVOid until CO]] eeted and subsurface tested

V. UI'!lDCI: 2l)State/le4. Pemit Noa.-.:=:8::.0-;;;.:CQlO;.;;;,-11L:0'-lj6~ _

22)lboto lOa. 8066-1-19-20, 8066-2-IQA-9A .oa fila ae Grand Riyer Institute

23)lapon title GRlICRI No. 8066 - Mine Subsidence Monitoring Net above Mid_Continent

24)lacorder Carl E. Conner, DanniL. Langdon 25)RacordlDl Date 6/25/81 Mine

26)l.ecoriar AffU1at1on Grand River Instityte 27)Phou No. 245-7868
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"'ou~ce No. S I" T': 9~ Page 2

V. SDTCll MAP: Map all feature. and show the boundari.. of the resource.. Show all
;;]or tOPDlrapbie features. permanent modern f.atures. aDd Yegetation zone. as appropriate.
Gi"e Mill. of featuns, .tnets aDd address.sif know. hovid. seal., kay and direction.

Kale:

u,: s~~ nIan

tne-...-
21)toeec1pD/Acce•• :

Access is gained by traveling south from Carbondale on Highway 133 to the coke
ovens at Coal Creek (opposite Redstone). The site lies to the west in a saddle
.~p Huntsman Ridge.

2')louId~ De.c~pc1on:

Y1$1bll.surface cultural materials.

3O)!sm"" JU8C1tic.tiqa:
Ytlt~11 site periphery.
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Site 5PT293
Scale Ish -10m

• 14

A
True
North

.11

·19

93

• 9

.20

21.®

1-5 ~
-8

1. 6fo
Datua 1s stone cafrn --4-.s-"f~-+.



USGS 7.5' topographic map showing locations of archaeologtcal stte
5PT293 and isolated find 5GN1570 tn reht1onsh1p to propOsed'101nesu6siifence net.
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ARCHAEOLOGrCAL COMPONENT FORM

IMPORTANT: USE IN CONJUNCnON W'I'm nm GUEN INVENTOllY RECORD
FOaH FOll RECORDING PllDISTOI.IC 01. HISTORIC ARCHAEOLOGICAL SITES

1) luoue. Ho. 5PT293 2) T.p. No. 8066-1 3) Nam. Huntsman Ridge Site

I. AlCBAIOLOGICAL DATA: 4) Sit. Typ.'--aQ'-IIlD~e~n..llC'-Maill&mKlPSColi...tae..... _

5) Ducript101LIFeatur.. pispersed scatter of chipped and groynd stone artifacts lying

within saddle of HyntSman Ridge. No diagnostic artifacts or features observed.

S,441. proyi4es access between Coa] and Stove Basins.

6) Cw.tual Hatar:Lal, ~~~~----"""':::~_r.....------* 1l.e! Size (em) Materialr JJnU~-.;IcColi..a]..:.....IE.::d~gell:.__ _Jol~·....2.a.l.2 .W. 1.4 T. 0.2 Banded black chert
2 Flake 1.8 1.3 0.2 Grey-brown chert

_""J3~__...-!:F1:f.lalL!k~ei....-------~2.0r__*l~.2r-__~Q~.3f_-~G~re~vt..J.IOKbS~ilJjdu.1~an!J.__:"----
4 Flake 0.9 0.6 0.1 Grey-green chert

...JCqot1ny.4 on attached sheet)

7) CultUl'al Aff:U1at101L~'...wU&Ilnkwn..o.wl&,n ft • Be
- ---- - ·u....:..·-----""'iAD

I) Oathl Crit.d.a:...llNolIWne;,-. - _

(bedrock eXPQsed)
9) Ut. Depth Unknpwn ; b•••el OIL cutlbUk aus.r ,hoYel other- - - ._-------....
10) kt1n.t1.• i.Jlf.n.el froa dt. featur.. lao] manufacture. vegetal and fayna] food

preparat1gn; c.mp1ng.

11) .....rch potmt1al/daoJ,.f1cUlC. Mav be likely to vie] d information important io

the prehistory of western Co'orado. particuhr]y that Of high attitUdes

12) IIIGWIL Collact1oaa/Exc&v.t1ou/Publ1cat1ou._...:No~nl.liie __

U) lDfonDu: Nau/Melr...,__No~o;,;;e..... _
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II. ENV11l0~TAL D.;:.rA: 14) !o90gra9hy Saddl e ,.:?top Huntsman Ri~~, between Stove

Basin and Coal Basin.

15) 11..,. 11370 ft. (:I: .3048-) 3466 11 16) %'Gracie.:s1te 5 Surrounding 5-40

17) Aapeet E/W 18) 5o11:c:010r (MuDa.ll)__ta:.:.n~ _

.a,U yndUe",' ned c:h&'1"act.r rocky. mount." n so11

19) "'rue ..e.r: ... headwaters of Second Creek ;1Dt._P.m•.!.los._;.lev. 3292 a,

disc. 760 11, direc. W/NW : Hear..t p.ftI&Ilct wat.r,__S::;,:a=m:;,:e _

e1..., ...:1I, d1at., ...:lI, direc. ;Oth.r, _

20) V... O881t. Al pi ne grasses. dwarf spruc.e and f1 r.

U) Sunouaclinl ftl. Same. more spruce' fir.

III. AnK1B1S'l'lAT1V! DATA: 22) CoIIp1.e.cl: rac:orcl.,Lc:ollac:t__p.,LtutJart. uc:a •. _

toca1 ....._.tabllizecl_other _

24) "rl~~ CoUaetacl: yas_GO..!.% c:oUactecl.JL; •.,11111 tec1m1qua: D01LaJrab_

raadoa_tr...ct_othar_, cl••c:r1b.,.....:.;N
lK
o_c

u
o
w
l.l~ecl&.ltr.L1.l1&.ou.n _

25) MtUacc Stor... aC'_.LlNol¥t.M..liAUliDIKD.a.J1ucIIIAlKb.Lllei.l
c

_

26) ...orclar earl E. CQnner\ Qanni L. Langdon

IV. ADDmOlW. IHFOIHATIOH:
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Continu.tion of 1.6) Cultural Material:

! ~ S1 ze C£!) Material

5 Biface L- 2.0 W- 1.8 r- 0.3 Bl ack obsfeff an
6 Metate fragment 12.0 11.0 3.0 Red sandstone
7 Flake 4.0 3.0 0.4 White chert
8 Bffacfal edge 3.2 2.1 0.3 Black chert
9 Flake 2.0 1.2 0.2 Pink chalcedony

10 Fl ake (uni fac1. 1.7 1.5 0.2 Red chertally worked)
11 Scraper 5.0 4.1 0.8 Caramel chert
12 Biface 2.5+ 1.8 0.2 Red/black chert
13 Core 5.0 4.3 3.8 Whfte chert
14 Ground stone 6.0 3.5 3.0 Red sandstonefragment
15 Flake 2.8 2.0 0.2 White chert
16 Metate fragment 14.0 10.0 5.6 Red sandstone
17 Metate fragment 12.0 11.0 2.5 Red sandstone
18 Flake 3.1 2.3 0.4 Grey "Chert
19 Fllke 1.8 1.8 0.2 Caramel chert
20 Flake 1.3 0.8 0.1 Grey chert
21 Ofstolateral 4.8 3.4 1.2 'r.y chertscraper
22 End scraper 5.8 5.0 0.8 Red quartzfte
23 Flake 3.8 2.3 0.3 Whf te quartz1 te
24 Flake 1.5 1.2 0.2 White chert
25 Flake 3.6 3.0 0.3 White quartzite
26 B1face frl9Dent 1.8 1.6 0.3 White chalcedony
27 Metate fra9Dent 12.0 6.0 4.5 Red sandstone
28 Flake 4.8 2.0 0.6 Brown chert
29 Flake 4.1 2.9 0.4 Grey chert
30 Fl ake (bi fadal 2.6 1.8 0.3 Red chertedge)
31 Flake 2.8 1.8 0.3 Red chert
32 Bf faci fragment 2.5 2.0 0.3 Red chert
33 Chunk 5.6 1.8 0.8 Caramel chert
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Site No: 5PT293
View: North
Comment: Overall view of site, taken

(left of center) is datum.

Photo No: 8066-2-5A
Date: 6/25/81

from southern boundary. Cairn

Site No: 5PT293
View: ~wn

Comment: Art1fact #17 i metate fragment.
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Photo No: 8066-2-3A
Date: 6/25/81

Note pecked and ground surface.



Site No: 5PT293
View: Down
Comment: Artifacts #3,1,5, and 11.

Photo No: 8066-1-16
Date: 6/1/81

Cartridge shows scale.

Site No: 5PT293
View: Down
Comment: Artifact #22, red quartzite scraper.
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Photo No: 8066-2-4A
Date: 6/25/81



,
1300 Iroadway
Denver. CO 80203
(3Q3) 839-3391

ISOLATED FIND RECORD

l)aIAC S1ta No. :,~5GIl,J,lNl~5~70:..-- (2)Teap. No.: 8066-IF1

l.r..oc:mm

;~.:
~. ' .
« '.J
~~ J

3)CcultT._G,;,;;u~n.;.;.n1;.;;s.;.on _

4)x.pl t~cat1oIu..HLJ,;• ..li-J,;. l!LJ;• .-§LJ,;. Sec. -!L'tIOS•. tt.90W. fM,:-6t_h _

5)tIDS cpd.: ilia Elk ·Koob pyAdrangle Size 7.5 Dat8__1_96-.3 _

6)U'1H:ZCDI-l3,...L.J...J....i...2.. ~1I'£•..!..1..!..!....l..Q. ..Q.df.Attach CDP1 of pordm of USGS Quad.

n·tV9WPSNc 1l6TA;
7)A1:"1""..••

A) Grey chert 11 ake
a) 0101'1 te IUno fragment

I)1DfM:n4611ct"'a'J-=:t.pdal:
A) Deb1tage
a) Food preparation

9)QI1.tuml Affll1 e dcm Unknown
10)11 D"-Iiaw See below X':- _

m.~n.taA:

L: 9.5+cm
W:I0.0+cm
T: 1.8 em

:.-...

•.lkateh'1V.~ INFCRWrICIf:

L: 3.1Cil1
W: 2.4cII
T: O.3C11
V.II!IElCDiZ !WrA:
18)C»1.1ecd.CD:,.._DD..!..duc:dhe•. ~~ _

19)1IpoIi~:,__~N~IA~ ~20)~ USFS-Gunnison National Forest

mllpclct title GRI/CRI Report No. 8066 22)Record£ C. Conner. D. Langdon
23)AfttU.....ClD Grand RiVer Institute 24)Dl.te 6 / 25 J 81

FODIl E. 601

U)E1w. 11.530 ft. 3.514 m. 12)SoU·_...LoKlalUlmloLy..:a_l_pio:.:n~e _

13)Topog:c1Ipl1y West-facing slope of Huntsman Ridge 14)Slope: site 50~

15)Nunat "':1WI8/nature spring/permanent elw.ll.280d1st.800· cl12:ec:ticm..A
Nunet r--ret: 1IRt8I:. ....:e1av'. diat. d:lrecticD

16)VtiI. CD AtaAlp1ne arasses and fir trees 17)~WI. \, same -

Addldalll ec:m-u-.:
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~~Elk Knob Quadrangle u~
Colorado-Gunnison and Pitkin Counties ~=

1963 ,
7.5' series (topographic)

Scale 1:24000
Contour interval 40 feet

USGS 7.5
1

topographic map showing locations of archaeologtc~l s:tte
5PT293 and isolated find 5GN1570 tn rel~t1onship to pro"pOsed".tne
subSidence net.
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Site No: 5GN1570 Photo No: 8066-2-00
View: Down Date: 6/25/81
Colllllent: Isolated Find -- chert fl ake and mano fragment.

i02



APPENDIX D

CONTROL SURVEY RESULTS
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DATECHECKED BY . _

CALCULATED BY

JOU -\-~t;;;; ~I:2;oUk]"__J(...);;: _

SHEET NO ---J-+---- OF

-ItS\-q£+-.--.__ DATE JUt=lE \&

ENGINEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
(303) 945·€S76

SCALE

4 MIi-l~ cP?"?4..il I?~E::>?~?;? \Or11. 'DCJ

vJo~P\u? i I ("1LP"~ •~s \ I &-1-~, :o~ ~e~·-of

fP*l- \I 'z,o-z.. ~4 '?~=-'->1 ~ \ ~'2.44.s\.....,.. .

~ I\4>91t0.r~ 0'2.0. !.'-i- II F4'L .. '2,..1-

rr~- 'lo-4r:)~. <2> \ iPB-~·. 01 \l44c? .. '-11-

~1t4- i11"?Q\. 'Z-l \l.p?.lc.~? I 111~?/. ~l-4

rrrAh?- .t\(;10?-4~ Ii \\Ctf'\4-Ef"J !I~\. o~

I,
I

I
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ENGINEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
(303) 945-8676

SHEET NO. OF

CALCULATED BV DATE _

CHEC~ED BV . DATE _

SCALE

\ -, WL.-C' -r-'Z-
y./, ....O TRI~"::>

Ae rf'O ~"'r' ~'~"'So

'Pi fbD~
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CHECKED BY DATE _

ItNtilNttKINti A550CIAH:S, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
(303) 945·8676

SHEer NO. \

CALCULATED BY

OF

§P DATE .J41...1E" \ ?-

SCALE

AiMO~R4EP·,\.::.. G.?~-not-I ~~T"1 E.XL:::t-'\ l??~. E-,'~
Temp ~o ~\/ C="{~04.C+ 'W~Hu=

~::;A..H··.SD--::'-D \., \ t? '19
(1;~\. ~I.PS_

ki'-'/o-l,.. Meiv7."'$,C? -8;2-'1. 4tSS

r,~" .,r2'-1-1.4 .C'_S ~ (-6r:' -J.. \ 0 - -~ - • "\ 04

~·C-I-"1. /.l C"":E'~ -+ •\04 =- '\vQ\\..- ":;0-:
m) C~:. ISO4?' 7---4 ~ ~'I

-rcY\'Al- HD '='- '&Yz...~. (f)€»

. u.-. \?/I_-

J
'l.v..~. /1::\ ........ .-' . ,..V:i .... _:----- f I ',' 0"::'./ __.. c::..LI...

......:--~- ..- ~. -'-..-T"l-

( .. , .-' ,y,/~"",-;;. --"-"-- .._.__._- ,'" .~...-:,.~
.... A \-
~~~. .

'5L.-\ '6. \~=,e1

--1e-,.Y1-. DA - \f-.hoD RI..-E"

-~~ ~ ~I~ ~~A~
'1 e=:DB ,.'Z.'e- .- ~ of"" ~ ..."t'~Me.r-rr

..f- 'Z-O~LD • '-'j c:;.1.....:::..; .,
\ 1&4.11 " ~14 ~ ~ o~ F'hl~.

"""-" - .1 ... ~_ ~ HI ~ ~p 4=t:.\ .
. \ 184 ~.Q14.
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ENGINEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS. COLORADO 81601
(303) 945-8676

.1 .... ...... ' 40 •

SHEET NO._-...:1-==-- OF

CALC'ULATEO DY_-->o~""'..P DATE jytJe; \'t..
CHECKED BY .,.- DATE

SCALE \ t=>:t9). c D I

An·1"~R"H:=:P,\C. c.o~c..\ior-l ~rz~ ecors 1=;;'::"-f'J' \\
It::T1P' S;lS0 t:2LGV \I~?o-r4 TF -#= I
~I ~rJ • ~ \ +h f'P-!"';;.M \ .. """??

c.r+-AR\? @ e'\..fY('OA\ \00

I

M~?ED..:::.p 9<D·41
(

(Pc::::.~ \ • Lpl.pS

l.J,(P S B.O'" S

(.p(pSB.D"l':S )<.. ~oo >'- \o-f..:») = .l..P(a(p

LPcntO·01CS +- .. ~~t.o - ~(OSlO'141 ::=l~?p

~) ~~ -=- 90-D.J..:--z..c-o.~

IOTAl- t-iD-- ~'S~"14D

?q..J po-ol-~(lfI.P?'C'1.-r41 ') =- ~
Z.·~l -;;-9-

i........ 1'....

\1f:;4~, 014
:+ 0.0) Ie
1.1f)4'.~b{

- '2.. ~4-O!

1/ 8-4 t .' 4' I .
-- \.-'?s _ .

\\ e"?'l.14.\ o! 1., " ,.1
1
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ENGINEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
(303) 945·0676

SHEET NO.__-_7-_-.?..:::- OF _

CALCULATED BV_.....::4:{F==I,..I..-.__ DATE ..JJ~ \£.0
CHECKEDBY DATE _

SCALE__ \~'Z..~~

i

-rJ, ~ur-l ..~~ tl\ f~\-;:~·./ \.~
~ TF~ \1€>~·1~1
t1~PGP ~--= ~-;;a...;>'.===rt O.

~ ~ ~LD - "2-?-~. 'S
~Q. ~\~I ?-z..,-"

IIB~'I~\

+ .c:>t '2.:~

\I~~O • ..." I
- ~~. \7.--'
\\~44· ~4-

\ .......~:;,

. ++\ 61~ O.~'2.,.. I ~ FP,\~ O.~'C;;:.'

~~~ ~ \144?-z..~

~~ ~ ~'5.AO
, .., "

....." '.4...~ .z:~4l:toe> O?'-'

HC/ -..,,;;-~~. \"\4.

. .
. - ""

..•......

'il••

.' \1A~.'O. ':"?-~
+Q.C42-. ,
'-~

\\A44!' \'S4­
4-"'M?1... e:?{P
\\"1'2..1· PlO
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",\~llo

ENGINEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
(303) 945·8676

JOB_--,\~\tt--Ju....=..>E:-"""-_=;::::y.-=-.::..u:;e;.............=-c,,.1~-"'=-""'1~r-==------

SHEET No.__4---,-__~ OF _

CALCULATED BY__c=§~L-P DATE

CHECKED BY OATE _

SCALE

-H I ~~ • ~2-- .wI f'B\7t-T \'~
6 ~ - l'F'::t:t:4 \\"l~. OC-pO
't-~~-\~~ --c::> c...:.~~--, .. D-40
M~) 9\-l'"2...~\b

-tP (p?-~.. 4>(p°l

~
. ~.'L?;'S'<dDO-'

I~ .. I~-:::>;'

1-11.--18 ~z?(.04-
0

\I"'~' Ot.PO

-\- 0 -""'-=.. _._ ...
I \ .7Z-<..P ,015

- l~\. \ 'e~
\\~~~.e.ll

- ,. ? ....?

. ,., 'I

. .
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CALCULATED BY

ENGINEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
(303) 94508676

· -=-=- )' - ,..··,·?rC~.

SHEET NO.__-=S=___ OF_-'-- _

~f__ DATE -.J qr:-lE: \ lp

CHECKED BY DATE _

SCALE

A--(n{)~ \C.. .r-OBBt c;.n c>t.J .QrOl'Y\~ I-=?:;l...;>?~

~.,..,.p boO±:.. ~ \\s><=r4-.4Ct11 "'\r==-=-4-
\4\ b~,..J .or,' -\-l\ ~I~ -4-.Lpl'

C~,..-?~ C~C>~. \00;

\\l..Pco. ?...0~ + .1 \£.&.2:::> = \v"TA.\..- ~~ =-l\~~.lol

W'\ ::a~ = \~- "Z..(b-~:l:-

~--r~ ~D ~ G:r14-I.~o""?~

,

i
.;

.,..., i

.... ,.. ,

0\2>04·04­
_"1-\~a .b2:>8

.;.

".",." ..,....,

" ....-.•...... ,;. ....
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.;;7)~ __ u..t . . .
\l~~ .. DI,~--::,..~ \.~~
l \z;,~. 10)"(, '1".•.•...-- ~9~·

II 44?;>" '2.-~ "--'-. 'Z V>
\\, '--(,p.. o~o" -~.1--"?

II ~4. A-"~ -e-. e>').,
<::')'481. lI>6f::> ~\ .. 0 I

I

tN61NEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
(303) 945-8676

Iii· :,
• .. ··"t·· .. /

W~PPIL-E:.'\f' . I,
.-rf'4f:~

1"~?

\Y~-1
'11'~?
w~c>R&..C

SHEET NO.----(J;L__ OF ""--___..

CALCULATED BY'_-=§=u..P DATE ..j~ .. n
_____..--- DATE _

..O'Z.I{e.c:>~'Z..).~ \...~'
I •

L\ 64'-?·D'l4
+ \.~

\\84-4- '-4 U
! I

,nl L~.~~~);. .~?
., ., 2. i 8-

• cYZ,1 (.~·~~15 2.)::: • l..le
· , ... ' '2,54

.... , .... t " ..
! i I

.Q 2-1 l.... ~..z.?~ '2..) =. f>'Z-
: ---

. ,? ~4.

of 9il:(·k~f1+2.-t)~
.. ........j.......... ..... . -4I.rrO

\\e~"19'1 ,
._ + Z-'7,...~ ~il orJ c...rr-ecboN
Ile4~1011\' '--rP~Z-

114~."2.-~

"Z.?4 . r~a.G-~a-"l .:::Drr-ea.IOt'\

\\44c7--'-'4 -t?tlr~

\ \.., "2..(p J O/.Po ..

'2.-J:J-- ~~ C<.?--t\ r;)(\ C e>\'"~~ t"_~o""
II 1'Z-~.~o -rP*4

\\S"i4·~1

9''27
\.\~,0.0 ~1-':

Qtl"7\~. G:;>e,~ ,
____1t. £po

c=,e,o-? ~~ W~~.~
~:;04 . 04· . . ". f:l~,:.ooro<r:::ll

'O:l'?z'"
, • \C5>~ ~c...'b",,~..,
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£NGINEERING ASSOCIATES, INC.
Suite 207 Village Plaza

GLENWOOD SPRINGS, COLORADO 81601
. (303)945-8676

"'Vy ~ "I" ..... ~ ., PC == .... -0 I ~ ...........
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CLAYCOMB
ENGINEERING
ASSOCIATES, INC.

June 18, 1981

Mine Subsidence Engineering Co.
6590 South Ridgeview Drive
Morrison, Colorado 80465

Attn: Robert P. King M.S.

Dear Bob:

Enclosed is the survey control data you requested of
the Huntsman Ridge Area.

It has been a pleasure working with you, and we look
forward to assisting you in the future.

Js/sh

Enclosures

207 VILLAGE PLAZA GLENWOOD SPRINGS. COLORADO 81601
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APPENDIX E

BASELINE SURVEY ,FIELD DATA
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TABLE E-l
BASELINE SURVEY FIELD DATA

PANEL 101 CENTERLINE

Monument
Nunber

Survey
Date

Backsite
Angle

Monument (deg)

Horizontal
Angle
(deg)

Vertical
Angle
~eg)

Slope
Distance

(ft)



TABLE E-2
BASELINE SURVEY FIELD DATA

PANEL 302 CENTERLINE

Monument
Nunt>er

Survey
Date

Backsite
Angle

Monument (deg)

Horizontal
Angle
(deg)

Vertical
Angle
~eg)

Slope
Distance

(ft)

200+00 8/19/81 TP-3 343°27 1 10" 208°22'20" 109°24'20" 1205.11'

201+00 8/19/81 TP-3 343°27'10" 204°13'20" 109°44'38" 1264.14 1

202+00 8/19/81 TP-3 343°27 1 10 11 200°26'32" 109°08 1 24" 1321.39 1

204+00 8/19/81 TP-3 343°27 1 1011 193°50 1 42" 106°56 1 53" 1442.23 1

206+00 8/19/81 TP-3 343°27 1 1011 188°28 1 31" 105°57 1 27" 1587.44 1

~ 208+00 8/19/81 TP-3 343°27 1 1011 184°01 1 54" 104°54 1 01" 1742.03 1
~

(Xl

210+00 8/19/81 TP-3 343°27 1 1011 180°25 1 22" 104°09 1 56" 1908.21 1



TABLE E-3
BASELINE SURVEY FIELD DATA

SOUTH PERPENDICULAR

Monument
Nunber

Survey
Date

Backsite
Angle

Monument (de~

Horizontal
Angle
(deg)

Vertical
Angle
(deg)

Slope
Distance

(ft)

SOO+OO 8/24/81 TP-3 343°27 1 1011 185°22 1 50 11 102°23 1 43 11 2011.63 1

$02+00 8/24/81 TP-3 343°27 1 1011 189°45 1 19 11 99°44 1 12 11 2119.71 1

S04+00 8/24/81 TP-3 343°27 1 10" 193°35 1 37" 97°00 1 47" 2244.89 1

S06+00 8/24/81 TP-3 343°27 1 10" 196°57 1 18" 94°30 1 09" 2382.19 1

508+00 8/25/81 TP-3 02°40 1 28" 173°09 1 31" 96°22 1 07" 2079.03 1

510+00 8/25/81 TP-3 02°40 1 2811 177°59 1 46" 96°48'01" 2173.24 1

..........
1.0 512+00 8/25/81 TP-3 02°40'28" 182°19'48" 97°05'46" 2282.28'

514+00 8/25/81 TP-3 02°40'28" 186°15 1 26" 97°32 1 31" 2399.76 1

516+00 8/25/81 TP-3 02°40 1 28" 189°45'00" 98°21'4r 2536.90 1

S18+00 8/25/81 TP-3 02°40 1 28" 193°00 1 43" 98°41 1 51" 2668.59'
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TABLE E...4
BASELINE SURVEY FIELD DATA

CENTER PERPENDICULAR

Monument
Nunter

Survey
Date

Backsite
Angle

f.1onument (decl

Horizontal
Angle
(Geg)

Vertical
Angle
~eg)

Slope
Distance

(ft)



TABLE E-5
BASELINE SURVEY FIELD DATA

NORTH PERPENDICULAR

Monument
Nurrber

Survey
Date

Backsite
Angle

~1onument (deg)

Horizontal
Angle
(deg)

Vertical
Angle
~eg)

Slope
Distance

(ft)

NOO+OO 8/25/81 TP-3 02°40'28" 152°28' 12" 114°48 1 26" 1074.66'

N02+00 8/25/81 TP-3 02°40'28" 163°47'16" 110°27'22 11 1078.13 1

N04+00 8/25/81 TP-3 02°40 1 2811 173°53' 08" 103°21 1 43 11 1106.88'

N06+00 8/25/81 TP-3 02 c 40 1 28" 183°44'27" 103°37'11 11 1234.39'

N08+00 8/25/81 TP-3 02°40 1 28" 190°22'10" 104°57'11" 1354.89 1

N10+00 NOT SUR V EYE 0
-'
N
-' N12+00 NOT SUR V EYE D

N14+00 NOT SUR V EYE D



APPENDIX F

MSE RESPONSES TO DOE REVIEW
OF DRAFT FINAL REPORT
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This appendix summarizes the specific MSE responses to the

review comments contained in the DOE letter dated September 16, 1982.

A copy of the letter is ~lso included.

Letter Section I. General Remarks:

Comment
Number

1.1

MSE Response

Over a period of several months, MSE tried to get DOE

approval and funding for a more detailed Final Report.

The final instructions to MSE as regarded the final re-

port were that it was to be strictly narrative in content

utilizing only figures and calculated results presented

in previous MSE reports to DOE. The report was to sum­

marize what work was performed. No new figures were

to be prepared. These instructions were an outgrowth

of an MSE letter to DOE dated June 1, 1982, proposing

a final draft report outline.

The DOE, TPM, removed all items from the proposed out­

line that would require extra time in terms of calcu­

lations and drafting. A copy of the original proposed

outline with the DOE deletions is included in this ap­

pendix. MSE believes that within the limitations im­

posed by DOE we have prepared a narrative report explain­

ing exactly what was done and how it was accomplished.

This was our charge from DOE.
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Comment
Number

1.2

1.3

1.4

MSE Responses

MSE should have included these items in our draft

report. As was stated in the cover letter included

with the report this material was "not included to

reduce copying costs. Both the drawings and appen­

dicies consist of material submitted to DOE during

the course of this project". (MSE letter to R. W.

Stephan dated August 20 t 1982).

As with comment 1.1, no specifics were given as to the

"1imited coverage". As MSE reviewed the comments con­

tained in the DOE letter it became obvious that the

various DOE reviewers were not well versed in the Scope

of Work for this project. MSE again believes that we

have provided a document that provides a narrative ac­

count of what was done during the project. MSE tried

on numerous occasions to convince DOE to allow the com-

pany to perform a final survey prior to the removal of

the monitoring net. MSE stated that information on the

stability of these relatively easy to install monuments

would be invaluable to western mine operators. However,

this request was denied and MSE was directed to generate

a narrative report on what work was performed.

The monitoring of the subsidence net during winter was

impossible because of the deep snow depths (10 ft or

more) and the avalanche danger. The proposed monitoring

schedule presented in Table 3 (p.26) ;s a copy of the
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Comment
Number

1.5

1.6

~1SE Response

monitoring schedule approved by DOE in the MSE instrum­

entation plan. MSE also indicated in the original tech­

nical proposal (p.5) that monitoring would be impossible

during most parts of the year. Therefore no plans were

made, nor funding provided, for monitoring of the net

during those periods of the year when snow cover was

in excess of 3 ft. Apparently the reviewers were unaware

of these various references to this fact dating back all

the way to the original technical proposal submitted to

DOE prior to the awarding of the Contract to MSE.

See comment 1.4 for a response to the lack of monitoring

during the winter months. It should be noted that the

Work Statement in the contract restricted the project

to monitoring only "Surface response "(Section 3.1 in

the Contract Work Statement). "Subsurface and mine level

response" measurements were outside the Scope of Work

for the project. Apparently the reviewers were not fami­

liar with the Scope of Work for this project.

A comparison of various methods for monument installation

was not within the Scope of Work for this project. It

was definitely not within the scope of MSE direction to

generate a narrative report on what was done during the

project. MSE believes that Table 1 (p.9) and the verbal

presentation on page 31 adequately provide an "indepth"

discussion of the use of the helicopter on this project.
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Comment
Number

1.7

MSE Response

MSE believes that the report adequately addresses

lithe establishment of a surface subsidence network in

in alpine area". If the reviewers would provide speci­

fic questions within the Scope of Work, MSE will be

glad to incorporate theappropriate>data into this re­

port. A detail ed di scussi on of the II va1ue and practi­

cability of the helicopter" was clearly outside the

Scope of Work for the project.

1.8 A section on monument removal was added to the test.

II. Editorial Review and Comments

Cover Page - Included in Final Report

Disclaimer - Included in Final Report

Title Page - Included in Final Report

Table of Contents - Added pageination

Table of Contents - Added subsection on Survey Control Monuments

Introduction - Added Executive Summary

p1, Para. 3, Li ne 2 - Changed text

p 1, Li ne 1 .. Not sure exactly where th is comment was referri n9.

Left text unchanged

p 2 - Figure~ 1 - Included in Final Report

p 5-7 - Task description - In the absence of more definitive comments
this section was left unchanged. The word-

ing in this section is derived directly

from the contract documents
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p 7, Para. 1, Line 1, 2 - Combined into one paragraph

p 7, Line 3, Line 2 - Made suggested change in text

p 7, Line 4, Line 1 - Made suggested change in test

p 8 - Figure 2 - Included in Final Draft

p 31, Para. 2, Line 1 - Made suggested change in test

p 31, Para. 2, Line 3 - Made required change in text

p 33 - All Appendicies were included in the Final Report

III. Conclusions

MSE agrees that a ~alth of informati on of direct interest to western

coal operators could have been made available in this report, parti­

cularly in the area of monument stability under severe alpine weather

conditions. However, descoping of the project yielded a report that

was to be strictly narrative in nature describing only what work was

done on the project.

To the specific areas listed in the Conclusions section of the

review letter MSE offers the following responses:

1. Information on Regulatory Reguirement:

MSE believes this is outside of the original and revised

Scope of Work for the project. However, we believe this

facet of the project is more than adequately covered in the

following portions of the report:

Table 2 - Special Use Permitting

Flow Chart (p.12)

Forest Service Permits (p.11)

Cul tura1 Resources Survey (p. 11)
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Appendix A - Forest Service Permitting Forms

Appendix B - Environmental Assessment

Appendix C - Cultural Resources Survey

Should DOE care to respond with specific comments, MSE will

incorporate the required information into the Final Report.

2. The relationship and practicality of helicopter use for

propertysurvey(s), monument installations and removal,.
monitoring survey, problems encountered, cost data and

comparisons with other survey techniques: This project was

designed simply to monitor subsidence resulting from longwall

mining utilizing multiple/ lifts. It was not structured as a

comparison of various monitoring methods and techniques. The

helicopter supportutilizeq on this project was simply a tool.

Detailed comparisons of helicopter requirements were not part

of the Scope of Work. MSE does believe that the information

presented in our report would allow a knowledgeable western

coal operator to evaluate the feasibility and cost cost effect­

iveness of utilizing helicopter support in their subsidence

monitoring program.

3. Summary: MSE believes that the company has prepared a report

that adequately presents, in narrative form, exactly what work

was performed during the project. We also believe that we

have summarized general information on permitting requirements

and helicopter usage that could be of use to western coal op­

erators. MSE believes that many of the reviewers were unaware

of the original Scope of Work and the final Scope of Work as
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well as the directive to generate a narrative report.

Because of this lack, many of the general remarks are not

germaine to the project Scope of Work. It should be stressed

that the original Scope of Work involved the installation of

a monitoring net to measure surface response. The final

Scope of Work involved the installation of a monitoring net

to measure surface response. The final Scope of Work removed

the monitoring requirement. The project was not designed to

evaluate the effectiveness of helicopter support. Nor was

it designed to monitor reclamation requirements after remov­

ing the monitoring net. In summary, MSE would be more than

happy to respond to any specific reviewer comments. However,

project constraints do not allow MSE to elaborate on general

questions or areas outside of the Scope of Work~

129



MINE SUBSIDENCE ENGINEERING CO.
DONALD W. GENTRY, Ph.D.
ROBERT P. KING. M.S.

ttl.::. _ .•"iI ••.• •;,.:,);' "';., COLLIN L. STEWART. M.s.

June 1,1982

Dorothy Noga, Contract Special ist
Acquisition &Assistance Division
U.S. Department of Energy
Pittsburgh Energy Technology Center
P.O. Box 10940
Pittsburgh, PA 15236

SUBJECT: Revised Optional Form 60
(Contract No. DE-AC22-80PC30118)

Dear Ms. Noga:

As you requested in your letter dated April 28, 1982, Mine Subsidence Engi­
neering Company (MSECo) has prepared a revised Optional Form 60 to reflect
the reduced Scope of Work for Contract No. DE-AC22..80PC30118.

In developing the revised cost estimate MSECo assumed that the required
final report would address specific items. These items are outlined, in
general terms,in Attachment 1.0, Proposed Outline for Final Report, DOE
Contract No. DE-AC22-80PC301l3.

Implicit in this proposed outline is a final survey of the monitoring ]
points prior to their removal. MSECo s~rGngly befieves this final survey ~
will provide data on the stabili.ty this particular type of monitoring point .
under extremely severe weather conditionS. . .

The results of the final survey will establish the stability of these re­
latively inexpensive, easy to install monitoring points. We believe that
a final report containing this information will be of value to mining
companies in the western United States, particularly in dealing with the
various regulatory agencies.

If this final survey is not performed MSECo can only generate a narrative
report of·what we did. This will have little value to the mining industry.

I would like to stress that the additional cpst for this final survey is
minimal. We will simply survey a point prior to removing it.

~'SECo requires a go - no go decision on the enclosed Optional Form 60 as
soon as possible. Our firm has rearranged a rather crowded summer sched­
ule to accomodate DOE's change in plans. We have contracted for a heli­
copter for the period from July 7, 1982, through July 28, 1982. If we
miss this July window, we will not be able to accomplish removal of the
net before September 1982. Because of the 2 to 3 week lead times on se­
curing the equipment, supplies and consultants required for removal of the

'*' De-telL rrt>M
t,""'AI r~Dl"f~.s

8510 SOUTH AtDGEVIEW DRIVE. MORRISON, COLORADO 80465 • TELEPHONE (303) 897·5592 fJ.c. r ~r; I!'
130 ;,Iir c.c.1-. ". '1.$,



MINE SUBSIDENCE ENGINEERING CO.

Page 2
Ms Noga
1 JUN 82

monitoring net, MSECo requires the go - no go decision on the revised Op­
tional Form 60 by June 15, 1982. With the exception of the helicopter,
MSECo will not make any arrangements for the required equipment and sup­
plies without written authorization from DOE.

Your attention to this matter as soon as possible is greatly appreciated.
Should you have any questions on the revised Optional Form 60 or proposed
project scheduling, please contact me at (303) 963-0115.

We are retrieving the project books from the accountant and should have
the requested breakdown of incurred costs by cost element to you the week
of June 7.

Sincerely yours,

MINE SUBSIDENCE ENGINEERING COMPANY

UJ;./~
Collin L. Stewart
Partner

encl.
attachment

CLS/vs
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MINE SUBSIDENCE ENGINEERING CO.

PROPOSED OUTLINE FOR FINAL REPORT
DOE CONTRACT NO. DE-AC22-80PC30118

1.0 INTRODUCTION

2.0 SCOPE OF WORK

3.0 MONUMENT CONSTRUCTION IN ALPINE AREAS
3.1 Site Access
3.2 Forest Service Permits
3.3 CultutalResources Survey
3.4 f4onument· Construction

3.4~1 Survey Control Points
3.4.2 Subsidence Monitoring Points

4.0 SURVEYING
4.1 Equipment
4.2 Techniques
4.3 Schedule

5.0 RESULTS
5.1 Control Survey
5.2 Baseline Survey
S.3 F; "81 StU v~ .. "'IF

-5.4 ProFiles ¥c

6.0 DISCUSSION
6.1 Control Net

6.1.1 Design Rationale
6. 1. 2 Layout

6.2 Monitoring Net
6.2.1 Design Rationale

6.2.1.1 Mine Layout
6.2.1.2 Topography

.6.2.1.3 Monitoring Considerations
6.3 Monument Construction in Alpine Terrain
6.4 t10ntfAl8At Stab; H ty UREter Extl"elftely #IE

Severe Weather bQAditiQR' ~

7.0 CONCLUSIONS

I/:- /Je/et(/. !ltes~ "~4!:~S 461'Cor '/,'r4c./,i>,...S' I'rD~ ,oD£:
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Department of Energy
Pittsburgh Energy Technology Center
P.Q Box 10940
Pittsburgh, Pennsylvania 15236 September 16, 1982

Mr. Collin L. Stewart
Mine Subsidence Engineering Company
6590 South Ridgeview Drive
Morrison, Colorado 20465

Dear Mr. Stewart:

The Draft Final Report for the project "Characterization of Subsidence Over
Multiple Lift Longwall Panels," Contract No. DE-AC22-80PC30118 hae been
reviewed by R. W. Stephan and J. S. Jaspal of Pittsburgh Mining Technology
Center, M. A. Harthill Office of Coal Mining, Germantown, Maryland, and
Dr. N. Styler, Mining Engineer, University of Pittsburgh. Comments by the
reviewers are as follows:

I. General Remarks

1. Although the contract was descoped and the level of activity (tasks)
was greatly reduced, the quality of the draft Final Report should have been
of a higher technical level and quality.

2. The DOE Guidelines for Processing Technical Reports were not observed,
i.e., the absence of a cover page, title page, contract title and number, etc.

3. The establishment of a subsidence monitoring network in an alpine
terrain is of interest to Western coal mine operators. However, a meaningful
report was lost by the limited coverage given in the report.

4. The site surface is open to field work only three months of the year.
The subsidence movements were to be monitored on the ground surface before,
during and after mining of the panels. What plans or techniques did MSE have
to conduct this survey and monitoring during the continuous LWH operations
during the year?

A description of the technique or plan would have been a good contribution
to the report.

5. Since underground longwall mining is continuing during the winter months,
what methods or techniques were to be used to measure surface, subsurface
and mine 'level response to coal extraction?

6. Perhaps, this was the first time a helicopter was used for the installation
of control and monitoring points for surface subsidence. More indepth
comments on helicopter use and cost comparison and manpow~r requirements for
other methods for monument installation and monitoring would have been of
considerable value.
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7. Discussion of results should have been expanded to include the establishment
of a .urfac~ subsidence network in an alpine area. Also the value and
practicability of the helicopter to survey the area, use in installation of/
and r-.noval of control and monitoring points.

8. Mention should have been given to the ease or difficulty of monument
removal. Also, reclamation, seeding, etc. • • • •

IJ. Editorial Review and Comments

Cover Page - Missing
Disclaimer -Back cover page missing
Title Page - ~issing

T,ble of Contents, Tables and Figures - no pagination (i, ii, 1ii •••)
T,~le of Contents - Section identification/numbering missing. Also under
"'~J\~11'ent construction (p. 1S), omitted subsection, Survey Control MOnuments."

"•
p3l, PaJ'a. 2, Line
p33 - Appendix A ­

Appendix B ­
APPendix C ­
Appendix 1) ­
Appendix E -

I¥ltroduction - should have had an "Executive SU11llllary"
pI, Para. 3, Line 2 - Delete - work was originally intended • • • add • • • The

objective of the project was to monitor • • • •
pI, Line 1 - Should have included the original Scope of Work. Then introduce

the fact that the contract was descoped, thus limiting the scope
of work. .

p2 - Figure 1 - site location, missing
p5-7 - Task description. Poorly presented.
p7, Para.l, Line 1,2 - Combine as one paragraph.
p7, PaJ'a. 3, Line 2 - Would delete" "Impossible because of "--add--prohibited

by county, • • • •
pl, L!ne 4, Line 1 -.Would rewrite first part of the sentence. "The use of

the helicopter transport was required •••"
p8 - Figure 2 - site location map, missing.
p31, Para. 2, Line 1 - would write beginning of the sentence

"Experience gained on the project
3 - Delete we use - MSE-
Forestry Permit Form, missing
Environmental Assessment, missing
Cultural Survey Results, missing
Control Survey Results, missing
Baseline Survey Field Data, missing

Ill. Conclusions

The opportunity to report the results of experience gained for the installation
of a subsidence net in an alpine setting has been lost. Although the project
wasdescoped, due to Federal funding cuts, a wealth of information of direct
interest ~o Western coal operators could have been made available in this report.
tnfo~at1on on regulatory requirement, the relationship and practicality of
helicopter use for property survey(s), monument installations and removal,
mOnitoring survey, problems encountered, cost data and comparisons with Qther
SUrvey techniques could have been presented.
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Overall, the Draft Final Report complies with contract requirements.
Approval of the Draft Final Report is given provided that the Guidelines
for Processing Technical Reports are followed. The Final Report
(5 copies) is to be sent to DOE/PMTC, Bruceton, Pennsylvania.

~~Stephan
Project Manager
Mine Planning Branch

Attachments

cc: RAvellanet, w.o.
MHarthill, w.o.
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RWStephan
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