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FOREWORD

This report was prepared by HRB-Singer, Inc., of State College, Pennsylvania
under USBM Contract Number J0-357129. The contract was initiated under the
30 U.S.C.3 Act.

It was administered under the technical direction of the Eastern Field
Operation Center, with Mr. Frank Doyle acting as the Technical Project Officer.

Ms. Elizabeth Rexroad was the Contract Administrator for the Bureau of Mines.

This report is a summary of the work recently completed as a part of this
contract during the period 1 July 1975 to 30 September 1976. This report
was submitted by the authors on 30 September 1976.
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4

I. EXECUTIVE SUMMARY

The 1974 United States Bureau of Mines document '"Information Circular
8655 - the Reserve Base of Bituminous Coal and Anthracite for Underground Mining
in the Eastern United States'" estimates the quantity of coal that is available
for mining by underground methods in the eleven principal coal-producing states
east of the Mississippi River at 169 billion tons. This represents coal in
beds greater than 28 inches in thickness to a maximum depth of 1,000 feet and
excludes all coal beds in reliability categories other than measured and indi-
cated. Of the 169 billion tons of mineable coal reserves the U.S.B.M. estimates
that only half would be physically recoverable depending upon the method of
mining and such factors as (1) coal underlying urban areas; (2) deep-mineable
reserves lying beneath airports, parks, recreation areas,.public institutions,
or major waterways; and (3) coal in areas of active mining where there are
multiple coal beds, and beds overlying or underlying worked out beds that are

hazardous and expensive to mine.

In an effort to establish the real impact of factor number 3 on recover-
ability of the coal reserve base, this study was awarded to HRB-Singer, Inc. in
June 1975. The main objective was to develop and implement a methodology for
estimating the impact of seam interaction in areas of multiple seam mining on
the estimated underground bituminous coal reserve base of the eastern United
States. To achieve this objective the technical work plan was formulated to
direct all efforts to the final development of a coal loss predicting model based
on a relatively small number of input variables derivable from existing data or

easily derived from readily available empirical data sources.

The technical work plan can best be described as four basic work phases

each consisting of a number of specific and related tasks:

Phase I - Critical Variable Identification and Definition
Phase II - Definition of the Study Area and Data Collection
Phase III - Statistical Analysis

Phase IV - Engineering Modeling

Both phases I and II eventually led to the establishment of a mine specific

data base which provided the main input data for both Phase III and IV.

- -
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Critical Variable Identification and Definition consisted of a thorough
review of the existing literature on seam interaction and subsidence from
which the physical variables affecting adjacent seams were identified. Data
sources were investigated in United States and Canadian libraries and a visit
was made to the British Nationmal Coal Board in London to conduct a literature
search and to consult with British coal mining experts. Following identification
of variables of seam interaction, the critical variables were defined based on
state-of-the-art knowledge and the opinions of seven mining experts in the

Appalachian Region. A final list of twelve basic input variables was derived

from which all critical calculations, such as subsidence and pillar strength,

could be made. These twelve variables are:

1. Roof strength of currently mined seam.

2. Floor strength of currently mined seam.

3. Previously mined seam thickness.

4, Percent extraction in the previously mined seam.
5. Roof strength of the previously mined seam.

6. Floor strength of the previously mined seam.

7. Minimum pillar width in the previously mined seam.
8. Maximum width or span in the previously mined seam.
9. Distance between the seams.

10. Depth of the previously mined seam.

11. Time between mining.

12, Remnant pillar pattern.

The Definition of the Study Area and Data Collection Phase began with a
regional analysis that produced eleven topical maps on the distribution and
characteristics of the eastern underground coal reserve base. The main product
was a derivative map showing ""Areas of Commonality' based on coal characteristics
and tectonic setting. The Areas of Commonality were then used to define the

extent of the study area and to select six MESA district offices to interview

D
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for regional information and for candidate multiseam mines operating in their
districts. Following these interviews specific mine operations were selected
for preliminary interviews prior to selection of four mines for detailed data
collection. Pricr to mine specific data collection, the twelve input variables
developed in Phase I were pre-tested in a Pennsylvania mine as a training exer-
cise. As a result of this exercise, the problems associated with data collec-

tion were worked out and a data collection technique finalized.

Mine specific data collection followed for two mines experiencing previous
undermining and for two mines experiencing previous overmining. One overmined
situation was located in McDowell county, West Virginia and the three other

mines in Cambria and Somerset counties, Pennsylvania.

Two parallel modeling efforts made use of the mine specific data and pro-
ceeded along completely independent lines. In Phase III a statistical analysis
was run on the mine specific data to determine the validity of the variables.

A principal components analysis grouped redundant variables, and factor loadings
showed which variables were most significant. A multiple regression analysis
was run to establish coefficients in a model using total extraction or total

coal loss in the currently mined seam as the dependant variable.

In Phase IV an engineering assessment model was developed to predict the

specific coal loss due to seam interaction. This was done based on the applica

tion of the twelve input variables into a model based on the state-of-the-art
knowledge in the prediction of the ranges of the critical variables and their
interaction in causing coal loss through subsidence and high stress. In com-
paring the variables used in this model to the results of the statistical prin-

cipal components analysis it was shown that all variables were significant.

The engineering assessment model was called the coal loss calculation model
(CLCM) and predicted coal losses of 16, 9, 8, and 7 percent for the four mines
tested.

In order to validate the results of the coal loss calculation model, a com-
parison was made between the percentage extraction being achieved in a currently
mined seam where previous mining in an adjacent seam existed, and the percentage
extraction in the same currently mined seam where no previous mining had occurred

in the same adjacent seam. This would theoretically give the coal loss due to

- .
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the effects of the previous mining, all other factors being equal. In the first
three mines which were used for model development, the estimated percentage
extraction achieved by the mine operators was used in comparison to the CLCM
predicted coal loss. This was done because the measured data was biased in

that sampling was intentionally done in areas experiencing coal loss. The var-
riation experienced between the two values was -1.6%, -1.4%, and +0.3%. In the
fourth or validation mine, sampling was completely random and the variation be-

tween the measured value and the CLCM predicted value was -1.1%.

On the basis of the above results it is felt that the model is operating
correctly, is perhaps consistently low in its coal loss predictions, and
approximates the actual experienced coal loss. The model is useful in
predicting on a seam-by-seam basis the losses to be expected from seam interac-
tion. The model uses mine specific data but can be extended to predict on the
county level. The model may be extendable to the sub-region level based on the
Areas of Commonality distribution. Estimations above this level can only be
generalizations. Caution is given that the model can only be exercised accurately
when both seams being considered are present and the basic input variables are

essentially the same.

C
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IT. BACKGROUND AND OBJECTIVES

A. BACKGROUND

The Department of Interior, U.S. Bureau of Mines is responsible for the
appraisal of the quantity, quality, and distribution of the Nation's coal
reserves. Historically, the state geologic surveys have provided the Bureau
of Mines with the original estimates on the quantity and quality of coal for
each state. This has led to the use of a variety of criteria which have re-
sulted in wide discrepancies in tonnage values. Circular 8655, '"The Reserve
Base of Bituminous Coal and Anthracite for Underground Mining in the Eastern
United States," was intended to partially solve the problems associated with

estimating coal reserves by establishing uniform criteria.

Because of the importance of coal in providing near term solutions to the
Nation's goal of achieving energy independence, accurate estimates of coal
reserves are essential to the national welfare. Several factors impact on the
planning associated with the use of the coal reserves. Coal quality, because
of the air pollution standards established by the Clean Air Act of 1970, certainly
impacts on the useable coal. Conflicting land use is still another factor
which impacts on useable coal reserve estimates. Finally, portions of coal beds
may not be mineable or may have a reduced percentage of extractable coal because
they overlie or underlie mined-out ceal beds. This latter consideration referred
to as seam interaction as a result of multiple seam mining is the subject of

this study.

The problems associated with multiple-seam mining are manifold and are
generally described in terms of undermining,* overmining{* or a combination
of the two. Both types of mining can result in a significant impact on coal

reserve estimates.

* Undermining - Extracting the underseam after the upper seam has been mined.
**Overmining - Extracting the upper seam after the underseam has been mined.

C .
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Historically, the selection of seam sequence in mining has been on the

basis of optimizing the return on investment. For example, in southwest

Pennsylvania, the Pittsburgh seam is the primary or pivot seam that has been

mined.

Recently, overmining operations in the Sewickley seam have begun. On

the other hand, undermining operations are also being initiated by moving from

the Pittsburgh to the underlying Freeport seam. In both cases the question of

seam sequence was predicated on the extraction of the commerical seam first.

The potential therefore exists for a major impact on the underground bituminous

coal reserve base of eastern United States due to the effects of seam interac-

tion.

B. OBJECTIVES AND SCOPE

The main objective of this study was to develop a methodology for estimat-

ing the impact of seam interaction in areas of multiple seam mining on the esti-

mated underground bituminous coal reserve base of eastern United States as

reported in United States Bureau of Mines Information Circular 8655.

Upon the development of such a methodology, the secondary objectives were

to apply and to test what can be described as a coal loss predicting model

in actual mine situations in Pennsylvania and West Virginia and to then document

the results and recommendations into a final technical report and user's manual.

The scope of the study included:

A determination of the type and extent of problems associated with
mining over and/or under a previously mined seam. This included the
identification and definition of the critical variables and a regional
analysis to define areas of commonality for physical variable data

collection.

The development of methodology for predicting the effects of seam in-
teraction on the coal reserve base estimates in terms of percentage
coal loss. This included a statistical analysis to determine the
validity of the physical variables used in an engineering assessment

model and the implementation of the model using actual mine data.

An assessment of the utility of the engineering assessment model in
predicting the impact on coal loss and the potential impact of under-

mining and overmining on the entire coal reserve base.
-6~
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III. OVERVIEW OF THE TECHNICAL APPROACH

To ensure the satisfaction of the project objectives in an orderly and
cost-effective manner, the initial proposal was expanded and after appropriate
revision was used as the project implementation plan. Because the project work
flow was slightly modified, the technical approach used is presented below and

the flow depicted in Figure III-1.

Technically the project may be considered in terms of four basic work

phases consisting of specific tasks as outlined below:

PHASE I

The identification of the critical variables of seam interaction and their

definition and quantification.

1. A literature review and analysis from United States and foreign sources

to identify the state-of-the-art knowledge on seam interaction.

2 The establishment of the relevance of the physical variables identified
with seam interaction, selecting those that are critical to the performance of
a coal loss predicting model, and establishing expert consensus on the critical

values or limits under which these variables can be used.

PHASE II

The definition of the study area and the collection of the data needed

for the subsequent predictive modeling efforts.

L A regional analysis to classify the eastern bituminous coal fields

into homogeneous regions based on coal characteristics and tectonic setting.

2. The selection of regions for predictive model development based on
the physical characteristics of the regions and on information obtained from

MESA inspectors through structured interviews.

3 The identification of mines to be used for possible mine specific
data collection based on the data obtained from structured interviews of mine

personnel.

N
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4. A trial run on mine specific data collection to become acquainted with
the problems that might arise in this type of data collection and to finalize

the data collection process.

5 Mine specific data collection from mine maps and interviews at the

mine sites.

PHASE III

A statistical analysis and modeling of the mine specific critical variables
to establish the statistical validity of the critical variables identified and
to formulate a predictive capability for estimated total coal loss for a given

mining operation.

1 A statistical analysis using multivariate techniques to validate the
theoretical concepts embodied in the undermining and overmining models using
specific empirical mine data. Principal component analysis was used to
distinguish redundant variables and factor loadings were calculated to show

those of greatest significance.

2. Statistical modeling in the form of multiple regression analysis to
establish the coefficients for the equations of coal loss and percentage extraction

estimated for the currently mined seam.

PHASE IV

The development of an engineering assessment model to predict coal loss

due to the specific effects of seam interaction.

1. The formulation of the basic légic of the model from the results of
the state-of-the-art literature review, the definition and quantification of the
critical variables of seam interaction, the opinions of experts in the field
of multiple seam mining and seam interaction, and the use of geological engineering

judgement where lack of reliable data existed.

2. The refinement of the model using the same mine specific data collected

for use in the statistical modeling phase.

C .
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3. The testing of the model against data from a mine not used in the

refinement process.

The products resulting from this study consist of this final technical
report and appendices, and a separately hound document entitled User's Manual

for the Coal Loss Calculation Model Computer Program.

=10=
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IV. LITERATURE REVIEW

A. OBJECTIVES AND APPROACH

The objectives of the literature review task were to identify, review and,
to a limited extent, analyze all of the important literature concerning the
physical variables associated with undermining and overmining. All known
literature related to the effects of multiple seam mining on coal extraction
was identified and the pertinent titles collected and placed on file at HRB-

Singer. The major archives where literature was sought were:
* The National Coal Board, Hobart House, London, England,

* The Pennsylvania State University Library System, including The Earth

and Mineral Sciences Library, University Park, Pa.,
* Bituminous Coal Research, Inc., Monroeville, Pa.,
* U.S. Bureau of Mines, Pittsburgh Library, Pittsburgh, Pa.,
* CANMET Library, Ottawa, Canada, and
* HRB-Singer, subsidence research library collection.

To maximize the effectiveness of the literature search while minimizing
the time involved to complete it, two parallel activities were conducted
simultaneously. While available information was being retrieved from the
American sources listed above with the assistance of Mr. Charles Manula, HRB-
Singer mining consultant at Penn State, HRB-Singer's resident coal geologist,
Dr. Ronald W. Stingelin, spent several days in August 1975 at the British
National Coal Board in London to collectbliterature and to confer with Mr. R.
J. Orchard, Chicf Surveyor and Minerals Manager for the NCB. By prior arrange-
ment with Mr. W.L.G. Nash, technical editor at Hobart House, a literature search
was conducted and all titles pertinent to seam interaction were assembled for
review by Dr. Stingelin. Each article of interest was marked by a slip sheet
and a file card index was available.' Dr. Stingelin reviewed each of the
articles and selected those of primary interest for copying. Twenty-seven techn-

ical papers were copied and added to the HRB-Singer library.
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The major points of information derived from discussions with Mr. R.J.

Orchard, Mr. W.L.G. Nash, Mssrs. Allen and Slater, all of the NCB are outlined

below.

1.

Two publications of the NCB were reviewed during the discussion:

When 100% extraction occurs in the previously mined seam, there are

no pressure problems in the currently mined seam.

With proper room and pillaring, no subsidence problems should be
expected if the distance between the seams is greater than sixty
feet. This distance could be less than sixty feet if a massive
sandstone roof is present in the previously mined seam to act as

a beam.

Upper seam mining should be designed to align pillars with those

of the previously mined lower seam.

In the overmining and undermining situation where 100% extraction
has occurred in the previously mined seam, microfracturing is
essentially non-existent after 120 feet above or below the pre-

viously mined seam.

Water problems are the result of microfracturing due to previous
mining; therefore 120 feet is regarded as the limit of increased
permeability.

Previous pillared workings do not appear to have any effect on

surface subsidence when mining the second seam.

Faulting is the number one inhibition in long wall mining. Faults
with displacements greater than the depth of the coal seam can

sharply curtail the amount of recoverable coal.

of Mine Layouts and (2) Subsidence Engineers Handbook. A brief review of the

British GEOSYMPLAN approach to deep mining preplanning was also discussed.

Overall the British trip was very successful in providing, early in the

study, a thorough discussion on seam interaction from the British viewpoint.

British mining practices were contrasted with American techniques and the dif-

ferences discussed.

~12-
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that only twenty seven additional papers were of sufficient pertinence to

warrant reproduction and inclusion in the HRB-Singer data base. This

is partially due to the lack of profuse literature on the specific subject but,

more so, to the thorough data collection performed in the United States.

B. RESULTS

A distillation of the American and British literature pertaining to
multiple seam mining and subsidence revealed approximately one-hundred and
forty articles. Of these, thirty-nine deal most directly with the identification
and relative importance of the physical variables operating when a second or
third seam is opened over or under the first mined seam. The Bibliography at
the end of this report includes two listings entitled '"Most Pertinent Articles"
and "Other Articles'. The two together comprise the articles identified and
make up the Bibliography. The code in parenthesis at the end of each entry

refers to one of six "summary factors'" referred to in each article as follows:
1. Holdings dealing with undermining, overmining, and mine layout.
23 Holdings dealing with roof and pillar strength.
3. Holdings dealing with subsidence.
4, Holdings dealing with gas problems.
5. Holdings dealing with water problems.
6. Holdings dealing with roadway maintenance.

Further definition of the physical variables was carried out in the next

task entitled "Definition, Quantification, and Application of Critical Physical

Variables."
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V. DEFINITION, QUANTIFICATION AND APPLICATION OF CRITICAL PHYSICAL VARIABLES

A. OBJECTIVES AND APPROACH

The purpose of this task was to extract from the literature and other
sources, the variables most discussed in seam interaction and to identify as
much as:possible the range and importance of each. Further, it was to organize
these variables into a structure permitting ready application to the models

being generated.

B. DEFINITION OF CRITICAL VARIABLES

A series of formats were generated to permit grouping  of reports and
structuring of the information taken from each piece of literature or other
sources such as questionnaire replies. Care was taken in the initial literature
review to record the physical variables discussed in order to insure a smooth
transition to this task. Those reports dealing most directly with seam
interaction were grouped together (39 articles). A review sheet was prepared
(Figure V-1) for each title identifying the problem areas discussed, contributing
factors, quantities or ranges of values mentioned, whether current mining was
over or under the previously mined seam and the comments made. It became
apparent early in the task, from both U.S. and British National Coal Board
sources, that two distinct groups of studies and reports were available con-
cerning the critical physical variables being sought: (1) reports addressing
all deep mining situations and (2) reports addressing problems associated
specifically with multiple seam mining. The first group included such topics
as roof and pillar strength, subsidence, gas, water, roadway maintenance, etc.
To bring the rather voluminous amount of information into a workable size, an
index card system was created, coded by topic, and including a brief summary of
each article. An initial sort was made to identify those articles dealing
specifically with multiple seam mining and those dealing with the topics noted
abo?e. Further analysis concentrated on the articles dealing with multiple

seam mining.

-15-
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For articles addressing overmining, undermining, or mine layout, an
extensive analysis to define and quantify the variables relating to coal loss
resulted in the tabulation of variable frequency in the reviewed literature
(Figure V-2). Fourteen variables constituted the sum total of those discussed
in the thirty-nine papers reviewed. An X mark following each variable
signifies its presence in a specific paper. This was done early in the analysis
in order to arrive as some idea of the relative importance of the variables.
This relative importance would be looked at again later in the study with inter-

views of mining experts and coal mine operators.

A matrix format was then designed to permit more detailed data on each
variable to be recorded. Figure V-3 is an example of the format used for this
literature summary by variable. The problem(s) addressed, the quantitative
values specified, the currently mined seam situation (over or undermining a
previously mined seam), and pertinent comments were identified for each paper

reviewed.

C. QUANTIFICATION OF CRITICAL VARIABLES AND EXPERT REVIEW

The major articles reviewed were used to begin a quantification of the
variables. Table V-1 is a summary of the variables, comments, and sources.
Two of the 14 variables are not included in this table, i.e., "Type of Roof

in Previously Mined Seam'" and "Gas Emission." No values for these were found

in the literature.

A finalized list of critical variables in the multiple seam mining models
was prepared for review by a number of selected experts on seam interaction
within the eastern bituminous coal fields. The experts were contacted by
phone to elicit their cooperation and the review package was then mailed.

The cover letter and the finalized list of variables sent to the mining experts

are shown in figures V-4 and V-5.

The responses to HRB-Singer's request were good. Much interest was
expressed in the seam interaction problem and some additional articles were
offered. However, no substantive changes in the list of variables or their
relative importance were recommended. Compliments were made on the thorough-

ness of the literature review and the approach to predictive model development.
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VARIABLE

FREQUENCY OF OCCURRENCE IN LITERATURE

TYPE OF INTERVENING STRATA

METHOD OF EXTRACTION FOR PREVIOUSLY MINED SEAM

PERCENT EXTRACTION FOR PREVIOUSLY MINED SEAM

RESIDUAL COAL PILLARS IN PREVIOUSLY MINED SEAM

TYPE OF FLOOR IN CURRENTLY MINED SEAM

TYPE OF ROOF IN CURRENTLY MINED SEAM

TYPE OF ROOF IN PREVIOUSLY MINED SEAM

DISTANCE BETWEEN SEAMS

DEPTH OF PREVIOUSLY MINED SEAM

THICKNESS OF PREVIOUSLY MINED SEAM

TIME LAPSE BETWEEN MINING TWO SEAMS

ORDER OF MINING SEAMS (ASCENDING, DESCENDING)

WATER DRAINAGE

GAS EMISSION

FIG. V-2

VARIABLE FREQUENCY DIAGRAM
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Dr. Larry Adler

Department of Mining Engineering
Virginia Polytechnic Institute
Blacksburg, VA. 24060

Dear Dr. Adler:

R ly we requested your assistance on a cument research project that
HRB-Singer, Inc., has been contracted to perform for the U.S. Bureau of Mines. To
refresh your memory, our company is under contract to develop a method for
estimating the impact of previous overmining and undermining on the underground

bituminous coal reserve base in the eastern United States.

The problem with existing estimates, as you know, is that although coal may be
present, portions of this coal reserve may not be extractabie because of problems of
water, gas, subsidence, and so on, resuiting from eariier mining operations.
Therefore, there is a need to increase the reliability of the estimates, and specifically,
a need to develop a method for making reliable estimates of the amount of
recoverable coal in areas that have been overmined or undermined.

In deveioping a method for estimating the impact of previous mining, it is important
that all of the factors that affect over- and undermining conditions are identified and
taken into account. As a recognized expert in the field, your judgments are cntical
to the success of this effort. Specifically, we would appreciate your opinions about
the attached list of factors which, according to the technical literature, affect coal
extraction in over- and undermining conditions.

Would you please evaluate the attached list of factors for completeness (e.g, are
there additional factors that should be considered?), for accuracy (e.g., are there
factors listed that do not, in fact, affect over- or undermining conditions?), and with
respect to the units in which we propose to express the factor or condition?

In addition, we have enclosed a bibliography of sources we examined relating to
factors affecting over- and undermining operations. Would you piease examine this
bibliography and list any additional work you fesl should be examined?

Enclosed is a stamped seif-addressed envelope for your reply. If you prefer to discuss
these factors by telephone, simply mail back a card telling us when it would be most
convenient for you to discuss the factors and the bibliography, and we will call you.
As in most research projects, time is limited and we wouid especially appreciate an
early response. Thank you very much for your cooperation.

Ronald W. Stingelin, Ph.D.
Principal Geologist
Environmental Analysis Department

Enclosures: Bibliography
List of UM/OM factors
Seif-addressed envelope
“Call me later” card

HRB-SINGER. INC.

BOX 80, SCIENCE PARK, STATE COLLEGE, PA. 18801/814 238-431

FI1G. Y-4 COVER LETTER SENT TO EXPERTS

76-65
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NOGTE:

VYARIABLES ARE NOT LISTED IN ORDER OF IMPORTANCE. UM |S UNDERMINING MODEL; OM IS OVERMINING MOOEL.

VARIABLE UNIT MODEL
DEPTH OF SEAM TO BE MINED BELOW SURFACE FEET UM OM
FULL THICKNESS OF THE SEAM FEET -
VERTICAL DISTANCE BETWEEN SEAM TO BE MINED AND FEET UN oM
PREVIOUSLY MINED SEAM
TIME BETWEEN MINING DAYS, YEARS UM
2
RELATIVE STRENGTH OF ROOF OF SEAM TO BE MINED LB/IN. UM oM
(WEAK, MEDIUM, MEDIUM STRONG., STRONG)
2
RELATIVE STRENGTH GF FLOOR OF SEAM TO BE MINED L8/IN. UM ON
(WEAK, MEDIUM. MEDIUM STRONG, STRONG)
. TRATA LB/IN.* UM OM
LITHOLOGY OF INTERVENING S (WEAK, MEDIUM. MEDIUM STRONG, STRONG)
PERCENTAGE EXTRACTION OURING PREVIOUS MINING PERCENT (%) N on
REMNANT PILLAR HEIGHT TO #I10TH RATIO Ph AND Pw EACH IN FEET UM ON
SPAN (GREATEST UNSUPPORTED OISTANCE BETWEEN STABLE| ...
PILLARS IN A MINE) E um
HIGH STRESS ZONES OUE TO PILLAR PRESSURES FROM
PREVIOUS NINING AND WANT AREAS FEET 0.3 X D™120 us ou
DIP OR GRADIENT OF THE STRATA DEGREES (IF LESS THAN 18 1/2, PRESSURE UM oM
EXERTED VERTICALLY:IF GREATER THAN 18 1/2,
PRESSURE EXERTED NORMAL TO STRATA
WAXIMUM SUBS!DENCE INCHES UN
OTHER VARIABLES NOT YET FULLY DEFINED
NATURAL AND INOUCED FRACTURES: P UN oM
FAULT ZONES
FRACTURE TRACE DENSITIES
MICROFRACTURING
RELATIVE STRENGTH OF ROOF, FLOGR IN PREVIOUSLY 2 j
UINES BEXN EBR. THE CUNOITHONG: LB/IN.2 (WEAK,MEDIUM,MEDIUM STRONG,STRONG)| --  --
ROOF AND SEAM STRONGER THAN FLOOR
ROOF ANO FLOOR STRONGER THAN SEAM
SEAM AND FLOOR STRONGER THAN ROOF
HATER PSI OR GPM oM
GAS (METHANE) PSl OR CFM UM
FIG. V-5 CRITICAL VARIABLES IN THE MULTIPLE SEAM MINING MODELS
76-65
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The mining experts who cooperated in this review process were:

*

Dr. Fred D. Wright, Professor of Mining Engineering
University of Kentucky
Lexington, Kentucky,

Dr. Larry Adler, Professor Minerals Engineering
Virginia Polytechnic Institute and State University
Blacksburg, Virginia,

Mr. Ben R. Auld, Chief Engineer, (Retired)
Johnstown Coal and Coke Company
Portage, Pennsylvania,

Dr. H. Douglas Dahl, Manager of Mining Research Division
Continental 0il Company ’
Ponca City, Oklahoma,

Mr. David T. Stemple, President
Berwind Land Company
Charleston, West Virginia,

Mr. Charles B. Manula, Associate Professor of Mining Engineering

The Pennsylvania State University
University Park, Pennsylvania, and

Dr. H. Beecher Charmbury, Assistant Dean Emeritus,
Professor of Mineral Engineering (Retired)

The Pennsylvania State University

University Park, Pennsylvania.

D. APPLICATION OF PHYSICAL VARTABLES AND TECHNIQUE DEVELOPMENT

Having identified and agreed upon an initial list of critical variables,
a trial effort was made to collect mine specific data prior to launching into
the full scale data collection effort.

the data collection format and to identify, early in the study, any potential

problems and difficulties in data collection that might arise.

During this pre-test data collection effort, a number of field trips were
made to a cooperating mine in central Pennsylvania.

was chosen where the Lower Freeport seam (071) is currently being mined over

a previously mined area of the Lower Kittaning seam (084).

~23—
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This was done to develop and finalize

An overmining situation
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Since each mining company has its own record keeping system, it was
necessary to first identify the types of data available and then determine in
what format these data would most likely occur from mine to mine. Most companies
rely heavily on mine maps as a means of recording the physical data most needed
for this research. Borehole logs and topographic maps added most of the required
remaining data. A data collection form was devised to extract these data in a

concise manner ready for entry into the computer.

To transform various information from a mine map into a set of data
representing a specific area within a mine, a sampling system had to be devised
that would be statistically valid and practical from the standpoint of taking
measurements and be representative of the mine as a whole. After some attempts
at sampling areas of varying sizes and configurations, it became apparent that
each sample area would be square and equal in size and selected randomly from
across the entire mine or that part of the mine under consideration for coal
loss estimation due to previous over or undermining. A description of the data

extraction process employed is given in Section VII Part C.

One advancement in technique development concerning coal loss in a mine
was that the immediate area where trouble occurred may not be the only area of loss.
Secondary effects throughout an advancing mine area include such loss as
pillars left to support additional entries around a bad area. Since this
coal will remain in the mine, it is lost even though no trouble occurred at
that particular location. Occasionally coal is lost due to coal production
expediency where economic pressure causes the overall mining plan to be
temporarily abandoned. Because coal loss can occur for any number of reasons,

a random selection of areas of equal size were used to collect the data.
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VI. REGIONAL ANALYSIS

A. OBJECTIVE

The objective of the Regional Analysis was to develop and apply a methodology
for classifying the coal fields of the eastern United States into homogeneous
regions as they are specified in USBM Information Circular 8655 "The Reserve
Base of Bituminous Coal and Anthracite for Underground Mining in Eastern
United States.'" These homogeneous regions are characterized by a commonality
in the physical parameters of the coal and in the general geological setting,
and thereby, a similarity in past mining practices. A generalized 'Areas of
Commonality'" map, based on county level resolution was derived from information
contained on a series of thematic maps prepared during the task and in com-
parison with the Tectonic Map of the United States. These map products are

discussed and included in part B, Technical Approach.

The major map product of this task, Map 1, "Areas of Commonality" was
used in the selection of counties for empirical model development and validation
and in conjunction with Map 6, '"Coal Rank," in the initial selection of mines

to visit for seam interaction variable data collection.

B. TECHNICAL APPROACH

Eleven states constitute the area of study. These eleven states are used
as a map base for all topical areas to be illustrated. Map 2, "Study Area and
County Names'" is the key to the counties listed in I.C. 8655 as containing coal
reserves and serves as the location map for this study. All map products are
prepared on this base at a scale of 1:2,500,000 which is compatible with most
published U.S.G.S. and USBM geologic maps. The thematic maps are prepared as
overlays in order to facilitate comparison and analysis. Twelve maps were

prepared with the topics listed below:

Map 1 - Eastern Underground Coal Reserve Base - Areas of Commonality.
Map 2 - Study Area and County Names.

Map 3 - Sulfur Content (Dry)

Map 4 - B T U (Dry)

-25-
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Map 5 - Ash Content (Dry)

Map 6 - Coal Rank

Map 7 - Geologic Structure and Eastern Underground Coal Reserve Base,
Map 8 - Deep Mining Technique - 1974.

Map 9 - Number of Seams in the Eastern Underground Coal Reserve Base by

County.

Map 10 - Number of Seams not Listed in the Eastern Underground Coal

Reserve Base for which Sulfur Analyses are Available,
Map 11 - Eastern Underground Coal Reserve Base (tons/county)

Map 12 - Eastern Underground Coal Reserve Base (tons/sq. mile/county)

After the plotting of these data and the completion of the map overlays, a
comparison of the maps was made to combine and match the subject topics into a
final derivative map (Map 1). The regional analyses consist of a synthesis of
the information contained on the topical maps and information developed and
acquired from published maps. Maps 1 to 12 are printed in this report at a

reduced scale.

C. RESULTS

The major product of Regional Analysis is Map 1, "Areas of Commonality."
It is derived by combining the information contained in Maps 3 through 9 and

Maps 11 and 12 with the purpose of deriving areas of common physical conditionms.

As a result, ten major regions are developed based on coal properties.
These regions are divided into twenty-one subregions or areas of commonality

based on geologic setting.

The prime factors in the determination of the ten regions are sulfur content,
BTU value, and ash content. Anthracite and semianthracite areas are given a
separate region designation independent of these criteria and the Michigan Basin

warrants g3 regional designation because of its isolation.

-26-
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Differentiation of sub-regions is based on the tectonic parameters of
degree of folding and faulting. Current underground mining practice (1974) by

region is included in the sub-regional description.

The "Areas of Commonality" map follows predictable geologic lines of
differentiation. These include decreasing coal rank westward together with

decreasing tectonic activity.

Sulfur content is more variable and generally can be related to
environmental conditions during coal formation. The low sulfur areas along
the eastern perimeter of the coal regions represent deposition in a relatively
narrow geosynclinal trough during early Pennsylvanian time (Lee and Kanawha) .
The geosyncline was restricted to the northeast, and was open to marine cir-
culation to the southwest (Eardley, 1962). The major geosynclinal basins of
deposition during this time were the Coosa, Cahaba, and Warrior Basins in
Alabama and Tennessee, and the Pocohontas Trough in West Virginia and eastern
Kentucky. Isolated coal deposition also existed in the Illinois, Indiana, and
western Kentucky basin and in the Michigan basin. These basins represented
the accumulation loci for Pottsville (Lee and Kanawha time) coal deposition.
The eastern geosyncline was characterized by differential subsidence rates
and close proximity to an orogenic belt to the southeast that supplied the

source of the clastic sediments between the coals.

Pottsville deposition was occurring at a relatively rapid rate in these
active differentially subsiding troughs east of a tectonic hinge line separating
the troughs from the more stable cratonic platform to the west (Barlow, 1971).
This hinge line was to act as a relatively positive area throughout the
Pennsylvanian period. The hinge line is mapped in West Virginia trending
northeast-southwest and is generally followed by the medium low/medium sulfur
boundary line in Map 3. (The tectonic hinge line is drawn in its approximate

position on Map 3.)

Toward the close of the Pottsville (in Kanawha time), the stable platform
west of the hinge line began to experience relatively uniform subsidence while
the eastern troughs were filling up. At the close of Pottsville time, platform

deposition had spread to include Pennsylvania, eastern Ohio, and Kentucky.

27~
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This Pottsville/Allegheny time transition seems to be the key to sulfur
distribution in the eastern coal fields. From the Pottsville/Allegheny
transition to the end of the Pennsylvanian period, platform deposition pre-
vailed throughout the eastern coal fields with the Michigan Basin remaining
isolated. The climate was progressively becoming warmer and drier and the coal
basin more and more restricted. Sediment supply was decreasing and at the end
of the period, coal deposition was restricted to the current geographic dis-
tribution of Permian sediments in the eastern United States (Dunkard Series).
The Pennsylvanian coals are buried deeply under the Dunkard Series and good
data on the physical parameters of these coals is lacking, hence the obvious

hole in western West Virginia on all of the maps.

D. MAP DESCRIPTIONS

Thematic maps presenting visual display of the physical parameters of
coal, coal distribution, and geologic setting are presented in maps 3 through

12. Brief descriptions of these maps follow.

Map 3 - "Sulfur Content-Eastern Underground Coal Reserve Base.'" This
represents a plot of the average sulfur content by county, listed on a
moisture free basis in USBM I.C. 8655. Only seams included within this document
in the reserve base tables for which sulfur analyses are available are represented

in the county averages.

Map 4 - "BTU (Dry) by County-Eastern Underground Coal Reserve Base." The
average BTU content, calculated on a moisture free basis, by county, is plotted.
This includes only those seams listed in I.C. 8655 where analyses data are

available.

Map 5 - "Ash Content-Eastern Underground Coal Reserve Base." The average
ash content, calculated on a moisture free basis by county, is plotted. Average
ash content includes only those seams listed in I.C. 8655 for which analyses

data are available.

Map 6 - ""Coal Rank-Eastern Underground Coal Reserve Base." The American
Society for Testing Materials (ASTM) Standard Specification for Classification

of Coal by Rank is used to categorize the eastern underground coal reserve base.
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A variety of sources (USBM I.C. 8655, 1974 Keystone Coal Industry Manual, Luther,
1959, Culbertson 1964, PADER Map 11, Barlow, 1974, U.S.G.S. Prof. Paper 580)

are used to develop this map. No differentiation of high volatile bituminous
coal into A, B, & C ranks is made due to the inconsistancy of the available

data, but rank generally decreases from A to C towards the west.

Map 7 - "Geologic Structure and Eastern Underground Coal Reserve Base."
This is a derivative map compiled by comparing the tectonic map of the U.S. and
maps 9 and 12. Regions of similar tectonic setting are divided into areas of
high and low reserves. The tectonic setting was determined by the degree of
major folding and major fault density. An asterisk denotes those counties with

extremely high reserves or greater than 14 seams.

Map 8 - "Deep Mining Technique - 1974, Eastern Underground Coal Reserve Base."
The active deep mining techniques used during 1974 are plotted on a countywide
basis. The list of mining equipment in these mines, as reported in the 1974
Keystone Coal Industry Manual, determined the mining techniques. Active long-

wall operations are present in Pennsylvania, West Virginia and eastern Kentucky.

Map 9 - "Number of Seams in the Eastern Underground Coal Reserve Base by
County." The number of seams used in USBM I.C. 8655 to calculate the coal
reserve base for each county is plotted. Uncorrelated seams and locations
where the number of seams are not known are excluded. This map gives a visual
representation of those counties where multiple seam mining is most likely to

occur.

Map 10 - "Number of Seams Not Listed in the Eastern Underground Coal Reserve
Base For Which Sulfur Analyses Are Available." This map is derived by
determining the difference between the number of seams in the coal reserve base
tables of USBM I.C. 8655 for a given county and the total number of seams
listed in USBM I.C. 8655 for which sulfur analysis are available. This map
gives a rough approximation of additional seams that may be encountered in a

county in addition to those included in the underground coal reserve.
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Map 11 - "Eastern Underground Coal Reserve Base (Millions of Short Tons/
County)." The total amount of mineable underground coal reserves in each county
as listed in USBM I.C. 8655 is plotted. This gives a direct visualization of

this data presented therein in tabular form.

Map 12 - "Eastern Underground Coal Reserve Base (Millions of Short Tons/
Sq. Mile/County)." This map was derived by dividing the millions of short tons
of coal for each county by the square mile area in the county. This presents
a better representation of the underground coal reserve base than in Map 11,
although it would be much more accurate if the number of square miles of coal

bearing strata in each county were used instead of total square miles.

E. CONCLUSIONS

The thematic maps prepared for this report may be used for rapid com-
prehension of regional distributions and trends of the various parameters they
depict. 1In combination and comparison they may be used to explain or suggest
solutions to problems other than that for which they were generated; namely,

the identification of areas of commonality.

The twenty-one subregions derived from the regional analysis represent
areas where the coal loss calculation model developed for predicting the effects
of undermining and overmining may be run using mine specific data within each
sub-region. Coal loss prediction within any sub-region is qualified by the
restrictions discussed in chapter IX. These restrictions are also applicable to
the possibilities of extending coal-loss predictions from one sub-region to

another.
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EASTERN UNDERGROUND
COAL RESERVE BASE
AREAS OF COMMONALITY

LOW SULFUR, HIGH BTU, LOW ASH

A. TIGHTLY FOLDED, MODERATE FAULTING; CONVENTIONAL MINING.

B. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL, LONGWALL, SHORTWALL MINING.
C. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL, LONGWALL MINING.

MED/LOW SULFUR, MED. BTU, MED. ASH

A. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL, LONGWALL MINING.
B. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.
C. GENTLE OR NO FOLDS, HIGHLY FAULTED, CONVENTIONAL MINING.

. MED. SULFUR, MED. BTU, MED. ASH

A. TIGHTLY FOLDED, MODERATE FAULTING, CONVENTIONAL MINING.

B. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL AND LONGWALL MINING.
C. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.
HIGH SULFUR, LOW BTU, MED/HIGH ASH

A. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL MINING.

B. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.
MED/LOW-MED. SULFUR, MED. BTU, MED-MED/HIGH ASH

A. TIGHTLY FOLDED, MODERATE FAULTING.
B. GENTLE FOLDS, SOME FAULTING.

CONVENTIONAL MINING
C. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS.

MED/LOW SULFUR, HIGH BTU, LOW-MED ASH

A. TIGHTLY FOLDED, MODERATE FAULTING, CONVENTIONAL MINING.
B. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.

HIGH SULFUR, MED. BTU, MED-MED/HIGH ASH

A. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS.

B. GENTLE OR NO FOLDS, HIGHLY FAULTED. ] CONVENTIONAL MINING

HIGH SULFUR, LOW BTU, MED/HIGH-HIGH ASH
GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.

. MED. SULFUR, MED. BTU, LOW-MED/HIGH ASH

MICHIGAN BASIN, CONVENTIONAL MINING.

ANTHRACITE AND SEMI-ANTHRACITE

SOURCE: MAP NUMBERS 3, 4, 5,6, 7,8, 9,11 & 12
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MAP 6
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VII. DATA COLLECTION

A. OBJECTIVES AND APPROACH

Following the definition of the study area through regional analysis, the
main effort of the study turned to data collection. The overall objectives of
data collection were to identify where the best data sources were located, to
establish the most effective means for acquistion, and to implement such acquis-
tion. Direct input from various groups within the mining community was used to
satisfy the data requirements for the development, implementation, and validation
of the coal loss calculation model. Three data collection activities led to the
development of the final mine specific data base upon which subsequent project

efforts would be dependent. These three activities were:

L. Structured interviews with Mine Enforcement and Safety Administration
officials,

2. Structured interviews with mine superintendents and engineers and,

3. Mine specific data extraction from mine company maps, topographic maps,

and borehole logs.

B. STRUCTURED INTERVIEWS

Structured interviews were conducted to obtain basic data and information
concerning the character and results of mining activities associated with over-
mining and undermining. These data were used to substantiate the critical

variables and their functional relationships.

To formulate specific questions to be addressed to mining personnel, the
literature summary by variable matrix (Figure V-3) was used. Each appropriate
article was inspected where mention was made of the variable in question and
statements concerning that factor were converted into questions to be refined
and presented to a nauimber of selected mine inspectors and mine operators within

the eastern bituminous coal fields.

Interviews were initiated with MESA officials in selected districts where
multiple seam mining is being practiced. A major advantage of gaining informa-
tion from this group was that their knowledge of geological conditions and
mining practices throughout their districts is more general than that of mine

personnel. Interviews were conducted in the following six locations representing

w5 P
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MESA districts or subdistricts: (1) Mt. Hope, W. Va., District 4-Southern West
Virginia; (2) Norton, Virginia, District 5-Scott, Lee, Wise, Dickson, Russell,
Tazewell, and Buchanan Counties, Virginia; (3) Pikeville, Kentucky, District 6-
Mason, Lewis, Greenup, Fleming, Rowan, Carter, Boyd, Elliot, Lawrence, Menifee,
Morgan, Johnson, Martin, MaGoffin, Floyd, Pike, and Letcher Counties, Kentucky;
(4) Madisonville, Kentucky, Subdistrict of 7-Western Kentucky; (5) Jellico,
Tennessee, Subdistrict of 7-Eastern Tennessee; (6) Pittsburgh, Pa. - Bituminous

Region of Pennsylvania.

An interview format was designed to assist the interviewers in collecting in-
formation of a regional nature from individuals or groups in the districts listed
above. The type of information included is shown in the form entitled "Interview
Schedule-Mine Inspectors' included in Appendix A. The results of these interviews

are summarized in Table VII-1 MESA District Data Tabulation.

Mine personnel interviews were conducted at mining locations in the eastern
bituminous region of the U.S. Each of the persons interviewed was either a mine
superintendent or foreman or a member of the engineering department of the mine.

Each had a thorough knowledge of the mine where he was working.

The development of these interview forms began by delineating the information
to be illicited and identifying the subjects who would be the best sources of the
information required. Several refinements in the development of a workable form
were made with the requirement that it not only cover all the necessary infor-
mation, but that it be structured in such a way that a minimum of time be spent
with the person to be interviewed. A satisfactory '"Data Collection Form'" resulted,

a sample of which is included in Appendix B.

The procedure for successfully completing an interview with a mining official

included several steps:

1. The candidate mining company was selected from a list of companies
engaged in multiple seam mining compiled by HRB-Singer from the list of

mines provided by the MESA interviews.

2 A telephone call was placed to the individual named and the research
project and the need to gain data from him was explained. One of
three types of responses usually followed this request: a) an appoint-
ment was scheduled; b) cooperation was refused; c) direction was given
to initiate the request by mail at a higher level of management within
the mining company.
-58-
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TABLE VII-1  MESA DISTRICT DATA TABULATION
18-65
ATTEMPTS 10 | GEWERAL ROOF | GENERAL FLOOR | EFFECT OF PRE—INUIIU OF MINES| NUMBER OF mu-Imct OF ESTI- ‘nm OF PILLAR | EFFECTS OF GEOLOGIC
ALIGN PILLARS | CONDITIONS CONDITIONS | VIOUS MINING TIPLE SEAN  NATED % EXTRAC-| DIMENSIONS REMNANT FACTORS
REGION MESA msmq N £t $1 TUATIONS ToN PLLLARS
RECOVERY
e A | PLITSBURGH BETHLEHEM #33 | DIFFICULT 10 | FIRECLAY OR NO REAL 155 ~38 55-85 1 ? NONE
(] GENERALIZE SHALE EFFECTS
c ROOF WORSENS
WITH DEPTH
I | A | SOUTHERN W.¥A.-4 U.S. STEEL #1 |EAGLE-BAD GENERALLY DEFINITE 500-515 ~306 AVG 603 1 AT ELK MINING |POCAHONTAS #4
8 POMELLTON (SHALE) AVERAGE TO COAL LOSS C0. THROUGH A |BECKLEY
n | VALLEY CAMP POCAHONTAS 384 | G0OD EXCEPT DISTANCE OF  |POMELLTON MAVE
600D (SAND- FOR SEWELL 200 FEET BE-  [FREQUENT WANT
STONE) TMEEN SEANS. | AREAS
| | A | VIRGINIA-S UNAWARE OF POOR 10 POOR 10 SONE EFFECTS 30 230-250 AYG 60 1 NONE PINE MOUNTAIN
ANY EXCELLENT EXCELLENT BUT NOT VERY FAULT CLINCH
X EXTENSIVE RIVER VALLEY
FAULT
| | C | NE KENTUCKY -8 NONE EXTREMELY MEDIUM GRADE | MO SIGNIFI i 200 65-90 30° 1 30° 10 1 PINE MOUNTAIN
TR VARIABLE SHALE CANT EFFECT 80° x 80° FAULY
c e see
v|¢ ROOF WORSENS 45" 1 45°
WITH DEPTH
I | B | EASIERN TENN-] ONLY ONE MINE- | GENERALLY GOOD | NO GEMERALIZA-| MINIMAL OR 80 80 60-70% 1 NONE PINE MOUNTAIN
IV | 8 ] (JELLICO SUBDISTRICT) NOW CLOSED IN JELLICO TION COULD BE | COULD NOT BE FAULT JACKSBOR
v AEA MADE DETERMINED dec
8 APPARENTLY
- AFFECTED BY
JACKSBORO
FAULT
VIE | A | W KENTUCKY-SUBDISTRICT OF 7 |NONE GENERALLY FIRECLAY MININAL 30 6 OR ) 50-60% 1 PILLARS ARE  [MANY FAULTS
B BETTER WITH BECOMES NOT PULLED BUT NO EFFECT
LINESTONE THAN | MUDDY WHEN ON MINING
WITH SHALE WET
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3. For those companies where letters of request were necessary, favorable

responses were followed up and interviews were scheduled by telephone.

4, Two man teams of data collectors visited each company scheduled where
one to three individuals familiar with the mine being discussed re-
sponded collectively to the questions asked from the "Data Collection

Form".

5. Upon completion of the interview the two data collectors compared notes

[ e | _—— — -

to establish one complete set of information for that mine.

A synthesis of information from the data collected in this manner from all
the mine locations was then performed. A tabulation was made beginning with the
region and mine represented as shown in Table VII-2, Mine Data Tabulation. It should
be noted that six different subregions of the eastern bituminous field are repre-

sented with thirteen undermining and fifteen overmining situationmns. lI
L~

C. MINE SPECIFIC DATA COLLECTION

A key step in the development of both the statistical analysis and the Coal
Loss Calculation Model (CLCM) was the retrieval of data from four selected deep
mines. A substantial amount of detailed information taken from mine maps, bore-

hole logs, the interview '"'Data Collection Form,"

and additional inputs from the
mine engineers and superintendents was processed for each mine to permit empirical
data to be entered for each of the critical variables. The following is a step-
by-step description of the procedure used to collect the raw data and reduce it

to a point where the appropriate variables could be entered on computer punch

cards.

Step 1 —— Selection of Mines Suitable for Model Development and Validation
-- The mines selected as suitable for model validation were chosen because they

conformed most closely to the following criteria:

1. They were in an overmining Oor undermining situation.

2 They were located in different "areas of commonality" in the eastern

bituminous region, i,e., Pennsylvania and southern West Virginia.

3. The company was cooperative, i.e., they were willing to provide mine

maps, borehole logs, and time for interviews.
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4. They had sufficient overburden to cause the stresses resulting in coal

loss (greater than 200').

5 They were experiencing coal loss attributable to the effects from the

previously mined seam.

6. The mine was of sufficient size to permit random sampling of fifty
square four acre blocks from a population greater than fifty. (Note:

one mine was large enough to sample fifty sixteen acre blocks.)

7. The currently mined seams were in the completion stage of operation or
already completed so that coal loss magnitude could be established

accurately.

On this basis four mines were selected in the following counties:

Previously Overmined - Mine OM(1l), McDowell County, West Virginia

- Mine OM(2), Cambria County, Pennsylvania

Previously Undermined - Mine UM(1l), Somerset County, Pennsylvania

- Mine UM(2), Cambria County, Pennsylvania

Step 2 - Securing the Data —-- At least two visits were made to each mine to
secure all necessary material from which data would be collected. The first visit
was the interview described in the previous section. Although the intention of
this initial interview was not to screen mines for possible use as model develop-
ment and validation mines, the information from the ''Data Collection Form'" proved
useful in choosing mines for such cooperation. The second visit to a cooperating
mine was to further isolate areas within the mine where coal loss has occurred,
determine water table elevations, further definition of water, gas, roof and floor
problems, and to retrieve records that could be brought back to HRB-Singer such

as: (a) mine maps of the two seams (b) borehole data and (c) topographic maps.

Step 3 - Sampling Procedure —-- Once the necessary information was available
at HRB-Singer, a detailed data extraction process was employed for each mine.
The areas of the mine where empirical data was to be extracted were divided into

square grids of either sixteen or four acres .depending upon the size of the mine

B
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and the scale of the mine maps in such a way that fifty blocks* could be selected
at random from the total population. A portion of the previously mined seam with
the sample blocks superimposed is shown in Figure VII-6. The total number of
blocks in each mine represented the population of sample areas. These totals are
as follows: UM(1)-287, OM(1)-162, OM(2)-168, and UM(2)-100.

Step 4 - Sample Measurements —-- Each of the fifty sample blocks for each
mine seam was planimetered to obtain the areas of coal extracted and left in
place. For a sample block, the total coal reserve tonnage estimate was calcu-

lated using the following formula:

RT = A x t x D/2000

where
RT = Total Coal Reserve Estimate per Sample Block (Tonmns)
A = Area of Sample Block (Ft.z)
t = Thickness of Coal Seam
D = Density of Coal
2000 = Pounds Per Ton

Using the measurements of the area extracted in square feet, the number of tons
of coal extracted and left in place was generated for each sample using the

results of the above formula.

Step 5 - Data Collection from Mine Records —-- Additional data from both the
previously mined and currently mined seam for each sample block was collected
using the data sheet shown in Figure VII-7. Below is a description of the pro-

cedure for collecting data.

* Number of Pillars —-- all remaining pillars except barrier pillars and

pillars nearly outside boundary of the sample block were counted.

* The sample size of N=50 for each mine was considered adequate for the purpose
of this study. For further discussion of sample size determination, see
Dixon, W. S. and Massey, F.J., 1969: Introduction to Statistical Analysis,
pp. 80, 86, 270-275 and 346-354 and Tables A-12a to A-1l2e and A-2la.
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Coal Rank -- Determined from the regional analysis (MAP 6) or from the

engineer at the mine.

Surface Elevation -- A topographic map from the mine company or a
USGS topographic map was used to determine the maximum and minimum

surface elevation in the sample block.

Water Table Elevation -- Entered if the mine engineer supplied it,

otherwise not used.
Seam Name -- Supplied by the mining company.
USBM Code -- The USBM number designation for the seam.

Elevation -- The coal seam elevation taken from the floor of the
mine. Structure contour lines on the mine maps indicated these eleva-

tions. Borehole data were used where boreholes were frequent.

Thickness -- The average thickness in the sample block of the material

extracted as recorded on the mine maps or from borehole data.

Dip and Strike -- Determined from coal bed contour lines on the mine
maps.
Date Mined -- Dates were either taken directly from the mine map or

a range was derived from two dates if the dates were recorded in only a

few places on the maps.
Percent Extraction -- Determined by planimetry of the mine map.

Lithology -- Taken from borehole data. This includes the immediate

roof, the floor, and the predominant lithology of the rock cover.

Entry and Crosscut Widths -- No distinction was made between entry
or crosscut dimensions. The maximum and minimum widths were recorded

wherever they appeared.

Maximum and Minimum Pillar Dimensions -- The width of the widest pillar
and length of the longest pillar was recorded for maximum pillar dimen-
sions. For minimum pillar dimensions, the pillar with the shortest

width and the pillar with the shortest length was recorded.

Span -- Considered to be the maximum unsupported distance of the roof.
If only first mining occurred, the span is the maximum entry width.

-66-
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If robbed, it is the greatest lateral distance across the unsupported

area. Figure VII-8 illustrates a span width.

V77///] ROBBED PILLARS

FIG. VII-8  MINE MAP SHOWING METHOD OF MEASURING WIDTH (SPAN) OF UNSUPPORTED OPEN DISTANCE.
HATCHED LINES INDICATES ROBBED PILLARS.

76-85
* Mining Method -- The mine was recorded as a room and pillar, short
wall, or long wall mine area in the block by mine map observationm.
* Water, Gas, Roof, Floor Problems -- This information as well as
coal density was taken from interview notes and other sources.
Step 6 - Keypunching -- Data for computer analysis was key punched from the

specific mine data forms thus fulfilling the requirement of translating data

from general mine and topographic map or borehole information into specific sample

areas with specific critical variable values.

e
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VIII. MODEL DEVELOPMENT AND VALIDATION -- STATISTICAL APPROACH

A. CONCEPTUAL FRAMEWORK OF THE STATISTICAL MODEL

In the original proposal submitted to the United States Bureau of Mines,
a conceptual model was outlined which aimed at measuring the impact(s) or
potential impact(s) of previous mining in adjacent seams on the recoverability
of coal in a reserve seam. The model was conceived as the final product of
a statistical analysis of the critical variables identified in the study
through literature review and the opinions of experts. In the course of this
study it became apparent that a statistical analysis alone would not provide
the answer as to the specific impact on coal loss caused by a previously mined
seam, but rather provided information on total coal loss to be expected in a
current mining operation. To overcome this difficulty, it was decided early
in the project to develop an engineering assessment model independently of the
statistical activity that would predict coal loss due to the impact of previous
mining in adjacent seams. This model is discussed in detail in Section IX and
is the model used in the development of the computer program described in the

User's Manual accompanying this report.

The statistical analysis was extremely useful in that it aided in the
selection of the significant independent variables that should be used in the
engineering assessment model and provided estimates of the total coal loss to
be expected in current mining practices in areas where multiple seam mining

has occurred.

The statistical model development incorporated all of our apriori knowledge
of the mechanisms involved in seam interaction. To do this, two versions of
the model were investigated; Model UM for the undermined case and Model OM for
the overmined case. Each model specifies the functional relationship between the
recoverability of coal in the reserve or currently mined seam and the physical
variables attributed to previous mining of an adjacent seam. The variables
considered are limited to the physical variables associated with the previously
mined seam. The relationship embodied in each model was determined empirically.
Principal Components Analysis and Multiple Regression were the statistical

techniques applied to derive the empirical contents of both Models UM and OM.
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The mathematics* behind both models are the same.

HRB-SI

However, their empirical

content varies because of the differences in operational factors under each

case.
but does not exist for overmined conditionms.
for undermined conditions, and water entry for overmined conditioms.

also suggests some differences in the assumptions made under each case.

For example, subsidence is a major problem for undermined conditions,

Gas problems may be critical
This
The

assumptions, and functional relations, behind each model are discussed

reserves in vertically adjacent

areas (multiple seam).

below.
ASSUMPTIONS ;
Model UM Model OM
1. There are n seams of coal 1 Same as No. 1 under Model UM.

2. One or more lower seams had been 2. Same except upper seam had been
previously mined and there re- mined previously and there re-
main n - 1 or n - k reserve main n -~ 1 or n - k reserve
seams above. seams below.

3. It is assumed that for an area, 3. Same except the condition is over-

the recoverable coal from the
overlying n = 1 or n - k
reserve seams is less than the
estimated (indicated and
measured) reserve base. It is
stated in USBM IC 8655 that coal
can be lost to mining, espe-

cially in areas of active mining

where there are multiple coal

mined, that is recoverable coal
is from the underlying n - 1 or

n - k reserve seams.

* In general, most introductory textbooks on "multivariate analysis" include
the presentation of the mathematics behind principal components analysis and
multiple regression technique.
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Model UM (Cont'd)

beds and beds that are hazardous
and expensive to mine overlying or
underlying worked out beds.
Several factors can account for
the difference between the
reserve base and the actual re-

coverable deposit. Model UM is

capable of quantifying the influ-
ence of the various selected
variables affecting the recover-
ability of coal from reserve

seams overlying the undermined
seam. The physical variables
and related phenomena and
problems associated with the
undermined conditions are

enumerated under Assumption 4.

According to established
literature sources, the problems
associated with undermined con-
ditions are: (a) subsidence;
(b) occurrence of high stress
zones due to pillar pressures
from old workings; (c) fractur-
ing, either induced or natural,
and gas emission. Each of these
phenomenon is brought about by
the interaction of the specific
physical variable related to the
characteristics of the undermined
seams and the overlying reserve

seams.

=7 T=
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Model OM (Cont'd)

Occurrence of high stress zones and
fracturing are problems result-

ing from overmined conditions. In
addition, water entry and accumula-

tion is also a problem.
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Model UM (Cont'd)

Model UM assumes that the
volume of coal that can be
recovered fromn - 1 or n - k
reserve seams overlying the K
undermined seam(s) is a function
of the physical variables

together with a random element.

FUNCTIONAL RELATIONS

Equation (1) represents Model UM.

HRB-SINGER.

Model OM (Cont'd)

Same except the condition is over-

mined.

It is an abstract representation of the

functional relationships between recoverability of coal in the reserve seam(s)

or currently mined seam and the operational physical factors in the previously

undermined seam(s).

undermined condition.

Model UM

LR Ps

oy = > LF’ PL’

£, (SMAX, R

Identify Conditions:

RCu. < RTu,3; RTu., -~ RCu, > 0 = AR
i— . i i i—
n-k n=k n-k
Y RCu, < } RTu,; ) RTu,
i : i ; i
=1 i=1 i=1

where

w, T, L,

Throughout the discussion model UM refers to the

DT’ D, f, G’ g Ui) (1)

= RTA

RCui = quantity of bituminous coal recoverable (or actual raw coal

extracted) from reserve seam i lying above a previously undermined

seam(s) in a specific area.

~F =

N
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RTu, = reported quantity (estimated) of indicated and measured

bituminous coal reserve in seam i lying above an undermined seam in

a specific area.
AR = quantity of unmined coal in reserve seam i.

RTA = reported total size/quantity of indicated and measured

bituminous coal reserve in the multiple seams for a specific area.
SMAX = maximum subsidence (ft.) (See Section IX C)
R = stress zones due to pillar pressure (ft) (See Section IX C)

LR = strength of roof (previously and currently mined seam) (lbs/inz)
(See Section IX C)

LF = strength of floor (previously and currently mined seam) (lbs/inz)
(See Section IX C)

Ps = pillar strength (previously mined seam) lbs/in2 (See Section IX C)

PL pillar load (previously mined seam) lbs/in2 (See Section IX C)

W = span (greatest unsupported distance) or distance between major

pillars (feet)

T

time elapsed between mining (years, months)

L = lithology of intervening strata (1bs/in2)

I

DT = vertical distance between the seam to be mined (or currently mined

seam) and previously mined seam (feet)

D = depth of the seam to be worked below the surface (feet)
f = natural/induced fracture

g = dip of the seam to be mined

G = gas emission rate

H = water emission rate

e = percent extraction

Ui = random error

-
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Equation (2) represents Model OM. It is the general representation of
the functional relationships between the recoverability of coal in the reserve
seam(s) or currently mined seam and the operational physical factors in the

previously overmined seam(s). Model OM then refers to the overmined

condition.
Model OM
LR Ps
RCOi = fi(R’ L—F—’ PL? W, L, DT, g, £, e, H, Ui) (2)
Conditions

RCo, < RTo.,; RTo, -— RCo, > 0 = AR
i— i i i-—

n-k n-k n-k

) RCo, < ) RTo,; ) RTo, = RTA
L = = 8 g

i=1 i=1 i=1

where

RCoi = quantity of bituminous coal recoverable (or actual raw coal
extracted) from reserve seam i lying below a previously overmined

Seam.

RToi = reported~quantity (estimated) of indicated and measured
bituminous coal reserve in seam i lying below a previously mined

seam.

RTA and all other variables in Equation (2) are identified under

the section on Functional Relations of Model UM.

e 7

HRB-SINGER,

N

c



HRB-SINGER,I

C. STATISTICAL ANALYSIS

This phase of the study presents a statistical analysis of the impact of
previous mining on the recoverability* of the remaining coal reserve base in
multiple seam areas. The empirical analyses include cases of both undermined
and overmined conditions with respect to two vertically adjacent seams only.
The empirical analysis also focuses on the determination of the inter-relation-
ships of the physical variables associated with the previously mined seam.
Independency between and among such variables are established. In addition,
the structural relationships between the rate of recoverability of coal in
the currently mined seam as a function of the operational physical variables

in the previously mined seam are estimated.

Principal components analysis and the technique of multiple regression
are the statistical tools used to determine the impact of previous mining on
the recoverability of the remaining coal reserve base. The method of principal
components is used in the classification and reduction of the number of variables
(associated with the previously mined seam) into independent sets. Multiple
regression of the least squares single equation method of estimation is
employed to estimate the impact of the independent variables on the percentage
of coal extraction from the currently mined seam. The impact of previous
mining is analyzed statistically under two conditions. One is the undermined
condition where overmining is the current operation and the other is the overmined

condition, where the current operation is undermining.

The sequential steps employed in the statistical analyses are summarized
below. The detailed steps of the methodology are presented in Appendix C.

The presentation of results are emphasized in the sections that follow.

* Inversely, it also implies the impact of previous mining on how much coal
is left in place in multiple seam areas.
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1. Data Processing

The data base consists of sixty-three variables (Appendix C) entered
as values or codes into card punched data decks. The first forty-three variables

(Xl to X 3) were collected from the sources indicated and recorded on the data

collectiin form (Figure VII-7). Some of the forty-three variables do not
have any data or observations and are recorded as blanks or zeros. These
forty-three variables were used for the generation of the data of the last
twenty variables (X44 to X63). These variables are differences, products,
and ratios of the first forty-three. The formulas used to generate the last

twenty variables are also listed in Appendix C.

2. Selection of Critical Variables

The statistical analyses conducted on each set of data from each of
the three mines analyzed* represent pioneering attempts at the determination
of the impacts of previous overmining or undermining to the recoverability of
coal from the reserve base in multiple seam areas. The data from both mines
currently operating under a previously overmined seam (OM(1l)) and (OM(2)) were
analyzed to validate empirically the concepts embodied in model OM (equation 2,
Section VIII B). The data from the mine currently operating over a previously
undermined seam (UM(1l)) were also analyzed to validate empirically the concepts
underlying Model UM (equation 1, Section VIII B). Each of the data sets was
analyzed using principal components and multiple regression statistical

techniques.

The selection of the variables included in the statistical and

empirical analyses was based on two considerations:

a. theoretical formulations embodied in Models UM and OM as based
on the results of the literature review, critical parameter
definition, and the concurrence of selected recognized mining

experts, and

* The complete (63 variables) data deck was not collected or statistically
analyzed for the fourth validation mine. By the time mine company permission
for data collection was granted for the fourth mine, statistical analysis
was in its final stages. Twelve variables were collected from the fourth
mine and used in validation of the coal loss calculation model.
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b. availability of the data. Data were obtained for all of the
variables included in the conceptual formulation of Models UM
and OM except for gas and water emission rate and natural induced
fractures. Room and pillar was the only method of mining

employed in the three selected validation mines.

For the three mines as a whole, twenty-four variables were chosen
for the statistical analysis based on the defined scope of models UM and OM
and data availability. These variables and the mean values for the three mines

are shown in table VIII-1.

With the same mining technique reported in each mine, it is interesting
to note that the mean values of the CMS percent extraction (Xls) in the two
previously overmined mines are approximately 12 percent higher than the mean
value of the same variable for the previously undermined mine. Inversely, the
CMS total coal loss (X47) was higher in the previously undermined mine than in the

two that had been previously overmined. On the other hand, PMS percent extraction

(X37) was 21 percent higher in the previously undermined mine than in the previously

overmined mine. The differences in the averages of percent extraction in the
currently mined seam and in the previously mined seam between the undermined
and overmined conditions can be a reflection of many factors and problems

surrounding each condition. Some of these factors associated with each con-

dition impacting on CMS percent extraction have been established in this study.

In the analysis of the data from both the OM(1) and OM(2) mines

maximum subsidence (XSA) and percent subsidence (X,,) were excluded. These

63
two variables represent measures of subsidence which do not exist when the

CMS underlies a previously overmined seam.

Complete data listings for the mines tested are included in

Appendix D.
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TABLE YHI1 1  MEAN VALUES OF THE TWENTY FOUR VARIABLES INCLUDED IN THE STATISTICAL ANALYSIS

78-65

VARI ABLES MINES
s e N ou) ouc2
X15 | cus % EXTRACTION PERCENT 53.886 65.17 §4.18
X1 | cMS MINIMUN PILLAR WIDTH FEET 7. 44 23.32 49.78
20 | cus span FEET 467.80 299.0 290.94
X,5 | CMS WATER PROBLEM NONE 1) Ty s ¥ e ) ---
X37 | PMS % EXTRACTION PERCENT 75.10 54.57 48.16
X41 | PMS PILLAR WIDTH FEET 39. 44 37.62 40.84
X42 | Pus sPan FEET 576. 80 269. 00 269. 53
Xs7 | cMs % cOAL LOSS PERCENT 46.24 34.74 35.87
X48 | CMS COAL EXTRACTED/PER ACRE TONS §223.38 7020.00 4628. 59
X43 | cMs cOAL LOSS PER ACRE TONS §613.27 3789. 00 2617.78
X5p | CMS DEPTH BELOW THE SURFACE FEET 388.52 830.00 531.18
X5, | PMs DEPTH BELOW THE SURFACE FEET 478.52 718.95 379.78
Xs2 | VERTICAL DISTANCE BETWEEN THE SEAMS | FEET 90.00 111.70 151.37
Xgg | ecRTLoAL EXenT OF PRESIVRE ARGH FEET 263.58 335.80 233.91
Xs4 | MAXIMUM SUBSIDENCE FEET 23| 2) --- 2y -
Xs5 | PMS PILLAR STRENGTH LBs/IN2 3)  1584.46 | 4)  3337.00 2870.72
Xs6 | PMS PILLAR LOAD LBS/IN? 3)  1800.22) 4)  1734.00 1391.84
sy | PMS RATID OF PILLAR STRENGTH 10 — i ) 4 .
(s | LIS RATIU OF RUOF STRENGTH 10 FLOOR | ooy pe e e
Igg | VS RATIG OF ROOF STRENGTH 10 FLOOR | gurig i 4 00 \ s
Xs0 | PMS DEPTH OF OVERBURDEN FEET 472.52 714.00 375.81
Xg1 | TIME ELAPSED BETWEEN MINING Fiﬁﬁr?ﬁu 25.22 10.84 25.21
Xs2 | CRITICAL EXCAVATION WIDTH LIMIT FEET 131.92 167.80 117.00
X53 | PERCENT suBsIDENCE RATIO 0.56 | 2) --- 2) -

1) VALUES FOR X

25 ARE CODE ZERO OR 1

2) NOT APPLICABLE
3) BASED ON n = 31
4) BASED ON n = 29

CMS = CURRENTLY MINED SEAM
PMS = PREVIOUSLY MINED SEAM
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3. Tests for Normality

In order to fulfill the statistical assumptions of principal compo-
nents and multiple regression analysis the data were tested for normality.
The NORMSTAT program algorithm* was used to analyze the distribution of ob-
servations for the selected variables in each data deck. The details of the

tests for normality are included in "Tests for Normality" in Appendix C.

4. Principal Components Analysis and Results

a. Principal Components Analysis

The data outputs from the NORMSTAT analysis for each mine data
deck were factor analyzed. The CORFAN (Correlation Factor Analysis) Program
Algorithm** was used. The primary purpose of utilizing principal components
analysis for analyzing the 24 selected variables was to classify them into
independent sets and identify the redundant variables. The unrotated factor
matrix was used in the classification. This classification technique also de-
tects the existence of multicolinearity among the variables. The mechanics

of the application of principal components analysis is discussed in Appendix C.

b. Results of Principal Components Analysis

(1) UM(l) Data, Somerset County, Pennsylvania

The matrix of factor loadings and the correlation coef-
ficients matrix (See Appendix E) were utilized to produce three basic groups of
variables significant at the 17 level (Table VIII-2). These groupings suggest

that only one of the variables from each group can be used at a time. The degree

* The algorithm was acquired from Dr. J. Griffith, Professor of Geostatistics
at the Pennsylvania State University and consultant to HRB-Singer.

*% Ondrick, C. W. and G. S. Srivastava. 1970, CORFAN-FORTRAN IV. Computer
Program for Correlation Factor Analysis (R. and Q. Mode) and Varimax
Rotation, Computer Contribution 42. State Geological Survey, The University
of Kansas, Lawrence 92 pages.
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TABLE VII1-2 REDUNDANT VARIABLES UM(1) MINE DATA (n = 31)
76-85
SIGNIFICANT CORRELATION COEFFICENTS
VARI AT1ONS
X5 %20 X4 Xsg
NUMBER GROUP A
—_ — e e ————— —_—
X5 CMS % EXTRACTION 1.00
%20 CMS SPAN .13 1.00
%47 CMS % COAL LOSS -1.00 -.732 1.00
" CMS COAL EXTRACTED/ACRE 985 788 -. 983 1.00
VARIATIONS
X7 X42 ua X5 X3
NUMBER GROUP B
= ———— et o e e
Xaq PMS PERCENT EXTRACTION 1.00
X42 PMS SPAN .838 1.00
ey MAXIMUM SUBSIDENCE .978 .879 1.00
" PMS RATIO PILLAR STRENGTH/
57 PILLAR LOAD -.787 -.787 -.819 1.00
X83 PERCENT SUBSIDENCE .979 .878 1.00 819 1.00
VARIABLES . \
X50 X5 Xsa | *s7 Xs5g Xsq §0 62
NUMBER GROUP C
%59 CMS DEPTH BELOW THE SURFACE 1.00
X
51 PMS DEPTH BELOW THE SURFACE egsl 1.00
X VERTICAL EXTENT OF PRESSURE
53 ARCH STRESS ZONE -998f 1.00 | 1.00
X PMS RATIO OF PILLAR STRENGTH,
57 PILLAR LDAD -.518} -.530f ~-.529 1.00
X CMS RATIO OF ROOF STRENGTH 10
58 FLOOR STRENGTH .827 . 630} .630¢  -- 1.00
X PMS RATIO OF ROOF STRENGTH T0 —
58 SLO0K STRENGIH 664 .s64  .669 .760| 1.00
Xs0 PMS DEPTH OF OVERBURDEN o] 1.00| 1.00| .s30| .s30| .e65| 1.00
X2 Ef;f}c‘L ESERNAITON BLITA ossl 1.00| 1.00| .s3a3| .s27| .ses| t1.00| 1.00
CMS = CURRENTLY MINED SEAM PMS = PREVIOUSLY MINED SEAM
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of substitutability of each variable in each group varies. Those variables
with correlation coefficients of .99 or 1.00 are perfect substitutes. The

degree of substitutability drops off as the value of the coefficient drops.

Based on the factor loadings presented in Appendix C and

the variable groups (particularly B and C), one can conclude that X (vertical

distance between the seams) and X61 (time elapsed between mining ofSéMS and PMS)

are independent not only of each other but also with each of the variables in the
B and C groups. Since X52 and X6l have the highest loadings on components 5

and 8 respectively, each of them was chosen as an independent set. Both of them

are used as independent variables in the multiple regression analysis in addition

to X37 (PMS percent extraction) and X60 (PMS depth of overburden).

The independent variables defined are then the best input
variables to the multiple regression analysis. The variable with the highest
loading from each group can be selected, or one can use its substitute. Logic
and knowledge of the relationships between the dependent and independent
variables must be considered during variable selection and substitution.*

The utility and practical application of the results from the regression
analysis must also enter into the decision of selection of the independent sets

of variables. From the UM(1l) data, and X exemplify an independent

X370 X595 Xgp 61
set of wvariables.

More detail on the implications of correlation coefficients

in relation to variables with high factor loadings is included in Appendix C.

(2) OM(1) DATA, McDowell County, West Virginia and OM(2)
Cambria County, Pennsylvania

These two mines both represented the overmined condition.
However, separate components analyses were done for the data from each mine for
two reasons: (1) the OM(l) mine is in region IB and the OM(2) mine is in
region IIIB; (2) variability was observed from the data on lithology of the
CMS and PMS ratios of roof strength to floor strength for the OM(2) mine.

(Variation occurred on roof strength for both PMS and CMS but there was none

* The correlation coefficient matrix will be very useful to the researchers in
this regard.

=81=
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in the OM(1l) mine.) Hence, the variables relating to the ratio of roof to floor

strength (X58 and X 9) were excluded in the statistical analysis of the OM(1)

. 5
mine.

The complete results of the principal components analysis for both
data sets are presented in Appendices E3, E4, and E5, respectively. The same
variable groupings were observed from both mines. These variable groupings are
presented in Tables VIII-3 and VIII-4. The analyses and interpretation of
factor loadings from both mines together with the variable groupings showed
about the same set of independent variables observed from the UM(1l) mine data.
However, variables representing maximum subsidence (X54) and percent subsidence
(X63) are excluded from these analyses. These two variables do not have any
effect on coal recoverability or coal loss from the seam underlying a previously

overmined seam.

5. Multiple Regression Analysis

The results from the principal components analysis and the variable
groupings suggest that four independent variables can be used simultaneously in
the regression equation, representing both the undermined and overmined

conditions.*

These variables are included in equation (3), where CMS 7% extraction
(XlS) is the dependent variable and the previously mined seam percent extraction
(X37), the vertical distance between the seams (X52), the previously mined seam
depth of overburden (XGO)’ and the time elapsed between mining (X61) are the
independent variables.

XlS = .co + Bl X37 + 82 st + 33 xso + 84 X61 + Ui (3)

The parameters £O’ Bl, 82, 83, and B4 are unknown and are calculated

in the multiple regression analysis where £_ represents the intercept of the

0
represents the level or magnitude of X

X

equation. Mathematically, £0

when all the independent variables (X

15

37 X597 X6O and X6l) have zero wvalues.

Bi's (1 =1 2 3 4) represent the regression coefficients (or slopes) for each of

the respective independent variables. In statistical parlance, the Bi's or

*0Only four non-redundant variables are considered to be independent. See Appendix
C. The entire list of non-redundant variables were employed as modifications to
Equation (4) (Appendix F).
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TABLE YI11-3  REDUNDANT VARIABLES - OM(1) MINE DATA (n = 29)
76-65
SIGNIFICANT CORRELATION COEFFICIENT
VARIABLES
X5 X9 X20 X47 48 %49
NUMBER GROUP A
w

X

15 CMS % EXTRACTION 1.00

X19 CMS PILLAR WIDTH -.924 1.00

Xa1 CMS SPAN .814 -.798 1.00

Xy47 CMS % COAL LOSS -1.00 .924 -.813 1.00

48 CMS COAL EXTRACTED/ACRE .905 -.732 .680 | -.905 1.00

Xs9 CMS COAL LOSS/ACRE -.887 .864 -.698 .887 -.697 1.00

VARI ABLES
X37 X42 Xsg X5q
NUMBER GROUP B
w P j—

%57 PMS PERCENT EXTRACTION 1.00

Xs2 | pus span 718 1.00

Xee PMS PILLAR LOAD .791 .748 1.00

Xs; | PMS RATIO PILLAR STRENGTH/PILLAR .. 853 BT 453 e

LOAD
VARI ABLES s . . .
50 51 53 56 X5 %50 X62

NUMBER GROUP C

50 | CMS DEPTH BELOW THE SURFACE .

Xs1 | PMs DEPTH BELOW THE SURFACE 389 | 1.00

X VERTICAL EXTENT OF PRESSURE

53 | ARCH STRESS ZONES .989 | 1.00 1.00

Xss | PMS PILLAR LOAD 578 574 574 .00

” PMS RATI0 OF PILLAR STRENGTA,

57 PILLAR LOAD -.608 -.613 -.613 .80 1.00

Xso | PMS DEPTH OF OVERBURDEN 299 | 1.00 1.00 574 | -.813 1.00

Kgg | CRyTyCAL EXCAVATION wiDTH 999 | 1.00 | 1.00 512 | -.611 | 1.00 | 1.00
CMS = CURRENTLY MINED SEAM PMS = PREVIOUSLY MINED SEAM
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TABLE VII1-4  REDUNDANT VARIABLES - OM(2) MINE DATA (n =

32)
76-85
SIGNIFICANT CORRELATION COEFFICIENTS
VARIABLES
Xis X20 Xa1 X48
NUMBER GROUP A
| —————— —— —— = oo ——————— |
Xis CMS % EXTRACTION 1.00
%20 CMS SPAN .126 1.00
X‘7 CMS % COAL LOSS -1.00 -.728 1.00
X4 CMS COAL EXTRACTED PER ACRE .963 644 -.962 1.00
VARI ABLES
X3 X1 X42 Xsg Xs7
NUMBER GROUP B
= — - ——
X319 PMS % EXTRACTION 1.00
X41 PMS PILLAR MINIMUM WIDTH -.547 1.00
X42 PMS SPAN .788 -.507 1.00
Xeg PMS PILLAR LOAD .887 -. 408 .618 1.00
X PMS RATIC OF PILLAR STRENGETH TO
57 SILLAR LOAD -.901 .684 -.735 -.869 1.00
VARIABLES " N "
Xs0 Xs1 Xs53 58 59 80 62
NUMBER GROUP C
—————
X=0 CMS DEPTH BELOW THE SURFACE 1.00
Xs1 PMS DEPTH BELOW THE SURFACE 098 | 1.00
X VERTICAL EXTENT OF PRESSURE ARCH
53 STRESS ZONES .998 1.00 1.00
X CMS RATIO OF ROOF STRENGTH T0
58 FLOOR STRENGTH .849 .861 .863 1.00
X PMS RATIO OF ROOF STRENGTH T0
59 FLOOR STRENGTH .848 . 860 .862 1.00 1.00
X350 PMS DEPTH OF OVERBURDEN 998 | 1.00 1.00 .860 | -.860 1.00
Y CRITICAL EXCAVATION WIDTH
62 LIMIT .86 | 1.00 .998 .863 | -.863 1.00 | 1.00
CMS = CURRENTLY MINED SEAM PMS = PREVIOUSLY MINED SEAM
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regression coefficients are the least-squares linear estimators that are
unbiased and they possess a smaller variance than any other linear unbiased
estimators. Because of these properties, the Bi's are known as the best
linear unbiased estimators. The Bi's measure the change in the dependent

variable when the independent variables change by a unit.

The symbol U included in equation (3) represents the residuals or
i
random error terms. These are considered random elements and to some extent can
represent the other independent variables that could have been included in

the estimating equation but were not identified, as in the case of equation (3).

At this point, it is important to reiterate that in the estimation of
equation (3) for the undermined condition, the subsidence variable, either

maximum subsidence (X54) or percent subsidence (X63) can be used for X How-

37°
ever, this condition does not apply to the estimation of equation (3) for the
overmined condition. Hence, it can be stated that the empirical content of

equation (3) differs between Model UM and Model OM.

The multiple regression analysis emphasized the physical (independent)
variables of the previously mined seam. This was done since the primary aim
of the statistical analysis was to assess the impact or potential impact of
previous mining on the recoverability of coal from the underlying or overlying
reserve seams. The impact or potential impact in reality is measurable in
terms of the reduction in percent recoverability (percent extraction) in the
currently mined seam(s) in which vertically adjacent seams had been previously
undermined or overmined. The reduction in percent extraction can be called
percent coal loss* due to previous undermining or overmining as the case may be.
The estimated equation from the multiple regression analysis has CMS percent
can be predicted by the

extraction (X,.) as the dependent variable. Hence, X

15 15

* The calculation of coal loss due specifically to over and undermining is
presented in the Coal Loss Calculation Model, Section IX. The statistical
analysis emphasized the selection of the significant independent variables
input into the Coal Loss Calculation Model and addresses the total coal loss
to be expected in the currently mined seam.

-85-

N

C.



estimated equations for both the undermined and the overmined conditions.*
When the CMS 7% extraction is known, then the CMS percent coal loss or

percent coal left in place can be determined.

a. The Undermined Condition (Mine UM(1))

The multiple regression equation for the undermined condition
(Model UM) is represented by Equation (3). In this equation, X15 (CMS percent

extraction) is the dependent variable. The independent variables are X37,

(PMS percent extraction), (vertical distance between the seams), X60 (PMS

Xs2
depth of overburden), and X61

difference between mining the two seams).

(time elapsed between mining or the time

The estimated equations derived empirically from the UM(1l) mine
data are shown in equations (4) and (5). Equation (4) was estimated from

the data set n = 31. Equation (5) was estimated using the data set n = 50.

%% *kk *kkk Kk %%
X15 = 146.824 + 0.2718 X37 + 0.2562 X52 + 0.0307 X60 - 105.5506 log x6l (4)
(4.73) (1.69) (.90) (.88) (2.08)
R = .668
F(4,25) = 3.83
*% fkk khkkk kkkdok k%
X15 = 191.823 + 0.2266 X37 - .1583 X52 + 0.0158 X60 - 105.8583 log X61 (5)
(4.26) (1.82) (.59) (.55) (2.56)
R = .50
F(4’44) = 3.67
* Results obtained from this analysis must be used with caution. The data

used are mine specific, and hence, the results apply to mine specific situations.
However, generalizations can be made within the range of the data from which
the coefficients are derived.

% significant at 2.5% level
*%% gignificant at 57 level
*%%% gignificant at 207 level

%*kkkgignificant at 30% level
-86-
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The estimated (slope or regression) coefficients for each of the
independent variables in equations (4) and (5) can be interpreted as the unit
decrease or increase in the dependent variable when the independent variable is
increased by a unit. It is a decrease when the coefficient is preceded by a
negative sign and an increase if the coefficient has a positive sign. The
numbers in parentheses below the coefficients are calculated t - values. These
calculated t - values with 25 d.f. (n=30) were compared with tabular t - values
to test the significance of the coefficients marked by asterisks. The R2 value
is the coefficient of multiple determination. It measures the variation in the
dependent variable accounted for by the independent variables. The calculated
value from equation (4) is R = .668 (R2 = ,446), and it is R = .5 (R2 = ,25)
from equation (5). Although the R values are both significant at 2.5 percent
level from both equations, equations (4) and (5) show low predictive ability.
The low values calculated for R can be expected because the variables selected
for purposes of this study were only those of the previously mined seam. This
implies that seam interaction variables characterizing the currently mined
seam impact on percent recoverability and should also be considered in future
investigation. This aspect is beyond the scope of the problems addressed
in the statistical analysis but is considered in the Coal Loss Calculation
Model.

The implications of the results from the regression analysis
of the undermined condition represented by equation 4 of the UM(1l) mine data

(n = 31) are summarized below:*

(1) PMS percent extraction (X,,) has a significant positive

effect on CMS percent extiiction (X15)° The regression
coefficient shows that the CMS percent extraction increases
by .2718 units when the PMS percent extraction increased

by a unit. This coefficient (.2718) is derived with values
for X37 ranging between 157 and 95%. The limits are

obviously zero to 1007%.

* Additional equations were also estimated asmodifications and further tests of
equation 4. These are explained in Appendix C. The tests were pursued based
on the list of non-redundant variables. Complete regression results for
the mines tested are in Appendix F.
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(2) The time elapsed between mining the two seams (X6l),
expressed as a natural logarithm*, has a highly significant
negative effect on CMS percent extraction (XIS)' The
magnitude of the coefficient calculated using log values
for X,, was large (-105.55). This slope coefficient is

61
about -0.7 when the data on X, are in absolute years.

What is interesting is that bgih slope coefficients have
the negative sign. The negative sign of these coefficients
reflected the real world as related by coal mining
experiences in previously mined seams in northwestern

Canada.**

(3) The vertical distance between the seams (X52) and PMS depth
of overburden (X60) both have a positive effect on XlS'

The sign of both coefficients appears to be logical, but

the coefficients are small in magnitude and significant

only at the 20% level. It implies that the increase in

percent extraction in the currently mined seam resulting from

the increase in the vertical distance between the seams

and the depth of the overburden**%* is not significant for

this particular mine.

* The observations on time elapsed between mining measured in years were
transformed into natural logarithm because it is believed that this variable
has monotonic declining slope (regression) coefficient on CMS percent
extraction (Xls).

*% Informal discussions with Dr. H. U. Bielenstein, Research Scientist, Mining
Research Center, Western Office Department of Energy, Mines and Resources.
Calgary, Alberta, Canada.

*%*This seems to hold true for the shallow mines sampled. In deeper room and
pillar operations where the pillars will not be pulled, percent extraction
will decrease with depth due to thenecessity of leaving more support coal
in place.
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(4) The estimated coefficients in equation (4) must be used with
caution. It only applies to the range of values from which
they are derived. These ranges of values are given in
Table VIII-5.

TABLE VII1-5 RANGES OF YALUES FOR THE INDICATED YARIABLES. UM(1) MINE DATA n = 31.
76-65
VAR! ABLES UNITS RANGE OF VALUES MEAN
X, 5 CNS% EXTRACTION N PERCENT 21-95 | stss
Xy, PMS% EXTRACTION PERCENT 15-95 §0.66
X5, VERTICAL DISTANCE BETWEEN SEAMS FEET 30-120 88.66
Xg o PMS DEPTH OF OVERBURDEN FEET 177-674 474.69
X5, TIME ELASPED BETWEEN MINING YEARS 15-35 1. 408 (LOG)

It is important to note that the slope coefficients
calculated for both equations (4) and (5) represented the
average for the data from which they are derived. Thus,
when one uses the mean values for the independent variables
in the equation, the mean value CMS percent extraction

(Xls) is predicted. This is illustrated below for equation
(4) .

146.824 + (0.2718) (60.666) + (0.2562) (88.666) + (0.0307) (474.699) -

(105.5506) (1.4084)

146.824 + 16.4891 + 22.7163 + 14.57 - 148.6574

51.94
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The predicted value for CMS percent extraction (X15)’ for
each sample point is calculated in the same manner illustrated above.* The

predicted values for X on the sample points included in the estimation

of equation (4) are shiin in Figure VIII-1. This graph portrays predicted CMS
percent extraction on the X - axis and also CMS percent coal left in place.

A similar graph (figure VIII-2) was made to show the observed values of CMS
percent extraction for each sample point. When the two graphs are overlain

on top of each other, about half of the predicted sample points coincide with

the observed values. This clearly shows how the predicted values approximate
reality and to what degree the estimation should be refined and improved in order

for all the predicted points to closely approximate the observe values.

To further confirm the validity of the coefficients estimated

in equation (4), CMS percent extraction (X,_.) was calculated using available

data fromthe scheduled interviews. Data figm two mines were used. One is

in McDowell County, W. Virginia, and the other is in Greene County, Pennsylvania.
The mine in McDowell County has the Pocahontas #3 seam (USBM Code 344) as previously
mined and the Pocahontas #5 seam (USBM Code 342) as currently being mined. The
Greene County mine has the Pittsburgh seam (USBM Code 036) as previously

mined and the Sewickley seam (USBM Code 029) as the currently mined seam. The
reported average dimensions for the following variables for the two mines

are given in table VIII-6.

With the given data in Table VIII-6, Xl5 was calculated for
both mines by substituting the reported values of X37, X52’ XGO and X6l into
equation (4). The predicted value for CMS percent extraction was only nine
percent lower than what the coal company reported as their percent recovery
in McDowell County; on the other hand, the predicted value for CMS percent
extraction was only 2 percent lower than what the Greene County coal company

indicated as their estimated percent recovery.

* The calculation of the predicted value for the dependent variable is an
option in the algorithm and output printouts can be requested by the user if

desired.
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TABLE YI11-6  AVERAGE VALUES FOR YARIABLES FROM TWO MINES

76-65
REPORTED AVERAGE VALUES
VARIABLES UNITS MCDOWELL COUNTY MINE GREENE COUNTY MINE
15+ CMS PERCENT EXTRACTION PERCENT 70 -
47 PMS PERCENT EXTRACTION PERCENT - -
E 5 1
57+ VERTICAL DISTANCE BETHEEN THE SEAMS FEET 83 ) 13
g PMS DEPTH OF OVERSURDEN FEET 384 546
o
3

. TIME ELAPSED BETWEEN MINING THE TWO | YEARS 17.5 22.5

81" Seams

These examples and illustrations simply show the utility and
accuracy of the multiple regression results when caution is taken in the
selection of the values for the independent variables to predict the

dependent variable.

Although the coefficients derived from the statistical analyses
of UM(1) data are highly significant for the variables indicated, these results
cannot be considered highly conclusive because the data employed were obtained from
only one mine. The statistical analyses must be expanded to include samples
from a number of mines in order to derive more conclusive coefficients. Coeffi-
cients derived from samples obtained from a wider spectrum of mines will also
lend credibility to subregion and regional applications. However, the results
obtained from this statistical analysis must not go unnoticed. It represented

the first case or micro study addressing a specific problem area on multiple

=93

C



HRB-SINGER.,IN

seam mining in the United States. This study is a pioneering attempt to
determine the relationships between recoverability of coal or coal left in
place in overlying/underlying reserve seams as a function of the physical

variables in the previously overmined/undermined seams.

b. The Overmined Conditions (Mine OM(1) and OM(2))

Multiple regression analysis was also conducted on the data
from two mines representing the overmined condition. One mine has 47 observations,
the other has 32. Regression runs were made on each data set for reasons
previously indicated. In addition, equations were also estimated from the
combination of both data sets. A combination of the data from each mine not
only increases the sample size, but offers wider ranges of values for the
selected variables in the estimating equation. Therefore, the estimates have

broader applications.

With reference to tables VIII-3 and VIII-4 and the results of
the respective principal components analyses for each data set, several equétions
were estimated. These are included in Appendices E2 - E4. Each equation uses
CMS percent extraction (XIS) or CMS percent coal loss (X47) (total percentage
left in place) as the dependent variable. The independent variables used

(considered independently) were PMS percent extraction (X PMS depth below

)
37
the surface (XSI)’ vertical distance between the seams (XSZ)’ PMS ratio of
pillar strength to pillar load (X57) PMS depth of overburden (X60), and time

elapsed between mining the two seams (X61).

The empirical estimates for both data sets showed that the
coefficients for the vertical distance between the seams (st) are highly
significant. The estimated coefficient was - 1.8340 for the 47 data set and
between -.998 and -1.09 for the 32 data set. The variables representing time
elapsed between mining, (X61) and PMS percent extraction (X37) both have
negative coefficients which are significant at the 107 level for the 32 data
set. The coefficients were positive, but insignificant for both variables

(X37 and X6l) in the 47 data set. It appears that X_., is the most significant

52

37* %520 3nd Xgy
in the 32 data set. This implies differences in the physical attributes of

variable in the 47 data set. Variables X were all significant

each mine.
=Gl
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IX. MODEL DEVELOPMENT AND VALIDATION -- ENGINEERING APPROACH

A. INTRODUCTION

The following is a description of the engineering assessment of potential
coal loss due to previous mining of an adjacent seam. The results of the
literature review, the definition of critical parameters affecting seam inter-
action, and the concurrence of recognized experts were used as the base to
build an engineering assessment model. The basic theories of rock mechanics,
subsidence, and seam interaction were reviewed and working rules adopted for
the calculation and prediction of specific reactions, ratios, and limiting
values. These were subsequently modified, where applicable, to meet Appalachian
conditions and engineering judgment used in the absence of specific supporting

data.

The model addresses the two basic effects of seam interaction; subsidence
due to undermining a reserve seam, and high stress due to remnant pillars in
previously mined under or overmined seams. A series of conditions are imposed
by the model as it tests for these effects, and a relative scale is used to
predict the impact of the probable intensity or magnitude of these effects on

coal loss.

The greatest difficulty in the development of the engineering assessment
model was to initially assign coal loss percentage values to the predictive step
outputs. To do this the lower limit (07%) of coal loss was identified as was the
upper or maximum limit. For maximum value outputs, the coal loss was arbitrarily
set at > 307% therefore restricting the model to reporting this value as an
upper limit. Coal loss, therefore, was calculated over the range of 0-30% with
predicted values in excess of 30% being reported as >30%. It would be difficult
to predict meaningful values >307%, and it was felt that these situations were
probably unmineable by conventional underground mining techniques or economically

unsound.

Following this initial step of defining the limits of coal loss, the pro-
cess of refining the prediction values was carried out through a series of
developmental versions of the engineering assessment model which, from hereon,
will be called the Coal Loss Calculation Model (CLCM). During this developmental

process, coal loss was related to the magnitude of the predicted seam interaction

-95-~
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effects in a linear fashion and the seam interaction predictive techniques
updated to reflect more complex situations. The coal loss calculation model
was expanded in the later stages of development to include the effects of
remnant pillar pattern, shallow overburden, and pillar alignment on the high
stress calculation, and a coefficient change was made in the maximum subsidence
prediction algorithm to fit actual subsidence experienced in western Pennsyl-

vania.

The CLCM was completed to this point, using data from the UM(1l) mine
(Somerset County, Pennsylvania), completely independent of the statistical
assessment of parameters. Comparison of the basic parameters being addressed
by the CLCM and those determined to be statistically significant proved to be
identical. All input parameters being used in the statistical analysis
are represented in the CLCM. Furthermore, the statistical determination of
redundancy of variables was compared to the use of combinations of wariables

in the CLCM, and it was found that all usage was statistically wvalid.

The CLCM can be used to calculate the approximate coal loss to be expected
when mining a coal seam in an area where previous mining has occurred in an
adjacent seam either above or below the reserve or currently mined seam. The
model is designed to calculate the percentage of unmined coal resulting from
conditions caused by previous mining of an adjacent seam. The model does not
address combined effects of more than one previously mined seam. It will, if
directed, calculate expected coal loss in the reserve seam caused by any pre-
viously mined seam. In this instance, in the absence of research data, it is
suggested that the maximum reported coal loss calculated for the reserve seam
as a result of an individuai previously mined seam be taken as the estimate’
and the results of all previously mined seams not be added. For example, if
three seams have been mined, one above and two below the reserve seam, and
the coal loss is calculated as 11%, 15%, and 5%, take 15% as the estimated coal
loss when mining the reserve seam and not 317% which is the sum of all calculated

losses.

The more data points that can be input into the model for a given area,
the more precise will be the coal loss calculation. Fifty data points are

judged sufficient to adequately characterize a given mine.
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B. CRITICAL VARIABLES AND CALCULATIONS

HRB-SINGER.

The following variables and calculations are necessary for the exercising

of the CLCM (See Table IX-1 for variable name glossary):

Input
Variables

'I %

Percent Extraction of
Previously Mined Seam
(PMS)

2. Distance between seams
(feet)
' 3. PMS thickness = Pillar
- height (feet)
4, SPAN (PMS in feet)
5. Depth of overburden
> (PMS in feet)
6. Strength of immediate
roof (top) (lbs/in2 PMS,
CMS)
7. Strength of floor (bottom)
(1bs/in2 PMS, CMS)
8. Minimum pillar width (PMS
in feet)
9. Time since previous mining
(years)
10. Distribution and Shape
3 of Remaining Pillars
1. Critical Input Variables
b PMS Percent Extraction

Critical
Calculations

1. smax; W/DT, Percentage Subsi-

dence (PSUB)

2. Pillar strength/Pillar load
ratio (PMS)

3. Roof strength/floor strength
ratio (PMS, CMS)

4. Critical span (HORIZ)

5. Vertical stress (VERT)

This is the percentage of extraction experienced in the pre-

viously mined seam as derived by planimetry from mine maps.

two seams being considered.

Distance Between the Seams

This is the vertical distance measured in feet between the

-97-
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of the two seams (measured from the seam floor) minus the seam thickness of
the lower seam. '

° PMS Thickness - Pillar Height

This is the maximum height of the mine opening as reported on mine
maps measured in feet. It often includes some top rock and is generally a

higher value than the actual coal thickness.
. SPAN (PMS)

This is the width in feet of unsupported distance. This could be
the width of the chambers, the width of a gangway, the width between reserve l
pillars in a robbed area, or one of several combinations of situations depending
on the type and extent of extraction. Where odd configurations appear, the

figure recorded was measured across the cavity at the widest point.
° Depth of Overburden (PMS) Q

This is the difference in elevation between the previously mined
seam and the surface elevation minus the thickness of the seam. This is ex-

pressed in feet and is independent of lithology.
° Strength of the Immediate Roof (Top)

This is the unconfined compressive strength of the roof lithology
measured in Lbs/inz. It is measured for both the currently mined and previously
mined seams. In the absence of laboratory test data, the strength is approxi-
mated by equating the lithologies shown in Table IX-2 to Lbs/in2 values. This '
is a relative scale of values and is designed to input workable values to the
coal loss calculation model. It should not be used outside this context nor )

regarded as specific actual values for a given lithology.
° Strength of Floor (Bottom)

This is the unconfined compressive strength of the floor
lithology measured in Lbs/inz. It is measured for both the currently mined
and previously mined seams. Comments made for Strength of Immediate Roof (Top)

are applicable here also.
° Minimum Pillar Width

This is the minimum pillar dimension for rectangular and odd

shaped pillars measured in feet.
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ASTER
BLANK
BUMP (I)
CMS
CMSCL(I)
DMSDT
DMSRAT(I)
D

DATA (I,J)
DT

E

FUNC

H
HORIZ(I)
HSTRES (I)
ICOND
ICURR
ILINE
IPREV
LMULT
NDECKS
NO
PILPAT(I)
PILRAT(I)
PMS
PMSRAT (I)
PSUB(I)
RMULT
SMAX
SNAME
SUB(I)
SUBCL(I)
T

TIME
TOTAL(TI)
VERT (I)
W

WDRAT (I)
YES(I)

NOTE: (I)

TABLE IX-1 GLOSSARY OF VARIABLE NAMES FOR THE CLCM PROGRAM

Asterisk Value

Blank Value

Indication of Potential Bump due to Existing Conditions
Currently Mined Seam or Reserve Seam

CMS Coal Loss

CMS Depth

CMS Roof to Floor Strength Ratio

PMS Depth

Data Values

Distance Between the Seams

PMS Percent Extraction

Calculation to Determine Subsidence for a Given W/D Ratio
PMS Pillar Height

Critical Span or Maximum Horizontal Extent of the Pressure Arch
High Stress Coal Loss

Overmined or Undermined Condition

USBM Seam Code (Currently Mined or Reserve Seam)
Pillar Alignment

USBM Seam Code (Previously Mined Seam)

Lithology Multiplier

Number of Data Sets or Reserve Seams

Number of Sample Points

Pillar Pattern and Uniformity Multiplier

PMS Pillar Strength to Load Ratio

Previously Mined Seam

PMS Roof to Floor Strength Ratio

Maximum Subsidence Divided by Seam Thickness (SMAX/T)
Regional Multiplier

Maximum Subsidence

Seam Name

Maximum Subsidence

Subsidence Coal Loss

PMS Seam Thickness

Time Since Previous Mining

Average Value of Input Data Variables

Maximum Vertical Extent of the Pressure Arch

PMS Span

PMS Width to Depth Ratio

Indication of Subsidence

and (I,J) are subscripts of array variables.
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TABLE 1X-2  APPROXIMATE ROCK STRENGTH (LBS/INZ)
76-65
ORY WET
-
CLAY : 4000 1500
FLOOR FLOOR SHALE 4000 i 1500
MUDSTONE 6000 1500
SANDSTONE 8000 4000
FISSILE SHALE 5000
SHALE 6000
SILTY SHALE T 8000
LIMESTONE
BEDDED 3000
ROOF MASSIVE 12000
SANDSTONE
SILTY OR ARGILLACEQUS 12000
THIN BEDDED 14000
MASSIVE 18000
CONGLOMERATE 18000
. Time Since Previous Mining

This is the elapsed time between mining in the currently mined
or reserve seam and cessation of mining in the previously mined seam measured in

years or fraction thereof.
° Distribution and Shape of Remaining Pillars

This is the pillar pattern expressed in terms of pillar spacing
and geometry and equated to a multiplier as shown in Figure IX-1l. This is
done to refine the high stress coal loss calculation (HSTRES) recognizing the
effect that remmnant pillar spacing and geometry has on vertical stress concen-
trations. Without this multiplier, the model calculates worst case conditions

for all data points.

-100-

N

C



HRB-SINGER.,

DISTRIBUTION AND SHAPE OF REMAINING PILLARS
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2. Calculations

The CLCM performs the following calculations:
as Maximum subsidence in feet expected in the overlying seam (SMAX)*

(1) SMAX = (.6) (t - .001)(DT)) £(W/DT)(E) for all values of
SMAX > 0.01 feet

SMAX is set equal to 0.01 feet when 0.0 < SMAX < 0.01 and is
set equal to 0.0 when SMAX < 0.0 feet. ‘

t = Seam Thickness
DT = Distance Between Seams '
W = Span (maximum unsupported distance (width))

E = 7 Extraction

(2) In order to calculate SMAX the W/DT ratio must first be
calculated. These values are then used in the algorithm
to calculate £(W/DT). £(W/DT) is set equal to 1.0 when
Ww/DT > 1.2.

Otherwise £(W/DT) = ((((2.15909) (W/DT) = 6.26136) (W/DT) +
5.51136) (W/DT) - 0.469091 (W/DT)

%
f(W/DT) calculates maximum subsidence in terms of percentage of
seam thickness based on the mean subsidence curve developed by the British

National Coal Board for conditions of full caving.

(3) Maximum subsidence as a percentage of PMS thickness (PSUB).
PSUB is calculated by dividing SMAX by t

PSUB = SMAX/t

*#This algorithm was developed by HRB~Singer, Inc. on ARC Contract 73-111-2552
"Overview of Subsidence Potential in Pennsylvania Coal Fields" 30 June 1975. It
is modified to fit empirically derived subsidence in western Pennsylvania coal
fields. Initial development of the algorithm came from British National

Coal Board Data and the Subsidence Engineers Handbook. The packing factor

.001 DT has been modified from .01D from the original formulas because of

the shallow depths experienced in Appalachian mining and empirically derived
data from western Pennsylvania. The 0.6 factor at the beginning of the formula
which accounts for the incomplete packing of the cavity has been modified from
the original 0.9 factor based on actual subsidence experienced in western
Pennsylvania coal fields.
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b. Pillar Strength, Pillar Load Ratio

(1)

(2)

(3)

c. Roof strength, Floor strength, Ratio (PMS ROOF, CMS ROOF)

Roof Strength

Pillar strength% (PMS)

0.46 5
1320 W (Lbs/in™)
0.66
h

wn
[

W
h

pillar width minimum

pillar height = t(seam thickness)
Pillar Load* (PMS)

L=1.1D

2
100 - E) (LoD (Lbs/im?)

D = Depth to floor of seam
E = 7% Extraction
Pillar strength to pillar load ratio (PMS PIL)

PS/PL = 1320 wWo-20

h0.66

1.1 Depth/(100 - % Extraction) (.01)

Floor Strength  of Roof and Floor (Lbs/in2)

HRB-SINGER.

_ Ratio of unconfined compressive strength (UCS)

In the absence of specificdata, equate lithologies to UCS (Table
IX-2).

d. Critical Span (feet)*#*(HORIZ)

[

(0.15) (D) + 60

Depth to floor of seam

#*Salamon (1967),

**Adler and Sun, (1968) This is the width of the maximum pressure arch.
Theoretically a span in excess of this calculation will be unstable

Denkhaus (1962).

and will result in ultimate collapse of the cavity.
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e. Vertical Extent of Pillar Pressure (PMS)* (VERT)
DT < (0.3) (D) + 120
Depth to floor of PMS

DT = Distance between seams

The Coal Loss Calculation Model was developed using generalized
values and formulas obtained from the literature. The general list of criteria
was circulated for discussion and critique among professional personnel knowl-
edgeable in the field of seam interaction. The coefficients used were modified
to fit conditions existing in coal Region IIIB, and the CLCM was tested against
data in Region IIIB (UM(1l) and OM(2) Mines) and IB (OM(1l) Mine).

It is anticipated that if any adjustments are needed among the
regions, a regional multiplier can be assigned to account for the variances.
Any variances will probably be tectonic and due to such structural features as

folding, faulting and fracturing.

The CLCM does not regard the total lithology existing

between seams, but concentrates on the roof and floor lithologies of both seams.

N

C.

HRB-Singer's position is that the CLCM will perform in this manner regardless of the

lithology of the total intervening mass. If variances are encountered in future
tests where massive lithologies exist, a multiplier coefficient can be inserted

to correct for the variation.

C. EXERCISING THE MODEL
@ PART I - Overmining or Undermining

For all cases of overmining a previously mined seam (the undermined

condition), the complete CLCM must be exercised.

For cases where only the undermining of a previously mined seam (the
overmined condition) are to be considered, only the high stress portion of the

CLCM is to be exercised.

*This is the theoretical vertical extent of the maximum pressure arch. This
is generally regarded to be twice the width of the maximum pressure arch for
seam depths between 400 and 2000 feet.
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PART II - Subsidence Effects
STEP 1: Test for Subsidence
Subsidence will occur in the overlying seam if the PSM has:
(1) 100% extraction
or

(2) Pillar strength/pillar load of any remaining
pillars < 1.0

or

(3) Roof strength/floor strength > 2.4 or < 0.625
or

(4) Critical span > (0.15) (PMS depth) + 60
or

(5) Distance between the seams < 60 feet and roof

strength/floor strength < 3.3

or
(6) Span/DT > 0.25. DT = distance between the seams
If any of these are true, continue. Otherwise go to PART IV.
STEP 2: Calculate Subsidence (SMAX) and Percent Subsidence (PSUB)
PART III - Calculate Coal Loss in CMS (CMSCL)
STEP 1: Zero Coal Loss
If SMAX < 0.1 feet, then
SUBCL = 0%. If true, go to PART IV, else continue.
STEP 2: DT < 60 feet
If DT > 60 feet go to step 3, else continue.
(1) 1If PSUB > 0.5, then SUBCL > 30%. Go to PART IV

or

(2) 1If PSUB < 0.5, then SUBCL = PSUB/1.667. Go to PART IV, else

continue.
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STEP 3: DT > 60 and < 120 feet
If DT > 120 feet, go to STEP 4, else continue.

(1) If PSUB < 0.2 then SUBCL

0%. Go to PART IV.
or

(2) 1If PSUB > 0.2 then SUBCL

(PSUB -.2) (.5) GO to PART 1IV.
STEP 4: DT > 120 feet
(1) If CMSRAT > 3.3
and
Time elapsed since previous mining > 0.25 years
and
PMS % extraction > 90%,
then SUBCL = 07%. Go to PART IV
or
(2) 1If PSUB > 0.5, then SUBCL = 5%.
PART IV - High Stress Zone Effects
STEP 1: No Pillars

If PMS extraction = 100%, then High Stress Coal Loss (HSTRES) =
0%. 1If true, go to PART VI, else continue.

STEP 2: No Coal Loss

If DT > (0.3) (PMS Depth) + 120 feet then HSTRES = 0%.

If true, Go to PART VI, else continue.
STEP 3: DT < 60 feet
If DT > 60 feet, Go to STEP 4.
(1) TIf CMSRAT < 0.625 or > 2.4, then HSTRES = >307%
or
(2) 1If CMSRAT > 0.625 and < 2.4, then HSTRES = 257%.

Go to PART V.
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STEP

(1)

(2)

STEP

(1

(2)

STEP

(L

(2)

PART

STEP

STEP

STEP

HRB-SI1INGER,

4: DT > 60 and < 90 feet

If DT > 90 feet go to STEP 5, else continue.

If CMSRAT < 0.625 or > 2.4, then HSTRES = 20%
or

If CMSRAT > 0.625 and < 2.4, then HSTRES = 15%. If true, go to

PART V, else continue.

5¢ DT > 90 and < 120 feet

If DT > 120 feet, go to STEP 6, else continue.

If CMSRAT < 0.625 or > 2.4, then HSTRES = 15%
or

If CMSRAT > 0.625 and < 2.4 then HSTRESS = 10%,

If true, go to PART V, else continue.

6: DT > 120 feet

If DT < VERT and (CMSRAT < 0.625 or > 2.4), then HSTRES 10%
or

5%.

If DT < VERT and (CMSRAT > 0.625 and < 2.4), then HSTRES
V - Coal Loss Adjustments

1: Pillar Pattern (PILPAT) Adjustment

If PILPAT # O then (PILPAT) (HSTRES) = HSTRES (Adjusted).
2: PMS Shallow Depth Adjustment

If PMS Depth < 400 feet, then

PMS
HSTRES (W) = HSTRES (Adjusted).

3: Pillar Alignment

If CMS mine layout is planned to align vertically with the PMS
mine layout, then (HSTRES) (.25) = HSTRES (Adjusted).
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E PART VI - Bump Warning
If CMS depth below the surface > 500 feet
and

CMSRAT > 0.625 and < 2.4, then potential bump conditions are
present. Report by placing * after HSTRES value and writing

message at the bottom of output page.
° PART VII - Coal Loss Comparison

Compare SUBCL and HSTRES and report highest coal loss figure
of either but not both as currently mined seam coal loss

(CMSCL). 1If values are equal, report equal value in CMSCL.

° Repeat the CLCM program for each seam being considered. The
model will calculate coal loss for N seams above or below a

previously mined seam.

A sample printout from the computer program designed to implement this
model is shown in Figures IX-2, IX-3, and IX-4. These figures represent the
title page, input variables, and output of the CLCM as run for mine UM(1).

A detailed description of the model implementation is provided in the User's

Manual provided under separate cover.

D. MODEL VALIDATION

Proper validation of the CLCM logically entails a comparison of predicted
coal loss with actual experienced coal loss. This, however, is a hard number
to determine accurately. To arrive at the actual experienced coal loss due to
the effects of previous mining, a comparison is made between the percentage
extraction in the currently mined seam (where previous mining has occured in an
adjacent seam) and the percentage extraction in the currently mined seam where
previous mining in the same adjacent seam has not occurred. If any difference
exists, this should be due to the effects, if any, of previous mining providing

the mining technique was identical.*

Working on this premise, Table IX-3 was constructed and summarizes the
data for four mines used to test the CLCM. The eight columns contain the

following information:

*This approach was not used in the statistical analysis because we purposefully
chose mines which were largely completed so that the effects of the previously
mined seam would be borne out further. As a result, there were very few sample
points which could be used for in-depth analysis.
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TABLE I1X-3  COMPARISON OF ESTIMATED, MEASURED, AND PREDICTED EXTRACTION VALUES
16-65
MINE 1 2 3 4 5 6 7 8 9 10
PMS ESTIMATED % | MEASURED |ESTIMATED % |%EXTRACTION 5-3 5-4 CLCM VARI ANCE VARIANCE
CALCULATED |EXTRACTION |[% EXTRACTION | EXTRACTION | CMS WHEN 0% PREDICTED 8-7 8-6
% EXTRACTION| PMS FROM CMS CMS FROM EXTRACTION COAL LOSS
PMS INTERVIEWS INTERVIEWS IN PMS
UM(1) 15 85 53 9% 75-85 97.6 43 7 12.6 10 16 -1.6 (-21.17)
AVG. 22.6 AVG.
80 17.6
[s0] [2]
OM(1) 95 80-90 65. 1% 80-90 85.4 30.3 5.4 10 9 -1.4 (-21.3)
AVG. 15.4 AVG.
85 10. 4
[47] [3]
OM(2) 48 75-11 64.0% 70 17.17 137 y 1 8 10.3 (-5.7)
[32] [20)
UM(2) 79.9 7 14.1 66 82.2 8.1 16.2 7 -9.2 -1.1
(OVERALL)
{20] [7]

* SAMPLES WERE SELECTED FROM AREAS WITHIN THE MINE WHERE COAL LOSS WAS EXPERIENCED.
[ ] NUMBER OF SAMPLES USED TO ESTABLISH DATA

v
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1. Calculated Percentage Extraction in the Previously Mined Seam (PMS).

These are the averages of the values input into the CLCM.

2. Estimated Percentage Extraction of the previously mined seam from
interviews. These are the values given by the coal companies for

the percentage extraction they believe have been achieved.

3. Measured percentage extraction for the currently mined seam (CMS).
These are the actual planimetered values measured from mine maps.
For mines UM(1l), OM(1l), and OM(2) these values are intentionally
low because a conscious effort was made, in the selection of data

blocks, to pick those areas where coal loss was being experienced.

4. Estimated percentage extraction of the currently mined seam from
interviews. These are the values given by the coal companies for
the percentage extraction they are currently experiencing based on

production figures.

54 Percentage extraction experienced in the currently mined seam when
the adjacent seam (PMS) has not been mined (0% Extraction). This

gives the extraction percentage when no previous mining has occurred.

6. Difference between the extraction achieved in the currently mined
seam when the adjacent seam has and has not been mined (Item 5 minus
Item 3). This is theoretically the coal loss, if any, due to pre-

vious mining based on mine map data.

7. Difference between the extraction achieved in the currently mined
seam (estimated) when the adjacent seam has and has not been mined

(Item 5 minus Item 2). This is theoretically the coal loss, if any,

due to previous mining based on mine map and interview data.

8. Coal Loss Calculation Model (CLCM) predicted coal loss. This is the

average coal loss for a given mine predicted by the CLCM.

9,10. Variance. These are the variances obtained by subtracting Item 8

from 7 and 8 from 6.

Because of the biased data for the first three mines, the measured per-
centage extraction for the currently mined seam (Item 3) are all low. This

is to be expected since a deliberate effort was made to choose data points

=113~
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where coal was being lost.* When contrasted with the estimated percentage
extraction for the currently mined seam (Item 4), this disparity is even

more evident. The predicted coal loss (Item 8), therefore, can not be readily
compared for these mines to the coal loss experienced by subtracting Item 3
from Item 5, but it compares favorably with the coal loss experienced by sub-

tracting Item 4 from Item 5.

In contrast to the above, Mine UM(2) was sampled randomly without any
conscious effort to choose sample points where coal loss was being experienced
in the CMS. The currently mined seam also had some longwall as well as room

and pillar mining operatiomns.

When the predicted coal loss (Item 8) is compared to the measured coal
loss (Item 6), a variance of only - 1.1 is achieved. Using the estimated

extraction values, however, a variance of -9.2 is reported.

{

In the case of the first three test mines, the estimated percentage extrac-
tion in the currently mined seam (from interviews) had to be used for comparison
since the measured data was biased. In the fourth or validation mine, the
measured values can now be used since the data is random. Care should be
exercised in using the estimated values since estimates will vary according to
the estimator. In the fourth mine the figure estimated (66%) takes into account
the overall percentage recovery for the mine property even though the company
is experiencing 807 recovery in room and pillar and 1007 in it's longwall

operatiomns.

Although only four mines were used in this study, the results of the coal
loss calculation model are within acceptable limits. Admittedly, many more
samples and many more mines must eventually be used to fully validate and
update the model. From the interpretation of Table IX-2 it is concluded that
the model is operating correctly, is perhaps consistently low in its coal loss

prediction, and approximates the actual experienced coal loss.

*This was done because, in the development of the CLCM (independently from the
statistical exercises) actual situations of mine experienced coal loss were
needed to help quantify and establish the physical variable relationships.
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X. CONCLUSIONS

A. THE TYPE AND EXTENT OF PROBLEMS ASSOCIATED WITH UNDERMINING AND OVERMINING

On the basis of the results obtained from the literature review and from
the interviews with six MESA district inspectors and 28 mine operators, it
was concluded that the major problems associated with previous mining can be

summarized under the following four categories:
s Water Problems
Zs Gas Problems
3o Roof and Rib Problems
4, Floor Problems

Water Problems - Water seems to be a ubiquitous problem regardless of the

position of the previously mined seam. In the overmined condition, however,

the severity of the water problem is usually greater and can cause flooding.
Water, however, does not directly cause coal loss as it is pumped out in operating
mines. Water does contribute to coal loss by indirectly helping to create floor

and roof problems.

Gas Problems - Gas seems to be seam specific and occurs regardless of the

position of the previously mined seam. Gas does not cause coal loss as it is

vented prior to and during mining.

Roof and Rib Problems - In overmining a previously mined seam, the

following roof and rib problems were encountered: roof cracks, fracturing,

breakage of coal, subsidence cracks, bad roof, roof falls, and squeezing.

Subsidence is usually manifested by cracking of the roof, fracturing in the

overburden, squeezing, and roof falls and is widespread in occurrence.

In undermining a previously mined seam, the following roof and rib problems

were encountered: caving, roof fracturing, roof falls, and spalling of ribs.

Pressure effects are more evident and troublesome at the greater depths
(in the 400-2000 foot range). A fifteen percent coal loss was reported by
one mine in Region IB with 800 - 1000 feet of overburden and seventy-five feet

between seams.
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Floor Problems - In overmining a previously mined seam, the following floor

problems were encountered: cracks in floor, heaving, drop offs, shallow bending,

subsidence, squeezing, and floor caving.

In undermining a previously mined seam, the following floor problems were

encountered: cracks in floor, squeezing, heaving, sinking pillars, and rolling.

Floor problems are universally worsened by water. Significant heaving and

pillar sinking is experienced in mines at greater depths (>400 feet).

B. THE UTILITY OF THE MODEL IN PREDICTING THE IMPACT OF COAL LOSS

The coal loss calculated by the CLCM is more representative of a mine's
actual experienced coal loss with an increasing number of sample data points.
Experience has shown that a sample size of approximately 50 data points will
closely approximate coal loss calculated for higher sample populations. It is
therefore specific in the prediction of coal loss in the reserve seam as a result
of conditions caused by factors originating in a specified previously mined
seam. The CLCM may theoretically be extended to predict the general effects
on the same reserve seam by the same previously mined seam within the county
supplying the original mine prediction data. For example, the question might
be asked, "How does previous mining in the 084 seam affect the tonnage totals
listed in the coal reserve base for seam 076 in a given county?" Using, for
example, a mine located in Cambria County, Pennsylvania to calculate the coal
loss in bed 076 resulting from previous undermining in coal bed 084, a value of
13% coal loss is predicted by the CLCM for bed 076. The total underground
reserve base listed for Cambria County in IC 8655 is 354.04 million short tonms.
Applying the calculated predicted 137 coal loss (if all of coal bed 084 is
assumed to have been previously mined or will be mined prior to extraction of
bed 076), then the actual tonnage listed in Cambria County for coal bed 076 should
be reduced to 308.01 million short tons. This represents a simplified and
qualified situation. If, in fact, reserve bed 076 was also previously overmined
(seam 071) then the CLCM must be exercised on specific mine data to determine
the coal loss expected as a result of seam 071. If the CLCM predicts a 4% loss in
seam 076 due to factors originating from seam 071, then a recalculation of mineable
tonnage in the reserve seam would now read 339.9 million short tons. In
actuality, in any given county, some undermining and some overmining of the

reserve seam may have occurred. It may be difficult to project, for a given
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county, exactly how much of each type of mining has or will occur and what the
combined effect will be on the reserve seam. The CLCM, however, can be

used to provide maximum or worst case effects of each type of mining on the
coal reserve tonnages. The possibilities for handling the data are many.

A few suggestions are:

1. Use only the data from the previously mined seam showing the largest

coal loss.

2. Calculate coal loss resulting in the reserve seam from both previously

mined seams and then average the results.

3. Determine the approximate percentage each of over and undermining
occuring in a given county and use these percentages to calculate

separately the effects on reserve tonnage.

In the absence of mine specific data for another specific county, the CLCM
may be extended to other counties within the same sub-region. For example, the
predicted percentage coal loss for Cambria County which lies within sub-region
IITA may be applied to Somerset County which lies within the same sub-region
and contains the identical two seams. It is, therefore, theoretically possible
to predict, by county, the general coal loss for a specific reserve seam
caused by a specific previously mined seam over an entire sub-region if the
assumption is made of complete prior extraction occurring in the non-reserve

seam(s).

Because individual coal beds are finite in their geographic distribution,
they will naturally fall into sub-regional distributions and are also expected
to extend into adjacent sub-regions. Specific mine data should be used to
characterize each natural sub-region. Extending predicted coal losses from one
sub-region to another, even though the identical seams are represented, would
be stretching the acceptability of the model beyond researched results.
Theoretically, this can be done by applying a regional multiplier based on the
expected reaction of the varying lithologic and tectonic parameters from one
sub-region to another, provided, again, that the two identical coal seams being

considered are present and that basic input parameters are relatively the same.
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Since this is highly unlikely between certain sub-regions and even within

certain sub-regions, the uncertainties involved outweigh the probabilities for
successful predictions. HRB-Singer's pasition is that specific mine data should be

used to characterize each of the twenty sub-regions in the eastern bituminous under-

v

ground coal reserve base, and that, where possible, this should be done county
by county. Where this is not possible or deemed unfeasible, data from a specific
mine can be used to project to other counties in the same sub-region containing
the identical seams being considered. 1In all cases if existing local data

exists on some, if not all, input Variables, these should be substituted in

the model where applicable. This is particularly true for the input variables

of distance between the seams, overburden over the previously mined seam, and
percentage extraction in the previously mined seam. This is of utmost

importance in those areas of the eastern underground coal reserve base where

the coal seams do not lie parallel but diverge or converge depending on distance

and direction.

For those cases where two coal seams being analyzed transgress sub-regional
boundaries, it may be possible to apply the results of one sub-region to the
next based on a regional adjustment. This is suggested only for generalized
calculations and is based on the theoretical effects of differing tectonic
settings. A regional multiplier (see Table X-1) is offered using calculations
made in Area IIIB as a standard of 1.0. Calculations made in one sub-region
may be adjusted to predict coal loss in another sub-region using the appropriate
multiplier for that region. The user is cautioned that this is to be done only

for general approximations and only if:

1 The same two seams are being considered and are present in both

sub-regions (determined on a county-by-county basis).
2. The basic input parameters are essentially the same.

The regional multiplier is based on the tectonic classification of each
region into sub-regions. (See Map of Areas of Commonality in Chapter VI,
Regional Analysis). The more disturbed sub-regions received a 1.2 rating and
the less distrubed sub-regions a 0.8 rating. Region IIIB which naturally

falls into a median tectonic area is rated 1.0.
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TABLE X-1  REGIONAL MULTIPLIERS AREA IIIB = 1.0
AREA MULTIPLIER AREA MULTIPLIER
1A 1.2 VA 1.2
B 1.0 B 1.0
c 0.8 c 0.8
1A 1.0 VIA 1.2
] 0.8 8 0.8
c 1.2 VIIA 0.8
I11A 1.2 B 1.0
] 1.0 Vil 0.8
c 0.8 IX 0.8
VA 1.0 X 1.2
8 0.8

c. THE POTENTIAL IMPACT OF UNDERMINING AND OVERMINING ON THE COAL RESERVE BASE

On the basis of the results obtained and the mines investigated, it is
concluded that previous mining has and will have a significant effect on the
underground coal reserve base. Where previous mining has occurred below a
reserve seam, the impact on the reserve seam will be greater than when mining
has occurred above the reserve seam. These impact values can be calculated
seam by seam and county by county to arrive at an overall reduced tonnage
for the coal reserve base. By following this procedure in an orderly and
methodical manner, an estimate of the potential impact of previous mining

on the remaining coal reserve base can be made.

From the results of this study, however, one could hazard a rough
estimate on the range of potential impact of seam interaction on the coal

reserve base. Generally, overall coal loss should be in the five to twenty
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percent range for previously undermined situations and in the one to ten percent
range for previously overmined situations although occasional mines will fall
outside these limits. Looking at the reserve base as a whole, it would not

be overly pessimistic to estimate an average reduction of ten percent in

the reported tonnage. This reduction, it is to be remembered, is due solely

to the impact of previous mining and does not take into consideration potential

coal loss from other sources.
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XI. RECOMMENDATIONS

Based on the results obtained in this study, the following recommendations

are made:

1.

Implementation, by the USBM, of the Coal Loss Calculation Model
on a county by county basis using available mine data to determine
the percentage coal loss expected in the principal reserve seam(s)

as a result of previous mining above or below this seam.

Reported figures for coal reserve tomnages in IC 8655 should be
considered as high by approximately 107 as an estimate in lieu of

complete recalculation using the CLCM.

Further validation of the Coal Loss Calculation Model over a wider
range of mines both areally and in the range of parameters tested.
Validation and testing of the regional capability of the coal loss
calculation model should be effected in both overmining and under-
mining situations throughout the Eastern Bituminous Region. This

can be accomplished by collecting mine specific data and implementing
the model for each of the sub-regions where multiple seam mining is

being practiced.

Investigate and determine the effect, if any, of massive lithologies
on subsidence and subsidence induced coal loss. It is important to
determine if massive sandstones, for example, actually provide a
"beam'" effect over room and pillar workings that is sufficient to
eliminate or dampen subsidence effects in overlying seams or even

at the surface.

Further sophistication of the model to permit additional predictions.
These could be:

a. Expected subsidence at the surface.

b. Probability that subsidence has occurred, is occurring, or may

occur in the future.
G Maximum surface area affected by subsidence, and,

d. Combined effect of coal loss experienced in a reserve seam
from any number of previously mined seams above and below the

reserve seam.
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Additional research to further test the empirical validity of the
estimated statistical relationships between the significant physical
variables by expanding the number of mines providing input data.

By the random selection of mines from different areas of commonality,
an increase in the variability among the physical variables can be

achieved.

Further statistical analysis to consider the interaction between the
physical variables in the selection of the significant independent

variables.

Research into the effect of economics on the recovery of coal. The
economics and social aspects of mining in multiple seam areas were

not included in the present study.
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INTERVIEW SCHEDULE: MINE INSPECTORS

Respondent's Name: Address:

Form completed by:

Date:

ZIP Code:

Telephone No.: ( )

Region. (Official designation; key place names that define boundaries

of jurisdiction.)

Number of underground mines over which the inspector has jurisdiction:

Number of mines engaged in multiple seam mining:

Production of mines in this region. The primary concern is with multiple

seam mines. However, two or three single seam mines should also be
included in the "sample" below. A "sample'" should include a "large,"

"medium," and "small" mine at a minimum. '"Largeness'" and "smallness"
will be relative to each region.
Mining Est. Production, Est. Percent of
Mine Method Tons per Year Extraction
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*#Single seam mines:

If unable to get mine-specific data, request "averages" for the overall
region, e.g., most common type of mining, ; average produc-
tion, , average percent of extraction, "
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5.

Characteristics of coal seams mined #n this area.

surface.

Seam Name USBM Code Average Thickness

List seams in descending order from the

Distance Between Type of Intervening
Mineable Seams Strata
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6. Amount of overburden to first seam that is mined in this region.

Range: ft. to ft. Mean (average): ft.

7. Time elapsed between mining, multiple seam mines. If possible, identify
specific mines, dates. Code to mine identification used in production
estimates.

Mine Upper Seam (USBM#) Years Mined Lower Seam (USBM#) Years Mined
If not possible to get mine-specific data, then request "average" tinfe
that elapsed between mining for the overall region.

8. Pillar dimensions, this region.

Range: ''x ' to ''x !
Average dimensions: - !
(Variation: ft. centers to ft. centers
Average: ft. centers.
9. Discuss attempts to align pillars in current seam with those in pre-

viously mined seams. Consider effectiveness, problems encountered.
Identify mines, if possible.
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10. Prevailing roof conditions, this region. (Consider notable exceptions,
too.)
Seam Composition Condition/Effect Mines Noted

4 I Prevailing floor conditions, this region. (Consider notable exceptions,
too.)

Seam Composition Condition/Effect Mines Noted

124 Presence of any geologic condition which might affect coal production
in the overall region. (E.g., faults, synclines, etc.) Describe
condition and effects.
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13. Inspector's opinion of the effects of under/overmining practices in this
region on the amoung of coal recovered.

14. Specific mines in the region in which effects were noted.

15. Discuss effects of remmant pillars in multiple seam mines in the region.
Identify mines, if possible.

*# Explore possibility of coordinating visits to mines. It would be desirable
to visit at least one mine that was not mining multiple seams as well as
one mine that was mining multiple seams.

Our concern is for identifying a mine that is either completely mined
out, or which has a large section that is completely mined out and is no
longer used for any purpose.
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()

)

()
()

DATA COLLECTION

Mining Company:

FORM

Date:

HRB-SINGER.

Address:

Other names by which the company is known:

Company Respondents:

Form completed by:

Type of Operation: Overmining

Specific mine name or identifier:

Telephone No.: ( )

Undermining

Location of mine:

(Get sufficient data to pinpoint the location on a topographical map.)

Mine Surface Elevation:

Current Seam Name: USBM Code:

Mined from to

Elevation:

. Mining Method:

Previous Seam Name: USBM Code:

Mined from to

N

C.

Elevation:

. Mining Method:

Previous Seam Name: USBM Code:

Mined from to

Elevation:

. Mining Method:

If any seams are or were mined by a company other than the company named

above, so indicate.
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8.

DISCUSSION GUIDE

Distance between current seam and next seam(s) above/below. fit,

Thickness, current seam.

Thickness, previous seam(s). (Identify seam: ) " '
(Identify seam: ) "
Amount of overburden, current seam. tt.

Time elapsed between minings. We need the time between mining only for
the sections of a seam that have been under- or over-mined.

mos . yIs.

pes of intervening strata. (Use miner's terminology.)
gy

Opinion of mine personnel as to the effects of previous mining on the
amount of coal recoverable in the current seam. Try to get specifics.

Estimate of percentage of coal recovered or recoverable:

Current seam - %
Previous seam-( ) %
Previous seam-( ) %

Ll
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10.

11.

12.

13.

Effects of subsidence on current operatioms.

Pillar dimensions - Current seam:

- ft. centers

Previous seam: - ft. centers

Previous seam: - ft. centers

Discuss attempts (if any) to align pillars.

Remnant pillars. Discuss problems (if any) attributable to remnant
pillars in previous seam(s).

Pillar condition.

seam(s) (if possible).
conditions include spalling, crushing, sinking, etc.

Get opinion as to
probable cause.

Current Seam

Previous Seam

HRB-SINGER.,

Indicate condition of pillars in current and previous
Describe severity of problem. Type of problem

Previous Seam
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14,

15.

16.

17.

Floor, current seam.

Composition

Floor, previous seam(s).

Composition

Roof, current seam.

Composition

Roof, previous seam.

Composition

Conditions: e.g., rolling, heaving, hard/

soft, wet/dry

Condition

Conditions: e.g., falls, fractures, etc.

Pay particular attention to conditions
that affect the amoung of coal recoverable.

Conditions
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18. Water.
Presence

Amount (e.g., damp,
shallow pooling, more
than one foot of
standing water, etc.)

Source

Effects on Production

19. Gas.
Presence

Kind

Source (e.g., floor

emissions, gas spills,
etc.)

Effects on Production

(Current Seam)

(Current Seam)

HRB-SINGER.

(Previous Seam)

(Previous Seam)

20. Comparable mines with OM/UM conditions, and adequate records; other
possible respondents. . .
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STATISTICAL ANALYSIS PROCEDURE

The following sequential steps are employed in the statistical analysis.
1. Planning and Actual Data Collection

2s Data Processing

3. Tests for Normality

4. Principal Components Analysis

5. Multiple Regression Analysis

The first step is not presented in this Appendix because it is discussed in
detail in Section VII. The discussions included in this Appendix are the
mechanics of the last four steps. Some interpretations of results are also

included under steps 4 and 5.

DATA PROCESSING

A key of alphanumeric codes entitled Data Deck Variable Identification
and Codes (DDVIC) was prepared to facilitate data processing. These data and
related information are listed in Table C-1. The data for each mine were key
punched on standard 80 column IBM cards. The first 8 columns on the data card
were code names for the (a) state, (b) name of the mine, (c¢) sample number,

(d) range of values, and (e) card number. The first three items (a to c) each
have two digit codes while (d) and (e) each have a one digit code. All of the
data that corresponds to the sixty-three variables are entered as actual values

or codes as identified in the DDVIC list.

The data for the first forty-three variables (X1 to X43) were originally
key punched. (These data were collected from the sources indicated and re-
corded on the Data Collection Form, Figure VII-7). Some of the forty-three
variables do not have any data or observations, hence their columns are blanks
that produce zeros on the data listing printouts. The first forty-three
variables were used for the generation of the data for the last twenty variables
(X44 to X63). These variables are differences, products and ratios of the

first 43 variables. The formulas used to generate the values for variables
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to X_, are included in Table C-1. The collected and generated data on

2k 63
the sixty-three variables provided the data base input deck for the empirical
and statistical analyses to validate models UM and OM. The data deck of 63
variables had 7 cards for each of 50 samples. Nine variables were punched on
each card. The data listing for the 50 sample blocks for 63 variables from

each mine are included in Appendix D-1 through D-4.

The 50 random sample data points from each mine were separated into two

decks for the following reasons:

(1) For the UM(1) mine, 19 samples with one hundred percent extraction
in the previously mined seam (X37) were pulled out. This was done to derive a
more homogeneous sample of data points for the 24 variables selected. For
instance, zero values were generated for pillar strength (XSS) and pillar
strength/pillar load ratio (X57) from the sample blocks with 100 percent extrac-
tion in the PMS. Zero values are not meaningful at all in measuring the
impact of these variables on percent coal extraction or on percent coal loss.
However, even though sample partitioning was done, no information was dis-
regarded. Both the data deck sets of 50 and 31 sample points were analyzed.
Twenty-one variables were included in the analyses of the 50 sample points and

the 31 sample points included all of the 24 variables.

(2) For the same reasons explained in (1) above, the 50 random sample
points for the OM(l) mine were separated into two decks of 50 and 29 each.
The set of 50 was reduced to 47 because of no previous mining on two of the
samples and no current mining on one. Hence, the statistical analysis for the
OM(1) mine data was done on 47 sample deck sets that includes sixteen variables

and 29 sample deck sets with 19 variables.*

(3) For the OM(2) mine, 56 random sample data points were included. This
data set was divided again into two decks of 32 and 24 samples for a reason
different from (1) and (2) above. In this mine, 24 of the 56 random sample
blocks in the currently mined seam had no previous mining on the overlying
seam, while 32 of the sample blocks in the CMS were mined previously on the

overlying seam. With the same mining method used in the CMS and PMS, the data

*For reason of data availability only 19 variables were included in the
statistical analysis of the data from the OM(1l) mine.
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TABLE C-1 DATA DECK VARIABLE IDENTIFICATION AND CODES

VARTABLE
NAME

ITEMS

CODE/ENTRY

UNITS

State

Name of Mine

Sample Block Number

Range of Values

Card Number

Sample Block Area

Extracted Area in Sample Block
Remaining Coal Area in Sample Block
Surface Elevation

Water Table Elevation

Coal Rank

Coal Density

Currently Mined Seam (CMS) Name

01 - 50
01 - Pennsylvania
02 - W. Virginia
01 - 99
01 - uM(1)
02 - OM(1)
03 - 0M(2)
01 - 99

1 - High
2 - Low

1-9

Actual Value

Actual Value

Actual Value
Actual Value

Actual Value

1 - Low Volatile

2 - Medium Volatile

3 - High Volatile

Actual Value

-

aoan LN =
[
o0 aowr

square feet
square feet
square feet
feet

feet

1bs/cubic
feet
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TABLE C-1 DATA DECK VARIABLE IDENTIFICATION AND CODES (Cont'd)
VARIABLE
NAME ITEMS CODE /ENTRY UNITS
7 -E
8 -
9 -
10 -
11 -
12 -
13 - no. 5 seam
14 - no. 3 seam
X9 CMS USBM Code Numerical Code
X10 CMS Elevation Actual Value feet
X11 CMS Thickness Actual Value feet
X12 CMS Dip Actual Value degrees
X CMS Dip Direction l1-N
13
2 -5
3-W
4 - E
5 - NE
6 - NW
7 - SE
8 - SW
X14 CMS Date of Mining Actual Data years
Xl5 CMS Percent Extraction Actual Value percent
X6 CMS Roof Strength Actual Value lbs/inches2
X17 CMS Floor Strength Actual Value lbs/inches2
2
X18 CMS Intervening Strata Strength Actual Value 1lbs/inches
X19 CMS Pillar Width Actual Value feet
X20 CMS Span Actual Value feet
X21 CMS Roof Problems 1 - YES
0 - No
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TABLE C-1 DATA DECK VARIABLE IDENTIFICATION AND CODES (Cont'd)

VARIABLE
NAME ITEMS CODE/ENTRY UNITS
X22 CMS Severity of Roof Problems 1 - Noticeable
2 Somewhat Troublesome
3 Impairs Production
4 - Halts Operation
X23 CMS Floor Problems 1 - YES
0 - NO
X24 CMS Severity of Floor Problems 1 - Noticeable
2 Somewhat Troublesome
3 Impairs Production
4 - Halts Operation
X25 CMS Water Problems 1 - YES
0 - NO
X26 CMS Severity of Water Problems 1 - Noticeable
2 Somewhat Troublesome
3 Impairs Production
4 - Halts Operation
X27 CMS Gas Problems 1 - YES
0 - NO
X28 CMS Severity of Gas Problems 1 Noticeable
2 Somewhat Troublesome
3 Impairs Production
4 Halts Operation
X CMS Mining Method 1 Room and Pillar
29
2 Longwall
3 Shortwall
X3O Previously Mined Seam (PMS) Name 1-A
2 - A'
3-8
4 C
5 c*
6 D
7 -E
8
9
10 -
13 -
14 -

C: -
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TABLE C-1 DATA DECK VARIABLE IDENTIFICATION AND CODES (Cont'd)
VARIABLE
NAME ITEMS CODE/ENTRY UNITS
X31 PMS USBM Code Numerical Code
X32 PMS Elevation Actual Value feet
X33 PMS Thickness Actual Value feet
X34 PMS Dip Actual Value degrees
X PMS Dip Direction 1-N
35

2 -8

3-W

4 - E

5 - NE

6 - NW

7 - SE

8 - SW
X36 PMS Date of Mining Actual Date year
X37 PMS Percent Extraction Actual Value percent
X38 PMS Roof Strength Actual Value lbs/inches2
X39 PMS Floor Strength Actual Value lbs/inches2
X40 PMS Intervening Strata Strength Actual Value lbs/inches2
X41 PMS Pillar Width Actual Value feet
X42 PMS Span Actual Value feet
X43 CMS Area Per Sample Actual Value acres
X44 CMS Coal Reserve Per Sample Actual Value tons
X45 CMS Coal Extracted Per Sample Actual Value tons
X46 CMS Coal Loss Per Sample Actual Value tons
X47 CMS Percent Coal Loss Per Sample Actual Value percent
X48 CMS Coal Extracted Per Acre Actual Value tons/acre
X49 CMS Coal Loss Per Acre Actual Value tons/acre
XSO CMS Depth Below the Surface Actual Value feet
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TABLE C-1 DATA DECK VARIABLE IDENTIFICATION AND CODES (Cont'd)

VARIABLE
NAME ITEMS CODE/ENTRY UNITS
XSl PMS Depth Below the Surface Actual Value feet
X52 Vertical Distance Between the Seams Actual Value feet
X53 Stress Zones Actual Value feet
X54 Subsidence Actual Value feet
X55 PMS Pillar Strength Actual Value lbs/inches2
X56 PMS Pillar Load Actual Value lbs/inches2
X57 PMS Ratio of Pillar Strength to Load Actual Value
X CMS Ratio of Roof Strength to Floor Actual Value
58
Strength
X PMS Ratio of Roof Strength to Floor Actual Value
59
Strength
X60 PMS Depth of Overburden Actual Value feet
X61 Time Elapsed Between Mining Actual Value years
X62 Critical Excavation Width Actual Value feet
X63 Percent Subsidence Actual Value percent
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44

45

46

47

48

49

50

51

52

53

FORMULAS FOR VARIABLES 44 TO 63

(%) (X)) ()

2,000

(X,) (%) (X))
2,000

(%) (X)) (X))

2,000
X
iﬁé x 100
44
X5
X3
i
£43
A = 49
= %49
X10 - X32 or X

X51

or X

32 ©

44

%90

= %45

(subtrahend is seam on higher elevation)

6 <—26- + 20) or (0.3) (XSI) + 120
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54

55

56

57

58

59

60

61

62

63

9
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FORMULAS FOR VARIABLES 44 TO 63 (Cont'd)

(X34

(1320)

X

X

.10x52) f(xaz/x

0.46

41
0.66
33

52) (X37)

(1.1) (XSI/(lOO - X37)) (.01)

Xs5

%15

X38

(X

14

3 (—26" + 20) or (0.15) (XSl) + 60

/x56

/x17

/x39

ey

36

4~ %39

33
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from this mine represent a case where definite comparison can be made on the
percentage of coal loss from the CMS attributable to previous mining. In this

case the average percentage of coal loss attributable to previous mining is 13%.

TESTS FOR NORMALITY

The distribution of the observations for the selected variable in each
deck was tested for normality. The test was conducted through the use of the
NORMSTAT Program Algorithm.* Tests for normality included in the NORMSTAT
program are: (1) tests for skewness and kurtosis calculated by the use of the third
and fourth moments and (2) Chi-square goodness of fit test. The NORMSTAT
algorithm outputs histograms or distributions in the form of line charts, sample
mean, standard deviation, variance, sample size, and values to conduct the tests
for skewness and kurtosis and Chi-square. The output histograms give indica-
tions of which distribution approximate a normal distribution and which variables
are skewed either to the right or to the left. The skewed distributions or
histograms require data transformation. The NORMSTAT algorithm allows thirteen
types of data transformations. For practical applications only two options were
used in this study**. These are the log to the base 10 and the arc sine trans-
formations. Log to the base 10 was used when the observed distribution or
histograms of the variable was skewed to the right. The arc sine was used when
the observed distribution was skewed to the left. The transformation of the
data for the variable with skewed distribution is suggested when the coefficient
of variation of the data for a particular variable, say Xi is above twenty or

thirty percent. The coefficient of variation (C.V.) is calculated as

(X
c.v. -< : > (100)

where

* The algorithm was acquired from Dr. J. Griffith, Professor of Geostatistics
at The Pennsylvania State University and consultant to HRB-Singer.

**Suggested by Dr. J. Griffith during a consultation session.
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X

Sample Mean

S Standard deviation of the sample

The test for normality was included as a data cleaning step preparatory
to principal components and multiple regression analyses. This step was done
to insure that the data do not violate the statistical assumptions of the

analytical techniques.

Of the 24 variables selected, the ones where data transformations were

made are shown in Table C-2.

PRINCIPAL COMPONENTS ANALYSIS

The data outputs from the NORMSTAT analysis for each deck for each mine
were factor analyzed. The CORFAN (Correlation Factor Analysis) program algorithm
was used. The primary purpose of utilizing principal components analysis for
analyzing the 24 selected variables was to classify them into independent sets
and identify the redundant variables. This classification technique also

detects the existence of multi-colinearity among the variables.

The CORFAN program algorithm with its current limitations has several
output options. The options used in this analysis are (1) correlation matrix
(2) means and standard deviations (3) number of components or factors (4)
matrix of loadings both unrotated and rotated and (5) communalities and (6)

eigenvalues. Brief explanations of items (3) to (6) are presented below:

Item (3) The number of factors (columns) are the number of substantively
meaningful independent (uncorrelated) patterns of relationships between the

variables.

Item (4) Factor loadings measure which variables are involved in what
factor pattern and to what degree. They can be interpreted as correlation
coefficients. The square of the loading multiplied by one-hundred equals the
percent variation that a variable has in common with an unrotated pattern.
The percent figure is the reliability of prediction of a variable from the
pattern or the other variables in the pattern. By comparing the factor
loadings for all factors and variables those particular variables involved in
an independent pattern can be defined and those variables most highly related

to a pattern can be seen.
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SELECTED VARIABLES IN EACH MINE AND THE

TRANSFORMATION USED.

Mine and Variable

oM(1)

oM(2)

UM(1)

19

20

41

42

48

49

55

56

20

42

48

49

56

20

41

42

48

49

55

56
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Item (5) Communality is the proportion of the total variation in which a
variable is involved in the pattern. This also gives the percent of variation
of a variable in common with the pattern. This communality may also be looked
at as a measure of uniqueness. By subtracting the percent variation in common
with the patterns from one-hundred, the uniqueness of a variable is determined.
This indicates to what degree a variable is unrelated to the others; i.e., to
what degree the data on a variable cannot be predicted (derived) from the data

on the other variables.

Item (6) Eigenvalues equal the sum of the column of squared loadings for
each factor. They measure the amount of variation accounted for by a pattern.
Dividing the eigenvalues by the number of variables and multiplying by one-

hundred determines the percent of total or common variance.

In the classification of the selected variables into independent sets,
the matrix of unrotated factor loadings was used in this study. The factor by
factor comparison between the unrotated and rotated matrix of loadings showed
that the cumulative percentage variation contributed by each factor is higher
in the unrotated matrix than in the rotated matrix. The cumulative percent
variation in both, however, converge at some number of factors. The convergence

point signals the number of independent sets.

RESULTS OF PRINCIPAL COMPONENTS ANALYSIS

The results obtained from the principal components analysis of the UM(1)

mine data are interpreted and summarized below. (See also Appendix E).

The correlation coefficients calculated for the 24 variables express the
degree of relationship between the row and column variables of the matrix. The
closer to zero the coefficient, the less the relationship; the closer to omne,
the greater the relationship. A negative sign indicates the variables are
inversely related. For n = 50 and n = 31, the values of r (correlation
coefficient) higher than .366 and .328 are significant at the 1% level,

respectively.

At the 17 level of significance, three basic groups of variables (Groups

N C .

A, B, C in Table VIII-3) were observed from the matrix of correlation coefficients.

or X as the

or Lia 49

Group A suggests that one can select either X,. or X

15 47

dependent variable for this study.
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These groupings (A, B, and C) also suggest that only one of the variables
from each group can be used at a time. The degree of substitutability of
each variable in each group varies. The degree of substitutability suggests that
those variables with correlation coefficients of .99 or 1.00 are perfect sub-
stitutes. The variables with correlation coefficients between .90 and .98 are
highly substitutable. Those variables with coefficients between .50 and .89 must
be substituted for each other with care and possibly derive a new variable in
terms of their interaction. It is important to recognize the degree of inter-
correlation between the row and column variables included in the matrix to
minimize redundancy and multicolinearity. Intercorrelations among the indepen-
dent variables in multiple regression analysis tend to destabilize the regres-
sion coefficients and in extreme cases the mathematical calculations break down

when the matrix of the independent variables is singular.

The variables in each group (particularly Groups B and C) have significant
implications in relation to the variables with high factor loadings. The factor
loadings on each variable under each factor or component are summarized in
Table C-3. Nine components are calculated from the data set of 24 variables.
These nine components are generated from the data by setting the eigen coeffi-
cient to .5.% The first component of the unrotated (original) factor pattern
delineates the most general pattern of relationships in the data; the second
delineates the next most general pattern that is independent of (uncorrelated
with) the first; the third component delineates the third most general pattern
independent of the first and the second, etc. Thus, the amount of variation in
the data each pattern describes decreases successively with each factor.

Hence, the first component is the most powerful, the last component least power-
ful.

The results showed that the loadings on component 1, Fl, are highest on
the variables representing PMS and CMS lithologies of the immediate roofs

and floors (X58 and ng). Loadings on the PMS and CMS overburden characteristics

#This is an option in the CORFAN program. The researcher sets the limit of
the eigenvalue coefficient and the program automatically calculates the
number of components until that coefficient limit is reached.

-164-

HRB-SINGER. INC.



=691~

‘—, — B
TABLE C-3
THE ORIGINAL MATRIX OF FACTOR LOADINGS UM(1)
F o [ F o3 Fo4 F 5 F 6 F o1 F A F 9 F 10
1 -0.613712 -0.42312 0.50743 0.21199  -0.04825 -0.13424  -0.03489  -0.07240 -0.13944 0.0
2 -0,27075  -0.00059 -0,39114 -0,48140 0.34424  -0.31001 0.13189  -0,41848  -0.17759 0.0
3 -0.37841 -0.51879 0.46168 0.35145  -0.06328 0.19131 0.03229 -0.20996 0.08438 0.0
4 0.86914  -0.10705 0.16656 -0,07096 -0.13935 -0.23870 -0.16004  0.15084 -0,20022 0.0
5 -0.64153 -0.63371  -0.29923  -0,19247 -0.02143 0,02805 -0.03%49  0.12026 -0.02649 0.0
6 0.20298 -0.06306 -0.02533 0.2674) 0.62261  -0.48692  -0.30445 -0,10261 0.18345 0.0
7 -0.44358  -0.74827 =0.19071 -0.20145  -0.02777  -0.13199 _ -0.17740  -0.0159% 0.0A221 0.0
8 0.67664 0.41565 -0.5118A2 -0.20610 0.04953 0.13798 0.03943 0.07254 0.13471 0.0
9 -0.64336 ~0.45105 0.49419 0.24771) -0.02027 -0.09493 ~0.13163 -0.09624 ~-0.09717 0.0
10 0,25902 0,173°0 -0.17869 -0,04576 0.08902  0.56125 =0.67546 -0.23880 -0,1T477 0.0
n 0.70343 -0,LH265 0.06749 0.00962 0.0972% 0.10226 0.07056  ~0.04414 0.06214 0.0
12 0.68785  -0.70301 0.07001  -0.02471 0.04374 0.08021 0.03762 _ -0.05300 0.09760 0.0
13 -0.19919  0.01661 0.00266 -0,36314  -0.59227  -0.25835  -0.37824 _ -0.07629 _  0.34570 0.0
14 0.48758  -0.70312  0.07099  -0.02441 0.04264 0.073606 0.04641  -0.04829 0.10258 0.0
15 -0.59452  -0.69797 -0,2R710 -0.1R472  0.03813  0.02136 _ -0.03853 _ 0.12109 _ -0.07496 0.0
16 0.22514 0.31894 0.65962 -0.60983 0.11751 0.00931 0.00050 0. 00192 0.00194 0.0
17 0.13317 0.04738  0.62914  -0.73617 _ 0.08270 __0.06940 _ 0.04750 _ 0.01010 _ -0.03974 0.0
18 0.14629 0.92218 0.18337 0.14200 0.01164 -0.10169 -0,09559 -0.06753 0.09556 0.0
19 0.86925 -0,10691 0.16632  -0.07106  -0,13905  -0.23666 -0,16301  0.14927 _ -0,20171 0.0
20 0.74076  -0,32708 ~ -0.1A718 0.20607  -0.19439  -0.25150  -0.14698 0.10077  -0.,16419 0.0
21 0.60TAT  -0.70300 0.06997  =-0.02473  0.04378 _ 0.08054 __ 0.03716  -0.05323  0,09736 0.0
T 22 0.52415 -0.02404 -0.24631  0.01477 -0.51931  -0.10404 0.22604  =0.44071  -0.10626 0,0
23 0.60496  -0.70631  0.06861  -0.02211  0.04365  0.073719  0.04409  -0.04965 __ 0.10019 __ 0.0 B
24 -0.5965T -0.69845 -0.28655 -0.18420 ~ 0.03749  0.01639 -0,03112 0.12441 _ -0.07107 0.0
SUM SO. 7.99419 6.32836  2.51337  1.88301  1.26216 1.05621 0.91400  0.62372  0.46069 0.0
VAREXP  33,30913 26.16815, 10.47239 T.84506 5.25900 4.40087 3.A00831 2.59682  1.91953 0.0
CUMPER  33.30913  S59.67728  70.14966  T7.99551  B83,25452 AT.65538  91,.46368  94,06250 95,90203  95.98203
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HRB-SINGER. I
are also significantly very high (XSO’ XSl’ and X60). The loadings on X15’ X47
X48’ and X49 can also be noted from Fl; XlS’ and X47 load higher than X48 and

X49. The comparison of the loadings on XlS’ X47, and X49 implies that it is

more meaningful to use X,. and X47 than X,, and X,, as dependent variables.*

48 49

From component 2, FZ’ the loading is highest on variable X57 (PMS ratio of

15

pillar strength to pillar load). However, the loadings were also significantly

high on X37 (PMS percent extraction), X42 (PMS span), and X (maximum

%54 63
subsidence and percent subsidence), respectively.

The loadings on components 3 and 4, F, amd F4, are all high for X55 (PMS

X52 (vertical

3

pillar strength), X56 (PMS pillar load). From Component 5, FS’

distance between the seams) and X (PMS minimum pillar width) are the variables

41

with highest loadings. These two variables surfaced again in components F6 and

F7 but their loadings are lower than in FS'
Component 8, F8, showed the highest loading on X61 (time elapsed between

mining). This variable has significant loadings also under F F3, and F

1* 5"
Based on the factor loadings noted above and the variable groups (partic-
ulary B and C), one can conclude that st (vertical distance between the seams)
and X61 (time elapsed between mining of CMS and PMS) are independent not only
of each other but also with each of the variables in the B and C groups. Since
X52 andX%lihave the highest loadings on components 5 and 8 respectively, each
of them was chosen as an independent set. Both of them are used as independent

variables in the multiple regression analysis.

The independent variables defined are then the best input variables to the
multiple regression analysis. The variable with the highest loading from each
group can be selected, or one can use its substitute. Logic and knowledge of
the relationships between the dependent and independent variables must be
considered during variable selection and substitution.** The utility and
practical application of the results from the regression analysis must also

enter into the decision of selection of the independent sets of variables.

* The selection of the dependent variable based on the factor loadings is the
primary purpose of including XlS’ X47, X48’ and X49 in the component analysis.

*%The correlation coefficient matrix will be very useful to the researcher in
this regard.
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MULTIPLE REGRESSION ANALYSIS

This step in the statistical analysis is focused on the estimation of
parameters or coefficients that measure the impact of the physical variables
in the previously mined seam to the percent recovery of coal or coal left in
place in the reserve or currently mined seam. To obtain unbiased estimates for
the parameters, classical least squares regression was used. This method of
estimation starts with the assumption that a linear relationship exists between
a variable y and k explanatory variables, Xl, XZ’ R Xk and a disturbance term

M.

In the analysis the regression model was represented by the equation that
follows.

Xl =L +BlX + B

5= %5 7 ¥ 8, X

gy T By Sgy ¥ By By T By Rgg T By

The B coefficients are the unknown parameters. These coefficients were estimated
from mine specific empirical data that represented both the undermined and over-
mined conditions. The results of the estimation for both conditions are dis-
cussed in detail in Section VIII of the report. The interpretation and dis-
cussion of results on multiple regression in this Appendix are extensions and

modifications made to the estimating equation.

Additional equations were estimated as modifications to equation (4) in
Section VIII. The modifications were in terms of (1) dropping the PMS percent
extraction (X37) and PMS depth of overburden (X6O) variables and (2) including
the following variables one at a time in the estimating equation. These
variables are: (a) subsidence variables (X54 and X63); (b) PMS ratio of pillar

strength to pillar load (X (c) PMS ratio of immediate roof strength to floor

57) b

strength (X59) and (d) PMS depth below the surface (X These estimations

51)'
were pursued in order to determine the degree of the relationships existing
between CMS percent extraction (X15) and the variables that are highly inter-

related with X37 and X60'

The results given on page 251, Appendix F-1 showed that maximum subsidence

(XSA) has a highly significant positive coefficient in the order of 7.8471. The

coefficient for percent subsidence (X63) (page 255) 1is also positive and highly
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significant with a magnitude of 45.1610. The magnitudes of the coefficients of
these two variables are indicative of their respective impacts on percent
extraction and percent coal left in place in the seams being currently mined.
It also implies, obviously, that percent subsidence is more meaningful

variable in terms of its weight (coefficient) than maximum subsidence.

For PMS ratio of pillar strength to pillar load (X57) the estimated
coefficient is negative (-6.3079) and also highly significant. This variable
X57, is a ratio of two variables derived functionally and the explanation of

the coefficient must be related to the pillar strength and pillar load formulas.*

The estimated coefficient for X is also negative (~5.3947) and signifi-

59°
cant at 10%. Again X59 is a ratio variable of the immediate roof strength to

floor strength of the previously mined seam.

Several equations were also estimated using CMS percent coal loss (X47)
with the same set of independent variables used when CMS percent extraction
(Xls) is the dependent variable. These results are shown in Appendix F-1. With
X47 as the dependent variable, the results showed that the magnitude of the cal-
culated coefficients are almost equal to the magnitude of the estimated

coefficients when X is the dependent variable. However, the signs of the

coefficients are op%isite and their intercept values are different. This is
expected since percent coal loss or coal left in place is the inverse of per-
cent extraction. It should be pointed out that the intercept of the equation
where CMS percent extraction (XlS) is the dependent variable plus the intercept
of the equation where CMS percent coal loss (X47) is the dependent variable

equals 1007 all the time.

*These formulas are explained in Section IX-C.
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APPENDIX D-1

DATA LISTING

UM(1) FIFTY SAMPLE BLOCKS PREVIOUSLY UNDERMINED
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101011 696000.000 414400.000 281600.000 1925.000 0.0 1.000 . 82. 600 5.000 16.000  1840.000
101021 © 65$6000,000 179200.,000 514800.000 1873.000 0.0 1.000 82,600 $.000 7 7A.000 " 1790,000
101031 696000.000 2P0000.000 416000.000  1925.000 0.0 1.000 _A2.600 5,000 16.000  1850,000
101041 696000.000 318400,000 377600.000 1940.000 0.0 1.000 02,600 ~ S.000 76,000 1040.000
101051 696000,000 409600, 000 286400,000 1973,000 0,0 1.000 82,600 5.000 16.000  1#40.000
101061 696000.000 416000.000 200000.000 2100.000 0.0 1.000 82.600 ~ 5.000 T 16,000 1040.000
101071 696000.000 659200.000 35A800.000 1960.000 _ 0.0  1.000  A2.600  5.000 16,000 1840.000
101081 696000.000 273600,000 422400.000  1990.000 0.0 ~ 1.000 82,600 5,000 T 14,000 T 1830.000
101191 696000.000 206400.000 489600,000  2000.000 0.0 _ _1.000 02,600 5,000 14.000  1830,000
101101 696000.000 641600,000 54400.000 2040,000 . 0.0 1.000 = 82.600 T 5.000 7 16,000 ~ 1820,000
101111 696000.000 £32000.000 64000,000 2050.000 _ 0.0 1.000 _ A2,600 ~ 5.000 16.000  1800.000°
101121 696000.000 696000.000 0.0 _ 2050.,000 _ 0.0 _1.000. 82,600 5,000 76.000 " 1170.000°
101131 696000,.000 526400,000 169600.000 2060.000 0.0 1,000 _ N2.€00  5.000 16,000 1770.000
101141 . 696000.000 228R00,000 467200,000  2070.000 . 0.0 _  1.000 B2.600 5,000  76.000 1770.000
101151 696000.000 692800.000 _ 1200.000 _ 2070.000 _ 0.0 _ . 1.000 _  A2.600 " 5,000 " 76.000 1170.000
101161 ~ 696000.000 408000.000 280000.000 2100.000 0.0 _ 1.000 82,600 _ 5.000 716,000 ~ 17106.000
101171 . 696000.000 145600.000 550400.000 2110.000 _ 0.0 _1.000 " 82.600 " 5,000 76.000  1710.000
101141 696000,000 2A0000,000 416000,000 2130,000 . 0.0 1.000  82.600 ~ &.000 °  76.000 1750.,000
. 101191 _ 696000.000 281600.000 414400.000 _ 2180,000 0.0 __ 1.000  H2,600 5.000 16,000  1700.000
101201 696000,000 692800.000  3200.000 2190.000 0.0 14000 " 82.600 T T&,000 7 74,000 1680.000
101211 696000.000 347200.000 34A8900,000 2190.000 0.0 _ . 1.000 82,600 5,000 76,000 1720.000
101221 696000.000 555200.,000 140800.000 2120.000 0.0 1000 T 82,600 7 5.000 T 76,000 1710.000
101231 696000.000 641600.000 54400.000 2130.000 0.0 1.000 82,600  5.000 76.000  1690.000
101241 696000.000 356600.000 339200.000  2170.000 0.0 1,000 T #2.600 T 5,000 16,000 1640.000 ~
101251 696000.000 497600.000 198400.000 2120,000 0.0 1,000 " 92.600 5,000 16,000 1670.000
101261 696000.000 163200.000 532R00,000 21R0.000 0.0 1.000 82,600 7 8,000 76,000  1630.000
101271 656000.000 280000.000 416000,000 2180,000 0.0 _ 1.0000 82,600 5.000 16.000  1610.000
101281 696000.000 377600.,000 31A400.,000 2110.000 0.0 1.000 B2.600 7 " 5.000 T 16.000 T 1660.000
101291 . 656000.000 508000.000 187200.000  2120.,000 0.0 __ _ 1.000 _ A82.600 ___ 5.000 16.000  1610.000
~ 101301 696000,000 529600.000 166400,000  2120.000 .. 0.0 1.000 82,600 ;T 778,000 - 76,000 1630.000
101311 696000.000 598400.000 97600.000 2140.000 ¢ 0.0 1.000 A2.600 5.000 16,000 1600.000
101321 T 656000.000 280000.000 416000.000 ~T71980,000° 0.0 T 7T 1.000 A2.600 '° %,000 ~" 74,000 1640,000
101331 696000.000 348800.000 347200.000 2100.000 0.0 1.000 82, 600 5.000 76.000  1600.000
101341 696000,000 422400.000 273600.000  2110,000 ' 0.0 1.000 A2.600 5,000 76.000 1560.000
101351 696000,000 161600.000 534400.000 2110.000 0.0 1.000 #2.600 5.000 76.000  1600,000
101361 696000.000 299200.000 396A10,000 2090.000 0.0 1.000 82,600 5.000 76,000  1540.000
_ 101371 _ 696000.000 235200.000 460000.000 _ 2100.000 0.0 _  1.000 12,600 5.000 16.000  1510.000
101381 696000.000 224000.000 472000,000 1920.,000 0.0 1.000 P2.600 8,000 T 14,000 J610.000
101391 696000.000 152000,000 544000,000 2070,000 0.0 1.000 B82.600 5.000 76.000 1530.000
101401 696000.000 154000, 000 542400,000 2090.000 - 0.0 1.000  ~ 82.600 7 4,000 " 16.000  1520.000
101411 696000.000 23R400,000 457600.000  1990.000 0.0 1.000 A2.600 . 5.000 16,000 1580.000
101421 696000.000 276000,000 420800,000  1990,000 0.0 1.000  B2.600 5.000 16.000 {540,000
10140 .696000.000 153600.000 542400.000  2000,000 0.0 1.000 82,600 5.000 14,000  [5A0.000
101441 696000,000 144000.000 552000.000  2020,000 0.0 i.000 a2, 400 5.000 16.000  1560.000
101651 696000,000 248000.000 448000.000  2040,000 0.0 1.000 A2.600 5.000 16,000  1%00.000
101461 696000.000 472000,000 224000.000  2040.000 0.0 1.000 082,600 5.000 16,000 j480.000
101471 696000.000 512000.000 184000.000  1990,000 0.0 1.000 82.600 5.000 16.000  1610.000
101481 696000,000 219200,000 4766800.000 2020.000 0.0 1.000 N2.600 5,000 16.000 1570.000
101491 656000.000 336000,000 360000,000  2000.000 0.0 1.000 42,600 5.000 76,000  1600.000
101501 696000.000 361600,000 334400.000  2060,000 0.0

1.000 82.600 5.000 16.000 1520.000
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460.000
560, 000
590,000

..550,000 _

500,000
510,000
620.000

- 540.000

640.000
660,000
540.000
570.000
570. 000
630.000
430,000
580.000
640,000
600,000
620.000
600,000
400.000
650. 000
600,000
490.000
500,000
520.000
560. 000
630.000
650,000
470.000
540.000
480,000
660,000

110,000
100.000
100.000
90,000
90. 000
99.000
100.000
100,000
110.000

100.000.

90,000
90.000
100.000
100.000
90.000
110.000
100.000
80.000
80.000
30,000
80, 000
20.000
90.000
90,000
90.000
90. 000
904000
90.000
60.000
40,000
90,000
90. 000
80.000

90,000

20,000
710,000
90.000
90.000
90.000
30,000
A0, 000
90,000
100.000
100,000
90.000
9N, 000
90.000
90,000
80.000
120.000

178.500
174.900
172.500
177.000
186 .900
225.000
1n&, 000
198.000
204,000
216.000
222.000
231.000
237.000
240,000
237.000
264,000
270.000
258,000
288.000
297.000

285.000

270.000
279.000
306.000
282.000
312.000
318.000
202.000
291,000
291.000
309,000
249.000
294.000

"~ 312.000
300.000

306.000

324.000

240.000
315.000
300,000
267,000
270.000
216,000
208,000
199,000
115.000
261.000
202.000
264,000
31A.000

2,092
0.6T71
4215
2.61°
2.1R2
2.619
2.992
4,215
4.105
4,061
4.165
4.365

4,275

4,275
4,365
4.1R%
44275
4,455
4,232
4.455

2896
3,928

4147

2.401
4,365

ha365

4,365

4.365

4,615

4,455
1,92

4,365

1.782
3,055
4,365

T 0,539

2.0137
3.2T74
1.746
1.471
2.221
1.964
1.496
3.047
1.964
2.182
2.R37
0.655
0.331
3,481

3123.305

2516.050
2397.015
0.0
2516.050
2391.015
2397.015
2270,600
0.0
0.0
2270.600
0.0

S8 O
.
coocoeco o

cecz=

2270.600
0.0

1123.305

1989.156

2397.015
0.0

4296.234
0.0

429.000
366.000
0.0
522.500
490,600
962.500
006,666
0.0
0.0
7039.99

12319.992
0.0

_1728.570

5499,996

11659,992

1515.545
0.0

socooo
ooc oo

 6929.996

2937.232

- 32917.195

0.0

30315.054

276,167
2937.232
2397.015
2931.232
3123.305
3123.305
2628.0113
3460.931
2270.600
2937.232
2937.232
2397.015
1305.0117

0.0
1063.333
234b.666
0.0
'852.500
2137.142
1759.999
1191.666
942,087
1077.999
Q99,994
AT9.999
6159.996
1259.999
1429.999
1477.142
698.023
621.176
£839.996

SO =NOOOOO

S. 6%
64549
0,0

4.815
4.0R6
2.490
2.015

~
-

« s e o

SO0DTSO0002000CDO
.
C=2oCcCOCSOoOS2oWwWOD

0.0

.

.
S HINTTOCO
~N
(=]

o
N

>
2
<&

.
-~
=

T1.555

2.465
2.542
2.725
3.123
1,549
0,427
2.747
1.500
i.cnp
4,203
3,859
0.270

1.250
1.250
1.250
1.750
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250

1.250

1.250
1.250
1.250
1.250
1.250
1.250

“1.250

1.2%0
1.250

1.250

1.250

“1.250 T

1.250

i.250

3.3133
1.250

31.333
S 3,333

1,333
3.313
1.33%
1.250
31.3133
EPEEE)
3.33%
1.313
1.331

1.333

3.3
3,333
1.250
3.39)3
3.3
3.3

1.250
1.250
1.250
1.250
1.250
i.250
1.250
i.250
1.250
1.250
1.250
1.250
1.250

i.250 .

1.250
1.250
1.250
1.250
l0250
1.331
1.250

1.250

3.3
1.33)%
3.333

T 8.000

f. 000

" 8.000

A,000

T 8.000

f.000
A.000

" A.000
8.000

8.000
. 000
f. 000
4. 000
8.000
A.000
A.000
A, 000
8. 000
B.000
8.000
8.000
a,000
8.000
A,000
8.000

199,250
177.250

169.250°

184.250
217.250
144,250
214.250
254.250
214,250
314,250
234,250
344,250
344,250
394,250
304,250

T 474,250

496,250
454,250
554.250
504,250
544,250

494.250

524,250
614,250
534,250
634,250
654,250
514,250
564,250
564,250

T 624.250

424.250
514,250
634,250
$94.250

T h14.250

614,250
394,250
644,250
594,250
484,250
494.250
514.250
554,250
624,250
644,250
464.250
534.250
474.250
654,250
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MueTg (g/T1 °8Bg) =saaasy

=L L=

101011
101021
101031
101041
10105])
101061
101071
10108]
1010721
101101
101111
101121
101131
101141
101151
101161
101171
101181
101191
101201
101211
101221
101231
101241
101251
101261
101271
101281
101291
101301
101311
101321
1013131
1n1341
101351
101361
101371
101301
101391
101401
101411
101421
101431
101441
101451
101461
101471
101481
101491
101501

2?2.000
26,000
22.000
17.000
15.000
172.000
20.000
21.000
20.000
17.000
24.000
23,000
18.000
26.000
15.000
17.000
2A. 000
25.000
26.000
26.000
19.000
19,000
21.000
24,000
26,000
27.000
27.000
30.000
36.000
29.000
27.000
26,000
25.000
0.0
27.000
20.000
29.000
26.000
33.000
?28.000
26.000
33.000
32.000
32.000
13,000
34.000
312.000
32.000
3. 000
315.000

n9,.250
NT,650
N6.250
nH,.500
93.450
112.500
923.000
29.000
102.000
108,000
111.000
115.500
113.500
120,000
118,500
132.000
135.000
129.000
144,000
148.500
142.500
135.000
139.500

153.000

141.000

156 .000
159,000
141,000
145,500
145.500
154.500
124.500
L47.000
156,000
150.000
153.000
162.000
120,000
157.500
150.000
133.500
135,000
130,000
144.000
154,500
157,500
130.500
141.000
132.000
159.000

0.364
0117
0.74)
0. 655
0,380
0,455
0,520
0.74)
0.72n
0.706
0,759
0.759
0.743
0.741
0.759
0.728
ND.743
0.775
0.736
0.715
0,504
0.683
0.721

0,418

0.159
0.159
0.759
0.759
0.006
0.775
0.683
0.759
0.310
0.531
0.759
0.0%4
0,091
0.569
0.304
0.256
0.317
0.342
0,260
0.669
0.342
0.380
0.49}%
0.114
0.058
0.605
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APPENDIX D-2

DATA LISTING

OM(1) FORTY-SEVEN SAMPLE BLOCKS PREVIOUSLY OVERMINED

(TOTAL n = 50)

-179-
Reverse (Page 180) Blank

HRB-SINGER.

N

C.



-181-

202011
202021
202011
202041
202051
202041
202071

" 2020n1

20209}
202101
202111

021121

2021131
202141
202151

202161

20211
202181
202191

202201

202211

T 202221

2022131

202241

202251
202261
202271
202241
202291
202301
2021311
2021321
202331
2921341
2021351
202361
20231
2021341
207391
202401
202411
202421
202411
202441
202451
202461
202411
202481
20249)
202501

174000, 000
174000, 000
1 74000.000

" 174000.000

1 74000.000
174000,000
1 74000, 000
174000. 000
174000.000
174000,000
1 74 000,000

174000, 000

1 14000, 000
174000.000
1 74000 ,000
1 24000, 000
1 74000, 000

" 1174000.000

174000, 000
174000 ,.000
1 74000, 000

114000, 000

124 000. 000

" 174000, 000

174000.000
1 24000.000
174000.000

174000, 000

174000.000

1 714000.000

1 74000.000

T 174 000.000

174000, 000
174000, 000
1 74000.,000
1 714000,000
1 74000. 000
174000, 000
174000,000
174000.,000
1 74000.000
1749500.000
1 74000, 000
174000, 000
174000 .,000
174000000
1 74 000,000
1 140004 000
124000, 000
1 74000.000

H1290.000
74000,000
111290.000
170000, 000
174000,000
174000.000
17400.000
174000.000

174000.000

174000. 000
174000,000
“60800 .000

RAVO.NOD0

141200, 000

174000, 000
174000.000
174000 ,000
174000.000

174000, 000

141200.000

10400,000

3 7?0') 0oo
"?()0 000
99600.000
106400,000

116800.000

42000.,000
58000,000
61200,000
69200, 000
10400.000
N21500.000
S5TA00,000
61400.000
ERG0N, 000
1600.090
15600.000
€1200.000
S1200.000
164000,.000
0.0

Vahb 00,000
174000, 000
174000.000
39200000
174000, 000
174000 . 000
174000,000
“1209,000
1 74000. 000

92000, 000

100000,000

62800,000

T 4000,000
0.0

T2160,000 7

0.0 7
165600.000

0.0
0.0
0.0
0.0

113200.000 7

Il,‘i?l)l) 000

IZHOO 000
0.0
o.n
0.0
() 0
0.0

2000.000

2200,000

2200.000

220,000
2440,000
2040, 000
2290.000

2520.000
2400 [DTUS
2140, 000
2060.000

TT2560.000

W?(ﬂ.o 000

2640.,000

2560,000

"T2400.000

2360,000

3?R00 000
101600, 000
lObﬂOO 000

94800 . 0“0

74400 000

67600,000

57200.000

132000.000
1164000,000
1 10%00.000
104000,000

103600.000
91200. 000

116400.000
112400,000
1 05600,000
166400.000
GN400.000

2440.000
2120.000
2480,000
2560.000
2600.000
2400,000

T 26400,000

A2400,000

122000.000
10000, 000
1 74000, 000
29600.000
0.0
0.0
134000,000
0.0
0.0
0.0
122900,000
0.0

2200,000

21?0 000
24%0.000

_ 2600,000

2200,000

2360 ,000
2200.000
2760.000
2600.000
2160,000
2720.000
26180.000
2760.000
26R0,000
2400,000
2490.000
2400.000
2760.000
2760,000
24520 .000
2440,000
2400,.000
2%60.000
26%0,000
27120,000

0.0 1,000
0.0 1.000
0.0 1,000
0.0 T 1.000
0.0 1.000
0.0 T T 1,000
N0 1.000
0.0 “1.000
0.0 1.000
0.0 " 1.000
0.0 1,000
0.0 1,000
000 T .000
B ) T 1.000
0.0 1.000
0.0 T T h.000
0.0 1.000
0.0 T o000
0.0 1.000
. 0.0 14000
_0.0 1.000
I 1.000
0.0 1.000
P——— - () O R -
s 0 u iy b peiihp i -
0.0 1,000
b0 1000
0.0 _  1.000
R g.oon
0,0 T1.,0007
0.0 1.000
0.0 TojL000
0.0 1.000
0.0 1.000
0,0 1.000
0.0 1.000
0.0 1,000
0.0 T L0000
0.0 1.000
) 0.0 1000
0.0 1.000
0.0 1. 000
0.0 0.0
0.0 1,000
0,0 1,000
0.0 1.000
0.0 1,000
0.0 1,000
0.0 1.000
0.0 1.000

~l.000

l.000

H?2.%00

A2, 500

42,500

."'0()

u? s00

- a? 500

H2. 500
“h2.f00
82,500

".nz.‘oo o

12,500
___Bh2.%00

82,500
T T a2.500
N2, %00
B2.500

. 82,500

82,500
82.%500

“B2.500

UZ- 500
TTTTTRZ,E00
A2, 500
02,500
682.%500
82.%00
82,500
a2, %00

B2.500

2,500

12,500

C 82,500

02,500

A2.%00
42.%00
N2, 500
12 .500
T 82,500
B2.500
T A2.500
42,500
N2,%00
H2. 500
2,500

13.000
13.000
13.000

" 13,000

13.000

13.000

11,000

13.000
_1y.000

13,000

13,000
13,000
13.000

1 3,000

11,000

13.000
13,000

_'ll.noo -
13,000

13.000

13,000

13.000

13,000

1 3.000

13.000

13,000

13.000

13,000

“13.000

A2.500

13.000
13.000
13.000
13.000
131,000
11.000

13.000
13,000
13,000

13.000
13.000

13.000

n.o

1,000

11,000
13.000
13.000
11,000
131,000
13.000

EYTH

V44,000
v+ 000
344,000
344,000
344,000
344,000
344,000
144,000

144,000

344,000

344,000

344,000
344,000
344 000

144,000

344,000
344,000

344,000
344,000

344,000

344,000

344,000

344,000
T 344,000
13,000

344,000
344,000

344,000
344.000
344,000

344,000
344.000

"344.000°

144,000
344,000
144,000
344,000
344,000

344,000

344,000
3144.000
344.000
144,000
344,000
344,000
144,000
344,000
V44,000
344,000
344 .000
364,000

1570.000

1670,000
1663, 000
1655.000

1635.000

1620,000
1£10.000
1663.000
1634,000
1620.000
1620.000
1600.000
1665.000

_1660.000
1625.000

1619,000
1614.000

1610000

1600.000
1590.000

1575.000
1664.000

1626,000
1620,000
1612.,000

. 1607.000

1595. 000

1645,000

16 34,000
1605.000
1970.000
1590.000
135,000
1550, 000
1£20.000
1515.000
151 0. 000

1515.000

120,000

S 1770.000
C1795.000

1020, 000
1710.000
1790.000
1795.000
1795.000
1010.000
1720.000
1770.000
1770.000
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-Z8T1-

202011
202021

20203

202041

202051

202061
202071
202081
202091
202101
202111
202121
20213)
202141

1202151

202161
292171
202181
202191
202201
20221)

202221

202231

202241
202251
202261
202271
2072R1
202291

202301

202311
202321
202313)
202341
202351
20236)
202371

202381

202391
20240)
202411
20242)
2024131\
20244)
202451
2024410
2()7’97|
202481
202491
202501

7,750

1.000

5,500

4.920
5.170
5.250N
5.250
4.920
S5.170
S.1170

b1 10

4.5A80
S5.420
5.670
6§.250
4,250
5.420

2.000

2.000
2,000
4.009
4.000
2.000

2.000

2.000
2,000

3.000
4.000

T 2.000

3.000

2.000

3,000 )
4,000

4,000

4,000

3,000

2.000

_3.000

T %.000

44000
4.000
3.000
3.000
3000

3,000

3. 000
3.000
3.000
4,000
1.000
3,000
1.000
3.000
3.000
4,000
3.000
3.000
4,000
4,000
4,000
3.000
3. 000

3,000

4,000
3.000

"3,000

_3.000

7,000

8.000

A, 000
7.000
6.000

R,000

(000

o n 000

8.000

nlonn
8.000
A.000
6 00()

000

f,ﬁ;ooq
_1.000

8.000

. A.000

8.000

_8.000

8_’0“0

~ 8.000

T 7.000 "
T.000
fi.000

'a a0 T

TR.000

8.000 _

8,000

“B.000
8.000

A. 000

7,000

7.000
7.000

7.000
7.000

8.000

A,.000
7.000
7,000
7.000
71.000
7,900
7.000
7.000
7,000

1.000
1.000

7.000

T 6000,000 T

6000, 000

6000, 000

TT6000,000

6000.000
6 000, 0()()
6000, (N)()

T6000.000

~_6000,000
“6000,000

6000,000
6000 000
600(\ 000

1500,000

1500, 000

1500, 000

“1%00,000

1500,000
T 1500,000
|ﬁﬂﬂ 000
lsnn 000
lsoo 000
1500, 000
1500, 000
1500, 000
1500, 000

6000 .000
6000, 000

1500,000"

6000,000 _
(-I)ﬁ() ()00
6000, ()N)

T 6000.,000
7 6000,000 "
_6000.000

6000,000

12 250 47,000
) ’1#"2)0 40.000
(72,250 A4, 000
1«.?50 T an. 000
71,000 100,000
71.000 100,000
12.2%0 11.000
T74,00077 7 100,000
13.060 100, 000
13.580 _ 100,000
70,750 100,000
A1.750 735,000
AT TR0 s,000
71.500 T 93,000
T1.500 100,000
7\ 750 Tin0,000
2250 !QQ_(MHLQ‘”
100,000
70,500 100,000
70,250
T1.000
_71.080
68.250
. 6R.250 )0
68,250 61,000 _
T.750 671.000
6A,080 24,000
67,160 33,000
_6R.250 ' 36,000
T 68,500 40,000
6AL250 40,000
60,500 47,000
16,000 33,000
69,750 36,000
AU 250 19,009
70.000 4,000
10,750 43,000
70,330 52.000
72,750 20,000
66,250 9%, 000
0.0 0.0
60,420 - 413,000
66, 000 190,009
65,830 190.001)
64,000 23,000
4,000 190,009
64,000 100,000
67,250 100,00)
64,250 20,009
64,250 100, 000

6&000,000

__6000,000 __
___ 6000, 000

. 6000,000
6000.000

1500, 000
1500.000

_1500,000 _
1500. 000~
1500,000

"1600.000

1500.000

1500, 000
1500, 000

1500, 000

1500,000

1500.000
1500.000

000,000

000,000

64000.000
_6000.000

£000, 000 _

AODD. 000

6000,000
6000.000

6000,000
_6000.000

£000.000
6000.,000
A000.000
AH000, 000
6000,000
60004000
6000 ,000
6000 ,000
6000, 000
6000, 000
6H000,000
000,090
£000.000

- 1500, 000

1500,000
1500,000

1500,000
1500.000
1500, 000

1500.000

1500.000

1500.000
_1%00.000
150() 0no
1500, 000
1500,000
1500, 0600
1500.000
1500, 000
1500, 000
1500.000
1500,000

C1500.000

1500, C00

1500, 000

1500,000

1A000,000 )

16000.000

“16100,000
16000.000

16000,000
"16000.,000
16000,000
16000,000
_16000.000

T16000,000

14000,000

16000,000

_16000,000
"16000,000
16000,000
16000.000

_16000,000

16000.000
16000,000

16000,000
16000,000
16000,000

16000,000
16000,000 -
16000,000

16000.000

16000 ,000

16000,000

16000, uoﬂu,l

lbOﬂl) 000
16000,000
16000 ,000

16000,000

16000, 000
16000, 000
16000,000

16000000

16000,000
16000,000
16000,000
16000,000
16000 ,000
16000,000
16000,000
14000, 000
14000, 000
16000 .,000
16000 ,000

16000,000

16000,000

50,000
50,000
40,000
17,000
0.0
0.0
50. 000
0.0
0.0
0.0
0,0
750,000
50.000
0.0

0.0
- 0.0
0.0
0,0
0.0
63,000
63,000

63.000
63,000
63,000

63.000

63,000

63,000

63,000

63,000

613.000

50.000

63.000

50, 000
63,1900
50,000
50.000
0.0
0.0
0.0
0.0
N.0
17.000
0.0
0.0
0.0
63,000
0.0

0,0

63,000

50,000 -

25,000
25.000
25.000

T&RA.000

598.000
548.000
25,000

"§4R,000
588,000 _

538,000
598,000

25.000
13,000

588,000

588,000
59A,000

548,000

548.000

_S8A.000
" £9A.000
25,000

25.000

.. .25.000
237.000
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1115, 068

ll')’o .()73

f 1027.176

82

1778, sss
2499 .,038

0 0

T3555.583

0.0
2Q57 427
0.0

917.200
299,200

L0.0

3,202
3.052

0.0
T1.n77
0,0
‘0.0
0.0

0.0

0. 0

T1.026

2052068

0.0
8220 6h

2660 .46 4

539,000

1071.052

966,935
1180,4A7
1226 ,922
L1765 .8610
058,904

lll.\ l""_, .

n.o0

1510 900

0.0

0.0

0. 427

___.0 0

BN PO B
0.0

l-”?,__w

0.0

?.f?B
1,402

2. 904

2.40

3.03)
1.786
0.0
0.0
0, €02
0.0

T T 4,000
4000
4.000

4.000

T4.000
4,000
4.000

4,000

fa 000

4,000

4,000

4,000

4,000

4,000
4.000
4,000

4,000

4. 000

T 4.000

4,000
4,000
4,000
4,000
4,000
4.000
4.000
4,000

4,000
4,000
4,000
4,000

4,000

4, 000

4,000

CAd000

4.000

4,000

_ 6,000

4,000

4,000
4, 000
4,000
4,000
4.000
4,000
4.000

T4 000
4s000

4000
4,000

298,250
431.330
442,250
417.580
§57.580
725.500
211,670
§37.6170
#68.750
195.030
€90.A30
377,670
247.670
824,750
906.000
15,170
843,000
696,330
651.170
751.080
338,420
736.420
821.580

4,000

4,000
4.000
4,000
4. 000
4. 000

T 4,000

867.420

673,500

"6A3.580

562, 130

432,830

T46.330

803,420

652,420

584,330

llll 150

107A,000

1043,000

4.000

4.0600

1116.920
1016.170
490.000
550.A30

104,920
936,670

5840.500
815,420

B65.580
615,500
565,420
560, ‘.20
705,470

B45.420

_795.250
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202011
202021
29201
202041
202061
202061
2020171
20209)
202091
202101

20711

202121
202131
202141

202161

2021610
202171
210218)
20219}
202201
202211

202221

20223)
202241
202251
202261
29221
202281
202291
202301

202311

2021321
202313
202341
2023%1
2023610
202311
20230
2021391
202401
202411
202421
2024131
202441
202451
202461
202471
202411
202491
202501

;04750
0.0
19.920
20,150
4.500
1.750
12,250
19,750
Ro410
1.000
4.250
0,500
0,500
17.420
Aa330
6.500
24.420
5,750
4,000
3,500
3.030
3,030
1.000
1.000
22.250
23.920
17,4580
16,660
14,500
17.500

16,500

17.500
13.250
19.000
5,750
T.500
S. 150
17.330
19. 750
660,250
N0
O 0
12.¢70
14,5080
0. 750
0.750
0,750
14.000
11.%00

0,610

105,450
125,400

121.060 _

123, 200
144 .300
V49,500
101.400
1414300
190,950
180.000
164,250
117,300
100,809
184,350
196500
1977.850
187.0%0
165,000
15%.250
173,250
111,300

171,000
183,750

190,650
191,400
163,050
1258.400
144,900
112,500
136,050
154,400
148,200
226,350
201.150
227.700
222,100
217.050
2284150
216,000
133.500
143,250
141,750
192,000
190,500
153.000
145,500
14441750
166,500
1A),000
187,500

N.hHHR
0,560
0991
0, t4n
0,04R0
0.047
0.0

0,574
0. 031
0,027
0,041
0.060
0,0

O.b44
0,438
0,642
ND.262
0.42)
0.532?
0.362
0.0

0.9
0.025%
0,014
0.016
0.9
0,182
0.1 94
0,420
0,519
Q.701
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APPENDIX D-3

DATA LISTING

OM-2 THIRTY-TWO SAMPLE BLOCKS PREVIOUSLY OVERMINED
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Reverse (Page 190) Blank
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103011

103021
103013]
1030410
102081
1030610
103% 1
10304
10309}
103101
103)0)

oz

1031131}
103141
103151
103161
103171

103181
1019y

103201
103211

10322)

103213
101241
1024
103261
103271
103241
10329
103100
[RERIN!

10332

173000,000
1 73090.,000
1 13000, 000
1713900, 000
173000,000
1 73000,000
1 73009.000
1 73000, 000
1713000, 000
1 73000, 000
173000.000
) 13000, 000
1 73000, 000
1 73000, 000
1 73909,000
173000,000
1 73000, 000
1 73000,000
173000,000
1713000, 000
173000,090
1 73000,000
) 73000, 000
1
1

73000, 000

73000, 000
173000,000
173000,000
1 73000, 000
123000, 000
1 71009.000
1 72000,000
173000.000°

126100, 000
172000 ,000
144109,000
111 A00, 000
224 00,000

TH1A00, 000

17000000
#9100 ,000
61200.000
£N0700. 000
122400, 0010
14 2900.000
QYU 000
145600,000
110000, 000
124300, 000
193100.000
lblhnu 000
140200, 000
1041 00, 000
121109, 000
170200.000

129700,00)

891 00,000
11200, 000
161400, 090
“ATO0, 000
A1500.,.000
NG90, 000
AR OO, D00
152400, 000
91109.000

_20600,000

4nT00,000

0.0
21900,900

61200.900

140400,000
©1200,000

96000,000

23100,000

1051000,000
T 92300,000
non

49400,
20100. 000
71200,000

T 21400.000

G1000,000
48700, 000
19990, 000

21400,000 S
20,000

12000 .000
61900 .000
51200,000

2800,000
33300.000
nxoon 000

5000.000
uslnn.nnn"

0A9300,000
01500,000
06H100,000
B4900,900

T1930.000

19%0,000

1480, 000

1630,000

1790000
1790,000
1800,000
1910,000.
1890,000 _
1940.,000
1940,000

1870000

1940.,000
1950.n00

1940, 000

C18T70.000

1830,000
1870. 000

1820.000
1RG0 .000

TI870,000

_1840,000

T1850.000

1860.,000

1A60.000 |

1620000 °

180,000
1860,000
1810.000
1880 .,000

#1900, ﬂﬂﬂ

“t810.000

0.0
00
0.0
0.0

0.0

0.0

0,0

o0
00
N.0
n.0
0.0

0.0
0.0
0.0

0.0

0.0

0.0 -

0.0

0.0

_79“()
0.0

0.0

0.0

0.0

0,0
0.0
0.0
0,0
_ 0,0
I) l)

2.000

T 2,000

2.000

2,000
2 .000

2,000

2.000
7 000

) ?,01)0

24000
~2.000

2.000
2.000
2,000

L00

T2.000°

2,000 _

24000

2.000

W2.¢00

82,500
“Az,c0n

TT2.000 T

T 2.000
2,000

TTh2.600

2. ‘)()(l
8? . »00
2. Jn()

A2. €00

82,£00

§2.500

H2,.600

42.5%00
H2,500

82,500

§2.500

i

3.000 7

12.000
2.000
2.000
2.000
2.000 _

2 000

B2.500
e?..nn
2 ‘\()()
02 500
62 5()0
CB2.500
TTA2 JE00
82,500
324500
H2.500
A2.500
_A2.500
nz ﬂon

1,000 84,000
1,000 84,000
3,000 #4,000_
3,000 84,000
3,000 " 84,000
1,000 84,000
3,000 R4.000
"l 000 " Rl_..(_)()()_
L0000 R4.000
3,000 84,000
3,000 84.000
T3.000 | 84,000
___3.000 44,000
3.000 gagooo
3,000 . 000
3,000 a« 000
3,000 84,000 1
3,000 T A4,000
... 3.000 84,000
3.000 84,000
o 1 ()0()_ ﬂ" ﬁﬂﬂ
73,000 T 84.000
3,000 R4.000
_ 3,000 84,000
3 (HN) B4,.000
1,000 77T TAG 000
3.000 B4.,000
3.000 944,000
3.000 R4.000
3,000 A4 ,000
3,000 N4, 000
T3,000 A4l 000

1285.000

1298.000
__1319.000
~1315.000
1305, 000
"~ 1320.000
. 1315.000

1330.000
1730. 000 _
1390, 000
1240,000
1371.000
1390, 000 _
1376.000
. 1370.000
" 13%0.000

1381.000
132,000

1355,000

1351.000

1310, 000

1373.000

1352.000

T 13968.000
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103011
103021
10301
107041
10395
10V06)
1030 71
10109
10049
107100
103l
193121
131131
10V14)
103151
103141
103171}
193191
1040
10320
103211

103221

10321
103241
101285
10324)
103271
103281
102329)
10310
GERRN]
10332

0.0
0.0
N0
0.0
1.090
1.000
n.n
0,0
1.000
1.000
0.0
1.000
1.000
0,0
0.0
1,000
0.0
0.0
0.0
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1.000
1.000
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0.0
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0.0
1.000
3,000

1.000 7
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6,000
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6,000
¢.000
6. 000
6.000
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T 6,000

6,000
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6.000

TT6a000
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190400 )
103072
1030 v}
103041
1030%)
103061
IGRUNA]
100K
1OV
103)0)
103101
10312)
103 1)
1031 4)
1031 4)
103161
10317)
103181
103 9]
103201
103211
10322)
10421
10324)
10324
lll])l,l
103271
1032P1
10127
103301
103311
10313121

25,000
43,000
«3.000
0.0
H50,000
44,000
43,000
“0, 00
25,000
60,000
1,000
w000
17,000
0,000
43.000

T50, 000

. 000
43,000

S A.000
473 .0Nn0

1,000
37, 000

31.000
20,000
25,000
31,000
&0, 000

413,000

25.000
43,000
50,000
50.000

931,000
250,000
203,000
€56, 000
325,000
S37.900
500,000

19.000
472454000
207,000

19,000
231 .000

21,000

19,000

187,000

19.000
463,000

225.000
113,000

475,000
341,000
S5RAL000

143000

363,000
A, 000
SR L0000
19.000
26,000
114,000
921.000
19.000
125,000

:;6005,&65:__ 9. 704
3549.629 3191062

H249,242  1740,934 427,000

T190.176 0,0 440,000
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SN29.941 2753.421 608,000
1430,762 6208, 797 606,000
V667,742 M6A.218 €29.000
3264.256 40K, 724 6£47.000
INEa, 194 36264561 645,000
2192940 4391.227 495,000
421,108 912,012 642,000
026,137 2020,232  €11.000
T6210.343 1329,196  6£35.000
4230.013 3103164 575,000
$794,199  1090.392 620,000

4HST. 5)3 212, 03“ ﬁlﬂ 000

‘”'sans 676 2110,078 540,000

6613.527 862,229 500,000
ALT4.738  BT71.631 4A0.000
SA26,953 7 13K3,224 470,000
4142691 2741, 899 459.000
5062.215  2121.,960 470,000
6932.324  T114.046 494,000
‘\5‘:’) « 06 ll?ﬁ lﬂlo 410, 000

' 3703 147 3487.030 500,000
3200.565  39A1.613 419,000

T NL157 7 4019,020 499,000

S 3013.553 41175,391  465.000
302,895 33A47,202 529,000
320,539 3220.617 480,000
3IR0A,048 349,733 497,000
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17300
10302 )
1030131
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10304
103061
10307
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103101
103111
101] 2]
103131
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4AHL 00

441,000
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313.000
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199

1076.,409 1.239
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546,646 5301
I O D Y S
864,473 5.759
L BI2.666 2,06
511,936
b Yy,
T 501,245 5,673
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4,000

4,000

5.3313

G.423

S R

AR T & TR P

T4, 000

54333

6,331
5,333
5,333
4,000
a.nno
4,000
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289,000
2 297.000
lc‘)? 000

446,000
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4,000
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482,900
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314,700
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325,100

373,100
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376,000
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APPENDIX D-4

DATA LISTING

OM(2) TWENTY-FOUR SAMPLE BLOCKS NOT PREVIOUSLY OVERMINED
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103011 3.430 0,0 0.0 T 69,920 - 9A.600 6000,000 1500.000 000,000 43,000 563,000

101021 o 1,750 0,0 0.0 TT69.330 T 77,000 T 6000,000  1500,000 T 7000,0000 T 43,000 T 4A7.000
113031 ' 3,500 n.n 0.0 69.250 T 71,000 A000,000  1500,000  7000.000 43,600 513,000
103043 " 3.a30 0.0 T 0.0 7 79,2507 62,000 6000,000  1500.000 T 7000.000 43,000 " 450.000
1030513 1,920 0.0 0.0 69,420 4R.000  6000.000  1500.000  7000,000 66,000 113.000 °
103063 7 7 T 34200 T T 0.0 T T 000 7T TR A200 T TL000 T 6000,000 77 1500.0007777000.000° 7 50,000 T 350,000
193073 ' 1.0 0.0 S 0.0 169,250 94,000 6000,000  1500,000 ° 7000.000 " 37,000 588.000
173083 7 T 3,670 0.0 CT0.0 7T TTTEGL 1600 T 100,000 T 760004000~ T1500.000 T 1000,G00° T 77 0,0 7 548,000
103093 3.ez0 0.0 C 0.0 C 68,5007 T 70,000 7 €000,000  1500,000 " 7000,000 " 15,000 437,000
103107 B PUET) 0.0 T T T L0007 77 34,000 7776000.000 7 71500,0007 77000,0007 77 37,000 7 19,000
103113 3,920 n.0 0.0 70.750 7 T 13,000 6000,000  1500,000  7000.000 56,000 463,000
in32y 3.920 0.0 0.0 T 7005007 T 1,000 6000,000 T 1500.000 7 77000.0000 T T 40,000 550.000
103133 ' 1,920 0.0 0.0 70,250 48,000 A000,000  1500.000 ~ 7000.000 50,000  19.000
102141 ' 31.830 0.0 0 007 7T 60,670 T T 68,000 T 6000,000 - 1500,000° 7000,000 T 40,0007 431,000
103153 ) 3.920 0.0 0.0 60,750 100.000  £000.000 1500000 T000,000 0.0 "~ 8AB.000
103) 61 T 1.830 0.0 0.0 69,000 T 94,000 6000.000 7 1500.0007 7000.,0007 77 0,0 T T5AR.000
103173 4,000 0,0 0.0 67,160 100,000  6000.000 1500.000 000,000~ 0.0 7 548,000
1031813 ) 4,080 T 0,0 T T 0.0 0T T T 672330 777 790.000 TT6000.000 T T1500,000 77 7000,000 7T 0007 T 648,000
19393 _4.0n0 0,0 0,0 67,000 T 96,000 6000,000  1500,000 " 7000,000 0,0 54p,000
103201 3.740 ho0 T 00 930420 7 T4 000 6000000 1500.000 ~7000.000 63,000 T 19.000
103213 - l. 150 0.0 0.0 72,420 94,000 6000,000  1500,000 " 1000.000 " 43,000 SAR.000
103223 <920 0.0 0.0 T 770,000 796,000 6000 000~ 1500.000 " 7000.000° " 37,000 " 488.000
193233 - ) 4. 0N 0.0 0.0 T 6R.420 44,000~ 6000,000  1500,000 " 7000,000 " 43,0007 " 456,000 _
103243 o 4,000 0,0 0.0 T T730830 7 84,000 ;,qqou 006 1500, 0007 7000,000 25,000 _ 463,000
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103047
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103163
103173
103183
1031913
103201
1022113
10132213
101213
103243

0.0
0.0
0.0
0.0
N.0
0.0
0.0
0. 0
0.0
0,0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
N0
0.0
0,0
n.n

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0

0.0

0.0
0.0
0.0

0.0

3.970
3,970
31.970
1,970
3.970
3,970
1.970
3,970
3.910
3,070
2,970
3,970
A.970
3,910
3,970

2,970

3.970
2.970
3.970

73,910

3.9170
3.4970

3.970

3,970

27331.028
26760,934
2554 T.7606
27311.828
21974.006
27974.0864
27321,024

26190,023°

271974.084
27331.824
21914 .086

27974.086

21914, 084
21331.828
21874 006

213020

29115.095

29015, R95

29115.,896

T 26760,9%%4

26760.9%4

21974, 006

21545, 000

28545,.000

24LIORLENT
20697, 104
1R621 . 0%
16952, 054
13469, 590
199214430
25V 78,164
26190.021
15590, 0731
T 9258,0063
20220.L60
25403.055
13224.070
18373.934
27974, 006

28341, 71
21931.169

12664.902
25059 21

T26T2.0820

1R1A3,000

25751.4949
29115.895

23925.000

3222.941
6063 .150
6925,.941)

10279.773
14504,.408
N052, 656
17453.660

0.0
B376.05%

18073, 166

1145.426
‘A257!.01l
14650.016

TTmasTons

0.0

T1579.8719

0.0

174104

1L178.105

14092031

1701.566

T10362.000
 4620.000

L 82.489
LT

Tle2sil25h T

11.792

"22.¢59

27.110
3r.h17
51.R50

T 268470806

fob4lb

0.0
29.942
64!.‘ ‘:)" )

C21.knn

9,191
52.7110

L32.m16 0

0.0

T .70

0.0
2,659
4,066

46097
36, 20)

16005

6072 164
5213.395
H4690,629
3392 P46

6442 ,067

T4270,039

5017.992

6596,900

4934.53)

12332.006

5095 .,379

T639R, 154

3154, 1 A9

4628,165

T1046.367
b4RE 63T

TA33.911

138,969

1031.2217

3191160

6312.104

INVIWNT

" 4500, 09R

N11.824
T1521.393
1 744,575
2614.553
1653, 524
2028.3177
441,728
T 0.0
2109, 038
4552.586
1950, 989
L4761
1690.101

2286.,3917 h21,000
0.0 7 437.000
T7397.954 430,000
0.0 T 440,000
T195.008 7 315,000
296,792 455,000
T3549.631 431,000
T428.606 7 455,000
T 317,697 450,000
2610.016 515,000
'''' 842,000

419,009
450,000
411.000

7 395.000

T 4A3,000

451,000
480,000
418,000

T 436,000
417,000

456,000
329.000
412,000

8 94 H

S

d 3 ONI

O N



N C

I NG ER

S

H R B

TR
=5
s e o

'

SddccooBc e

LI N P
cocCocccecoloceceCPooceOC OO
e . . . o L

Y
ccccooacoecc

i

.00

{

N
0
i !
N

|
i
i
! i
e

»
<o cCoSC e

!

{

!

'

|
.

=

1
|
i
|
i

cececcddans

coecsecooociocice o

{
|
i
{
i

coQococSC
Q

e 0%Q_ 000%Y

Vo0 Y
0ou *Y

000y
0oty

000y

000°*Y

000°Y

0oy

09o° Yy
0oV Y
VLY
Voo Y

0°o0
([ 1]

i
f

i

cecececccooceciec.o

* 8 e e % o

‘c.0.C:Coioie,

b
B ERE

. o

=

e o 2 0 o o
< C:oc:COT

<

i

Eveeol

tecul
Ecltul
eleeol
€0l
r:_ﬁC—

Coitul

cLivol
evitul
vy Lt ol

eyt

LIl
L2 leol

EARERU

eoleot
tH0e Ul
tHOCO 1
20001
e20e01
LS00l
eY0e01
teueot
tloeolt
vl0eOlL

-206-



N C

.

I'NG ER

S

H R B

0°0
0*ov
0°0
0°0
0°0
0*0
00
v*u
0°v
0
o

utu

00
0o
00
00
(1Al 1]
0o

0o
00
0*u
0t o
0*u

00

00
0°0
00
[UR (]
00
0°0
00
0°o
00
0o
00
00

00

(VaV]
00
0o
0o
0*o
0°u
00

00

eyeol
tedeul
teeent
Liceul
raai|
tolrol
£a1eol
e leot
Lyleot
esitol
vy leol
teiculd
XA LR VAT
tlleul
cotleol

RYAUN

tLoLol
LLoeol
£L90¢0 L
tLutol
tyorul
vb e ol
tcOtul
tiotol

-207-

208) Rlank

Dowvaras (Pace



APPENDIX E-1

PRINCIPAL COMPONENTS ANALYSIS -- UM(1) n = 31

24 VARIABLES, 9 FACTORS

NOTE: For an interpretation of the following
pages see pages 152, 161, 163, Table VIII-1 and
Section VIII C4bl.

-209-
Reverse (Page 210) Blank
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~LT¢—

S0 X

SN N

N~
—~~Vy;

SEE i
~N

{3
O

A Y RN
e ARIN DY

) et

N
AR RN

—
N

13
14
15
LS
17
18
19
20
21
22
22
24

(N
X}
19
20
21
22
23
24

1
-0.08]
0,734
-0,419
0.501

S -0.098

0.47)
-1.000
0.965

~0,359

-0.170
-0.1%4
0.221

=0.154

0.509

- -0.090
.. 0,043

-0.357
‘q oh !9
-0.358
-0.154

©-0.380
. -0.151

0.509

16
0,940
0.354
0,273

-0, 1A%

-0.009

-0.078

-0.0113

-0.418

-0.205

~0.253
0.294
0.056
0.317
0.050
-0.013
-0.090
-0.194
-0.109

0.120

=0.189

0,258
-0.033

0.045
~-0.133
=0,251
-0.254
-0.189
-0.079
-0.189

0.298

3 #

0.049
0.22)
-0, 194
0.119
-0.0609
0.115
-0.13n

0,266

SYMMETRIC CORRELATION

NUMBER CASTS

0.35) -0.498

-0.118

0.244 -0.191

_0.,328 -0.285  0.036 . =0.,046
<0.732 0.420 -0.500  0.097 -0.467
0.766 ~0.,402 0,475 = -0,056 0,506 -0,963
-0.]188 0.135 -0.198 0.045 -0,167 0.358
0,142 0.621 -0.054 0,245 0.159 0.177
0.15] 0,630 -0,026 0,224 0,202 0.161
0.054 -0.1A% 0.312 = -0.300 _0.390 -0.230_
0,151 0.630 -0.026  _ 0.224 0,202 0.)61
0.349 0,453 0.979  -0.146 0.8719 -0.505
-0.166 0.27% -0.423  -0,032 -0.2086 0.082
~0.,031  0.223 -0.143 _  -0,142 -0.034 -0.049
=0.404 0,064 -0.76T 0.109 -0.787  0.349
-0.266 1,000 -0.498 0,244 -0.205 0,420
0,199 0.760 -0,245 0,309 -0.042 0,365
_0,151  0.630 -0.026 0,224 , 0,202 0,161
-0.245 0,399 -0,266 =0.057 -0D.,180 0.383
0,152  0.627 -0.022 0,226 0.206_ 0,158
0,349 -0,453 0.979 _ -0,146_ 0.879 -0.505
T 19 20 21 22 23
0.064
-0.192 0.760 .
-0.530 0.A30 0,665
0.002 0.399 0,5)4 0,336 .
-0.533  0.627T 0,665 1.000 0,336
~0.819 -0.453 -0,]192 0,049 -0,268 0.05)

HATRIX

0,272

=0,127 .
-0.,110
0.218
-0,110,
0.508
-0.118
_0.00%
~0.354
-0.401
=0.320

0,110

=0.407
-0,107 _
0,508

31 PROBLEM NAME UM(1)-2431

B ) D 1L 12 13 N L 15
_0.070 o S
0,064  0.99
=0.070  -0.377 -0.294 -
0,052  0.996 1.000 -0,293
0,189 0,026 0.049 0,234 0.049
0.042  -0,013 -0,009 0.047 -0.009 -0.418
-0.013_ 0,106 0.119_0.10) 0.119 -0,137
0.165  ~0.513 -0.530 -0,001 -0.529 -0.819
0.139  0.627 0.630 -0.183 0.630 -0.453
0.103 0,664 0.665 -0.215 0.665 -0,192
0,064 - 0.996 1.000 -0.294_ 1.000 0.049
0.052 . 0.326 0.336 -0,013 0,336 -0.268
0,03 0,996 1,000 -0.294 _1.000_ 0.053
-0.198 0,026 _0.049 0.234 0.049 1,000
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=Z1e—

MFANS BER-2431
VARIABLES
Yo 1o 52,258 50,323

11 10 20 397,129 485,839

" VARIABLES
I L U

11 10 20 S157.253  152.36)

STATISTICS COMPLETED FOR BFR-2431

STANDARD DEVIATIONS

22,200 15.541

0,489 60,968

2356,

A oo V6eBAT  45.666 1,197
21 10 24 152,363 7.M3B 22,962 . 0.,208

1160

0,611 " 0,503 25,639

0,205 0,435 22,202

20466 48,097
: . B8.710 265,774 . 24595 3.096. . 2.879_  _2.23%
2070 24 ATS.R39 250355 133.032 0,450 __ ’

1.283 _ _1.292  _  l.802

0,207

10057

_..3.669 ___ }.501
. Re256

$e521

_0.00}
3,208

1 S-84d H
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T rrNLLSs -
N I o L%
O T >N D Niew

SUM S0.

VAREXP

CUMPER

F 1

-0.61372

-0.,270715

-0.37841
0.86914
-0.64153
0.29298
-0.44358
0.67664
-0.64136
0,25902
0.10343
0, 60785

~0.399719
0.68758

-0.59652
0.22504
0.13317

T 0.14629

0,86925
0.74876
0. 60717
0.52415
0.606496

-0.59657

7.9919
33,30913

33.30913

“-0.70312
-0.69792

59,67728

F 2

-0.42312
-0,00059
-0.51879
-0.10705

-0.63371

-0.06306
~0.74827

T 0.41566

~0.45105
0.173°0
—0.60265

- =0.70301

0.01661

T 0.31894
0.04730

0.92218

-0.10697

~-0.32708
-0.70300

-0,02404
0. 708631

~0.69845

6.32836

26,6815,

T-0.246131

T -0.28655

F 3

0.50743
-0,39114
0.48368
0. 16656
-0,29923
-0.02533
-0.19071
-0.511A2
0.49419

C-0.17869

0.06749

T 0.,07001

0.00266
0. 07099

-0.28T10

0.65962
0.62914
0.18337
0.164632

0.06997

0.06861

2.51331

10,47239

T 70.14966

THE ORIGINAL MATRIX OF FACTOR LOADINGS

-

0.21199

T -0.48)140

0.35145
-0.07096
~0,19247
0.26743

 -0.28145

-0.20610
0.24773
-0.04576
0.00962
-0.02471
-0.36314

-0.18472

© -0.60983
_~0.736117

0.14200

) 32 -0.07106
-0.1A718

0.20607
=0.02473

T 0.01477

-0.02211

T -0.18420

T 7.84586

T -0.02441

F 5

-0, 04025
0.34424
-0.06320
~0.13935
-0.02143
0.62261

C -0.02771

T 0.03749

0.04953
-0.02027
0.08902
0.09725
0.04374
-0.59221

0.03813
T 0.11751

0.08270

-0.113905

1.88300

T 20.19439

0.04378
-0.51931
0. 04365

1426216

17.99551  83,25452

0.04264

0.01164

5.25900

F 8

-0. 07240
~0.41848
-0.20996
0.15084
0.12026
-0.10261

-0.0159

0.07254
-0.09624
-0.23880

-0.04474

F 6 Fo
0413424  -0,03489
-0.3100}) 0.131R9

0.19131 0.03229
-0.23870  -0.16004
0.02805  ~0.03549
 ~0.48692  -0.30445
=0.13199 _ -0.17740
0.13798 0.03943
-0.09493  -0.13163
0.56125  -0.67546
0,10226 0.07056
0.068021 0.,03762
~0.25835  -0.37024
0.07366  0.04641
0.0213¢ -0.03853
0.00931\ 0.00050
0.06980 0,04750
-0.10169  -0,09559
. -0.23666  -0.16301
0425150 -0.14698
0.08054  0,03716
=0.10404  0.22604
007379 0.,04409
0.01639 -0,03112
1.05621  0.91400
4.40087  3.A0831
B7.65538  01,46368

94,06250

-0.053100

-0.07629

-0.04829

0412109

0.00192

~0.01010
-0.06753
0.14927

0.10077

=0,05323
T -0.44071
_=0.04965
0412441
T 0462373

2.59802

F 9

-0.,13944
~0.17759

0.08438

-0.20022
_=0.02649
0.,10345
0,0R221
0.13471
~=0.,09717
~0. 00477

0.06214

0.09760

0.34570

0.10258
-0.07496

0.00194
-0.03974

0.09556
-0.20171
"Qa 16419
0.09136
-0.10626
© 0.10019
-0.07107

1.919513

cocccooOCOoOoCCOo0cO00COEC0 00

0.46069
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=T~

o~ ! i il
DO BTNT AP NN -

SUM SO.
VAREXP

CHMPER.

S |

-0.15736
-0.22604
0.20159
0.59084
-0.06548
0,21450
0.16693
0.16434
-0.112490
0,04419
0,98281
0.90039

-0,272971
0.98060

0. 00056

=0.00458

0.11i97

=0, 40476_

0.50874
0.64652
0.90A37
0.40593
0.988413

_0.00122
6.74236

 28.09317

28,00117

-0.07712

F 2?2

© -0.30383

-0.31615

-0.12328

0.32786

-0.924R01

0. I54(12A
~0.R5623
0.30034
—Q.lOOﬁ@
0.10857

-

T 0.91823

_—0. ?02[6
0. A3499
‘0 23458
0. 22523
-0.015712

0.2534%7

-0.053685 " -0.C

-0,0710

-0.22908

~0.07649

T-0.94719

0.32749

T 0.05492

0.79155

-0. 02625
0. 068453
-0,02755
_0.24336
"-0.03302

0.03867

THE ROTATED MATRIX OF

F 4

-0.04265
_=0.13365

0.07607 -

.0.12749

T-0.117048

.-9.12808% .

0.02295
-0.01214

L0.04979
-0.01041

_0,00632
-n.01A53

-0,02913

'>o.10473"
_-0,02913
0.11718

 -0.92797

-0.21346

0.321175
0, IZORZ

0.32329
-0.0A001

. -0.94602

_20.82417

48.91734

4299100

"T-0.23412
-0,21301

T C0.02618
=0.22564

—0. 02506
0.24241

_15,90050

64.81784

~0.97019 -

-0. 09%43
T<0.17050
0.29947

F 5

0.00899
0,191305
<0.09534
0. 06757
~0.07504

0.08323

0. 0065[

0.00759

0. 045317
0.01%6481

"-0.10537

0.03728

~0.,03898

0.00429

-0.10156
0, 14520

T 0.06751

T -0.02913

0,27719

T -0,02564

011755

_3.81612

_13.713318

2.13969

8,91536

0.074617

0.90047

S 0.03679
-0.41846

0.03835

-0.03872

78.38919

4.65601

A

FACTOR LOADINGS

F 6 F 7 F 8 F 9 F 10
-0.02633 0,13580
0.04113  0.04554 L i
0,00192  -0.00377
-0.03120  -0.01981 _ ; )
-0.0A324 0.04847
0.07719 _ =-0.00270 _ N } L
~0.248134 0.02140
0.03420 _ -0.13585 _ L o
-0.05240 0.04350 i
~0.00727  -0.96912 o
0.13453  -0.02242
_0.05237  -0.02121 ~ e
-0.90536  0.00666 i
0.05160 -0.00843
T-0,01928 0.03552
_=0.05012 __~0.0023 o
~0.04906 0,01159 i i
-0.07630  -0.05826
-0,03112 -0.0239y T oo ommememw
-0.03946 -0.00612 e
0.05239 ~ -0.02186
-0.23810 _ 0.04429 e
70405263 -0.01099 T i, At
_-0.01949  0.,04568 7
1.01880° 0,99440
L 4.24498 4014334 e
B2.63600__B6.TVISY
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APPENDIX E-2

PRINCIPAL COMPONENTS ANALYSIS -~ UM(1) n = 50

21 VARIABLES, ‘9 FACTORS

NOTE: For an interpretation of the following
pages see pages 152, 161, Table VIII-1, and
Section VIII C4bl.

-215-
Reverse (Page 216) Blank
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=L

X
15 - 1
94 2 -0.334
a0..3 0,730
A4 4 =0.392
37 5 0.331
416  -0,091
L T 0.240
47 8 -0.997
4§ 9 . 0.735
49 w0 -0,285
30 11 -0,1%7
571 12  -0.139
S2 13 0.026
§3 14 -0.140
S¥ 15 9.349
§§ 16 -0.3s1
9 17 -0.322
¢0 18 -0.]139
LI 19 -0.359
&L 20  -0.134
L3 21 0,349
16
17 0.708
1A 0,546
19 0.371
20 0,544
21 -0.575

SYMMETRIC CORRELATION MATRIX
o __MUMBER CASES 50 _ __ __PRUALEM NAME uu(u L O S
2 a4 5. 6. 1 .8 -Zi:Jg.j;_”ﬁ_n_"__laﬂ,“Jz“_mns,was;
—0 ZIZ _‘ B ;_ - 7~__—___-___ = JE— ) _ o S o ] )

-0.0A2 -0.330
_.‘Qesél

0.004 0,281
0,189 -0.130
0.104 _0,)46
0.330 -0.720
-0.195 0,687
0.351 -0.131

-0,043 0,079
-0.031 0.077 _
0.145 -0.04°
-0.031 0,077
0.001  0.29]

-0 046 0 276
0,031 -0,202
-0.031 0,077
0,023 -0.264
-0.034 0,079
0,001

17 18
0.696 R
0.552 0.39%
0.696 1.000

-0.314 -0,034

=0.270

m0.170

_0.291

0.347 -0.672
0.590
0,397 -0,326

N.186

B 1 T ——
0,071 70,230 B
"-0.111_ 0,250 -0.700 _

0,101 -0,136 0.188 -0.056 _0.288 -0,104 R

_0.513 -0.116______0.091__0.003 0,150 0,043 0,002 PIE = e ——
0.517 -0.095 770,080 0.035 0.153_ 0.045 0,106 ___ 0.997 o e

Z0.157 70,279 T -0.14A__0.154 -0.020 0,009 0,00] _ -0,427 -0,35) S
0.517°-0.095 0,081 0,036 0.153 0.045 0,106 0,997 1,000 <0.351

=0,533 0,987 -0.656 0,640 ~0,342 0,220 -0.135 ___ -0.05] =0.034 0.207 =0.034

0. 957 -0. 607
0,653 -0,361
0.517 -0,095 _
0.371 -0.216
0.515 -0,093 _
~0.533 0,907

19 20

0,394
-0,206 -0.,031

_.=0,656 _

10.405 -0.290 0,368 =0.138 0,107 0.544 _0.546 =0.191 0.546 -0.575

0,308 -0,144__0.330 -0.100_ 0,160 0,701 _ 0,696 0,322 0,697 =0,314_
0,080 0,036 0,153 0,045 _0,)06 0,997, 1,000 =0.351 1.000 -0,034
0,030 —0 132 0,360 -0.252 0,054 0,393 0,395 -0 o139 0,395 -0.207_
T 0.08) 0.035 0,147 0,040..0,103 _ __0.997 1.000 -0.353_ 1,000 -0.032

o. 939-;9.3&2__0_2ZQN:9'!Eﬁﬂ,w”w:Q-Q?l-:@.Q!ﬁ-,O-ZOlA:QeQ}ﬁ.,I.QQQ‘
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MF ANS
VAR ITARLES
~o b 1010 £3,860
11 10 20 3R8,.520
2110 20 0.562

_ VARIABLES .
SV To 10 24,296
11 10 20 - 153,248

2110 21

STATISTICS COMPLEYED FOR

478,520

_ STANDARD DEVIATIONS

0,220

CUM()-50200

uM(1) -3021 3

JA4T.461 0 2,412

19,940 0.588  0.480  27.544 1,704 0,008 _

14,029 13,401

S 0366 . 15,100 0,446 1,567
90,000 263.580 3,230 . 1,957 . 4,791 _.

464881 __ 3.691 _  1.530
472.520

. 2%.280 131,920

244372 0,261 ___0.221.
44,362 *1.263 0,995 3,287

148,029 _ 64580 . 22.282
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X
:g ;
i 2
%O,hi
I
Y41 6
411
ﬁ‘g o
44 10
so 1

_-

SHY: Doy
e

c
NN
>

SUM SO,

VAREXP

CUMPFR

-0.55551

Fo
-0.50649
0.,04732
-0,30963
0.8])205
~0,59122
0.41039

S -0.33734

0.51116

-0.26958
0.22314
N. 79608
0.78776

 =0.40150

0.78705

0.84158
0,A3097
0.78715
0.54764

T 0.78%94
-0.55530

CT.02634

36.31590

36.31590

F 2
~0.5032)
0.19642
-0.57152
0.,128683
~0.61560
. 0.41172

-0.50934

0.40426
-0.51783
0.15892
S -0.58361
=0.59361
. 0.1678
-0.59357
-0.671006
0.11632
S0.15716
-0.59370
-0.01049

T -0.5965)
_.-0.67123

22,27351

58,5894

467745

LT, 64255

13,05308

THE ORIGINAL MATRIX OF FACTOR LNDADINGS

F 3 F o4 Fo5 .
-0.6159) 0.01596 __ -0.06971
0,42943 0.68661 0.07541
-0.54037 __0.}8916 __ 0.10725
-0.09436 -0.10453  -0,38905
 0.,4546R  -0,054A8 _ 0,00188
-0.41993  0.43144 _ -0.05183
0.35063  _ 0.21462 _ -0.42)50
0.63421 _ =-0,07455  0.06228 _
=0.57941  _0.18507  -0,18171
0.244179 0.64942 0.20676
0.02530 0.02672  0.1036)
0. 05067 0.04459  0,04325
. 0.26960 018604  -0.704086
" 0.05001 0.04473  0.04275.
0,43934  -0,04079  0.0]1243
~0.1564T7 =0,04948 0.36379
.0.02223  0.00748 _ ) 6
£ 0.05073 _ 0.04464 04311
0.23122  -0.25721 _ -0, 0
0.04751  0.04299 _ _ 0,04407
0,43910__ -0,04089 __ 0,01301
C2: 74005

F o6 Fo1 f 8 Fo9
0.08917  0.01499 __-0.12130 0.04873
0.22115  =0.31677 0.1946  -0,27751
0.07121 _ _0.14224 _ 0,24978 __ 0.00228

-0.10404 0.10003 -0.07876 ~-0.,19945
-0.026%6  0,02632 0,051 78 __ -0.02299
0.05803  -0.30352  -0.24645 0.26622
00,0007V ___~0.16424 __-0.27369 __ 0.03408
-0.0919) _ 0.00128 0.13423  -0.07871
C0.10075  0,09227 __ 0.09833 __-0,33008 __
~0.09967  0.59307  -0.1828) _ 0.04871
-0,05265 _ -0.04922 _ 0,05]18 __ 0.05932
-0.,05309  -0.03870 _ 0.,08152 0.08652
001571 0.13659  0.31844 0.27634
-0.05302 _ -0,03868_ _ 0.00135 __ 0.00642
~0,03087  -0.00702  -0.116208 __=-0,05449
~0.13644  0.05793  -0.06027T _ -0.20594
_...0.2044]) 0,02013  -0,21953 __ -0,12295
~0.053%09 _ -0.03879 _ 0,08]34 0.08659
L0714 0.19246  -0,02829  0.06343
~0,05142 __ -0,04024 _ 0.0785) _ 0.0RI71
=0,03065 _-0.00681 __-0,11544 _ -0.05446

. 0.67910 __ 0.53009___ 0,40680

cooocooocococcoCco000C0O00
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=0C¢~

F o

1
|

0412667

1

T -0.05947
_D.08114

0.03379
__0.08013
0.98417

N DD D e NI N e

——

1Y -0,30295

T 15 -0,00514
_ 16 0.49555

V7 0.6291)

1L ——— %L1

19 T 0432681

20 0.99129

21 -0.00477

SUM SO, 6.03748

CUMPER  28,74991

-0.12208
=0.02493

0.04789 _
C 0.13383

C o 0.99144

-~ 0499139

Lo 0400487
—..0,00629

2

-0.19564

~70.,02710
...=0,09502
046399

.=0.93376
_ . 0.67912
~0,74323
_.0.18690_
'00“]3‘

-0.95712
__ 040479
T 0,21013
0.00758

-0,956175

L 49,39343  65,72615  70.78348 75,5652  80,35153 _@5.04542_ .

_0,07826 _
0.02433
_.0.,00768
-0.19166
.. 0,00163

433514

F 3

~0.A9560 _
_0.21821
,.fo-ﬂl!ﬁﬁl B
. 0443220 0.2361)__ -0.1134) _ -0.06492
..~0.01135
04175235
_. 0,13204
o= ~.0.20396
. =0,89714 _
0615429

~0.13682

.20, 01180

-0,14507
0.07948

_0.00312

0,02395

0.)7729

014122

..0.00546
0.24275

=04 106043

0. 00542

THE ROTATED MATRIX OF FACTOR LOADINGS

.0.93612
-0, 02726 .

0. 0A130
0.16475
-0.00871

...0.06415

. 0.0055) _ -0,003)1 _
. =0.16019

_=0.00067

-0.19626

-.=0.01109

-0.00321

Fo5

=0.01960 _

.m0 07654

=0.02417

.=0.01260
0.13309

_0,05467
T-0.91744
0.05437__

.=0. 01661 _

.=0.0528)  -0.04245

_=0,00058

_0,05264 .
-0.00323
_.m0.01105
_...0.0018)  -0,00547 ___ 0.05701 _
. =0.0165] _

.. 016040

10.02425
~.=0.06518

0.05461 _
2000043

F .6

_.=0.,00707 _____Q.1694)
_.=0.09918 ____0,02595. =
- 0,014%0

_0.08247_

.0.07118 _

VAREXP [ 28.74991  20,64352 16433272 _ 5,0573) 4 TRIBL 4,78628  4.79388

~0,05566
..~0.05623
.. 0.01066 _ -0,05835___ 0.09332

=0.29665.  -0.03697

F 1

~0,08184 = -0.10031 _

=0.02402 _

~0,02679
.0, 10508
_.=0.04919 __ g e
~=0.00556 __ 0.96551 _

~.0.06939 __ 0.02142 _
_0,07106____
_~0.00864

=0.06156 _

.=0,016]12

_0,02183

.=0,02703.

0,02385
0,01846
..0,0239)

=0.06032 _ -0,02699 _.
~.0,06909
.. 0,37362 _ "
0,07106 _ _0,02384
0.88959 __
0.07211

=0.06018

000337
__Q.o7281 __ T
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APPENDIX E-3

PRINCIPAL COMPONENTS ANALYSIS -- OM(1l) n = 29

19 VARIABLES, 6 FACTORS

NOTE: For an interpretation of the following
pages see pages 152, 161, Table VIII-1, and
Section VIII C4b2.

-221-
Reverse (Page 222) Blank

HRB-SINGER,

N
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. =0.924

0.014

. =0.259
-0.062
-0.434

. =1.000
0.905

_ =0,907
-0.145
’0. 126
=0.574
_~0.125
-0.225
_~0,205
0,035

. =0.1206
. 0,047
=0.12)

16
-0.¢13
-0.53]
-0.611

2 3

~0.796

0.283 -0.344
-0.039 -0.039
0.44T 0,434
0.924 -0.813
-0.732 0.6860
0.864 -0.698
0.126 -0.175
0.105 -0,157
0.612 -0.536
0.104 -0,157
0.293 -0.)49
0.237 -0.294
-0.02&6 0,058
0,106 -0,157
0.023 -0.03])
0.103 -0.15%

17 18

0.1396
1.000 0.393

-0,252
0,716
0.259

-0.210
0.175
0.008
0.005
0.084
0. 005

-0.399
0.791

-0,653
0,005
0.409
0.002

NUMBER CASES . 29
5 6 1
-0,224 .

0.062 _ . 0.434 )
0,170 __ =0.449 -0.905
-0.075 . 0.344 0,8R7

0.025 0.301 0.145

0.028 0,289 0.126
-0.098 0.466 0.574

0,020 0,289 0.125

0.512 . -0.253  0.225%
70.203 0.746 0.205

0.204 -0.618 -0,035

0.028 _ . 0.289 0Q.126
~0.081 0,54] -0,047

0.029 0,287 0,123

SYMMETRIC CORRELATION MATRIX

_PROBLEM NAME 'oM(1)-2919

8

-0.697
-0.245

-0,228

-0,529
-0.229
-0.1917
-0.215

0.112

-0,228

0,078

=0,226

0,010 0.39
0,055 0,999

2 10
0.080 )
0.058 0,999 _

0.615 0.323
0.058 0.999

0,192 0.116

0.132 0.576
0.039 -0.608

0.058 0,999
0.39%

112 13 1415

0,200
.. 1,000 a.29v
0,110 0,226 0.110 T
0,574 0,213 0,574 -0,280
_=0,6137-0.038 -0.613 0,453 -0.900"
1,000 0,291 1.000 0,110 0.574
. 0.396__ 0,067 0,395 -0.095 0.576
14000 0,290 1.000 0.110 0.572
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ME ANS 0M(1)-2919!

VAR TADLES
- 110 10 T12.862 0., 19 1.5517
1L 170 19 T763.207 110.276 349.103
STANDARD DEVIATIONS
. VARIABLES . cos
L. 1 10 31.902 0.872 0.018
11 1019 188.501 6. 897 56.454

_STATISTICS COMPLETED FOR OM(1)-2919

L 420345

. 3.537

10,636
0.032 _

0,227 _l.164 188,586

1,89

8,967  174.483

60,966 1,738 27.143 3,809
3.181 . 2,561 759.172
8,056 0,561  31.898 " 0.319
B

03_ .

_873.483

TT1.B874 190,696
.28.337

g8 d H

S
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N o
ML::£:403W>
;ca—l&mauw_

FL‘C.n‘terfﬁ

S

~J
-
SN NS WN

&

i

SUM SQ.
VAREXP

CUMPER

F ..J

-0,65775
0.63561
~0.62063
0.41600
=-0. 05901
0.69077
0.65765
-0.65946

. 0.55908

0.77499
0.76171
0.60158
0.76140
0.07479
0.73923
~-0.63037
0.761817
0.42917
0.7594)

T.41959
39.36627

39.36627

E..2.

-0.72615%5
0, 69883
-0,58654
0.04006
0,102017
0.05418
0.72651
-0.575113
0.70548
-0.521706
-0.54648
0.369117
-0.54651
0.27168
-0.34201
0,53290
-0.54418
~0.39869
~0.54789

4.97605 _

26.189171

65,55598

_F 3

-0,04273
0,00199
0, 02194

0. 81240
0.54330

-0.5%301
0.04266

-0.11232
0.02092

. 0.33624
- 0433529

0.12912
0.33587
0,72724

-0.48760

0.,47066
0.33538
-0.31621
0.33776

2.94872

_ 15, 51956

A1.07553

. =0.15125

THE ORIGINAL MATRIX OF FACTOR LODADINGS

T

-0.01772
0.02588
0.053AR

-0.281064 _

=0. 74193

0.01788
0.030131
0.15582
0. 08504
0.07715
0.24053
0.07767

-0.40718
-0.17874 __

0.026814
0.07738
-0.37789
0.07858

111264

5.85598

B6.93150

F .5 _

. -0.13148

-0.0A236

-0.04360

0.10539
0.210A0

-0,17340

0.13159

-0.11546
0.02148
0. 03775

C-0,41004
0.03009

~0.29170 .

-0,26820 _

0,06729_

-0.2018% _

_0.03707 _
~0.49435

0.03774

" 4,14168

91.07318 _

o 0.1328)

T -0.45337

0,78692

E 6

-0.08779
0,15098
-0.07309

-0.04253
-0.17702

-0.24702
0.08752

0.20199
0.00564
0,02229

0.02142

C0.03937
~0.03877

-0.00064 _
0.02317
0.28700

0.02012

0.408940

2.51511
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0.0
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0.0
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" e o
'
|
|

|

|
|
i
i

.

Pl
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i
1
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i

* e o @
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i

}
i

o
.
=4

_ 0.0

93.64894  93.64894.  93.64894  93.64894  93,64894
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QDN DN

16
. 1

SUM SQ.
VARE XpP

_CUMPER

F 1

-0.052175
0.02317
-C. 07070
-0.10512
0.02286
0.16368
0.05278
-0.16848
-0.00608
0.98583
0.98848
0.21913
0. 20899
0.10498
0.482173
-0.56313
0,90n87
0.31215
0.906929

5.66902
29.83694

29. 83694

F 2

-0.9A/311
0,94060
-0.83915
0.21437
0.009n1]
0.34861
0.98288
-0.83904
0.,917131
0.08468
0.06590
0.53970
0.06562

0.25372

0.13560

0.06637
-0.,07972
0,06327

5.64132

29.69115

59.52809

F 3

0.09154
-0.06085
0.170%0
-0.91893%
0.12375
-0. 77567
-0, 09161
0,15630
0,04040
-0.10190
-0.10249
-0.01572
-0.10199
0.49001

_ -0.01309
0.04549

0.74789
-0.10205

. ~0.47838
. =0.09990

3.27940
11,25998

76.78807

THE RNTATED MATRIX OF FACTOR LOADINGS

F o4

0.05941

0. 00647

0.07168
0.11192
~0.94992
0, 08496
-0.05930
0.18768
0.12207
-0.02648
~0.02875
0. 05292
-0. 02802

_~0.05573

-0,66276

0.09403

~0.22529 _

-0.02834
-0.01197
-0,02908

1.49023
1.084334
84.63141  B89.11867 . 93.64827 _93,64827

 =0.76102

F 5

-0.,06750
-0.13039
0. 03020
-0. 09072
0.089083
-0.15569
0.06777
-0.28630
-0.13274
-0.05659
-0,05670
-0.01464

~0.2644)
<0.13612
0.01553
<0.0576]

4.48726

0.85258

T 4152961

F 6

0,04657

. =0.12416

0.07442
0.06184
0.09464

C-0.34471

-0.04669

0,08908
-0.1)1982
-0.07649
-0.04436

_-0.79214
T -0.04887

-0.15129

" -0.00184
=0.12198
~0.04824

-0.02807

-0,04983

cCoOocOCoooOCOoOCOCOOOOD DO

T 0.86063

l

e s o » o

e * 4 8 8 e " 9 4 *
oo oCcCOOoOoOOCOODOoCOODR0OR
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APPENDIX E-4

PRINCIPAL COMPONENTS ANALYSIS —-- OM(1l) n = 47

16 VARIABLES, 6 FACTORS

NOTE: For an interpretation of the following
pages see pages 152, 161, Table VIII-1, and
Section VIII C4b2.
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Reverse (Page 228) Blank
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N
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-6C¢C-

K

1S

19 2
20 13
37 4
4. s
42 ¢
Ul
Y A
d44 9
5010
YR
3212
53112
e 14
el 1S
w26

1
-0.890
0.0917
-0.166
0.306
-0.251
~1.000
0.800
-0.091
0.024
0. 042
-0.471
0.042
0,041
-0.105
0.044

2

-0.8172
0.310
-0.416
0.392
0.889
~0.645
0.907
-0.050
-0.067
0.462
-0.06A
-0.066
0.284
-0. 069

-0.343
0.411
-0.392
-0.896
0.69
-0.820
0.048
0.065
-0.452
0.066
0,065
-0.210
0.067

_NUMBER CASES ____

-0,508
0.016
0.164
0.015
0.210
0,066
0.058
0.228
0.057
0.058
0.348
0,057

5

-0.505
-0.303
0.162
-0.333
0.243
0.254
~0.2217
0.254
0.254
~0.3)2
0.254

SYMMETRIC CORRELATION MATRIX

Ll S—

. 6 " L}
0,249 .
-0.063 -0.802

0.291 0.891 -0.656
0.107 -0,02) -0.037
0.096 -0.039 -0.023
0.343  0.473 -0.400
0.095 -0.039 -0.023
0,095 -0.038 -0.023
0.500 0.102 0,009
0.094 -0.04] -0.02]

9

10

-0,065

'0_ <083
0.458
-0.043
-0.002
0.243
-0.086

0.999
0,321
0.999

0.999
-0.003

0.999

_PRODLEM NAME lomM(1)-4716

L1

- 0.287

1.000

1.000

.-0.008
1.000 _

12 13 14 15
0.287 _
0,288 1.000

0.138 -0.010 -0.008 i
0,208 1.000 1.000 -0.011
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S
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MEANS ‘oM(1)-4716 !

VARIABLES
170 10 65.170 1.002 2,095 54,575 .  1.099 _ 2.019 34,748 3,768 2,362 830,681
1170 16 718.957 111,723 335.808 714,894 10.843  167.819 _

STANDARD DEVIATIONS

VARIADLES . e . o
1 TO 10 31.938 0.874 0. 680 231.222 . 0.876 0.722 ~31.874 0.315 1.816 227.212
11 TO 16 224,701 a.261 67.317 224,797 1.784 33,765 ) , e

STATISTICS COMPLETED FOR OM(1)-4716 ' ' N A B

1 S -8 4d H
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MUBTg (ZEZ °3EBJ) °siaasy

et {74

o“")".'O'-ba:\nq—.:c-‘-‘V‘

CENVYigire e wN T x
R CNFC oDV wN -

Gl 16
SUM SQ.
VAREXP

CUMPER

F .l

~0.94352
0.93540
~0.92745
0.38218
-0.51707
0.46636
0.94254
~0.75445
0.90711
-0.13195
-0.1%5282
0.52174
-0.15371
-0.15250
0.28261
-0.15498

6.00801
37.55008

37.55008

F 2

~0.094856
0.07020
-0.07247
0.12914
0.19539
0.18576
0,10152
-0.13673
0.05085
0. 910995
0. 985170
0.41678
0.90554
0,98576
0.03591
0, 98548

5.18162

32.38513

 69.93521

83.93362

E. 3.

-0.20786
0, 03974
-0.05739
=0.717233
0.52278
~0. 76747
0.29121

o =0.47271

0.14468
0.00696
0.00867
~0. 04455
0. 00969
0,009217
-0.60137

 0.009417 |

2.23975

13.99841

THE ORIGINAL MATRIX OF FACTOR LOADINGS

F 4 _ ___F_ 5 _  _F 6 _____F 1 F 8 _ F 9
-0.0089T  -0.07795 . 0.00484 0.0 0.0 0.0
Q.11970 0.05721  0.00149 0.0 0.0 0.0
0.00653 _-0,10903 __0.02435 0.0 0.0 0.0
. =0.29360 0.21479 _ ~0.21079 0.0 0.0 0.0
0.26452 _ 0.09771  -0.58294 0.0 0.0 0.0
-0.10462 0.07703 _ -0.21163 __ 0.0 0,0 0.0
0.00741 0.07554 _ -0.00593 0.0 _ S 0.0 0.0
0.11932 -0,06392 -0.0475%9 _ 0.0 _ 0.0 0.0
0,16790 0.01322 =-0.02651 0.0 0.0 0.0
0.00448  0.02007  0.04416 0.0 0.0 0.0
. 0,01015_ _ 0.04611 __ 0,05071) 0,0 0.0 0,0
-0.15331_ -0.70222 _ -0.16512 0.0 0.0 T 0.0
0.00980  0.04599 _ 0.05092 0.0 _ 0.0 0.0
_0.01097 __ 0.04%03 _ 0.05111 _ 0.0 0.0 0.0
0.71431 __-0,09267 _ 0.073% 0.0 0,0 _ 0.0
0.00731 _ 0.04377_. 0.05063 _ 0.0 0.0 0.0
0.75819  0.6031) 0.47763 0.0 0.0 0.0
4,73868  3,76944 _ 2.98519 0.0 0,0 0.0

T BB.6T230 92.441Th  95.42693_ 95,42693  95.42693  95.42693

‘DoDc0c00CooRS 2000
s

-
-
(=}

ScoooooCocoo2O02000

e s s 4 0 * e s e o
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0.0

95,42693
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APPENDIX E-5

PRINCIPAL COMPONENTS ANALYSIS -- OM(2) n = 32

22 VARIABLES, 9 FACTORS

NOTE: For an interpretation of the following
pages see pages 152, 161, Table VIII-1 and
Section VIII C4b2.
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Reverse (Page 234) Blank
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SYMMETRIC CORRELATION MATRIX 13

} } NUNBER _CASES 32 . _._PROGLEM NAME  oM(2)-3222 . . } B
. L 2 3 4 5 6 T8 9 A Wy v oy s 15
2 -0,475 . _
3 0,126 -0,296 o R - ; e e e R .
4  0.112 -0.0469 0,219 . _ _ . — =
5 _-0.123 0.205 -0,067 0,057 L e Bl s o e R e e B
& 0.050 -0.062 -0.019 -0,079 -0.547 T - N . ) ~
7  -0.09) 0.1710 0.094 -0.093 0,788 -0,507 _ ) o o - )
8 -1.000 0.477 -0.725 ~0.113 0.121 -0.049 0.092 A ) B
9 0.963 -0,402 0,644 0,146 -0.142 0,010 -0.130 -0.962 e
10 -0.339 0.561 -0.175 0.046 0.036 _ -0,035 -0.065 .0.340 -0.267 o .
11 -0.316 0,163 -0.079 ~0.176 -0.205 0,120 04159 0,317 -0.294  0.235 o e
12 -0.289 0.157 -0.040 -0.151 -0.210 ___ 0.125 -0.156 0.290 -0.265 0.230 _ _ 0.998 R
13 -0.480 0,134 -~0.542 -0.393 -0.012 0,089 -0,096 0,480 -0.492 0,151 0.410 _0.346 e
14 =0.290 0.159 0,039 -0.151 -0,209 < 0,121 -0,154 0.292 -0.267 0,230 . 0.998 " 1.000 0,348
15 0.049 -0.062 -0.056 -0.036 -0.342  0.921 -0.397 -0,048 -0.010 -0.034 ___ -0.029 ~0,033 0.037 -0,036
16  -0.071 0,235 -0.033 0,026 0,897  -0.400 0.61R 0.069 -0.104 0.130  0.010 -0.004 0.184 -0,002 -0.265
17 70.181 -0.245 0,017 -0.029 -0.901 0,684 =0.735 =0.179  0.181 =0.132 _ -0.135 =0.134 ~0.062 -0.136 0,574
160 -0.210 0.168 0.151  0.031 -0,156  -0,005 -0.035 0.210 0,177 0.159 _ 0.849 0.861 0.167 0.863 -0.128
19 0,210 -0.168 -0.151 -0.033 0,156 0,005 0.035 -0.210 0,176 -0.,159_ _ -0.849 -0,860 -0,168 ~0,062 0,128 _
20 T -0.2AR 0,156 -0.040 -0.150 -0.210 7 0,125 -04156 0,289 -0.265 0.231 " 0.998 1.000 0.346 1.000 -0.032
21 -0.476 0,378 -0.151 -0.246 -0.201 " -0.006 -0,090 o 477 -0.483 0,470 0.627 0,600 0,600 0,602 -0.123
22 -0,285 0,157 -0.033 -0.140 ~0.225 0,136 -0.164 0,267 -0.265 0,231 _  0.996 1.000 0.337 0,999 -0.023
16 17 I8 19 20 21
17 ~0.9%9
1A -0.024 -0.170 ) o L
19 0.024 0,170 =1.000 T
20 -0.004 -0,133 n 060 0,860 .
21 -0,026 -0,045 .591 0,591 0,600
22 -0.019 -0.119 9 A63 -0.863  1.000 S 0.602
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VARJARLES

1 T0 10
110 20
2V 0 22

CVARTARLES
170 10

11 70 20
2V 100 22

ME ANS
64.100
531,166
25,276

STANDARD

19,420
71.014

6,200

0M(2)-3222

45,702 2.15)
379,181 151,375
117.000

'

DEVIAT LONS

14,081 0.649
69,027 5,253
10,304

CSYATISTICS COMPLETED FOR OM(2)-3222

0.072 48,156
233,906 2870.719

0,243 24,649
20.651  602.719

40,844
2.981

11.155
0.313

2,201
3.731

0,559

2.116

35.875
4.582

19,396

0,670

3.644
he T4 8

0.147
0,670

1.521
375.813

0.276
69.004

O N
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THE ORIGINAL MATRIX OF FACTOR LOANDINGS
X Fl . F 2 F_ 3 Fo4 Fos F_ 6 F.1__ F. B F 9 F 10
1S5 1 C-0.55751  0.45419  -0.62275 0.09358 -0,10623  0.,23667 __ 0,087A0 __ 0.0}104 _ 0.06398 __ 0,0
19 2 T 0.34572 7 -0.,40643  0.25635  -0.46656  ~0.28502 0.29454  -0,24226 _ _0.15788 ~ 0.40914 _ 0.0
203 -0.24457 _ 0,33810  -0.73342  -0,16156 _ -0,1082)  0.11550 _-0,22113 _ -0,30722  -0.}4004 0.0
20 4 -~0.1R7T18 _  0.02846 -0.20360 -0,64971 _ -0.06046 -0.5120% __ 0.4065%9 _-0,20369 _ 0.08179 0.0 _
37 5 -0.14667  -0.81577 _ -0,27923  0.12284 _ -0.29449 _ -0,10528 _ 0.04176 __ 0,00104 _ -0,02116 _ 0,0 _
4{ 6 0.07057 u.oaouav”> 0.41113 0.11099 7 =0.55122  -0.09568 -0,07994  =-0.07076 _ -0.00164 0.0
2 1 -0. 09974 ~0.745 _ -0.332A% 0.14678  -0.12246 __ -0,0646T7 _ -0.39823 _ -0.13296 _ -0.06069 __ 0.0
yl 8 0. 55563,%,-0.45235 T 0.62304  -0,094617 0.10662 -0.23494 _ -0.08923  -0.01063  -0.06384 _ 0.0
Uy 9 -0.52707  0.44430° -0,61136_ 0,00731 _ -0,06136 _ 0.253715 _ 0.12766 __ 0.12454 __ 0.13036 __ 0.0
4410 10.36723 7 -0.20750  0.19655  -0.57220  -0.23310  0.4011) T0.17019  0.09010  -0,33342 0.0
sp. 1 ) 0,94895  0,16803 _ -0.19565 _ 0.10630 _ -0.04182 ~ -0.02243  0.06221 __ 0.09850 _ -0.02439 ___ 0.0 _
Sl1.12 0.93754 0.18602 -0.23271  0.07399 -0.04561  -0.042%4 _  0,03682  0.12273 -0.03653 _ 0.0
g2 13 0.50836 _ -0,17279  0.41057  0.46493  0.03507  0,25505 _ 0.35687 _ -0.20018____ 0.14987 0.0 )
§3 14 70493077 T 0418319 7 -0,23355 7 0.07371  -0.04320 _ -0.04169  0.03606  0.11894 ~-0.,03328 _ 0.0
§S 15  -0.06443  0.5381 _ 0.43349 0,077 -0,66678  -0.15261 __ -0.06021 _ -0,09025 _ -0,04145 __ 0,0
s5¢ 16 0,03230  -0.75808 -0.32134 0.10463 -0.42995  .0.03T6l  0.24749 _ -0,05065 _ 0.04173 _ 0.0
§7. 11 -0,17272  0,84325  0.46062  -0.07525 _ 0.11561 __ 0.04755 _-0.07518 _ -0.05483 _ 0.03278 __ 0.0
5§ 18 0.840264 0. 15150_”-0 3ASAT  =0.12051 0403512 -0,12407 _-0.11910  -0,13683 _ 0,10484 _ 0.0
59 19 -0.84020 _ -0,15151 _ 0,38592  0.12037 _ -0,03507 __ 0.12495 __ 0,11909  0.13671 _ -0.10519 0.0
Lo 20 T 0.93744 T 0.18646  -0.23284  0.0741T _ -0.04573 _-0,04216 _ 0.03678 - 0.12239 _ -0,03731 _ 0.0
el 21 0.76753 " -0,04684  0.15044 __-0,08786  0.13334 _ 0,38737  -0.02097 __ -0.41192 _ -0.00282 0.0
b 22 C0,936517 0.19973  -0,22973 0.06098 -0.04654 -0.04738  0.03146 _ 0,11589  =-0.03649 0,0
SUM s0. 7.99767 7 4053926 3.43912° 1.39783  1.2571& 1,07512  0.73612 __ 0.57398 _ 0.39181 0.0
VAREXP — 36,35303  20,63297  15.63235 7 6.35375 7 5.71437  4,88690  3.34598  2,60901 _ 1,768096 0,0 . _
CUMPER  36.35303 ~ 56.98599  72.61833 78.97208  84.68645 _ 89,57335  92.91933  95,52832 __ 97.30928 _ 97.30928 _

g 9 H

S

d 3 ON

.

O N



-8¢¢-

THE ROTATED MAYRIX OF FACTOR LOADINGS

s s B - B » oo Fomir P A F 4 _F. 5 F 6 . F 1T LE_ 8 .F_9 F 10
T8 T T =0.17986 0 0.05896 . -0.96294  -0.008A4  -0,03178  -0.10200_ _ -0.07049 o
? 0.10351  -0,17454__ 0.32822 __ 0,02442 __ 0,00091 __ 0,31342 _—-0.00854
T T T 0409245 -0,037671  -0.76811 _ -0,123i7° 0,00475 __ 0.01184 £ 24276
4 -0.07271 _ -0.01063  -0.C8130 _ -0.96910___ 0.03108 __ 0.03872 _ -0.15759 _
T TTTTTTL0L1ATTE T ~0,95100  0.09797  <0.04149  0.16213  -0,00422  -0.03949
Tb_ 10,0856 0,3921h__-0,01822 _ " 0,04421 _ ~0.89968 0.01671 __0,03179
TT7 T TTTTS00116107 0478645 0,00864  0.18185 0,22203 _ -0.12714__, -0.20882 _
8 0.18095  -0.05679  0,96241 __ 0.00997 0,03172 __ 0.10305 __ 0.07023
9T TTTI0,15666  0,10382 T T0.94670 T ~0.042257 T 0,04148 T -0,06876 _ -0.09753
1077 0,15095 7 -0,03763  0.19599  "-0,05000  0.01713 _ 0.92623 _ 0,03998
Tl T 0.97009 770402040 T 0413498 0,09814  -0.03344  0.07764 _ 0.12387
12 _ 0.98064 0.02493  70.10873 0.07313 " -0.02960 0.078835 0.06304 = -
11 T 0.22828 7 -0.05157 T 0.39653° " 0.23077___-0.06320 __0.,01334 __ 0.83064 T
14~ 0.,98093  0.02376  0.10960 " 0.07238___-0.02630 _0.07697___ 0.06685 .
s T -0.06586°  0.22440  0,01257 -0.00065 _ -0,95794 _ <0,00418___ 0.00185 _ LR R
16 ~0.00193  -0.94503 _ -0.02055_ -o. 05843 0,04860 _ 0,09227_0,20627
17~ -o.16i02 0.89360  =0.0816]  0.03007__-0.38282 __ -0.05241___ o0.01972 .~ T
18 0.92244 0.01303 0.02890 -0.12872 0.08300 -0.05137 0.00787
19 7 T TC0.92245 7 20,01298 -0.02A827 . _0.12871___-0.08297 ___0,05165  -0.00792 _‘:_,‘_::‘,:f_":“"'" .
20 7 0,98050  0,02513 _ 0.10835 _ 0,07345 _ -0.02982 __ 0,07928 0. 06388 o
2 T70.53556 T 0.12132 7 0,30202 _ 0.12663 ___0,11949 T 0.31868 __ 0.49165 e
22 _0.98108 " 0.03843 0.10737 " 0.06339 _ -0.03658 0.07994 0.05166
SUM SO, 7.05320 1 3.49249 © 3.83293  1.13064  "1,99356  1.14914_ h.i870y T TR T
- . O a0 e ————— - - AR . - = | s,
VAREXP _ 32.05998  15.87496  17.,42239 _ 5,13929 9.06161 5.223317 39
CUMPER  32,05998  47.93494  63.35733  70.4966) _ 79.55821  84.78157 _ 90,04068 S .
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APPENDIX F-1

MULTIPLE REGRESSION ANALYSIS -- UM(1) n

30, n = 49, and n = 31

NOTE: For an interpretation of the
following pages see pages 152, 167,
Table VIII-1, and Section VIII C5a.
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Reverse (Page 240) Blank
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”
MUILTIPLE REGRTSSTONG o oo o UM(1)=30-24 |
qu 'T'!“-’!:-yse ! A b e i s s o SIS SE n—— S P— ——— w——— —

X VAPIARLE  MAN STANDA®R
LA P B C_DEVIATION
37 7 EDGACA 2K 020145 0,49004

52 A AR emee6  14,70380 0 0 0,2203) 0,25
GO 4 4T4,00005  1&2,20052 =0, ]T121__  ___0.0%

TN
Y COEFE
. 204 0421
el 5 1.40069 010472 -0,45274  ~)105.55

DEPENPENT e
(5 1 8l.95h¢6 22,51908

—g, . oL =T : i g S e S T P S R R W S

AnvERcrey L NAE.RO469

CMNTIPUE COPPELATION 081603 T

SIN, FPPAR OF FSTIMATE  19,00062

ANALYSTS NF_YAPTANCE FOR THE REGRESS

SOURCE OF VARTATION  DFGUFES

SUM 0OF
CF FREEDOM . SQUARES. .
ATTRTMITARBLE 10 REGPESSION 4 3595, 65234
DFVIATION FROM QFGRESS AN
Tnrat ; ESREEp——— . S | ()T L 1 .

1ICIENT

186
620

() S

061 .

or

REGLCOEF. _ :
0,16028 1469613

T VALUE

028467 . 0.90001

2,03500 _____0,061872
T 50.60A03

___MFAN

.=2.0R565

25T TR, 2%0 T 364,45239 -

T _SQUARES
1397,91309

g 34 H
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MIILTIPLFE PFGRESSTOMNG oo o UM(1)-49]

SELICTIONG, o0

VAR TAWLT Al AN
® N0
3 2 15,2907
S22 1 an. 0000
GO 4 469,224 7
oS 1.40110
NEPEMOENT
15 51,71428

INTERCEPT

MULTIPLE CORRELAT ) ON

ST,

SOURECE OF VAR JAT]ON

ATTOURUTARLE TN RFGRESSINN 4
DEVIATLON FROM REGRESSION

107TAL

FRROP NOF FST IMAT(

STAMDAR D CORRFLAT[ON REGPESSTOM SIn,

DEVIATION X VS Y COFFFICIENT
27, A1 9V 0,332 0.22665 0.1244)
13. 54006 0.02512 -0.15837 2.26414
147.£9972 ~0,14792 _0.01481 D.02455
0.07929 -0,42255 -105.85835 41.2970)
2452550 o
19).02335 _ .
0,500)9 I _ )
22,1934 R o
AMALYSTS OF VAP [ANCE FOP THE RFGRESSION )
COEGREFS  SuM Or  MEAN
OF FREEDOM  SOUVARES . SQUARES
_ v 1223,46484  1B805.9662)1 -
44 _ 21 648,53516 . 492,91196
4R _23R72,00000

. ERROR
0F REG,CNFF.

iy

g 4 H
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MULTIPLE REGRESSTON. o0 aUM(1)-31
L SELECY ION e e B e e

VAR AR E
X NO. T T DEV
52 13 AR 10961 14
§§ 16 3.09593 77 T
37 1n 221915 |
£8 19 T 2.5 44 i
ef 22 25.35483 1

DEPENDENT T
157 524259064 22

INYERCEPT
HUILYIPLE CORRFLAT ION

STN. ERROR NF FSTIMATE

CMFAN  STANDARD ~ CORRELATION — PEGRESSION STD, ERROR ~ ~ COMPUTED

VATION 7777 TR vs ¥ " TCOEFFICIENT  OF REG.COEF, T VALUE
S46R9 0,22091 C U 0.243506 0,24729 0, 98489

J28344 7T 0.08991 T T 10624717 3 M2651 T T 0051961
86213 -0.35746 C -h57754 2.008310
L05664 7 T T -0,419327 7 T -6 M0666 3.9 B
SA3A15 T -0.3A021 -0.7194R 7 0.50140

 -2.19140

~_-l.5s5021
1434693

3.93923

220050 . =

BB, 43203 T T T S P

5 jes Sy i % TR O

0.81480 B S e

“19.1t881 T ) s e S S, e TR
ANALYSIS OF VARPANCE FOR THE REGRESSION R T

T SOURCE OF VAR LAT (ON

ATTRIBUTARLE TO REGRESSION
DEVIATION FROM REGRESSION
C A

DEGREES ™ 7 SuUM 0F T 7T T MEAN T T
0F FREEDOM SQUARES SQUARES
S5 T 8500.42188 7 M 11AL0B428 T T TA,0391 T T

25 9195,457013 361,81812
T30 T harescatedy T T

4 3 ON S -84 H

O N
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MULTIPLE REGRESSIONa ... UN(1)-31

. SFLECTINN, .00, 8

YABLE OF RESIDUALS

TCASE NN. T T Y VALUF TY ESTIMATE RESINUAL
1 60.00000 50.361371 9.63629
2 25.00090 41 RS5T62  -16.85742
3 46,00000 53.85062 ~  -T7,85062
4 59,00000 54,93503 4.06491
5 60.00000 63404320 -3.04320
e T05,00000 7 T 62,25549 31.74451
i 7 92, 00000 T6.01201 15.18199
A T41.00000 0 T bb.10645 T =25.10645
- 9 50.00900 61.90723 -13.90123
10 TROL00000 T T 72.01994 T 7 7,9A8106
) i 93.00000 7 72.09254 20.90746
TN T $2,00000 -~ A3, 61130 T -1).611390
13 17.00000 56. 51300 20.48700
14 TTAAL00000 T T T E1,.856A3 T 32,44337
15 41.00000 61.10699 ~20.10699
TTTMA T “51.00000 T T 42,49602 T ALs0%08
I I A 61.00000 1.3318R -10.337/08
R T431.00000 T T 304125557 T 1240874457
“1a 33,00000 S 62.40237 =29.40237
e0 T22.000007 T T 40,54901 0 T -18.54901
- 21 23.00000 129.02300 7 -6.02380
2277 35.00000 7 T T41,95963 T -4,95963
21 40,00000 31.57170 2.42830
24 23.00000 777 315441 TR 15841
28 21. 00000 §2.01047 -31.91847
T 2h T36.00000 7 T 39,33487 -3.33607
27 6A.00000 43, 63002 24.36998
- 28 74.00000 7 S6.12117 T 1r.a7823
79 32, 00600 C33,30157 -1.301357
"0 49.00000 7 31.56190 T 11.4381010
1 52,00000 €6, HAO6D -3,067)
(m ¢

g 4 H
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MILTIPLE RFGRESSTONG oo o JUM(1) D1

SELECTION.ge 0y 2

VAP LABLF MF AN ~ STAMDARD  CORRELAVION — RFGRESSION — STD, ERROR  COMPUTED
X N0 ) C T DEVIATION X VS ¥ COFFFICIENT  OF REGLCOEF, ¥ VALUE
§2 1) ANLTO96T 14,5469  0,22091 0,2%936 - 0.24195  1.07197
57 18 2.313515 1. 80211 -0.15146 -4.19370 1.92022 =-2.10397
§¢ 19 2.25644  1.08664 -0,41932  -5,39671  3.64112 -1.48161
ol 22 25.354R3 1.83A15 -0.3n021 -0.77829 0.48156 -1.61620

anEN"F Nl . —— T e e - - - ——— P R S ——
)5 1 §2.254%06 22.20050

INTEPCEPT o 10.949%2 i e

MULTIPE CORRELATION ~ 0.,60940 ) i o i o

STP. FRROR OF FSTIMATE  |A.90744 o L S

ANALYSIS OF VARTAMCE FOR TWE REGRESSION ~  ° "7 7 0 T

CSOURCE OF VARTATION  DEGREFS
ATTRIDUTARLE 10 RFGRESSION A
DEVIATION FROM AEGRESSION™ ™ 77726

rera. o 3

T OF FREEDOM 7 SQUARES — 77 T SouArgS T T T

SUM OF ’ MEAN

5491 .08984 1372.771246
TU9294,74006 7 T T 35T.49100 T
_daras.are9

g 4 H

S
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MULTIPLE REGRESS 1 CNaas o u(1)-31!

SELECTIONs oo, 9

TABLE OF RESIDUALS

-8%C-

CASF NN, Y VALUE T Y ESTIMATE RESTDUAL
0 60.00000 51.03424 8.96172
2 25.00000  42.,43785 -17.43705

3 46.00C00 54.10397 -8,10397
4 '59.00000 C55.36699 3.63301
T8 650.00000 62.31970 -2,31870

[ 9%, 00000 62.,19204 T 32,20196

7 92.00000 75,5692 16.43077

f 41.00000 T 63.96449 722.96449

9 50,00000 £2.57600 -12.576800

T 100 80.00000 T 20,3106 T T9,62939°
! T 63, 00000 10,49152 22.5084A°
I A T 82,00000 T h2.24352 T -10.241352

- i1 11.00000 62.34254 T 14.65T740
V4~ A6, 00000 T52.11362 33.2h6%0

15 41. 00000 67.271013 -26.21103

I L T51.00000 T 42.70209 T T 8.29791°
17 61,00000 12.74939 -11.74939

R L TRY.0000077 T 7T 304414655 TU12.852148 7
19 33, 00000 60.81273 -27.81273
20 22.00000 TA0,32T44 T S18.32144
T2 23.00000 20.321176 T -8.42178

22 7 TAS,00000 T T 42,00152 7T T 21,0918
21 T 40.00000 T 37.55959 2.44041
T 24 T T 230000007 T30, 42R227 T T2 1bL12R22

25 21.00000 52.212517 -31.21257

T 26 T36.00000 TR0 1N 2Y T <Al 112

21 &R, 00000 T 43 9TAR T T 24,80232
28 7 " M4, 00000 T 54.291T4 7 7T 1970226
29 32.00000 33,8072 7 -1.80A72
T30 TTTA9,00000 7T ML 06286 T 11137134
Al 52.00000 55.73590 -3,73590

g d H
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ML TIPLE REGRFSSIONL ..o UM(1)-3]
SFAFCTION.G. s o.11 S . S
VARIABLF  MFAN  STANDARD  CORRCLATION  RFGRESSION  STD. FRROR  COMPUTED.

X ho, DEVIATION X vs Y COEFFICIENT  OF REGJ.COFF, T VALUE

37 S 69,96771 25,6310 0.50142 0.390R9 0.18481 - 2.11511

512 485 . A3h2 152.36195 -0.15399 -0.,00642 0.02740 -0.23415

§5 16 3:00593 1.20344 =~ -0,08991 36730 3.32776  0.41088

52 13 AR, 20967 V4. 546A9 0.22001 0.09207 0,29201 ~ 0.31530

¢i 2?2 25.3540) 7.83815 -0.38021 -0.6T479  0.54365 -1,24123
NEPENDFNT N o ) '

15 52,2500 6 22.20050 - o o
INTERCFPT 14, 25223 o N T
MULTIPLE CORRELAVION T 0457440 — I
STD. ERROR NF FSTIMATE 19,9072 7 e e

ANALYSIS OF VARIANCE FOR THE REGRESSION B T
SOURCF 0OF VARITATION DEGREES ~  SUM OF " T T HMEAN T T TR VAWE T
OF FREEDOM  SOUARES — SQUARES )
AVTRIBUTARLE 10 REGRESSTON . 4878421807 T 95,6843 T T2 k6200 T T
NEVIATION FROM REGRESSION 25 9907.4570% 396,29410 T C
TOTAL ) 30 14785.87691 ) ) o

4 3 ONI S-834dH

O N
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MULTIPLE REGRESS 1ON.as . lUM(1)-311

TCASE NO. T Y VALUE T T ¥ ESTIMATE
N 60.00000 _ 54.471797
i} "2 T 25.00000 4A.95193)
A 46,00000 59,95142
4 T T 89,00000 57.15172
s T 60,00000 657.54665
o 6 95.00000 - 62.50259
T 92.00000 13.65756
T8 77 41.00000 64.20332
9 50, 00000 T.4544R
B 10 77T T B0.00000 T ANL46B YL
T -~ 93,00C00 tR, 61247
R §2.00000° 7 50.4R607
13 77.00000 57.15756
T4 T A, 00000 T 62.4244T
B 15 41.00000 61,00079
16 77 77 B1.00000 43,40624
V7 T 61.00000 T 14,62904
TR T T 43,000007 7T 320546344
19 33.00000 5R.44356
20 7T 22.000007 T 7T 73R 41154
21 23.00000 12. 61090
TTTT22 7T TTT35,00000 T T 41.21870
S T 40.00000 T 41.41121
T 24 T T U 23,00000 7 T T T30, 98943
25 21.00000 60.12907
T S 36.00000 T T40,657367
2 68, 00000 T 41,5584
- 2R 7T 14,00000 0 T T T 80.07928
29 32.00000 30, 0H591
T4 49,00000 20.75504
31 £2.00000

TARLE OF RESICUALS

56.93445

C RESIDUAL
~ 5.52208
=23.95193

- =13.95142
loﬂ_’yazﬂ
2.45135
32,49141

. 18,34244
-23,20332
~7.45448

T 11453189
©24,38753
1.51391%
19.R4244
T23.5155)
-20.00079
7.59516
-13.62904
100456567
~25,44156

T =16.41154
T -9,61R90
L Tl2.21570
__Tle4dl2l

. =15.9895)
-39,12907
o4, 65116

S 26.44153
CTTTT23.92018
1.91409
TT20,244094
~4,93445

g ¥ H

S

d4 3 ON
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J
ML TIPLE REGRESSTCNG oo« UM(1)-]1
__SELECTION, .. ..13 - = . . S
VAR ARLF MEAN STANDARD ~  CORRELATION — RFGRESSION — STD, FRROR — COMPUTED
X ho, T T DEVIATION X VS v’ COEFFICIENT OF REG.COEF. __ T VALUE
5| 12 405.83062  152.36195  -0,15399 -0.00924 0.02672 -0.34578 _
32 13 89, 10961 14,546R9 0.22091 0.15235 0.26034 0.56716
SY 15 _ o 2.59480 S V10654 0,50472 o leB4TI9  3.26062 2.40666
22 25.35403 T.81815 ~-0.38021 -0.69175 0.51181  ~1,35157
NEPFNDFNT s o S e e R —— e B T
151 $2.25406 To22.20080 0 T
INVERCEPT ~ 40.40415 i e S —
MULTIPLE CORRELAYT ION ~0.58295 o B
SIN. FRROP OF FSTIMATF  19.3759A - o S
ANALYSIS OF VARIANCE FOR THE REGRESSION S
SOUPCE OF VARIATION DEGREES ~—  SUM OF  ~  MEAN  ~ F VALUE
OF FREENOM SOUARES SQUARFS

ATTRIAUTARLE TO REGRFSSION 4 5024, 72266

DEVIATION FROM REGRESSION 26~ " H7161.154625
TNTAL . o300 lare5.87091

. 1256.18066
TTTA75.42896

L 3.34599

g 9 H

S
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MULTIPLF RFGRESSTOM. .40 UM(1)-31

CSELFCTION. .o 001

CASF NN.

DN N> W N -

9

11
12
i1
14
15
16
17
1A
19
20
21

23

25
26

28
29
10
3

24

TARLF 0OF RESTDUALS

Y VALUE
60,00000

©25.00000
46,00000

59, 00000
60, 00000
95,00000
Qa2,00000
41. 00000
50, 00000

80.00000

93.00000
52. 00000
77. 00000
86.00000
41.00000
51.00000
61.00000
43.00000
33,00000
22.00000
23.00000

15.00000

40,00000
23.00000
21.00000
16. 00000
68.00000

14.00000

32.00000
49, 00000
52.00000

Y FSYIMATE

S6.56352

T 41.23300

61.15697
SH,AN6IR
S0,2953R
6£3.25507
72,1951 7
6?-ﬂ47i9
57.09798
6l.10164
67.21952
50.63165
62.2294R
60.44670
66.41530
43,.92854
14.725618
30.20622
SH.13115

“AA, 90408

31.61061

T 47.54023

42.08528
40,4432
58.52249
40.80432
41.71851

T 49,9040

32.13554
21.93208
55.69035

RESIDUAL
3.43648
-16,23308
-15.15497
0.193¢r2
1.70462
31.74492
19.20403
-21.64719

-T7.0979%
“T12.81036

25.76048
1.36835
14.77052
25.55130
-25.41530
1.07144

1325618
12.79378

-25.13115
-16.90848
8. 61061

-12.560213

-2.00528

R TSP

-37.52249
~4.80432
26.28149
24,09523
-0.13554
21.06792
-3.69815

g ¥ H

S
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ML TIPLE REGRESSTON..oaoUM(1)-31

_ SFLECVIONewwood& p— e e e

VARLABLE  MEAN STANDARD CORRELAYION ~ REGRESSION  STD. ERROP  ~ COMPUTED
X NO. NEVIATION X VS v COEFFICIENT  ~ OF REGLCOEF, T VALUE
$2 1 AN, 10967 14.544H9 0.22091 0.16338 0.24968  0,65434
52 15 2.5%R0  1.19654 7 0.50R12 T T 6.60692 3,35A39 1496729
§g 10 2525644 C L0564 0 -0,41922 ~3.13455 3.95471 =0,79261

22 25.35483 7.083015 -0.63304 S 0.49217  -1.28785

NEPENDENT

15 ! 62.25006 22.20050 T "_' i R o ,.,_.__-,- T

Z6.38021

INTERCERT ; | 43.76498 : - e T
MULTIPLE CORRELATION 0,59367 D

STR. FRROR OF FSTIMATE  H9.19002

) CANALYSIS OF VARIANCE FOR THE REGRESSTON """ "~ = ="

SONRCE OF VARTATION DFGREES SUM OF MEAN F VALUE
, T OF FREEPOM " SQUARES ~ 7 7 "SQUARES T

ATTR ENUTARLE TO RFGRESSION 4 5211418750 1302, 79608
"DEVIATION FROM REGRESSION 77726 7 7 6514.69041 "7 8k8.257132 T
e RN O ¢ 0 —

g

|-
.
1A
P
~
-

g8 4 H
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MULTIPLE REGRESSION.seooUM(1)-31

CASE NOL

O DR D WIN -

_SELECTION, s o 14

TAODLE OF RFSINVALS

TY VALUE

6£0.00000

T 2%.00000
T 46, 00000
©50,00000
T 60.00000
" Q5,00000

92.00000
41.00000
50.00000

80.00000
93, 00000

§2.00000

77.00000

T 86.00000°

41.00000

51.00000

61.00000

43,00000

33.00000
22.00000
23.00000

35.00000 7
40.00000

23.00000

21.00000

A3.,00000

74.00000

32.00000

©49.00000

52.00000

“36.00000

Y ESTIMATE

57.69565
44.13811
61.,01910
59.45955
§9,A1143
63.27577
72.24007
64.39778
60.00178
60, 459AR

55.20193
63.96962
56. 06914
66.91024
42.32418
70.11656

“30.51110 7

59.70212

T3B.65004

10,199613
44.63103
40.09035%

39,26593

64,7990
40.09035

40,8962
53.01109

32.01573
27.66748
53, 74612

T 68.63913

RESINUAL
 2.30435
-19.13811

_=15.07910

-0.45755
0.160517
"31.72423
19.75993
T=23,39778
-10.00778
Tilb4012
24.36087
-3,20193°
13.03018

29.13066
=25.91028
T B.6TS22
-9,.11656
12.42290
-26,170212
TE16.65004
~7.19963
T-9,63103
_-0.09035
“16.26593
..T33.793Rr0
_=h.09035
27.10318
T20.98810
-0.07573
21.33252
~1.T4672

g ¥ H

S

4 3 ONI

O N



MULTIPLE REGRESSTON. oo «UM(1)-3L!
CSFLECTION. e o b

VARTARLE MEAN STANCARD CORRELATION ~ REGRESSION — SYD, ERROR —~ COMPUTED
X Mo, T U UTAEVIATION T T X VS Y T T COEFFICIFNTT T OF REGLCOEF, T VALUE
SN2 ... . 5085.00862  15¢.36095 W —0w13399 W =0,00926  _  O.02672 . ... 039630
S 13 ABLT0961 T T 1484600 T 1 6,22091 o 0.152417 T T 0.26831 T D.56805
el 2?2 25.35483 7.63815 -0.38021 -0.6919) 0.51175 -1435208

26 7 T 0.45129 0 T T0,20194
ERENDENY . e e
15 S B2.25006 22,20050 T - T

C0.50R6AT T 45.16109 T T 1875981 T T 2,40733

INVERCERT $0. 33800

MULTIPLE CORRELATION " 0.58300 T T o T T

STD. ERRNR OF ESTIMATE  19.371800 ——

ANALYSTS OF VARTANCE FOR THE REGRESSION =~

SOURCE OF VAR TATION DEGRFES ~ suMm nF 7 MEAN .

' C o OF FREEDOM - SQUARES T SQUAREST T T T T T
ATTRIDUYADLF 10 REGRESSION 4 5025.T140A4 1256.42871 3.34699
DEVIATION FROM REGRESSTON 77 267 77 9160.16406 " "3%4.39087 . sy

- Ml RSN 1}

R TITY - 30 14T85.87091

g 8 H

S
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ML YIPLE REGRESSTONG oo oe UM(1)-31 1

TASF NO, Y VALUE
) 1 60.00000
o2 25.00000
a 46,00000 ,
4 59,00000
5 60.00000
6 95, 00000
7 92,00000
- A 41.00000
9 50, 00000
10 80. 00000
1 93.00000
12 §2.00000
i3 77.00000
14 A, 00000
15 41.00000
ia -
17 61.00000
- 18 T 43.00000
19 33.00000
20
21 23.00000
TR 35,00000
23 40, 00000
T 24 T 7 23,00000
25 21.00000
26 " 36,00000
21 67, 00000
28 - 74.00000
29 312.00000
30 T 49,00000
3 52. 00000

SFLECTIONsayaelb

TADLE OF RESIDUALS

’

51.00000

22.00000 " T

Y ESTIMATE

SH.5T449

41.23900

61.14182

58,83311
50.21619

63.24791
72.797193

T h2.65546

57T.11412
61.18495
67.723949
50, 6461717
62.24818

T60.44612 7

66.421174

43.92360

T4, 24693

10,1986 2

HSRL11AGS

38.99335

3. 603136

T41.54224

42,09907

T40.42578

8. 52615
40.89462
41.733617
49.80702
312.12299

27.9331%
55.6A202 o

"RESIDUAL
3.42551
=16423900
-15.14182
© 0,166A9
1.72321
31.75200
- 19.20207
T -21.65546
-T.11412
12.81505
25.76051
1.15323
140751062
25.55188
~25.421174
" t.01640
-13,246R3
“12.80138
-25.11405
~16.99336
-A, 60336
i -12.54221.'
-2.09007
T=17.42578
-371.52634
-4, 89462
26.26633
T 244110298
-0.12299
21.064661
-d.e8202°

8 9 H

S
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MIMTIPLE RFGRESSTON.<a s

SFLECTION e s ool

VARTABLE MFAN
X NO. '
s2 1 A9, 7077
&8 19 2.25644
Ll 22 25.35483
L3 24 0.45129
NEPENDENT o
15 1 52.25106
INTERCEPY
MULTIPLF CORRELATION
STDh. FRROR OF ESTIMATE
AN

SOURCF OF VAR IATION

ATTRINITABLF 10 REGRESS

NEVIATION FROM REGRESSION 7 7726 "7 9574,019
_ .30 14785.87691

TOTAL

«UM(1)-31

STANNARD ~ CORRELATION
DEVIATION X VS v
14,5669  0.22091
1.05064 ~0.41932
1.83015  -0.34021
0.20794 0.50868
22,20050 T T
63.74388 i o
_.9.5910 e
L S -

ALYSIS OF VARIANCE FOR TF REGRESSION —  ~

_ DEGRFFS  SuM OF
OF FREEDOM SOUARES —
10N 4 5211. 76172

_MEAN
_ . SQUARES
T 1202,94043

REGRFSSION — STD. FRROR _ COMPUYED

COEFFICIENT  OF REG.COEF, T VALUE

0.16351 0.24966 _ 0.65490

-3.13206 3.95476 -0.179223

-0.63418 0.49213  -1,28845
T 3n.02161 19.32242 1.96774

g8 9 H

S
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MULTIPLE REGRFISSTONG s« oUM(1)-3)'

CSFLECTION...0ulT

"CASE HO. Y VALUE Y ESTIMATE
R | 60, 00000 '57,70103
2 25.00000 44,11794
Ta 46.00000 £1.06179
- 4 59, 00000 59.47852
s 6£0. 00000 59,.79341
6 95.00000 63.26510
7 92.00000 12.24026
“““ ) 41.00000 64,4037
9 50, 00000 60.02145
10 A0.00000 T 6R.46236
R R 931.00000 6R.63A0RD
T2 T 62.00000 85,2141
R k) © 77.00000 63.91352
T A T A6.00000 T T S6.A7216 0
15 41.00000 L£6.9121T5
I Y BL.00000 T 42,3230
17 61.00000 7 70.11824
RL T 43,00C007 77 34,5715 T
) 19 33.00000 £9, 6AH6L
) 22.00000 7 T3ALAS5601
S 21 23.00000 20.19243
22 35.000007 T A4,61691
23 40.00000 40.10172
U247 T 23,00000 TTT739,2631
25 21.00000 54,80402
T 26 T 34, 00000 4o 10172 7
21 60.00000 40.91235
2R 14.00000 52.99393
29 32.00000 32.066917
T30 49.00000 27.6605%
3 52.00090 )

TABLE OF RESIDUALS

_53.13020

RFESTDUAL
2.299917

-19.13794

-15.06174

~-0.47852

0.20657
31.73430
19.75974

T =23.4032)

-10.02145

11.53764°

24.3611R

T -3,21573

13.014648

_ =25.91275

29.12184

T BL6661
-9, 11624
TN2,42088

-26.600064

-16.65691

-7.19243
T =9.061691
-0,10172
-16.2507
-33. 80402
27.08765

- 21,00607
-0.066917

~4.10172

T 21.33145

T1.73020

g d H

S
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MULTIPLE REGRESSION.oe e UM(L)-31

SFLFCTIONGceeaal9

VAR ABLE MEAN  STAMDARD  CORRELATION  REGRESSION  STD. ERROR  COMPUTED
~ NN, o DEVIAVION TN VS Y COEFFICIENT  OF REGLCOEF, T VALUE
Y 2 4A5, 83062 L )‘32.3!.!05 . ~0.415399 =0.0427) 0.03155 =1 3534y
'1 13 " AB.T70961 T 14.54689 0.22091 0.19953 0.25134 0.77534
5] e 2.23515  1.00213 -0,35746 _76430792  2,39185  -2,63159
Ll 22 25,1548 7.83415 -0.38021 ~0,74049 0.4AR05 -1.61969
DEPENNENT . . . e B e e e
11 52.25806 22.,20050 -
INVERCFPY o 90.071922 i ) ) . e
MULTEPLF CORRELATION _0.h026% i o e —
SID. FRROR OF FSTIMATE  19.03041 B ) o e

ANALYSIS OF VARIANCE FOR TilE PEGRFSSION

SOURCE OF VARTATION — ~ DEGREFS SUM OF
T OF FREEDOM T T SQUARES
ATYTRIBUTARLE TD REGRESSINN 4 5369.73438

DEVIATION FROM REGRESSION 7 726 7 "9416.14457
anra SR L S . ... -3 e S

MEAN F VALUF
. B
1342,43359
i 3.6?“59l.6 _.' --u- #¢

1.70675

g9 4 H

S
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MULY IPLE RFGRESSION..e oo UM(1)-31

¥ VALUE
60,00000
"25.00000
46,00000
60.00000
92. 00000

41.00000
S0,00000

!
i
1
{

77.00000
~86.00000
41.00000

t

43,00000
33,00000
22.00000
23.00000
T35,00000
40,00000

——-—-—-.—-.-.—- ! ; : :
D IBIINONDWIN=O D DN AD N~

NN N Ny
- D

i

~
o>

21.00C00

NN N
-

6R, 00000

~N
=
i

32.00000

0.
EREVURN
-0l

_SELFCTION.seao19

7 759,00000

T&1.00000 0 T
61.00000

"23. 00000

36,00000

52.00000

Y

95,0000

" 80.00000 T
93.00000
52.00€00

?4; ogono

C49.00000

"7 UYABLE OF RESIPUALS

ESTIMATE T RESTIDUAL
49,34422 10.655718
40,14700 ~ ~15.34100
56.07998  -10.07948
55.80998 3.19002
62,3633 -2.36331
“61.10138 T 21.896862°
080.90A91 © 11.09109
T60.43761 7 -10,42741
56.11618 -6,11618
£9,06A86 T 11.93144
6T1.72957 25.27043
52.620390 7 T -0.62019
SB.T1143 18.200857
55.8TT44 7 30.12256
£9.05708 -28.05105%
44,09956 T 6.90044
e 18178 0 -13.1R178
TU21.04880 T T 15.95119
60.62405 -21.62405
TOAALAT44 T ~1A. 61304
“12.20542 ~9,28542
AT.4049T7 TTT=12.4049T7
40.91656 -0.91656
40413579 T =1 7.13579
ER.10A20  =37,10A20
37.69068 T -1.694868
43.311 23 T 24,62R17
50.11618 7 TT23,06302
3110625 -1.18625
35.10159 7 77 11,89241
56,4659 -4.4b59)

8 9 H

S
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M TIPLF RFGRESSTONG.o oo LM(1)-IL

SELFCTION.ve 0027

VARJ ARLE MFAN STANDARD CORRELAYION  REGRESSION
¥ NO. o ' TOEVIATION T X VS Y COFFFICIENT
52 12 A9, 10967  14.54689  -0.22996 -0.25804
5 16 1.09593 1.28344 0.08117 -1.71513
57 1R 2.33515 1. 80213 0.34859 450624
?y 19 2.25644 Cl.08664 T 0.41978 6.11924
el 22 25.35481 T.A3R 1S 0.34323 0.72985
NEPENDENT ’ ' T e o o
uwl] 8 41.0%677 22,2203 .
INTERCEPT 33.46136 ) o
MULTIPLE CORRELATION T 0.6Y4T4 o

STN. CRARNR O9F FSTIMAYE ~  19.251A2

ANALYS1S OF VARIANCE FOR THE REGRESSTON

SOURCE OF VARIATION 777 DEGREES ~  SUM OF 7 MEAN

’ 0OF FREEDOM SQUARES o SQUAR ES
ATTR IBUTABLE TO REGRESSION 7 % "7 "7642d4.843715 71125, 7605
NEVIATION FROM REGRESSION 25 9265.82422 ) 370.6328
B 111 VO o T30 T 1489488190 T T T

STO. ERROR  COMPUTED
OF REGLCOEF, ¥ VALUE
0.24R24 T -1.03948
3.13845 7 T -0.54649
2.09106 2415501
3.95428 T 1.54750
0.50332 1.45008

SR VAWE T
ESRE: PY 1 L Y
L

g 4 H

S
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MILT IPLF RFGRESSTON,.oae UM(1)-31

SELECTION. o0 0027

TARLE NF PESIDUALS

CASE NO, Y VALUE
i [ 40,00000
? 14. 00000
3 54,00000
T4 T 41.00000
5 40,00000
B 5.,00000
7 A. 00000
f 60.00000
9 50.00000
) 10 20. 00000
i A. 00000
I ¥ 49.00000
13 24.00000
T la T T v4l00000
15 60, 00000
16 50.00000
T 39,00000
TR TTTs1.00000 T
19 4R, 00000
200 7 77 1m,00000
21 76.00000
TTT22 7 T 66.00000
2y 60, 00000
T 2477 " Taa.00000 T
25 79.00000
TT U260 T T 64.00000
21 32,00000
) 28 77T 26.00000
29 69.00000
T30 T 82,00000 T
3 48.00000

Y FSTIMATE'

49,315638
5R.00151
46.1A140
45.07315
37.1775R

36.81021

23,4001 2
34.49869
16.49648
28.320317
28,32175%

36,7260

44.59218
46.08A382
IN.A2224
57.93083

28.74539
T =13034268 0

T70.34268
37.95293

50,8374 7

C12.10194

T 5AL4R045
62,14523

T 61.39267

4T.46104

61,02246
56 AIR9 3
646.26163
66,9 B4

AN BT4T

44429103

RESIDUAL
-9.35638
15.99049
~ 7.81R60
-4.07315

2.82242
-31.81021

_—15.40012
25.50131
13,50352

-8.32831°

-20,32115

-20.59218
-32.80382

20,17176

T -1.930813
10.25461
30.04707

18.16258
5.81816

-2.76523

16,6073%°

7 31.53A16
-24.83093
~iR. 26163

2.05159

Tl16.01741

3. 70897

i2.27382

S 1.510585°

T2.917154°

g 84 H
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MILTIPLE RPEGRESSION. a0 oa UM(1)-31

SFLECTION... 0028

VARIABLF CHMEAN STANDARD  CORRELATION  REGRESSION SIN. ERROR —  COMPUTED

N0 - COUDEVIANION T T X VS v TCOFFFICIENT  OF REG.COEF, T VALUE
2 13 AR LT09 T 14.54689 ~0.22996 -0.27472 0.24301 -1.13050 -

£ 187 2.,31515 TN A0213 T T 0434859 T T 4.10008 T 1.92R66 T T 2,12639

sy 19 2.25644 1.05664  0.41978 5.36769 3,65709  1.46775

L) 22 25.354R3 1.83815 T 0,38323 1.63735
DEPENDENT

Wl A 48,0977 7 22,2020 0 T T e e

o TT0.7919 T T 0.48367 T

INTERCFPT _30.60022 o T e
CMULTIPLE CORRE(CATION 0.60867 » ) o
ST, FRROR OF ESTIMATE 18.99009 ~ o e S B

ANALYSIS OF VARIANCE FOR THE REGRESSION e .

SOURCE 0OF VARTATION DEGRFES SUM OF MEAN TUUF vAaLnE

o © 77 OF FRFFDOM ™ SQUARES 7 SQUARES

ATYRIBUTABLE TN REGRFSS [ON 4 5518.15625 1379.53906
DEVIATION FROM RFGRESSION 7~ 777726 7 77 9376.51172 7 "340.43%01 0/
JULALLE 1 S 30 14094, 66797

g d H

S
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MULTIPLF RFGRESS ION. oy o UM(1)-121!

SFLECTION, .. ..28

o - CTABLE OF RESIDUALS
CASE ND. ¥ VALUF
" 1 T 40,00000
T2 14.00000
a 54.00000
e "41.00000
T8 40.00000
U6 T 5,00000 7
B 1 R. 00000
T A " 60.00000
9 S0.00000
I 20, 00000 77
1 T a.00000 0
T2 77T 49,00000 T

T 1A 24,00000

TV G T T4, 00000 T
L 60.00000
TG T T R0L,00000 T
1T 7T T38,00000
e T sr,00000 T
19 68,0000

U207 7 m.60000 0 T

210 777 71A.00000

T 227 T T 6bl00000 T

Y ESTIMATE 7 RESIDUAL

S 47.71376

4R.H4438 -B,64435
51.30904 T 16.61096
45.m1399  '8.08601
461716 T -3,.61716
37.94240 2,057h0

37,29045 7 =32,29945
24.71202  -16.71202
36, 75977 ~23,24023
37.90049 12.09911
"-10.06879"

30.06839

T 30.01184 . =22.01104

38.17015 7 10.82985
N, 43040 -14.43840
L3, 1316
33,31537 26.684h3
ST, 113327 T =1.119332
27,25537 T 11.74463)
69.971220 T =12.91220
39,63)100 28.36900
6007132 T 11.92868
72.92291 '5.07703°
SA,34123 T, 88811

~23 7 60.00000 62.77803 " -2.77803

S T247 TTTTIR.000007 T T6Y.00232 T 1699168

s 79.00000 48,20703 —  30,7929T7

TTTT26 T T T 64.00000 T T 61,26064 T 2,136
T ©32.00000 57.29536 ~25,29535

TTT2A T 26.00000 7T 4b008TM0T T =20.1A710°
29 69.00000 66,41526 T 3. 504176

A0 T 52.00000 7T TR 86001 T ~1b056001
T3l 4B,00000 0 44043227 1.56773

-8 84 H

S

d 3 DN

O N



MOLTIPLE REGRESSTONG .o UH(1)-311

_SELECTTIONs ¢ 04430

VARTABLF ME AN STANDARD CORRELATION REGRESSINN ~  STD. FRROR  ~ COMPUTED
hn, T T U DEVIATION T U TX vs YT T COEFFICIENT T OF REGL.COEF. | T VALUE

37 s 60.96773 25.63910 -0,50020 C -0,39152  0.18500 _  -2,11638__
5 12 485 .83062 152.36195 7 0.16122 0.00711 T 0.0274) 0425930
6 14 1,00593  1,28%4 T 0.08077  -1.49A55  3,33119 -0.44985
$2 13 ~ 88.709617 14.54609 -0.22996 =0.104107 7 TT0.,29231 -o.asul

| 22 25.35483  7.83815 0,38323 0.68027 —  0.54421 " 1,25002

DEPENDENT T
g7 A 4BL096TT  22.28203 o e e

INTERCEPT T es ey T T e e

MULTIPLE CORRELAYION — 7 0.8774¢ =~~~ — -~ 777"

STD, FRROR OF ESTIMAYE 19,9271~~~ oo

ANALYSTS OF VARIANGE FOR THE REGRESSION =~~~

CSOURCE OF VARIATION 7 DEGRFES  ~ "SUM OF " " MEAN T TTF VALUE T

_OF FREFDOM ~ SQUARFS " SOUARES
TATTRINUTADLE YO REGRESSION ~ 5 T 4086.7695% T T T 993,35378 T T
DEVIATION FROM REGRESSION j_ 25 9927,89044 —  397.11572 .
TOTAL T30 T T 14894, 66791 AT

4 3 ONIS-84dH

O N



-99¢-

MULTIPLE RFGRESS 10N, 0o UN(1)=3]

CSELECTION,eae,30

"TARLE OF RESINUALS

TCASE N0, ¥ VALUE Y ESTIMATE RE ST NUAL
| 40, 00000 45 .V6T6R -5.36768
T2 C 74.00000 7 81,03351 ° 22.96449

3 54,00000 40.09747  13.,90253
T 41.,00000 472.91R24 ~ =1.91A24
s 40.00000 42.62694 -2.62694
B 6.00C00 37,46203 ~32.462873

7 A.00000 26.34495 ~18.34485%

Y 60.00000 T 36,25536 23.74464

) 9 50. 00000 472.95971% 1.04025%

T T 20.00000 AMT7521 7 =f1eT1521

i1~ © 8.00000 31.68520 =23 ,6R520

TS T T T 4900000 49,905313 TTT-0.90533
B T 24.00000 43,90419  -19.968419
T o147 1400000 T 37,9301 T =23,93481

1s 7 60.00000 39.90776 20.0922%4

TTTTH6 T T 8spLno0on0 T B1,0M315 7 ~1.00318
T T 7T 39,00000 T 25.60059 T 13,39941
T T8, 000007 T68.10580 T -fi1.10588°
T 19 T T é4.00000 41,7603 ~ T 26.21397

TTTT230 TTTTI8.00000 T 61.96198 T T 16.01802
3| T 78.00000 T6A61R00 0 T T 9,48199
""""" 227 T 7T 6600000 TU53,208397 T 12.19161°

23 60. 00000 50.21757 1.00243°

ST 24 777 718.00000 T61.25374 T 1hL146267

25 T 19.00000 40,11676 .38.88324
) 267 T 64.00000 T T 59,71580 T h,22420
21 32.00000 58.91489  ~26.91489
200 7 26400000 T 80.23404 " T=24.23404
20 69.00000 0.30777 -1.30177
i 10 7 52.00000 11.73433 T=19,73433
LI 48, 00000 431,199175 4,00025 °

g 3 H

S

d 3 DN I

O N



“L9C~

MULTIPLFE PEGRESSTON. osotM(1)-31

SFLECTINNG. + 4432

VARL AN E MIAN S TANNARYD ~ CORRELATION REGRESSION STD. ERROR  COMPUTED
X MO, DEVIATION X vs ¥ COEFFICIENT 0F REG,CNEF., T VALUE
YR X 4N5.83R62 152.36195 0.16122 0.00966 0.02679 . 0.3%6058
§2 AR, 103617 14,54689 -0.22996 -0.16004 0.264911 ~0,62445
sy s 2.59400 119654 -0,50483  -7,74339  3,26998 -2,36802
7 22 25.354813 1.R3A15 0.38323 0.70538 _0.51328 1437425

I'Fp"fll)r"" S &is " % =] . - e o S08 L . P A —— S s
41 » 44,0977 - 22.2020)3 ‘ _ v

INTERCEPY . 60.51794 i i _ ) e

MULTIPLF COPRELAT INN B 0.58385 ) ) o B - e

STN. FRROR OF ESTINATE 19.43159 U

ANALYSIS NF VARIANCE FNOR THE REGRESSINN

SOURCE NF VAR TATION  DEGREES SUM OF MEAN  F VALUE

OF FREEDDM ~ SQUARES C T SQUARgS T o T

ATTRIRUTABLF TO REGRESSION 4 5077.39063 1269.34766 3,361 173
DEVIAYION FROM REGRESSION 26 T U OANTL21134 T T ANes8T40 T T T T
Jovae 3n vamdsleelr9y

8 3 H

S

4 3 ODNI

O N



-89¢-

MUITEIPLE RFGRFSSTON..... UM(1)-31

SFLFCTION oo o432

CASE NO.

—
SECET NPV WN -

- g —
oS DN -

—'-
=~

19
20
21
-394
23
24
25
26
21
24

.. 3

TAALE NF RFSIDUALS

¥ VAL UE

40,00000
74.00000
S4, 00000
41.00000
40,00000
5.00000
A.00000
6£0. 00000
50.00000
20.00000
8,00900
49.00000
24.00C00
14.00000
60.00000

50.00000

39.00000
57.00000
68.00000

TA, 00000

76. NOCOO
66.00000
60,00000
7M.00000
79. 00000

64.00000

32.00000
26.00000
69, 00000

C§2,00000
48,00000

Y FSTIMATE
43,21V424
8, 62560
30.94110
41.23302
41.89760
36. 171837
27.35061
18.0544)
43,3653
13, 21065
13,21545

49.12102

IR, 54039

40,1096

14,0RB20
56.51357

25,8040

10,32161

61.43120
69,63329
52.0014¢4

58.29199

59,12511
41.90706
69.54993
60. 76045
50.53802
68411115
12.42618
44,46249

42.24640

RESINUAL
“3.23624
15.37440
15.05090
-0.23302
-1.89160
-31,77837
-19.350613
21.94457
6.63469

-13.21065

-25.21545
-0.72102
-14454039

T =26.1096)

26.91100
-6.51357
13.195109

-13.321461

25.75360

TT16.56880

A, AA671
13.094134
1470601
18.27469
317.09294
T 4.45007
~26.T16045%

’ "405‘““2

0.0881885

T=20.,42618

3.53751

g8 ¥ H

S

4 3 DN I

O N



-69¢~-

MUITIPLF RFGRESSTON. e UM(D)-T3):
SFLFCTINN. . 00033 S S - e e ey
VARLABLF  MFAN STANDARD ~ CORRELATION  REGRESSION ~ SID. ERROR __— COMPUTED_
X N0, DEVIATION "X v§ ¥ COEFFICIENT  OF REGJ.COEF. T VALUE
2. 1 M, IN96T V4. 3600 20.22996 =0,18051 0,235045 = -0,72073
gg i5 2,59400 1.19654 -0.50483 ' -6.48680 T 3,36865 0 -1.92564
(19 2.20664 0 1.05664  0.41978 3.14645  3.96679  0,79320
122 25.354R3 T.A3815 0.30323 C0.85022 0.49367° T Ti.aM700
DE PENDENT o o . ~ o
41 8 4R.00401 T 23,2m8203 0 . T i e, e
INTERCERT . .51.38579 I S S o
MULTIPLE COMRIUATION ' 0.59434 i e e o
ST0. ERRAR OF ESTIMATE ~  V9.24883  ~°

SOURCE NF VARTATION " DFGREFS SUM OF " MEAN
) S T OF FREEDOM 7 SQUARES ° 7T T SQUARES T
AYTR IBUTARLE TO RFGRFSSION 4 §241.40625 1315.35156
DEVIATION FROM REGRESSION 77 726 7 79b330261012
TOTAL . 30 14894, 86797 T

_ANALYSIS OF VARIANCE FOR THE REGRESSION — ~

__F VALE

CTaussoni

g 9 H

S

d 3 DN

O N



—0iLg~

MULTIPLE

STLECTION.ea o0

REGRESSTOCNG oo oo UM(1)-31

TABLE OF RFESTCUALS

CASF NO. 7 " Y VALUF
1 40.00000
2 4. 00000
3 54. 00000
4 41.00000
§ 40.,00000
6 5§.00000
7 A, NOCHO
A 60.00000
9 50.00000
N 20,00000
i . 00000
R V] "49,00000
1 24.00000
14 14.00000
15 6£0.00000
16 50.00000
17 39.00000
T 1A T 87.00000
P9 &R 00000
20 8. 00000
21 18, 00000
227 66.,00000
T2 £0.00000
24 T 718.00000
128 79, 00000
26 T 64.00000
27 312.00000
Y N 26.00000
20 69, 00000
10 52.00000
A 48,00000

T ¥ FSVIMATE

42.16711
56.,79087
19,10770
40.64198
40.40813
36.031366
27.94862
3630153
40.41637
1l.216490
31,7964

45.07332

36.80562
431,68324
33,43370
La_ 0ARS G
29.81917

40.71080
1m.on212°
60.30461
45 . 63466
47.44682

6R,1456)
12,0264

46.34926

69.50139
Tel.nery
CsR.B5218 T

60.88512

T60.30461
50.54071

RESINUAL
-2.16711
10,2091 7
14.89230

0.35802
-0,409113
-31. 83366
-19.94A062 "

23,6947
9,581363
“~11.91690
-23, 79614
" 3,92668
-12.80562
“Zooéﬁl?«
26.36610

T -A,0n856

" 9.,18024

~-12.907139

21.28920
16.208127
6.9178A

" 10.14784
-0.30461

T 17.11488
33.365%4

T 3,69539
=21.54071

= 21.44602

0.85439
T-20.10264
1.65074

Il:) NI "33 DODNIS-834H



=[Le~

MULTTPLE REGRESSTONa. o

SELECTINNG, . ..35

VAR TABLF ~ MEAN
X nNO.
£ 12 4R%.83962
52 1 Ad, 70941
Cl 27 125.135483
3 24 0.45129
DEPFNDENT
41 6 ARL0917

INTERCFPY
MULTIPLFE COCARFLAY ION

s, fpnnu OF ESTIMALE

ANALYSIS OF VARIAMCE FOR THE REGRESSION

SOURCE NF VAR LTATION

ATTRINITABLE TO REGRESS
DEVIATION FROM REGRESSI
T0rAL

« UM(1)-31

16.43057

NFGREFS SUM OF
T OF FREEDOM SOUVARES
10N 4 5078.41359

ON 7T T2 T T0816,23490
J30 14894466797

STANDARD CORRELATION  REGRESSION  STD. FRROR  COMPUTED

DEVIATION ~ 7 x vS ¥ CNEFFICIENT OF REG.COFF., T VALUE
162,361 9% 0.16122 0.00968  0.02679  0.36129

14.54680 777 -0,22996 ~0.16810 0,26908 T -0.62414
T.0AALS 0.38323 0.70555  0.51322  1.37476

T 0,20796 T -0,504179 -44,56453 1a.80361 7 T -2.36874
22,2820 - Tty T T
L0.52064 g - ) e ——
0.5R304 © - e

MEAN — © " F VALDE
T SQUARES T T
1269.60840 __w}!zéglﬂ,_m«NN,

R TLFETYET S

g 9 H

S

4 3 ODONI

DN I



=CLiC=

MILTIPLE PFGRESSION. oo o'UM(1)-31

SELECTINM. wa oo 3S

TABLE
CASF NN, Y VALUE
) 40, 00000
? 14.00¢00
E} 54.00000
4 41,00000
s 40,00000
& 5.00000
1 8.00000
] 60,00000
9 §0.00000
10 20, 00000
R | 8.00000
12 49,00000
13 24,00000
14 T o 1400000 0
) A0. 00000
16 ©50.00000
17 39,00000
1A 7 81,.00000 T
19 69.00000
20 TR, 00000
21 T9,00000
22 T 6k, 00000
21 60, 00000
24 7 18,00000
25 .00000
26 T 64.00000
27 32.00000
24 T 26.00000
29 69,00000
io 52.00000
L} ' 408.00000

OF RESIDUALS

Y FSTIMATF

43.22549
5R. 61998
IR, 95602
41.206173
41,91594
36.7A535
27134712

18.04601

43,3498
33.20726
33.21530
49, 10619
IR.5214)
40.11003
14.081617
54.51A52
25.R1422
70.32933
42.25R42

Tel 42686

60, 64040

52.92142

SAL2R140

§9.74274

41.90306
59.53901
50.74553
50.55621
6R. 12176
12.42516

44 4TI

RE ST NUAL
-3.22549
15.20002
15.04398
-0.20A73
-1.91594
~31.7A8538%
-19.34772
31.95309
6.65065
-13.20726
~25.21530
-0.70619
-14.52141
-2b.11003
25.91841

-6.51052 °

1314578

TT=1303203%

25.74158

16.57314°

R.359%0
13.017058
1. 71860

T 18.25126

317.09694

4. 46019
-26.74553
-24.5562)
0.07624
TTe20.425106
1,62223

JIl:) NI "4 3 ONIS-834dH



= LT~

MULT IPLE REGRFSSTCNoao oo UM(1)-31

SFLECTION..eo0d6

VAR§ABLF MEAN
1 PO
§2 13 88. 70967
IYARL 2.25644

3 25.35483

4 24 0045129
DEPFMDENT

gy & LAL006TT
INTERCFPT

MULTIPLE CORRELATION

ST, FRENDR OF ESTIMATF

SOURCF OF VAR JATID

S

"DEVIATION &~

TANDAPD

 14.546R9

N*,V

1.05664
7,R3015
0,20794

22.2820%

o BTAATANS

19.24802

ATTRIRDTAALE YO REGRESS INN 4
DEVIATION FROM REGRESSION 77 26

10TAL

LI

NEGRFES
C T OF FREEDOM

_CORRFLATION

X vs v
-0.22996
0.4197a
0.3932)

-0.50479

SUM OF
TTURQUARES T T TTTTRQUARES T T T T
CT1115.50408
B2, 640441048060 T T T

_14R94.66197

§262,01953

REGRESSTNN

-0.18063

3.14493 7 777

0,65055

=303

MEAN

EGRESSION ST, ERROR
COEFFICIENT — OF REG.COFF. T VALUE

_ COMPUTED

0.2%04)  -0.72131

3.96683
0,49363
19.381139

ARAUYSES OF VARIANCE FOR THE REGRESSION ~ ~  ~

T To.19280
. e 31 089
>1.92613

_F vALue

2255015

-8 4 H

S

4 3 ON |

O N
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MOILTIPLE REGRESSION. .o« aUM(1)-]],

SFLECTIONs o s 0036

‘CASE NN, ¥ VALUF T Y
o i T 40.00000
Y 14.00000
i A _ 54,00000 °
. 4 41.00000
§ 40, 00000
L § 5.00000
s 7 a,00000
| T 6000000
aQ 50, 00000
10 T 0.00000 7T
I § B A,00000 7
B A 49.00000 7
B &) T 24.00000
14 T 14000000 T
15 60.00000
TUTTNE T TS0 00000 T
11 19, 00000
TTTYa T s1.00000 7 T
19 68.00000
20 TT19,000000
o2 © 18.00000
TTTTTP2 TR DDOOO T T T
T3 T s0.00000
24 T T 8,00000
25 7 19.00000
6T T b4, 00000
217 33,0000
2R T 26.00000
. 29 69.00000
T30 7 T 82.0C000
1) © 48.00000

TABLE DF RESIDUALS

FSTIMATE

42.16191)

T 56,79)1213

319,12469

40,62341

40,4250
36. 04351
27.94R26

36.29596
40.40291

31.91431)
31.796A4
45,05980

36.79070
43,.646019

13.6310)
58.08992
29.81796
£9.91144

71.08912
56.86597

6029340
L0, R946
T 45.62926
T60.29340
C 59,5253

41.46440
68.15414
2.10011

46.35744

T RESIDUAL
-2.16191
19.20877
14.87531

T 0.31659
-0.42580

~31.04351

-19,94R26
23,70404

2,59709

S TT=11.9143)

T -23,.796R4

T 3,94020
-12.791170

- =29.66019

26,16899

T -, 08992

9.1R204

TTTTTR12.911 44
40,12392
Gl.T1098 T

21.21608
16.26H02
T 6.910487
10.13403
-0.29340
T T1.10234
) 313.31074
T 3,10660
-21.52536
T =21.46440
0. 84566
=20.70177
1.64256

g d H

S

4 3 ON I

.

O N
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MULTIPLE RFGRESSION ...

_SELFCTION. 400038

VARY AR E
NOL. T } )
£ 485.83862°
21 AL 709617
14 2.136415
5}'22 T 6. A54A T
NE PENDENT
4l 8 40, 09617

HEAN e

INTERCERT

ML EIPLE CORRELATION

SYD. FRROR OF ESTINATE

CSOURCE OF VARTATION

ATTR IBUTABLE T RIEGRESS

DEVIATION FROM AFGRESSTON

I0TAL

« UM(1)-31

STANDARD

DEVIATION

152.36195
14.54609
1.80213
“1.43818

CORRELATION -

X Vs Y
0.16122

T -0.22996 0

0.34859

T 0.38323 7

22,20200 7 T

e V082300

000211

DEGREES

10N 4

30

Moo

“OF FREEODOM

ANALYSTS OF VAPIANCE FOR THIE REGRESSION

SUM OF
SQUARES T~ T TSQUARES T T T
5§399,89063
26T 0494071734 T
_ NaR94. 88797

©0.803A T 049008 T

REGRESSION  STD. ERROR  COMPUTED

U COEFFICIENT ~ OF REG.COEF. T VALUE

0.04255 0.03169  1.34298
=0.215000 7 70,2584 L -0.83201
6.20740 2,40151 _2.58479
. 1.863989

- i - S i 2 ot e 50 S ' et
- - - S— st o S e ———— g

MEAN T F VALWE T
134997266 " 3.60k70
365.18359 7 i

i oo i i M S g

e g i £ e e e o e e e g

4 3 ONIS-84dH

.
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MULTIPLE REGRESSION.es o« UN(1)-3],

SFLECTION, .o 0038

CASE N,

|
1

|
!
- — ——— — —" — ! i
DN APV IDNUDT AP LN -

AR N NI N ro -
S AN wN=D O

N>
~

e
29
30

TAPLE OF RESINUALS

Y VALUE

40.00000
14,00000
S4, 00000
41,00000
40 ,000n0
5.00000
8. 00000
60.00000
50,00000
20.00000

~ 8,00000
49,00000

24.00000

“14.00000

60, 00000

T s0.0n0000 T

319.00000

57.00000

6AL 00000

“74.00C00

TR.00000

T 600000

60.00000

~718.00000
19.00000
T 84,00000

32.00000

126.00000

69,00C00

' 52.00000
4A,00000

Y ESTIMATE T

50.32712
59.46431
43,94028
44,1169
7. 09291

" 33.00101
19.30889

T 40.26575
44,33252

32.758617
471.15194
42.04707

31.52n%8

YT 73,139229

T39.81137
T 61.7241T7

THB.974 14
"""""" 53,05283
T T 49.43000
h0.00462
42.33966

$7.12741

Ts0,34%44°

67.04053

65.33051
Q1201

T32.35761

44,6294) 7

86.32R217
25.m4R86°

k2.67326

RESIDUAL
-10.327)2
14.53569
710.05772
" -3.17169
2.10700
-28.00101

-11.38809

19.73425%
S.66748

-24.15867
7T 1.24006
-18.047017
-30.6294)
20,471 42

T13.15164
TTTTT-16439229
) 268.10862

9.02522
T 12094617
0.56192

TTTT1.9953

36.66034

=25.121410

T-12.35761

1.32674°

=6 032R20

TTTTT16. 275037

TR 24.8000
’ 1.95947
TT13.33081
) 4.28719

I':) NI "33 ONIS-8434dH
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APPENDIX F-2

MULTIPLE REGRESSION ANALYSIS -- OM(1l) n = 29

NOTE: For an interpretation of the following
pages see pages 152, 167, Table VIII-1 and
Section VIII C5b.

=277~
Reverse (Page 278) Blank



=643~

MULTIPLE REGRFESSTON oo« OM(1)-29

SELECYIONyseea 3

CVARIABLE  MEAN  STANDARD

~ CORRELATION  REGRESSION  STD. CRROR____ COMPUTED
NO . ) DEVIAY[ON X VS Y __ COFFFICIENT _ OF REG.COEF, T VALUE _
T 6 42.34482 _ 18063611 ~0.25876  -0.60523  0,30693 -1.97190
(s  60.96552 8.05552 -0,06186 _  -0.73710 . 0.63957 ~1.15248
O 10 A73,48267  190,69749 L.m0.14495 -0.00797 _ 0,03067  -0.,25976
12 110.21585 6.09¢66  -0.57363 -2.60212 0.77T196 __ -3.37080 _
Gt 1n  8.96723  T7.40330 0.047133  .1,00620 _ 0.81870 1.22902
DEPENDENT ) e v S B T
1.0 712,86206  31,90244

EW e

-
¥

'(rﬁ(!

_ANTERCEPT IR TTIETETS B

S MULTIPLE CORRELATION  — 0,66606 - T i - -
T STD, FRROR OF ESTINMATE ~ 26.25%39 T .

ANALYS IS OF VARIANCE FOR THE REGRESSION
SOURCE OF VARTATION — DEGREES SUN OF T TMEAN T
. oo 0OF FREEOOM  SQUARES SQUARES
AVTRTRUTABLE TO REGRESSION 5 12842.49219
_DEVIATION FROM REGRESS ION 23 15854,95313
S TaraL 28 20497,44531

L 2528,49829
.-689.34570

g 9 H

S

4 3 DN I

O N
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MULTIPLE REGRESSTON..o oo 0M(1)~29

SELECTION. sy, 3

SICUALS

ESTIMATE

80,2412
98,75226

_ 80,8971

104.06726

85.87840
49.89934

T 06415913
69.4H000

7R, 81789

'1|G.|zh|3

95.65797

C65.29109
89. 75217

62,.66844

65.04432

61.62550
71.06796
65. 75046

TT19.24112

34.343138 _

T15.206828°

45.15529

00.76614

N0.34668

69, 36865
6£1.58960

TABLE OF RF
CASE N0, ¥ VALUE ¥
___y_____100,00000
T2 7 7100.00000
e A _100,00000
4 100.00000
.8 ___l0o0.00000
o 100.00000
1 3%,00000
A 93,00000
9 ~100.00000
716 T 100,00000
701 T 100.00000
12 100.00000
Y3 100.00000
B 14 7 al.00000
15 40.00000
T 16 T 39,00000
. “)IWA_"_ 46 OOOOQ_v_
18 57.00000
__ Y9 . 6eT1.00000
T 20 7 35,.00000
_.2)y . 4s00000
22 7 s2.00000
23 " 29.00000 _
24 . 83.00000 _
25 100.00000
26 ~100,00C00
21 23.00000
24 - 100.00000
29 29.00000

54.57303

84,7255)

C11.756RA
1.247174

19.10329

14.121060

15.27449

T RESIDUAL

-4,06126

C-14.89934
-1.15911

30 51112
21, lﬁle

~15.12613

4.34203
34.70811
T -BlT521T
—2! 66044
1226094432

TZ14.06796

1.24954
-44,241)2
-30,34338

3671172

60,8968

19.65332

-15.62558

_-16,75529 _
“22.10312
19,23186

oo Th6.36865

310.41040
-25,5130}

g 8 H

S

4 3 ON

N
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MUITIPLF REGRESSTON....o0M(1)-29

SFLECTION.oe s &

VARLARLE

X NO.

31 4

“\ 5

S2 12

51 16

(A
OEPFNDENT

- . |
INTERCEPY

MULTIPLE CORRELAT TON

STD. ERROR OF ESTIMATE

" SOURCE NF VAR TATION

MEAN

42,34482
60,96552
110,27585
2.56103)
n.96723

12, 86206

STANDARD
DEVIATION
18.613611
B.05552
O ﬂQflbfy )
1.16355
_1.403%0

31.90244

T 416,06738

‘CORRELATION

X VS Y
-0.25076
-0.06186

~0,57363

0.035)7
0.04733

0.66824

26.186R0

ATTRIAUTABLE TO REGRESSION 5

DEVIATION FROM REGRESSION

TOTAL

23
2

DEGREES
OF FREEDOM_

——

SUM OF
___SQUARES
12125.22656
15772,21875
28497 ,4453)

__REGRESSION

COEFFICJENTY
-0,67184
-0.69182
=2,65306
~2.68972

077619

" ANALYS1S OF VARIANCE FOR THE REGRESSION

MEAN
___SQUARES .
" 2545.04517
__685.74854

STD. FRROR
OF REG.COEF,

0,35502

_ COMPUTED
T VALUE

_=1.89231

0.64892 i
0.72404 . =3,66535 7
6.19513 -0.434}7
0.79131 0.97421 -
O TFVALUE

g ¥ H

S

4 3 DN

.

O N
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MULTIPLE RFGRESSION.«a.

< OM(1)-29

" YABLE OF RESIDUALS

101.0259
_A2,20322
T a3.aTI0L
105.60914
87.06973

95.78293
72.52095
02.01341

C113.05119
95.733152

90.44133

_51.22089 _
65, ‘351 83
63,06476

T 13,4698

61.53415
00 52425
39.012719

_ 18.60255

7.35391

. 80.89316
L 69,74059
.59.537122 .

CASE NO. _ Y VALUE
1 _100.00C00
B 2 100.00000
.3 100,00000
_ 4 ~100.00000
5 100.00C00
e 100.00000
1 35.00000
8 93,00000
9 T100.00000 _
10 100.00000
T 100,00000 _
12 7100000000
. .100.00000
14 81.06000
= 15 _ 40.00000
) 14 19.00000
) 17 __46.00000
v T 57.00000
Yo 61.00000
T 77207 777 35,00000
21 4,00000 19
T 22 7 T 82.0G000
... 23 29,00000
24 __83,00000
25 100.00000
26 100. 00000
21 23, 00000
T20 " 100.00000
29 29,00000

_56.68201

Y ESTIMATE
B7.19969

4540987

64,6008

~45,52425

57,6465
01.98915

12.60031
-1.02596
1T7.79678
16.52299

T RESIDUAL

-5.60914

12.93027

_=10.40987
21.41105
17.98689

T -2.18293)

w‘_:ll 0‘)!1‘) i

T 4,26648
T 35,39162
~9,44133

-26.55183
-17.06476

5. 46585

~35.01279

- 19.10684

~21.68201

"711.27000_

T-14.46985

_33,39745
-18.3539)
25.35315
18,01085

746, 74039
40.46278 _

8 34 H

S

34 3 ONI

O N
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MULTIPLE REGRFSSION. eewe OM(1)-29

SFLECTIOM, 4y o0 A ~ - e - -
) VARLABLE MEAN STANDARD ~  CORRELATION RFGRESSION  STDy ERROR ~  COMPUTED .
X O NEVIATION X VS v COEFFICIENT . OF REG,COEF, T VALUE
37 4 42,364R2 18.63610  _ 0.25077 _ 0.60521  0,30689 _ 1.97207
qé 5 60.94552 A.05552 0.06188 0.73709 0.63949  1.15263
3C 10 . 8713.4n267 190.69748 0.14496 0,00797__ _ _ 0.03067 _0,2599)
S22 12 110.271505 b. 89664 0.57361 ‘ 2.60)1606 o 0.IMAe . 3,37065
Gl 10 N.96123 o T1.40330  -0,04734 -l.00620 0.81859 -1,22918
DE PENDENT o - N .
4yl 1 21.14272 31.49015 . . I
TINTERCEPT T -328.26074 - S
MILTIPLE CORRELATION = 0.66606 i e -
TSN, ERROR OF ESTIMATE  26.25105 o SN
) ANALYSIS OF VARIANCE FOR THE REGRESSION
SOURCE OF VARTATION " DEGREES ~ SUM OF T MEAN F VALUE
s o . OF FREEDPOM  SOUARES SQUARES —
CATTRIPUTANLE TO REGRESSION § 12639.109138 25271.82118 66798
DEVIATION FROM REGRESSION 23 15850.675718 = 689,15%967 _
TOTAL .28 208489.78516 ~ S P — .

8 4 H

S

4 3 DN I
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MULTIPLE REGRESSTCNeoo oo OM(1)-29

SFLECTINN. oo 8

TABLE OF PCSICUALS

CASE MO. Y VALUF

) 1 0.01000
2 0.01000
3 0. 01000
4 0.01000
s 0.01000
6 0.01000
1 65.00000
A 7.00C00
Q 0.01000
10 0.01000
1 0.01000
12 0. 01000
13 0.01000
14 19.00000
15 60,00000
16 61.00000
17 54, 0C000
18 43.00000
19 ~31.,00000
20 65.00000
21 S4. 00000
22 4R.00000
23 71.00000
24 17.00000
25 0.01000
26 0.01000
21 71.00000
20 0.01000
29 71.00000

Y FSTIMATF

1. 16645

1.257%1
15.28021
10,1097
-4, 05723
14,12884
50.1025R

3.84830.
10.51640
21. 108174
15.11700

4.35140
14.71080
10.25345
16.33351)
34,058R5
JA,37TROT7
28.93495
34,2%015
20. 16434
65.65691
B4, 71034
54,24529
19,10478
172.23969
19,65904
10, 63006
IR, 41258
45,4319

RESIDUAL
=11.79645
~l.247513
-15.27021
=19.09996
4,06723
-14.11884
14.89742
3.15170
-30,.50K47
=21.17873
15.12700
~4.34148
-34,70079
B.74655
23,66649
26.94115
15.62193
14.06505
~1.25015
4423566
30.34309
=36.71024
16.75471
-22.10478
-19.22968
=19,649013
46.,36194
=38,40257
25.56911

8 4 H

=

4 3 DN
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MULT IPLF REGRESSTON. eeeeOM(1)-29

SELECTION.G e ey 9

CVAPTARLE  MEAN  STANDARD  CORRFLATION  REGRESSION __ STP, ERROP

X nO. DEVIATION X VS Y.
T 4 42.34482 1863611 0.25R77
| 5 60.96552 8.05552 . 0.06188

‘-' 16 . 2.56103 1.16355 . -0.03518

DEPENDENT

212 . 110,21505 6.89666 _0.51361 .

14 A.96723  T1.40330 _  -0,04734

_COEFFICIENT  OF REG.COEF,

L 0.67177
. 0469184

.. 2465344

2.60865

_=0.T1680

0.35498.
: 0,64884
0472395

0.,797120 ___

_ COMPUTED.
T VALVE _

1489242

.. 1.06627 _

o 3.6652)
6.19432

__-0.97441

0,43405

U3 7 27.14272 3189815 o - . i e
INVERCEPT T -336,0)074 ) o e
CMULTIPLE CORRFLATION  0.66623 it il A
STD. ERROR OF ESTIMATF  26.18336_ ) e e e M

SOURCF OF VARIATION . DEGREES SUM OF
: i : . OF FREEQOOM  SOQUARES
CATTRIBUTABLE YO REGRESSION 3 J2721,49922
13766.,08594

3.
0 28489.78516

DEVIATION FROM REGRESSION _

TOTAL

'
~Nin

 ANALYS|S OF VARTANCE FOR TIE REGRESSION -~

L tMEAN
. SQUARES

. 685,56885

2544.33984 T 3,71028

g 8 H

S

| 4 3 DN
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MOLTIPLE REGRESSIOUN.soo.0M(1)-29!

S ELECT N v wimn D e ]

-98¢-

T T TTTTYABLE OF RESIDUALS o

_CASE N0,

i}
i
i
|
|
i

|
|

PN = OO TN D DN e

. _0.01000 __ 27.47636 = -21.46635
SR, | oo ... 0,01000 «993138 _=17.99337
SR . 0.01000 3.04248  13.05248
12 0.,01000 B «27514 . =4.26534
Y 0.01000 35,39404 . 735.38403

14 19.0¢000 9.56432 . _9.473508

} 15 _60,00000 _  __ 4R.7TB44  11.22156

I . 61.00000 ___ 34.45151 _  26.54A49
AT 54.00000 16.93849 17,06151

18  43.00000 © 26.53342  16.406658
1S 33,00000 _ 3BL4663L  -5.46631

_..20 65.00000 __ 19.48080 __ 45,51920
) . _96,00000 _ 60.908T46  35,012%4

I
|
|

0.01000  _  12.00955
0.01000 - -1.01679
0.01000____ ]7.80310
_..0,01000 ___ _ 16.52953
e 02 01 CO0
.0.01000

12,93707

7.00000 14,22441

__ kR, 00000 _  81.39540
11.00000__  52,64641
17,00000 - 42,315530
... 0.01000______ 18.01703
_..0.01000 _ _ 19. 11281
. 171.00000

0,01090 40.46552

_ T1,00000  43,32207

65.00000 __ 54.59132

30.26599

T RESIDUAL

- 12.79953

1.02679

L =11,79309

_=12.92107

.. 2477553

TT233.39540

_....=23,35510
-19.10280
. 46.13401
=40,45551

27671793

.10, 40868

. 3.60826

. 18,35359

__..-)h.00702

IDNI‘HBDNIS-SHH



APPENDIX F-3

MULTIPLE REGRESSION ANALYSIS —- OM(2) n = 32

NOTE: For an interpretation of the following
pages see pages 152, 167, Table VIII-1l, and
Section VIII C5b.

-287-
Reverse (Page 288) Blank

HRB-SINGER.
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c
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MILTIPLE REGRESS TON. 4.4 c10M(2)-32,

SELECTION. ... &

VARIABLE  MCAM  STAMDARD  CORRFLATION
X ND.  DEVIATION X VS Y
31 5 4N.15625 24.68915  -0.12319
SO 1 531.15625 1.7 -0.31601
§2 13 C151.37800 0 5,25326 -0.417976 ~
! 25.27554 620014 -0,47599
OEPFNNENT o i
15 ! 64410750 19441965
INTERCERT 23,3596
MUTIPLE CORRFLATION 0.56A30
STD. ERRONM OF EST IMATE 17.120517

ANALYS IS OF VARIANCE FOR THE REGRESSION

SOURCE NF VARIATION DEGRFFS
" OF FREFDOM
ATTRUDUTARLE T RFGRESSTON 4
DEVIATINON FROM ARFGRESSTON I

Torar I | S |

SUM OF
SOUARES
A3776,73291

REGRFSSION — STD.

7914.08594

1690, 81641

MFAN
T SQUARES T T
944,1831)
. 293011426

ERROR  COMPUTED

_COEFFICIENT ~ OF REG.COFF. T VALUE
-0.15415% 002917 ~1.2243)

S -0.01102 T 0.05603 -0.19673
-0.98782 0.74085 -1.33336
-1.03537 TT0,73598  -1.40679

FVALUE

.2z

8 9 H

S

d 3 ON
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-06¢-

MUY IPLE REGRESS T1CNuo o OM(2)-32-

__SFLECTION..oss 6

"TARBLE OF PESINUALS

TCASE NOL T ¥ VALUE T T Y ESTIMATF T

1 72,00000 f9. 75012
C 2 100,00000 ~ BH.ARAA99
3 83.00000 AR, 2A9T79
4 "65.00000 T 5310781
5 19.00000 = 45,9124
4 47.00000 T 41.1891)
] 45,00C00 40,17203
TR T §2.00000
9 39,00000 LA LAY D64
T T47,00000 7T TR 9344
8] 12.00090 6436961
T2 TBY.00000 T T 71.T71988
13 48.00000 T BEL 4R399
T 14 CTR4L00000 T T 4. 20535
15 G4 DOOOO 66.007137
o6 T 72.00000 7T 45.58R16
T 8A.00000 70. 02934
R TOARL 00000 T 6R. 453387
19 81, 00000 6h.15364
N 20 T T T e0.00000 6211067
21 71.00000 T 69.16521
T T 9400000 T 8011060
23 f1. 00000 S 64111179
T34 7 T 82,00000 7 T TR6.52258
25 45.00000 59, A5449
T 26 T 46,00000 T 63, 7718871
217 4R, 00000 65,9231
287 T 83,00000 7 T T 70.83T162
29 50. 06600 56, A0579
10 © 51.00000 T 69.82700
3 AR L00000 15,9072R
) ‘32 53.060000 T 70.68976

s2.149712 7

RESTDUAL
-16.75812
13.14101
-5.28919
11.89249
-26.93124
T -14018933
-3,17203
-0.14912
-9, AT764
TTTLL2.9% 448
T1.63013
" 11.28015
1.51601
T 22.71465
S =2.00137
TTTUhLAL165
T 1T.97068
TTT19, 8544627
1484436
TTT-5,21105
1.83479
S Ar.e2140
16.22221

T4 52255

C-14.8%449
-9.T71887
-17.9234]

-5,80579
~18.82701
12.00272
T-17.6R976

C-11.83162

g8 4 H

S

¥ 3 ONI
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MOLTIPLE REGRESSTON, o0 esOM(2)-32

SFLECTIONG a0 7

VARTADIE MEAN STAMDAPD  CORRELATION REGRESSION  STD, ERROR  COMPUTED
) S DEVIATION X VS ¥ COEFFICIENY OF REG.CNEF, T VALUE
EN 4R 15425 24.6R915% ~ =0.12%19 -0.15015 0.12917 =1,2243)
St 12 31719,70125 69.02605 =0.,28860 -0.01102 0.05603 ~0.19674
g2 11 161,17500 §.25324 -0.41976 ~0.99885 0.73910 C=1.35143
Lt 21 26.,21554 6420014 -0.41599 -1.03537 0.73598 -1.40680
NEPENDEMT : ) _
[E A4, 18150 19. 41965
INVFRCEPY 253.359A5 i - N
MULTIPLF CORRELAT 1OM 0.56038 . ) o B
STD. FRROR NF FSTIMATF 17.12056 ) i ) - - i
ANALYSIS OF VAP IANCE FOP THE REGRESSTON [
SOURCFE OF VAR TATION DEGRFFS  SuM OF _ MEAN T F VALUE
- OF FREEDOM SOUARES " "7 sQuApgs T T e
ATTRINUTARLE TO REGPFSSION 4 3176.73560 94 ,18304 3.22122
DEVIATION FROM RFSRESSION ™ 7 7 27 1914.08203° 7 T 29y (1400 T T T
JAvAL B 1D BNENY

-8 4 H

S

4 3 ON I
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MINLTIPLF REGRESSTON, . ... OM(2)-32

L SELFCTION.eews 7

CASF NN,

T — —— — 3 '
P ANTD O NN D SV

YARBLE NF RESIDUALS

Y VALUE'
713.00000
100,060000
83.00000
65.00000
19.00000
41.00000
45,00000

§2.00000

29, 00690
47.00000
72.00000
M. 00000
54, 00000

A4 00000

64.00000

72.00000

08, 00000

6. 00000

A1.00000
60,00000
71.00000

44, 00C00

81.00000

£2,00000

45.00000

" 44,00000

4A.00000
53,00000
50.00000
51, 00000
A, 00000

53.00000

R

ESTIMATF

09, 75813

Ahe £1000

NA, 28941

53,10750

45,93124

Th1.18930

408,17290

52.14949

4R PTT62

T50.93146

I YPRETALYS

71.71983 7

56,4839
61.2R536
E6.09T3 T
65.58035
10.02934

T 60,4533

66, 15344

65021117

69,1652

T h0,17850

64, 117117
56,52265
57 .RA54 49

TRA,T7THRT

65.92301
70, 83760
56.00579
69.682701
75.997128

T10.68974

RESIDUAL
-16.75813

13.16100
~%,289R]
11.89250
-26.93124

-3.17200
~0.14969
-0,AT7T62

“=14.189230

=12.93146

1.63034

11.2801 7"

“1.51601

-2.097137

L 22471465

6.41165%

17.970b4

T 19,5466

14.84636

Te5.21117

1.83479

T 47,.82141

_16.22223
-4,52254
-14, 85449
-9,.778R7
~17.92381
“1083160
-6, 80579
-108.,82701
12.00272

~1T7.60974

g ¥ H

¥4 3 ONI S -
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MULTIPLE REGRESSTON. ... 0M(2)-132]

.?f!!c'!“!“:-_--t R

VMHAIHF MF AN
A g
§0 1 83). 164625
§2 iy 151.37500
ST 1?7 1.73093

21 25,271554

DFPENDENT ’
T 64.18750

INTERCEPT

MULTIPLF CORRFLATION

STANDARD _ CORRFIATINN
PEVIATION X Vs ¥
NL0136T o -0.31601
5.2532% -0.47976
2.11643 _0.18124
6.20014 -0.47599
19.41965° )
246.24m00
0.55490
17,3109

_STD. FRROR OF FSTIMATF

SOURCE OF VARTATION

ATTRIAUTADNL E YOO RFGRESSION
TDEVIATION FROM REGRESSION ~~

TOTAL

ANALYS IS "OF

DFGREFS
OF FREFNOM
) 4
21
'll

VARIANCE FOR THE REGRESSION

SUM OF

SOUARES ~

3599,7171222
TTTA091,046A4

_11690.81641

REGRESSION —— STD, FRROR COMPUTED
COEFFICIENT.  OF REG,COEF, T VALUE _
. 0 omus A_____.O.l)‘}l-l_ll_ N 0. 061"‘.

-1. 0‘)336 o 0.74Y73 -l 41'-06 £d

_1.39005 1.48550 0.93514 ¢

-0.94108 T 0.73689 -1,27710
= A =t " | =

~ MEAN
T SQUARES
899, 94201_

8 8 H

S

d 3 ON
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MUILTIPLE REGRFSSICN, o0 oo OM(2)-32

'EASf"Nﬂ.'"'”

e e e e

NN = DED N A -

L SELECTINN,.. .4 R

TABLE OF RESIPUALS

T3.,00000

"100.00000

83.00000
ia.00000

45,00C00

Y VailugE

“65.00000

"§2.00000 7

32, 00000

T 47,.00000

2. 00000

" 83,00000°

58.,00000
84,00000
H44 00000
72.00000
AR, 0 0NN0

47, 00000 77

Y

ESTIMATE

90,36047

S 85.17819

60.61708°

AR, 5A42N

Lt 64215

63.33174

50,45044

T80, 72820

S0.12574

T 6N, TARAS

T 89,0889a

AN, 00000 T

Al. 00000

" 71.00000

T08,00000 7T

#1.00000
42, 00000
45.00000

48,00000

51, 00000

50.00000
" 51.00000
aa, 00000
53, 00000

T 60,00000 7

44 ,00000

NMJb2426 77

§7.93697

64.,82021

“85.20041 77

10, 47546

69.25073%

T 66.54361
61, 177184

6B, 02226

51, 19337

64.53499

T 56,29451

f

60,5217
54.45270

65. 39044

88,9781

56.02021
65.38026
T4.54830
69.04201

T60.14551 0

T RESIDUALT

“17.24067

“lhl22121
-5,58A20
14.21180°

~27.64215

I LTI
T -5.45n40

T o1.32292
-11.1257R
~13.74557
"8,20135
Vi1.47572
0.06303

T24.91100

-0.R20217
T 6479959
17.52454
e.r4121
14.45639
=T 171547
2.91174

T46.2016%

_16,46501
—4.2945)

_-15.65271
~10,452170

-17.39084

T-18.07813

-6.82021

C -18.380264

1341170
-16. 84201

g ¥ H

S
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.

O N



-GS6¢C-

MOLTIPLF REGRFSSTNNG .4 0M(2)-32]

_SELECTION. 9.0 9

VAPLABLE  MFAN  STANDARD  CORRELATION  REGRFSSION _ STD. ERROR —  COMPUTED
X NO. B DEVIATION — 7 X vSY =~ COEFFICIENT  OF REG.COEF, T VALUE
5 12 A19.71A12°¢ C£9.02605 T -0.28R60 1 0,00385  0.05681  0,06784
§2 13 (151.37500 15425325 -0.47976 ~ -1.08950 0.74117 -1.46998
57 V7 . 3.73093 S 2411643018124 1,39005  1,49550 0.93574
21 T25.21554 5.20014 ~0,471599 -0.94108 C0.73688  =1.27710
NEPFNDENT ) _ , o e
iIs 64,18750 19.41965 - s
INTFRCEPT ) ) 246424736 )
MULTIPLE CORRELATION  ° 0.55490 ) L
SYN. ERROR OF ESTIMATE  17.31001 - e

_ANALYSTS OF VARTANCE FOR TIE REGRESSION
© SOURCE NF VAR TATION — DEGRFFS SUM OF " TUMEAN

ATTRIOUTABLE TO REGRESSION 4 3599, 17441 899.94360

DEVIATION FROM REGRESSION 7727 "7 B091.04207. 7 7 399,6682)

L1 R £ N T3 1L T2 B

. - L Mean T F VALUE
OF FREEDOM SOUARFS SQUARES

7 3,00313

g 43 H

S

4 3 ON I

N
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MILTIPLE RFGRESSTON. ... 0M(2)-32

“CASE

|
i
|

it fyroo s

= DO DN NG N N -
ioh ] i

SELECTINN.cuos 9

47.00000°

s 64.00000

72.00000 7
TR 00000 T .53428
13 T 88, 00C00 T
N 'mf’ll{""ﬁm" T 84,00000 7

o 60;74554"'f
63.79863

TR, 08096 T T
© 64,8202

T57.93695

T T TABLE OF RESIOUALS T i

W0 TV VALUE T Y TESTIMATET T T RESTDUAL
] T 73,00000 7 90, 34068 -17.34068
TTT100.00000 T 7T a8, 11882 T 14,22118
82.00000 T BA,58A21  -5,5A821

TER. 00000 T 50,7281 1421182
19.060€00 " 4b.bh214 T-21.64214
TTa7.00000 T TR T -16,330 71
45,00000 50, 45045 ~5.45045
52,00000 77T 80,67 106 T T 1,33204°
“30,00000 7 B0.1257TA O ~11.12678

T =11.74554
A.20137
CTI4T5712
0.06305
2491104
-0.02027

6 7T TT12,00000 T 65,20042 7T T 6.79958

17 D8, 00000
TTTTTIAT T TRA 00000 T

9 ~81.00000
T60.00000

21 71.00000

2y A1.00000
24 T 52.000007

25 45.00000
24 T 44,00000°

T GAL 00000 T

21 49.00000
28 $3.00000

) T 80.00000
U730 T T T s1.00000 T

- A9,00000
32 53,00000

TTTRA,25R7Y

T b4,45270

TT16.4754R

66,5436

TTTe1017155
60 .02229

TTBRYL 93T T T

T 64.53497

60.65279

_65.39084
T ehataiy
56.R2021
" 69.38028
T4.58030
£9. 04203

_56.29451

T 17.52452

S LR KTV

" 14.456139

TSt

2,911
T46.2016%
16,46503
T -4.294517
-15.65279

T T=17.39084
T-15.97813°
~6.R2021
-18,30024
1daane
-16,84203

g ¥ H

S

¥ 3 ONI

O N
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MITIPLF PEGRESSTON, «ou o OM(2)-132

SFLECTION. . 4010

TABLF
CASF N0, Y VALUF
) 73, 00000
2 100, 00000
a 82,.00000
T4 65,00000
3 19.00000
A 47, 00000
T 45,00C00
A 52.00000
o 310,00000
10 T 47.00000
1) 12.00000
12 83.00000
i» &1.,00000
14 7 44.,00000
15 64. 00090
16 72.00000
17 ARLO00000
1A 88.00000
11 81. 00000
20 50.00C00
21 71.00000
T22 T 0n, 00000
21 fAl.00000
24 52.00000
2% 45,00000
26 T 44 ,00000
21 48, 00000
2n 53.00000
29 50.00000
10 51,00000
1) ) 88, 00000
2 63, 00000

NF RESIPOALS

Y ESTIMATF

90424221
A6.9111 2
NB.69919
50, 5051%
LELAL464
63.A7596
51,4960
5‘. 111361
50, 66747

61.087904

64.35207
12.70500
8, 62015

60 28706

65,0795

b6 18591

1110504

T 6RL?2B63S

65.316013
65, 06497
67.40139

51.03307°

64.02968
55.07111
9. 11609
54.22308
65.19091
ERLLGH2)
56,4246
6B8.71114
T13.04466K6
69.27669

RESINUAL
-17.34221

13.08A87

~5.69919
16.49426
~27.314064
~16a 81595
~b 4662

0.066139
“LlethT4T

S =14.87904

T.64T98
10.29420
-0,62016

23.71294

~1.87958
5.081409
16.89696
19. 71365
15.68V17
-5,86491
31,5926
46,9660
16.97032

<3,07111

-14.71609
~-10,22308
-117.390913
-15.44623

~6.424%6
~17.11114

14.15%34

T -16.27669

g ¥ H

S
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MULYIPLE REGRESS ION ..o OM(2)-32 |

__SELECTION. 02010

VARIADLE MEAM  STANDAPD CORRELATION — REGRESSIAN ST, ERROR  COMPUTED
¥ om0, T ~_ DEVIATION ~— X VS Y ~ COEFFICIFNT  OF REG.COFFe. T VALUE _
S2. 0y O 15h.31s00 0 8.258325  -0,47976  -1.01746 o 0077609 =1,31101
7 17 C U 73.109) S TT2.11643 6.18124 7 1.470010 1449959 0.98027
SY 18 4.SMIAT 0.670%  -D,20949 1.91164 11930 0,31240
el 2 25,21554 L b.20004 -1,33289
DFPENDENT

6
T -0.47599  -1.07287 0

15 1 T64,18750 T f9,4l065 T T T T e ey T e e e -
INVERCEPT -~ 231.07970 e
MULTIPLE CORRELATION ~—~ 0.55704 ) o o
STD. FRROR OF ESTIMATE  17.28119  ~ — e

SOURCE NF VARTATION NEGREFS ~  SUM OF MEAN
e TOF FREEDOM 7 TSOUARES™ T T SQUAREST T
ATTRIBUTABLE TO REGRESSION g 3627.53931 9064.88477 '
DEVIATION FROM REGRESSION " 7277777 A063,271347 """ "294,63989 7~ """
__1ntm 31 11690.81641

g 9 H

S

¥4 3 DN

O N



APPENDIX F-4

MULTIPLE REGRESSION ANALYSIS COMBINED

OM(1) n = 29 AND OM(2) n = 32

NOTE: For an interpretation of the following
pages, see pages 152, 167, Table VIII-1, and
Section VIII C5b.

-299-
Reverse (Page 300) Blank

HRB-SI NGER.

N

G s



-10€-

MILTIPLF REGRESSTCON, .

__SFLFC THN, g e oy 1 e

ves 0M(1) & OM(2) |

CVARJARLF

X nn,

MEAN

31 2 45,10441
§2 2 131. 82406
O « _55%,06542

5 1 ORART

DEPFMDENT

1S

INTERCERY,

_MULTIPLE CORRFLAY 10N

€n.11146

STANDARD

PEVIATINN X VS ¥

S 22.,035717 -0,191499
21.5%780 -0.30454

_CORRFLATION

REGRESS NN

-0.2601R
~1.20823

REGRESSION ST, FRPOR
COFFFICIENT — OF REG.COEF,

013652

0.26330

_COMPUTED |
C T VALUE
-2.05222

ST, FRPOR OF FSTIMATE

T -4.5R8R, T

_237,31R883 T 0.0466)  -0,06115 0.01904 " -3.21192
0, 46706 -0,05162 26,07RA4 8.92031 2.92353
e _ e e
C246,10760 " i o I

- > - v

0. 54906 ) L o
_22.60206 — . i S
ANALYSTS NF VAR IANCE FOR THE REGRESSION T

SOURCE OF VAR TATINN DEGRFES

SUM OF

0F FREFDOM  SOUARES

ATVINIRUTARLE T PEGRESSION 4 12496, 9082A  3124,24701
DEVIATINN FROM REGRESSION Y T2A836.0037% T 77 514,93014
rnray . 60 41331,08203

MEAN

TSQUARFS

P VAE

606732 T T

g 9 H

S

4 3 ONI
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=20t~

LURS RSN

e

20

CSEULFCTNMe ey o0 ]

N,

)4
15

10

21
R?
21
24

2%, e

26

2n
29
A0
3\
12
11
34
38
16
A7
an
10
40
o)

42

4
e
46
bk
4l

T 100.00000

chnrﬂ<|nM:....on(U & 0M(2).

TABIFE NF RESTNUALS

Y VALUE Y FSTIMATE
73.00000 CAL01TTD
100.00000 64,0727
A1.00000 M. 14644
65, 00000 50,50702
19.00000 6127115
47.00000 Sh.6677%4
45,00000 _L0,.50090
52.00000 . %9, AATRY

39. 00000 $1.19043

An, nC0no
53, 00000

15.686210

2T ARI62
100.00000 i A2, 15296
109,00000 87, 91344
100, 00000 76,0390
100, H0CON AN ATI40

100. 00000 rw o7
5 .00000 2. 01564
O, 00000 m). 10055

190, 000H0 61 AVETE

1o, 00000 ] 1IN J4% 190

10900000 09,0193

109,00000 IN, 17132

100, 0000 7). RaT64
H.00000 15 JAN4L 44

40, 00NN LR YY)

CT4,4R065

RESIDUAL
6.90227

35.92764
12,R51%6
5.49290
-42,2T115
-R.667%4
 4.49010
-7.86709

=12.19043

S6.07274
5 Aﬂ)|5

T19.26195

1.199810
T20.36198
=10.723100

14.37444

T15.57336
11.33240

T -2.55238
~l.ll44k

47.00000 53.07274
12.00000 _ b6LLOTRS
83,00000 63.73805
ARL00000  BE. 0019
N4,00000 63.63R02
6400000 76,7300
22.00000 72,6171
BRL00000 T T3.62556
AR.00000 12.42064
_A1,00000  62.66760
60, 00000 6?2.55238
T.00000 T2.11444
~an, 00000 44,3669
CNLL00000  bh.S6RGS
S2.00000  £6,10985 .
45.00000 55,4770
44, 00000 45,0504
4R, 00000  6R.0N5295
53,00000 69,35260
S0.,00000 51.208AR0
S1.00000 6A.07THAT

TS14.10985

=21.4RRk6 7
7 R1A0

-10. 84770
-1.05A41

_=20,052905

-lb 15?6
-l 2408

TA1r.01837

12.447122

N4T14

) 2 10452
23.96097
9,32660
20.61981
—21.075¢4
2.20945
32,5890 4
PR, 64910
0.990¢0
0, 22441
24, 41248
S, 11552
_"‘).HI.T"')

-0.61771

83.63118
16.43155

CeASE WO

4Ha
Lo
50
51
Y
53
94
56
_Sh
s?
_SH
L
.60

()

T Y VALUE

39.00€90
4h, 00000
A7.00000
67,00900
A8, 00000

4, 00000
52.00000
29,00n000
A1, 00000
1 00, 00000
100, 00090
2%,.00000
100,00000
~29:00000

Y ESTIMATE

T B4 60550

TV 0440
a0, 21290
47,42620
4N, RSR5L
12.25194
L2 640N27
AR 61391
£6,60) 90

A3 41312
B4.43419
AHLTOLNT
61,9405

7124057

RESIDUAL

~A2,N 2469
~4,27200
9,37LP0
=13, 85054
-37,2614A
- \‘|.I I‘ll‘))
15.524609

=24, 89) 80

~1.60550
16.5R4627
15.565R1
=43,70117
INL059¢5

_=h2.24057
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