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FOREWORD

This report was prepared by HRB-Singer, Inc., of State College,
Pennsylvania under USMB Contract Number JOL55041., The contract was initiated

under the'Mining EﬁvironﬁentalhResearch Program. .

This program was administered under the technical direction of the
Division of Environment with Mr. Paul Marcus as the Technical Project Officer.
The Western Site Analysis was administered by the Denver Mining Research Center
with Ms. Carol Molnia as the Technical Monitor. Mr. A. G.| Young was the Eontract
administrator for the Bureau Mines.

This report is a summary of the work recently completed as part of this

contract during the period 30 May 1975 to April 28;i19?84 This report
was submitted by the authors onVSeptembér 1978.
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I. EXECUTIVE SUMMARY

This study was conducféd to determine if basic photointerpretation
techniques combined with color a%d colo;.infrared photography could be used
in a cost effective manner to satisfy certain informational needs of surface
coal mine operators and regulatory personnel. Tﬁis information is needed
for pre-mine planning, mine progress monitoring, reclamation planning, and
reclamation monitoring. The evaluation technique consisted of combining
photointerpretation accuracies with the‘costs of photointerpretation and
aerial data collection to determine the feasibility of utilizing color and
color infrared aerial photography to supplement, expedite and improve present

mining and reclamation planning and monitoring.

Test éites in Clarion and Cambria Counties, Pennyslvania were selected
for this study. The site in Cambria County encompassed an area of 15 square
miles and represented a steep slope contour mining situation. The site is
Clarion County encompassed an area of 25 square miles and represented both
contour and area mining situations. Within these test sites, six 3/4 square
mile test areas were chosen for intensive ground data collection and

photointerpretation testing.

A legislative review and discussions with mine operators and regulatory
personnel were conducted to determine what kinds of data are needed. Based
on past experience and the results of these discussions, a list of surface
mine features was produced. In addition, an extensive literature review was
conducted to identify which photointerpretive techniques could best be used
to evaluate the interpretation accuracies for each surface coal mining

feature.

On the initial data collection-flight data at scales of 1:6,000; 1:12,000;
1:24,000; and 1:48,000 were collected. Color, color infrared, black and white,
and black and white infrared film types were used. An evaluation of interpre-
tation accuracies and data collection costs indicated that color and color
infrared film types at 1:12,000 scale were the optimum combinations. These two
film types at this scale were used for the next six seasonal data collection

missions. N

N



Six photo interpreters evaluated the aerial data collected during each
season. Photointerpretation equipment included light tables, lens stereoscopes,
tube magnifiers, mirror stereoscopes, planimeters, parallax bar, and engineers
scale. Mapped and measured interpretation results were compared to the ground
data to produce interpretation ratings and accuracies for each mining feature over
all four seasons. Interpretation man-hours were monitored closely by the photo

interpreters.

The results indicated that acceptable interpretation accuracies (most
features can be mapped or measured with 75% accuracy compared to ground data)
could be obtained for a large number of parameters. These parameters included
pre-mine land use, water quality, drainage patterns, slopes, and vegetation.
Mine progress parameters such as distances from mining, and overburden removal
estimates were obtained with acceptable accuracies. Reclamation monitoring
parameters such as percent cover, trees/acre, spoil and soil identification,
erosion, water quality and slope measurements were obtained with acceptable

accuracies.

A western site analysis was conducted to determine if the interpretation
methodologies and results developed for eastern sites in this study could
be applied to the western surface mining situation. Color and color infrared
aerial photography was collected over three mining sites in Montana and
Wyoming during June of 1977, Results of the western site analysis indicated
that the informational needs of western operators are more detailed than for
eastern operators. Some additional interpretation methodologies will have to

be developed for vegetation, archaeology, and geology.

This study produced two documents, a final technical report and an
aerial photographic interpretation manual for eastern surface mine operators

and regulatory personnel.

-
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II1. ~ BACKGROUND AND OBJECTIVES

A, BACKGROUND

Many existing state surface mine regulations and, more particularly,
newly enacted federal legislation require permit applicants to prepare a
comprehensive mining and reclamation plan supported by detailed environmental
and physical information. This, in addition to increased emphasis placed by
the regulatory authorities and operators on the proper management and monitoring
of surface mining bperations, has resulted in a need for rapid and accurate data
acquisition and interpretation. The gathering of pertinent surface data relating
to land use, water, soils, vegetation, and geclogy can be expedited and enhanced

greatly by means of aerial photography supported by limited ground correlation.

The collection of data throughout the mining and reclamation process
is an expensive and time-consuming task. To reduce time and costs, black and :
white aerial photography has been used by the mining community for preparing
topographic maps, determining overburden removal volumes, and monitoring the
progress of mining. Black and white imagery, however, is limited in its
information content relative to certain physical or natural parameters. Color
and color infrared aerial photography, on the other hand, can provide additiomnal
information relative to physical and natural parameters that are vital to

effective mining and reclamation planning.

This information could provide a means for reducing costs and
saving time by providing additional planning and monitoring data and reducing

field collection for the surface coal mine operators.
B. OBJECTIVES AND SCOPE

The first task of this study was to develop a methodology for
determining the utility of color and coler infrared aerial photography as
a data collection and analysis tool for surface coal mine planning and

reclamation monitoring.



After the methodology was developed, the subsequent tasks %pvolved
objectives applying the methodelogy in order to determine the uses of photography,
to analyze the cost effectiveness of the photography, and to develop interpretive
criteria for operationally using the imagery. Results and recommendations were to

be documented in a final technical report and interpretation manual.
The objectives of the study were to:

1. Determine the efficiency of hsing color and color infrared
photographic techniques for mining and reclamation planning

"and monitoring.

2. Determine the cost-effectiveness relationship 6f color
and color infrared aerial photography in meeting reclamation

program objectives.

3. Develop interpretive techniques and criteria for the use
of color and color infrared aerial photography by mine

operators and regulatory personnel.



IIT. QVERVIEW OF THE TECHNICAL APPROACH

The technical approéch set forth in the initial proposal was used as
the basis for the preoject implementation plan. The final technical approach

comprises eight phases as déscribed below and depicted in Figure 1.

Phase I-Literature Review and Discussions

This phase involved identifying the uses and requirements of surface
mining and reclamation planning and monitoring for which color and color infrared

aerial photography can be utilized,

1. Discussions were held with various operators and state and
federal regulatory personnel on current and potential uses of
color and color infrared aerial photography.

2. A literature review was conducted to determine the status of
research being done in remote sensing which might be applicable
to surface mining and reclamation planning and monitoring.

3. A review of eastern states' reclamation regulations was performed
with special emphasis placed on revegetation requirements to
determine current uses and potential uses of color and color
infrared aerial photography.

Phase II-Site Selection

Test sites at which seasonal airborne and ground data would be collected

were identified and selected in this phase.

1. The sites were to total no more than 100 square miles and were to
contain both contour and area mining with on-going reclamation
activities.

2. The sites were to reflect mining at various stages of development
and contain several vegetation types in various stageé of planting

and growth used in reclamation.

Phase ITI-Data Collection

The definition and collection of ground and airborne data at seasonal
intervals for use in subsequent analysis and evaluation phases were performed in

this phase.

HRB-SINGER.INC.
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Those physical features and parameters related to surface coal mining
which could be interpreted from the aerial photography were
identified.

A determination of optimum altitudes and scales for planning and
monitoring mining and reclamation activities in the most cost-
effective manner was recommended.

Ground and aerial data over the sites on a seasonal basis for a

period of two years were collected.

Phase IV-Data Analysis and Interpretation

This phase involved analyzing and interpreting the data gained from the

overflights and comparing the results with the ground data.

1.

A determination of the extent to which color and color infrared
aerial photography would aid in surface mine pl#nning and
monitoring was made.

The extent to which color and color infrared aerial photography
could assist in the planning and monitoring of revegetation

activities of reclamation was evaluated.

The utility of color and color infrared photography in delineating
other features and parameters related to the surface mining process

was determined.

Phase V-Economic Evaluations

A methodology for performing economic evaluations of the operational use

of color and color infrared aerial photography was developed in this phase. In

addition, three types of evaluations were performed:

1.

2.

3.

Economic evaluation of operational use of the photography

for all phases of the surface mining cycle,

A determination of the costs and benefits of aerial coverage for
areas of various si;es,

An economic compatison of the various film types used in this

study.

Phase VI-Western Area Study

This phase involved an analysis of interpretation techniques developed in

this study as to their applicability to the western surface mining activities.

==
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1. The transferability of interpretative techniques developed
in this study to the western sites was evaluated,
2. New parameters that must be interpreted on western sites

were identified.

Phase VII-Conclusions and Recommendations

The products resulting from this study consist of this final technical
report and appendices and a separately bound document entitled "An Interpretation

Manual for Color and Color Infrared Aerial Photography for Surface Coal Mining."
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Iv. LITERATURE REVIEW AND DISCUSSIONS

A. OBJECTIVES

The objectives of this-phase were to identify, review and, to a
limited extent, analyze'literature relating to remote sensing techniques with
posssible surface mine applications. Activities also performed in this phése
included holding discussions with technical personnel regarding the status
of current remote semsing research and regarding the use of aerial photography
in surface mine reclamatibn planning and monitoring. State and federal regula-
tions were reviewed to determine the applicability of aerial photography for

monitoring reclamatioﬁ._
B. APPROACH

To maximize the utilization of the reviews and discussions while
minimizing the‘time involved to complete them, parallel activities in the
three areas were conducted simultaneously by different personnel. These areas
were: 1) remote sensing reéearch related to surface coal mining, 2) relevance
of aerial photography to current surface coal mine legislation, and 3) status
of the use of aerial photography in the mining community. All pertinent
literature was identified, collected, abstracted and filed in the HRB-Singer
library. A review of all 1iteraturewithpoésible applications of remote sensing
related to surface mining was completed. This literature was classified into
four topic categories: 1) vegetation characteristics, 2) water resources, 3)
soils and terrain, and 4) geology. A review of the status of remote sensing

research was prepared for each topic area.

Surface mining legislation and rules and regulations from each of
the eastern and midwestern states were reviewed and analyzed to determine where
and how aerial photography could be used with respect to requirements set forth

in the legislation.

In addition, informal discussions were held with various coal
operators and regulatory petrsonnel in the eastern ‘and midwestern states in order
to determine where and how aerial photography could be used for surface coal

mining activities. Possible users of aerial photography were determined.

N



C. RESULTS

The results of this phase are presented inithree separate

sections below.

SECTION 1. Remote Sensing Research Related to Surface Coal Mining

The objective of this literature review was tc examine past
and present uses of remote sensing--primarily aerial photography--in order to
determine the role it can play most efféctively in the sﬁrface coal mining cycle.
This review addresses the determination of vegetative characteristics, water
assessment, soils and terrain evaluation, and those facets of geology that
relate to surface mining. In addition, a review of satellite monitoring of
surface mine operations and reclamation was conducted. Each review of a

topical area is supplemented by a bibliography in Appendix A.

a) Vegetative Characteristics

L

This section of literature review deals with the remote ‘
sensing of vegetation. It is an outline of the types of vegetative characteristics®
that can be detected remotely. It inclucdes a brief discussion of reflectance
factors that make it possible for vegetal characteristics to be detected and
evaluated. Table 1 summarizes those vegetative characteristics that can be
detected with remote sensors. It also lists the films, scales, time of coverage,

type of coverage, and references used for each characteristic.

(1) Reflectance from vegetation

The quality of spectral reflectance from leaves in
the visible and near-infrared regions of\the electromagnetic spectrum
is largely dependent upon chlorophyll content, leaf structure, and water
content (Knipling, 1970). Water content is not important when photographic
sensing systems are being used because water affects reflectance in the higher

infrared wavelengths.

In the visible region, the low reflectance of blue
and red light from green vegetation is due to the absorption of these wavelengths
by chlorophyll. When chlorophyll is destroyed by stress, reflectance shifts
towards the blue and red wavelengths. Chlorophyll is the most important

factor affecting reflectance in the visible portion of the spectrum.

In the near-infrared region of the spectrum the most

important factor that affects reflectance is leaf structure (Knipling, 1970;
—10~
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TABLE 1 VEGETATIVE CHARACTERISTICS DETECTED WITH REMOTE SENSORS
77-11
TYPE OF SEASON OR | STEREO-
VEGETATIV
VESETA- CHAJig;ERleICS FILM SCALE TIME OF | SCOPIC REFERENCES
TION COVERAGE | COVERAGE
NEEDED
[DENTIFICATION .
OF SPECIES COLOR IR 1:600 SPRING NO CARNEGGIE 1968
. 1:600 T0 '
2 * COVERAGE COLOR IR 1 E0000 SPRING NO CARNEGGIE 1968
d N
< DENSITY AND ggég}éAL NOT SPRING AND .
= [NDICATED | SUMMER N PEARSON 1577
= BIOMASS SEaNNER
BLW 1:500 10 | wot
STRESS INFRARED 1:9060 INDICATED No | COLWELL 1858
IDENTIFICATION | oaLoR I 1:500 70 | EARLY
o OF SPECIES 1:1500 SUNMER YES DRISCOLL AND COLEMAN 1874
2
5 5 1:800 10 EARLY | 1970 TUNER
% COVERAGE COLOR IR 1 3000 SUMNER NO ORISCOLL 1870, TUNER 1970
IDENTIFICATION | COLOR 1:500 TD ' SAYN-¥I TTGENSTEIN 1950
OF SPECIES COLOR IR 1:9000 SPRING YES SAYN-WITTGENSTEIN 1851
AVERY 1868
CANGPY COLOR 1:4000 10 | woT
. DENS I TY COLOR 1R 1:10000 INDiCATED YES KRUMPE 1871
@
o HE1GHT AND . NDT }
= VOLDME COLOR IR 1:1000 NDICATED YES SAYN-WITTGENSTEIN 1872
=
=
2 1:8000 TO
2 WATER STRESS | COLOR IR 19000 SUMMER NO RHODE AND OLSEN 1870
=
1:6000 TO NEYER AND FRENCH 1887
BISEASE STRESS | COLOR IR 13000 SUMMER YES MURTHA 1871
: PAYNE 137)
TREE NOT SUMMER OR
COMPET 110N INDICATED 1:2400 WINTER - YES LATHAN 1372
IDENTIFICATION 1:9000 71O NOT YES PARRY 16689
OF SPEGIES COLOR 1:9000 INDICATED SAYN-WITTGENSTEIN 1960
CANOPY COLOR 1:4000 TO | NOT
DENS | TY COLOR IR 1:10000 INDICATED YES KRUNPE 1871
3
e NOT
S TOLOR IR 1:1000 INDICATED YES SAYN-¥I TTGENSTE IR 1972
“3
=
=4 ] NOT MEYER AND FRENCH 19€7
= DISEASE STRESS | coLOR IR 1:6000 10 : NO MURTHA 1871
we 1:40000 INDICATED
= FOX 1873
3 COLOR NOT BAILEY 1973, CIESLA 1974
INSECT STRESS |coLor IR IND| CATED FALL NO HELLER 1970
MURTHA 1§71
11500 10
AIR POLLUTION _
STRESS COLOR 1:8000 WINTER YES HELLER 1963
NOT ) SUMMER OR ‘
COMPETITION INDICATED 1:2400 WINTER YES LATHAM 1872
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Gausman, 1974). A leaf with many intercellular spaces has a greater reflectance
than a leaf possessing few intercellular spaces (Knipling, 1970; Gausman, 1969).
The refractive index differences between hydrated cell walls and the atmosphere
inside the intercellulaf spaces cause the light to be reflected (Knipling, 1970).
If a leaf has few intercellular spaces or if the spaces become filled with cellular
contents of water, the leaf becomes a continuous medium that transmits rather

than reflects the near-infrared light (Gausman, 1969).

Other factors that affect the reflectance from
vegetation are: a) amount and arrangement of leaves; b) stalks, trunks, and
limbs; c¢) background characteristics (soil, amount of leaf litter, etc.);

d) solar zenith angle; and e) lcok angle (Colwell, 1974).

(2) Films and scales

The nominal scales of aerial photographs and imagery

are usually separated into four approximate categories:

Large Scale < 1:4000

Medium Scalé 1:4000 - 1:20000
Small Scale > 1:20000

Space Photography > 1:150000

Most applications of remote sensing in the plant
sciences or in forestry require large-to-medium scale photography because often
individual plant species must be viewed and evaluated (Heller, 1971). For example,
tree species identification requires a detailed analysis of tree crown charac-
teristics and these characteristics can only be-seen on large-to-medium scale
photographs (Sayn-Wittgenstein, 1960; Parry, 1969). In other cases, when large
vegetative areas are affected bystress, such as insect infestations, scales as
small as 1:125,000 can be used to detect the stressed areas (Ciesla, 1974).

Space imagery such as the LANDSAT (ERTS) satellite data is usually only useful
for delineating broad categories of vegetation or stress which are two

hectares in size or larger (Fritz, 1974; Health, 1974).



Success with remote sensors often depends upon the
films used (Fritz, 1967). Many reflective differences from vegetation can be
detected at the same time by color and color infrared films (Benson, 1967). VWhen .
color differences appear earlier and more prominently on color infrared films,
it can often be traced to the fact that the film emulsion can discriminate more
distinctly between foliage and background surfaces and the film has the ability
to amplify tonal renditions of visible spectral changes (Knipling, 1969). Often
there is no real change in infrared reflectance. The tones on color film can
usually be correlated with plant vigor more reédily, and more hue discriminations
are possible than with color infrared film. Thus, color films are usually better

for damage evaluation whereas infrared films are better for detection (Eeller, 1969).

(3) Species identification

Trees - Reflectance characteristics in the visible.
and near-infrared portions of the spectrum can be used to distinguish broad ’
categories of vegetation on color and color infrared photographs. The three
categories most often distinguished by reflectance are conifers, which are the
least reflective; deciduous tress, which are intermediate in reflectance; and
grasses or rangeland, which have the highest reflectance {(Fritz, 1967). However,
the color characteristics on color and color infrared photos are helpful only in
a few cases for identifying individual tree species (Parry et al; 1969). Machine-
analyzed multispectral data has provided recognition accuracies of 85 percent
for forest tree species (Rhode and Olson, 1972). Machines are capable of making
finer discriminations in reflectance than the human eye. In fact, for some species,
identification from remectely sensed imagery can be accomplished only by

machines.

Recognition of individual tree species by a
photo interpreter is usually accomplished by utilizing spatial characteristics of
the tree--physical factors such as branching patterns, crown shapes and tree size
(Avery 1968, Sayn-Wittgenstein, 1960; Sayn-Wittgenstein, 1961). Large scale
(l:lOOOlto 1:9000) photographs must be used for identifying species because
spatial characteristics cannot be determined using small scale photographs.
Stereoscopic coverage is also preferred because tree height and crown size and
shape can be determined more readily by stereoscopic viewing (Avery, 1968).

Black and white panchromatic and infrared films are often used because

-13-
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they are cheaper, but color is usually preferred because the photo interpreter

can relate it more readily to a natural scene (Parry, 1969).

Crown density, tree volume, and tree height can -
also be identified from large scale aerial photos (Aldred and Kippen, 1967;

Frumpe, 1971; Sayn-Wittgenstein, 1972).

Shrubs - Identification of shrub species has been
accomplished on large scale (1:800 - 1:1500) color infrared photographs (Driscoll
and Coleman, 1974). Plant height and crown characteristics are used to identify
species on color infrared photographs. Using scales between 1:800 and 1:1500,

85 percent of the shrubs can be identified correctly. The best month of the
year fqr identification is July., Percentage of crown coverage can also be

determined from large-scale photographs (Driscoll, 1970; Turner, 1970).

Grasses - Identification of individual herbaceous
species is usually not possible except for a few species (Driscoll, 1971). How—’jiﬁ
ever , measurements such as foliage cover, relative density, and standing crop
biomass can be made with densitometric measurements of aerial photographs and
machine analysis of mulﬁispectral data (Carnegie, 1968; Drisceoll, 1970; Driscoll,
1972; Pearson, 1972). Proportions of live vegetative cover to bare soil can be

measured on large scale color infrared photographs (Driscoll, 1970).

(4) Vegetative stress

Vegetative stress caused by a variety of factors has
been detected by remote sensing techniques. Light to moderate forms of stress
are usually detected because chlorophyll is disrupted or because leaf structure
has been altered. Detection of severe stress is possible because of disrupted
chlorephyll, altered leaf structure, leaf orientation changes, and reduced leaf
area and density which allow background surfaces to change the quality and

quantity of reflected light.

The following diseases have been detected by utilizing
remote sensors: Dutch elm disease, cak wilt, dwarf mistletoe on black spruce
(Meyer and French, 1967); nematode and virus problems of citrus trees (Norman and
Fritz , 1963); citrus young tree decliné (Edwards; 1975); root rot.diseases of
pecan trees (Payne, 1971}; oak decline of live oak (Van Arsdel, 1974); and Fommes
annosus root rot of pine (Fox, 1973). With the oak decline disease, detection on

-
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color infrared pﬁotographs was obtained three to five years before symptoms

could be seen on the ground(Van‘Arsdel, 1974), The following insect damages

have been detécted utilizing remote sensing procedures: defoliation of

pohderoéa pine by the pine butterfly (Ciesla, 1971); defoliation by forest tent
caterpillars (Ciesld, 1971) ; beetle-killed lodgepdle pine (Klein, 1973); and beetle-
killed ponderosa pine (Heller, 1970). Single tree infestations are detected best
on large scale photographs, although multiple tree infestations have been mapped

accurately at scales of 1:30,000 and greater (Ciesla, 1974; Heller, 1971).

Pinés damaged by air pollution have been detected and
evaluated by utilizing color photographs(Heller, 1969). A scale of 1:8000 was
used for detectién, but scales of 1:1500 and 1:3900 proved best for evaluating
the condition of the trees. Color films were used because the natural hues

could be related more easily to tree damage.

Moisture- stressed trees have been detected by thermal

N

“infrared scanners because the non-transpiring trees were warmer than trees which -

were transpiring naturally (Rhode and Olson, 1970). The same stress was detected
just as readily by using color infrared films. The oak decline condition that
can be detected by color infrared film three to five years before symptoms

become visible on the ground is actually a moisture stress condition because the

pathogen prevents normal translocation of water to the foliage (Van Arsdel, 1974).

When plants leaf out under moisture stress, the leaves have few intercellular

spaces and transmit rather than reflect infrared light.

Stresses that cause chlorophyll destruction, leaf
structure changes, wilting of leaves, and reduced leaf density and area can be

detected readily with remote sensors. However, it is important to note that the

C .

cause of stress cannot usually be discerned from aerial photographs (Driscoll, 1974).

An evaluation of vegetation can be made from remote sensor ocutputs but causes
of vigor decline or increase must usually be determined by field work or from

"ground truth data.

(5) Utilization of aerial photographs for mine reclamation

Color and color infrared aerial photography can be used
to derive information about vegetation types, species percentage of cover, and
condition of vegetation in reclaimed strip mine areas. Species identification

-15-
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can be made when analysts field—check problem areas. Vegetal stress caused by
adverse conditions on reclaimed areas can be identified. Medium-scale color
infrared photography is best suited for identifying the characteristics above
(Garofalo, 1973; Wobber and Amato, 1974). Most mining companies and regulatory
agencies that utilize aerial photographs to obtain information on mine reclamation

use scales between 1:2400 and 1:9000 (Wobber, 1971).

Listed below are vegetative characteristics and ﬁlant responses that
can be determined and characterized by utilizing output from remote sensing
devices. In compiling this list, consideration was given to: (1) the small number
of past studies that utilized remote sensors to evaluate mine reclamation; (2) re-
lated uses of remote sensors in other areas of the plant sciences; and (3) some

current regulations contained in state reclamation legislatiom.

o Type of vegetation

© Density of vegetation and proportion of live vegetation to bare grouﬁéi
o Vegetative vigor )
© Extent of vegetative non-vigor

o Rate of vegetative growth

© Planting patterns

° Species composition

o Planting method

o Natural invasion of volunteer species

b) Water Characteristics

Remote sensing provides a unique capability for assessing
surface water characteristics in large areas quickly and inexpensively, This
type of data collection, however, does not entirely replace the standard ground-
based field and laboratory methods. Nevertheless, it does enable the identification
of those areas where more detailed field analyses should be undertaken. Table 2
summarizes water characteristics which have been monitored with aerial photography.

A bibliography is presented in Appendix A.

(1) Water pollution from strip mining

Mine drainage and sedimentation are the principal

surface water problems resulting from strip mining. Marcasite and pyrite
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TABLE 2

WATER CHARACTERISTICS DETECTED WITH REMOTE SENSORS

17-11

RECOMMENDED FILM

WATER GUALITY PARAMETERS OR SENSOR SCALE SEASON OR TIME OF COVERAGE REFERENCES
PH (INFERRED BY INDIRECT COLOR IR 14800 PERIODS OF LOW FLOW WHEN STREAM | COOPER, 1989
MEASUREMENT) IS RELATIVELY FREE OF SEDIMENT
mss (MuLTisPEcTRALl 1:1020 MCCAULEY, 1974
SCANNER)
COLOR EXPOSURES RECOMMENDED FOR ALL IOHNSON AND WILLSON, 1969
SEASONS,
FERRIC HYDROX'DE COLOR & COLOR IR §:1020 EXPOSURES RECOMMENDED FOR ALL JOHNSON AND WILLSON, 1989
: SEASONS.
COLOR ):8000 TO SCHNEIDER AND KOLIPINSKI 1969
t:12.000 EXPOSURES RECOMMENDED FOR ALL
COLOR IR SEASONS AMBIONICS, 1974
COLOR LARGE SCALE WOBBER AND AMATO, 1974
COLOR 1:12,000 GAROFALO AND WOBBER, 1973
TURBIDITY (SUSPENDED SOLIDS; | COLOR 118,000 SCHNEIDER AND KOLIPINSKI, 1988
DISCRIMINATION BETWEEN 1:12,000
TURBIDITY AND SUSPENDED COLOR AND COLDR IR SCHERZ AND VAN DOMELEN, 1873
SOLIDS W/AERIAL PHOTOGRAPHY | GOLOR 1:12,000 GAROFALD AND WOBBER, 1973
IS VERY DIFFICULT).
STREAM BED SEDIMENTATION COLOR 111020 EXPOSURES RECOMMENDED FOR ALL JOHNSON AND WILLSON, 1989
(NOT INCLUDING FERRIC SEASONS,
HYDROXIDE PRECIPITATES) COLOR 1:8,000- SCHNEIDER AND KOLIPINSKI, 1969
112,000
COLOR 1:72.000 GAROFALO AND WOBBER, 1973
LOCATION OF SEEPS AND OUT- BLACK & WHITE IR 1:24,000 FALL OR WINTER PETRUS, 1875
FALLS. COLOR LARGE SCALE WOBBER AND AMATO, 1974
THERMAL IR 1:62,000 NIGHT TIME WHEN GROUND AMBIENT LEACHTENAURE, HIRSCH, WILLIAMS & TUCKER
, TEMPERATURE NEAR FREEZING, (1972)
. THERMAL IR “1:12.000 , FISHER, 1972
LOCATION AND DIMENSIONS OF COLOR IR 121020 EXPOSURES RECOMMENDED FOR ALL JOHNSON AND WILLSON, 1068
SURFACE WATER SEASONS .,
COLOR & cOLOR IR | 1:12.000 WOBBER AND AMATC., 1974
COLOR (DEPTH) LARGE SCALE SCHNEIDER AND KOLIPINSKi, 1989
ALGAL GROWTH ALONG SHORELINES| COLOR (STREAMBEDS) 1:4800 PERIODS OF LOW FLOW WHEN STREAM | GOOPER, 1969
AND STREAMBEDS IS, RELATIVELY SEDIMENT FREE.
COLOR IR (STREAM-| 1:4800 PERIODS OF LOW FLOW WHEN STREAM | COOPER, (969
BANKS) IS RELATIVELY SEDIMENT FREE.
COLOR IR 110,000 BETTER THAN COLOR AT HIGH ALTI- | WELCH, 1969

TUDES IN CONDITIONS OF HAZE.
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distributions (iron disulfides) oxidize during and after mining to produce hydrous
ferrous sulfates which are easily dissolved in water to form the associated hydrous
iron complexes. Dissolved iron sulfates can hydrolize to form iron hydroiides.
These precipitates impart the characteristic red color of acid mine drainage and
discolor the streambed and banks with the well-known "yellow boy" deposits.
Sulfates cof aluminum, manganese, calcium and magnesium are also present in the

water,

(2) Remote sensing;bf water quality and quantity

_ .'Numerous studies have assessed the capabilities of
remote sensing techniques for application to water quality problems. For the
most part, these studies have been subjective. Although they provide an empirical
"feel" for the potential of remote sensing techniques, the application of the

techniques to water quality problems is not widespread.

The most probable areas of application of remote sensing ..
techniques to mine water quality are determining physical properties of water and

determining selected chemical properties of water.

o Physical properties of water
- location of seeps and outfalls
- physical dimensions and shapes of water bodies
- sediment deposition and stream sedimentation
patterns

- turbidity and suspended sediments

o Chemical qualities of water
- pH

- Hydrous ferric hydroxide

(3) Physical properties

The lecation of seeps and outfalls is an important
factor in the planning and reclamation stages of strip mining. Black and white
infrared and color infrared photography have been shown to be useful for mapping
minute seeps as well as large rivers (Parry and Turner, 1971; Leachtenauer,
Hirsch, Williams and Tucker, 1972; Petrus, 1975). This is possible because of
the large contrast between the shallowest water image and the land image. The

physical dimensions and shapes of water bodies can be determined and where the
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water 1s clear, water depth can be ascertained by use of color aerial photogréphy
{Schneider and Kolipinski, 1969) and from multispectral scanner data (Brown, et
al,, 1972).

Color aerial photography is useful for identifying
stream sedimentation patterns and for obtaining cother subaqueous terrain data,
provided that the‘water is not very turbid (Garofalo and Wobber, 1973; Deely,
Russell and Wobber, 1973; Hodder, 1973). Color infrared is less useful for
assessing subsurface sediment patterns because of its limited water penetration
capability (Garofalo and Wobber, 1973}. Color film has a distinct advantage in
its ability to penetrate water (Schneider and Kolipinski, 1969) and, according -
to Johnson and Willson (1969), color film penetration to the stream bottom was
"as good when the sky was overcast as when it was clear." The U.S. Geological
Survey has found that color film is superior for the registration of bottom
conditions as deep as 70 feet below the surface. Color infrared photography 'is
superior, however, for revealing the health of underwater plants (Welch, 1969;
Ward, 1973). The presence of these plants indicates fairly high dissolved oxygen
content, a tolerable pH range, low sediment or settleable solids load (i.e., the

silt is not blocking the light), and the absence of choking bottom sludge.

Color and color infrared photographs have shown con-
siderable potential for studying the turbidity of water bodies. The turbidity
of a water is its capacity for absorbing or scattering light. Turbidity levels

are determined by the size, character and concentration of suspended solids.

Studies correlating reflectance and the water quality

parameters of suspended solids, turbidity, and color have shown that although

- there is good relationship between reflectance and the parameters of suspended

solids and color, the relationship changes from day to day. It was only the
correlation between reflectance and turbidity that remained constant (Scherz,
1972; Scherz and Van Domelen, 1973). McCauley (1974) used satellite and aerial

photography analyzed with a Macbeth EP-1000 macrodensitometer to relate film

density to the following ground-sampled parameters: bicarbonate, carbonate, calcium,

magnesium, potassium, sedium, sulfate, chloride, total soiids, total heat-stable

solids, suspended solids, heat-stable suspended solids and pH. The results

showed a strong linear relationship between the red/green radiance ratio and

suspended solids. Color infrared film is most sensitive to changes in suspended
-190-
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sediment concentrations. Use of red or blue filters for measuring density appeared
to improve infrared film sensitivity (Blanchard and Leamer, 1973}. Blanchard
found during an investigation of farm ponds at Chickasha, Oklahoma, that photo-
graphic film response appeared to be dominated by suspended sediments. A highly

turbid stream will, in fact, mask most other water quality indicators (Copper,

1969).

Photographic measurement of suspended sediments (or
turbidity) requires corrections for atmospheric effects. A reflectance standard
should always be present in the photegraphs to be analyzed (Scherz and Van Domelen,
1973). According to Blanchard and Leamer (1973), measurement of suspended sedi-
ments in water is feasible for concentrations up to approximately 75 parts per
million. They state that visible and near-infrared light produce misleading

results if heavy concentrations of suspended sediment are present.

(4) Chemical properties

Cooper (1969) used color infrared to detect acid stains
along a river shoreline through a moderate tree canopy. The acid stains appeared
brilliant green on the photography. In some cases, low pH (3.5-4.0) waters
appeared green to blue-green. Other waters with comparable pH appeared blue-
green to light blue. Cooper ran a correlation analysis on an unidentified number
of samples and was able to state only that there appeared to be some relationship
between the rise in pH and a change in color from green to blue. A correlation
analysis between film densities and pH measurements taken in the field provided

no significant relationship between the two (McCauley, 1974).

Results obtained by Johnson and Willson (1969) did not
prove a relationship between stream cclor and stream pH. Neither the celor nor
the color infrared photography showed the predicted color shift to illustrate

changes in pH as recorded on the ground by field tests.

Iron hydroxide precipitates are the most obvious
indicator of stream chemical contamination by mine drainage. They impart the
characteristic red color of acid mine drainage and discolor the stream bed and
banks with the well known ''yellow boy'" deposits. In 1963, color imagery taken
of West Virginia showed streams of high acidity in shades of green and basic

streams (pH of 7 or more) in blue. Johnson and Willson (1969) determined that
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the color of the acid stain along the banks and on the stream bottom was more
easily seen on color film (Ektachrome X) than on coler infrared film. Schneider
and Kolipinski (1969} also found color aerial photography useful for identifying
streams polluted by acid mine drainage. High altitﬁde color photography can be
used to identify iron oxide discoloration in streams and ponds over 30 feet

. wide (Deely; Russell and Wobber, 1973).

Johnson and Willson preferred color to color
infrared film for identifying contaminated water bodies. They stated that mine
acid drainage registered as 'greenish-cream” on Ektachrome infrared film, Ambioﬁics
{1974) found a close correlation between ''green water' on the false-color infrared

photography and waters polluted by acid mine drainage.

The presence of specific kinds of algae in water has
been used as an indicator of acid water and a number of aerial photographic
surveys haﬁe investigated the potential of using remote sensing for detecting
algae concentrations and aquatic vegetation (Hom, 1968; Scherz 1969). However,
the use of algal growth in étreams as a photographic indicator of acid water
must be used with extreﬁe caution since similar greemn algae thrive in neutral

water.

Sulfates of aluminum, calcium, and manganese
are also present in mine drainage; however, investigations by Blanchard and Leamer
{(1973) indicated that the mineral content of water is not correlated with film

response.,
c) Soils and Terrain

Soil and landform characteristics considered in this review
are important to mine reclamation efforts. The characteristics include slope
and aspect, slépe failure {mass wastage), erosion, drainage, soil moisture,
surface shape, soll type, and soil texture., Most of the successful procedures
listed in this review are directly applicable to aerial photographic evaluations
of reclaimed mine areas. Aerial photography is currently being used to determine
slope and aspect, slope failure, erosioﬁ; drainage patterns, and surface shape.
Aerial photographs are also being used as aids in soil surveys. A summary of
the above uses of remote senscors and film, scale, time of coverage, type of
coverage, and references is given in Table 3.
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TABLE 3

SOILS AND TERRAIN CHARACTERISTICS DETECTED WITH REMOTE SENSORS

717-11
SOIL AND TERRAIN STEREOSCOPIC COVERAGE
CHARACTERISTIC FILM SCALE TIME OF COVERAGE NEEDED REFERENCES
SLOPE AND ASPECT PANCHROMATIC COLOR LARGE TO MEDIUM WINTER YES AVERY 1968
COLOR IR < 1:4000 - 1-20,000 EARLY SPRING KUHL, 1970
MOESSNER, 1964
MOESSNER, 1966
VAN DER BENT, 1969
SLOPE FAILURE PANCHROMATIC COLOR 1:2400 TO 1:2n,600 WINTER EARLY SPRING YES POOLE, 1969
COLOR MINTZER, 1966
EROSION COLOR IR >1:10,000 NOT INDICATED YES FEZER, 1989
POOLE, 1968
CRAINAGE GOLOR IR 1:12,000 10 1:17,500 LATE SPRING EARLY YES FEZER, 1969
SUMMER KUHL, 1970
MINTZER, 1968
PARRY, 18711
SOIL MOISTURE CONTENT | COLOR |p 1:2500 T8 1:5630 PLANT GROWING SEASON’ NO PIECH. 1974
OR SPRING SCHMER, 1970
WERNER, 1971
SURFACE SHAPE PANCHROMATIC COLOR NOT INDICATED WINTER EARLY SPRING NO FEZER, 1969
COLOR IR WAELT!, 1970
SOIL TYPE COLOR 1:9600 T0 1:36,U00 EARLY SPRING NO KRISTOF, 1974
COLOR IR HINTZER, 1968
MULTI-SPECTRAL PARRY, 1469
SCANNER ° YALENTINE, 1871
SODIL TEXTURE COLOR LARGE SCALE NOT INDICATED NO
P1ECH, 1974

~ 1:4000
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(1) Slope and aspect

7 The angle of a slope surface with respect to the
horizontal (slope) and the bearing or difection of the slope (aspect) can both be
determined from aerial photographs (Avery, 1968; Moessner, 1964; Moessner, 1966; van
der Bent, 1969). Slope is de;ermined by measuring the height difference between
twé points—--directly doﬁn slope-=on stereosc0pi; pairs of photographs.

This measurement is accomplished most easily by the use of a parallax

wedge or parallax bar (Moessnmer, 1964; Moessner, 1966). In past studies on bare
soil, correlation coefficients as High as 0.941 have been obtained between
measurements made on the ground with Abney levels and measurements made on photo-
graphs (Moessner, 1964). In forested and vegetated areas, the correlation
coefficients decrease because the slope at the top of the vegetation may not
correlate with the slope of the scil. Sometimes this problem can be avoided by
using photes obtained when the vegetation was dormant in winter. The scale of
photographs that should be used for slope characterization is determined by

the size of the slopes that are being evaluated.  In most cases medium (1:12,000)

to large (< 1:4000) scales are sufficient. Color films are preferred (Kuhl, 1970).

Aspect can be determined easily by drawing a line
of true north on the photograph and using it as a reference for presenting slope

direction or aspect (Avery, 1968).

(2) Slope failure

. . Fofms ocf slop failure,'including soil
creep, rock fall and rock creep, earth flow, slump, debris slide, and rock slide,
can be detected from aerial photographs (Mintzer,‘l966; Poole, 1969). Analysis
indicétes that scales smaller than 1:9600 are not adequate for detection‘of small
wastage details and slide-prone areas which average 100 by 200 feet in the proximity
of strip mines (Mintzer 1966). Stereoscopic coverage is preferred for detailed
analysis and scales should be approximately 1:2400 for this type of analysis
(Mintzer, 1966; Poole, 1969). Color and color infrared films are preferred because
color contrasts arevmore.ﬁronounced, microsurface characteristics are more readily
discerned, and vegetation and soil moisture are better depicted. Winter and
early spring are considered to be the optimum seasons for this type of identi-
fication, although sometimes older slope failures can be detected in late spring
and early summer because of the effect on vegetation patterns.
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(3) Erosion

Erosional forms, including sheet wash, rill wash,
and gullying, can be delineated on aerial photographs (Fezer, 1969; Poole, 1969).
Sheet wash, even in its formative stages, is detectable on large-scale photo-
graphs by its mottled appearance. Rill wash is an early stage of gully formation

and it is almost impossible to determine from aerial photographs where rill wash

ends and gullying begins. Stereoscopic viewing of color and color infrared photo
graphs with a sterecscope at 4x magnification facilitates determining whether
rill or gully wash is occurring (FPoole, 1969). Scales should generally be larger

than 1:10000 to evaluate erosional patterms.

Erosion under tree cover can often be detected because
of ground exposure where tree litter was washed away. The amount of exposed soil
at the periphery of the trees is also an indicator of erosional processes (Poole,

1969).

(4) Drainage

Various forms of drainage patterns can be detected
easily by utilizing aerial photographs (Avery, 1968; Fezer, 1969; Kuhl, 1970; Mintzer,
1968). Single photo interpretations with color and color infrared are more
accurate than with panchromatic film. Drainage can be determined with great
accuracy from stereo pairs. The input of slope, which can be determined from
stereo pairs, aids in determining drainage patterns, especially in areas where
50il materials are moderately to slowly permeable and drainage is closely
associated with léndscape position (Kuhl, 1970). Late spring to early summer is
considered the best time for photographing soil drainage (Kuhl, 1970). Color
photographs are considered better than color infrared photographs because hues
are more similar to what would be seen on the ground (Kuhl, 1970). However, when
drainage channels are still moist, color infrared is usually better because of the
low infrared reflectance from water (Hunter, 1970). Medium scales (1:12,000)
are considered acceptable, but every 2x magnification of the imagery provides
seven percent more detectlon of drainage density on the aerial photographs

(Fezer, 1969).
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(5) Soil moisture

Relative amounts of soil surface moisture can be
determined from aerial photographs (Piech, 1974; Schmer, 1970; Werner, 1971). 1In
some cases cclor film can be utilized to view vegetative cover which is used
as an indicator of soil moisture {Schmer, 1970; Werner, 1971). Photcmetric infer-
mation extracted from color imagefy can also be used to determine soil moisture
(Piech, 1974). With this method, ratios of red to blue reflectance are used to
determine relative amounts of moisture. It is important to note, however, that
in many cases, even relative amounts of soil moisture can be difficult to determine
because other factors such as soil texture and organic matter can affect soil

reflectance in the same manner as soil moisture (Mathews, 1973; Piech, 1974).

Microwave radiometry has been used to determine soil
moisture (Schmugge, 1974). The microwave emission from soils is a function of radio-
meter wavelength and the distribution of moisture in the soil. At a wavelength o
of 1.55 cm there is little variation of emission below 10-15 percent moisture,
but above this value there is a linear decrease in emission for each percentage

point increase in soil moisture.

Thermal infrared imaging is useful for identifying
areas of relatively high soil moisture. Evaporation contrasts due to variation

in soil moisture are responsible for these thermal contrasts.

(6) Surface shape

In addition to slope, ruggedness is another soil
surface factor which can be determined quite easily from aerial photographs
(Fezer, 1969; Waelti, 1970). Surfaces classified as plane horizontal or sloped,
undulent, mederately gullied, heavily gullied or broken, and completely irregular
have been determined from aerial photographs for the purpose of forest road
planning (Waelti, 1970). Photographs taken during vegetative dormancy are best
because soil surface forms can be delineated more readily without vegetal inter-

ference. Stereographic format is best for shape characterization and study.

(7) Soil type
Soil series are normally differentiated by both surface

and subsurface properties and, therefore, delineation of these series by remote sensing

should not be expected in many cases. Any given series has an allowable range of



surface conditions that is capable of causing confusion on remote sensor outputs.
There has heen limited success in recogﬁizing varicus soil series using computer-
analyzed multispectral scanner data (K;istof, 1974). However, the chief value

of this type of detection is the delineation of grosser soil divisions over a

large area. The same usually holds true for photointerpretation of aerial
photography for soil identification. The basic value of aerial photographs lies
in their ability to provide synoptic views that can be used to delineate boundaries
of soils that are of different types. These types, however, must usually be

identified by field work on the ground (Mintzer, 1968; Parry, 1969; Valentine, 1971).

Boundaries of soil and terrain units in valleys and
low wetlands are often more clearly discerned on color infrared photographs
(Valentine,197l). Scales of 1:9600 to 1:36000 can be used for this type of
delineation (Parry, 1969; Valentine, 1971). Stereoscopic coverage has been used

in many cases but has not been deemed necessary in all cases, .

In other studies it has been found that exact corres- =
pondence between field and photographic colors as defined by the Munsell Color
System could not be obtained (Parry 1969). Also few soils possessed unigue
color characteristics at the soil series level. When the color variations within
a soil seriés are smaller than the variations among soil series, identification

of the series is possible (Cihler, 1972; Kihlblom, 1972; Parry, 1969).

The Soil Conservation Service uses aerial photos for
most soil identification work. Generally, a combination of landforms and vegetation
asstdéts in'défining the spatial extent of a given soil type. Field study

is necessary to validate the interpretation and to extend its applicability.

(8) S0il texture

S0il texture is one of the characteristics used to
determine soil series. Relative soil textures have been determined by utilizing
the ratio of red to blue reflectance (Piech, 1974). Other studies utilizing
conventional photointerpretation techniques have not been successful especially
when clays were present in varying amounts at the soil surface (Kuhl, 1970;

Kihlblom, 1972).
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d) Geologic Characteristics

Strike and dip of rock strata and the amalysis of photo-
geologic linear features (fractures) are important aspects in mine planning and
ultimately in mine reclamation. Fractures can affect the drainage, hydfological
aspecfs, and even stability of a given area. Strike and dip of rock and'coal strata
are important in mine planning. Slope determination of regraded areas,
unminediareas, and surface shape are dealt with in the portion of literature

review concerned with soils and landforms.

(1) Photogeologic linears

One of the advantages in studying remote sensor

- outputs is the marked delineation of linear geologic features. The advantage is
a direct result of the synoptic view inherent in viewing aerial data. Many
alignments or nonalignments phat are inconspicuous to the ground observer are
readily apparent on photography and other imagery. Linear geologic features
may be conspicuous due to their nonalignment with stream valleys, ridges, or
uplands which they cross. The most common indicators are alignments of stream

segments and small drainage courses,

Most of the linear features are direct or indirect
expressions of fractures and are depicted on the aerial data as tonal variatioms
in vegetation alignment, as straight segments of stream courses, as differential
solar illumination,or as differential radiant emission due to variations in

lithology or molsture.

A new concept and terminology dealing with photo-
geologic linears have recently been formulated (Gay, 1973). This new concept is
based uponlthe observation that the earth's continental crust is cut by a number
of parallel to subparallel deep fractures in the basement rock. These basement
fractures are regional in extent and invariably paired with other Sets-of
fractures orthogonél to them. Photogeclogic lineaments observed in the overlying
cover rocks which coincide with traces of the basement faults are fracture
trace lineaments. The cover rocks may be faulted along the trace lineaments, ar‘
they may be unfaulted and strongly jointed. The lineaments are generally several
kilometers long. When lineaments are observed in the overlying cover rocks that do

not coincide with the traces of basement faults but are caused by joints parallel
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to basement faults, they are called joint lineaments. These typ&& of lineaments

generally do not exceed one or two kilometers in 1ength.

All of these lineaments can be successfully mapped
from aerial photographs and imagery obtained from spacecraft (Gold, 1973;
Lattman, 1958; Lattman, 1961; Ray, 1960; Trainef\and{Ellison, 1967; Wier, 19734A;
Wier, 1973B).

Joint lineamEst {(fracture traces as defined by
Lattman) can best be mapped from aerial photographs at scales of 1:20,000 or
larger (Lattman, 1958; Lattman, 1961; Ray, 1960). Trainer“and Ellison (1967) have
shown that lineaments in flat-lying strata more accurately depict the basement
fracture pattern than lineaments lying in tilted strata because the fracture
patterns from basement fracture lineaments are imprinted ontc overlying sedimentary
rock strata. Histograms of joint lineaments made from aerial photographs
often show maximums closely corresponding to these of prevailing directions of
joints (Ray, 1960). However, since imprinting from basement lineaments to sedi-
mentary rock occurs as soon as the sediments are laid down, later deformations
and the tilting of stﬁata cause joints to become non-vertical and strike to be
changed (Trainer and Ellison,l962). In areas where dip is greater than 5 degrees,
joint lineaments may not be paralleidﬁd joint sets and may differ as much as
45 degrees (Lattman, 1961). The close correspondence of joint lineaments with
joint directions in horizontal or nearly horizontal straps, however, indicates
that aerial photographs can be used to extend mapping of joint sets into areas

of no outcrop.

Regional fracture mapping can be accomplished by
utilizing satellite data (Gold, 1973; Wier, 1973A; Wier, 1973B). 1In areas where
deep mine roof failure is associated with natural fractures, data from the ERTS
satellite has been used to determine high-risk areas (Wier, 1973A; Wier, 1973B).
However, the use of satellite data is still limited because subregional smaller
concentrations of*joint sets are not within the resclution capabilities of the

satellite.

(2) Strike and dip

In areas where associated rock strata conform with
topographic surfaces, dip is easily determined by measuring the altitude between

two peints, directly down dip from one to the other (Avery, 1968; Lattman, 1965;

el
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Ray, 1960). The difference in altitude and the horizontal difference between

the two points are used in the following equation to determine dip angle.

Vertical Distance
Horizontal Distance

= Tangent of Dip Angle

Rapid estimations of slopes and dips can be made by
using comparators which allow direct wvisual comparisen of a natural dip slope
with a range of constructed dip slopes overlayed on a portion of the stereo

pairs being used {van der Bent, 1969).

Dip angle is hard to measure from aerial photographs
when the rock strata do not conform with topographic features (Ray, 1960). A
slope which has‘the same dip direction as its underlying rock units is called
a resequent slope. A slope with an copposite direction from that of the dipping
rock units Is an obsequent slope. When the dip of the rock units is moderate
to small (<25 degrees) the obsequent slope is usually steeper than the resequent

slope (Miller, 1961). This simple association is sometimes used to roughly

estimate slope when the rock strata do not conform with topographical features.

Generally, the strike can be found with a protractor
by determining the direction of a line lying between two points of the same
altitude on a bed (Avery, 1968). Both strike and dip are difficult to determine

where vegetative cover is dense (Miller 1961).

e) Satellite Monitoring of Surface Mine Operations and

Reclamation

Conventional photointerpretation and photogrammetric

techniques éan be successfully applied to space photography when the imagery

is sharp (Henkes, 1971). Very accurate linear measurements can be made on
ultra-small scale (1:2,050,000 - 1:2,700,000) space photogfaphs, although the
accuracy of volumetric measurements is low compared to volumetric data obtained
from low aititude large-scale photography. Results obtained from photographic
systems on board the Gemini and Apolloc spacecraft indicate that outputs from
these syétems could be used to accurately determine total surface area being
mined (Henkes, 1971). Repetitive coverage of this type could be used to monitor
the success of revegetation efforts for large areas. However, evaluation of

vegetative vigor and small areas of vegetative failure could not be made from

this type of imagery. 2

N
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The recent development of multispectral scanners capable
of sensing many spectral bands and recording them simultaneously on magnetic
tape has led to new methods of data analysis. The bottleneck of rapid information
extraction (the photo interpreter) is bypassed as man-machine analysis provides a
more rapid quantitative interpretation of spectral data. The multispectral
;scanners on board the ERTS (LANDSAT) satellites have been proved capable of
detecting and delineating strip mined areas (Alexander, 1973; Chaée,gl973; Schubert,
1973; Thempson, 1973; Wier 1973). Repetitive coverage of large areas provides
moniteoring capabilities, although in certain areas this advantage is offset by
cloud coverage during a majer portion of the year. A second disadvantage is
resclution which is .456 hectares (1.27 acres) and not practical for evaluating

small areas.

Studies in Ohio have shown that the amount qf surface area .
being mined can be detected rapidly and efficiently by machine analysis of the |
ERTS data (Chase, 1973; Pettyjohn, 1973). It is claimed that strip mine and reclama-
tion maps that now take months to produce from aerial photography could be pro-
duced in a matter of days at one-tenth the current cost by utilizing automatic
mapping techniques with the ERTS data (Pettyjohn, 1973). Vegetation affected by
acid mine drainage has also been detected and mapped (Alexander, 1973). Small
lakes that are a product of the mining operation are easily detected by utilizing -*

the infrared channel from the ERTS scanner (Pettyjohn, 1973).

Unreclaimed stripped land and in some cases reclaimed
land can be distinguished from natural and agricultural vegetation on negative
and positive transparencies of ERTS-1 imagery (Ambionics, 1974; Ahmad, 1973).
Positive transparencies of mined areas can be projected onto 7.5 minute topographic
maps and the mined areas can then be delineated on the maps (Ambionics, 1974).
The procedures and equipment needed for this type of analysis are felatively
inexpensive and uncomplicated as compared to the equipment and methods used
for machine analysis of computer-compatible tapes. This method could provide
government agencies with an inexpensive accurate means of updating records

pertaining to surface mining activity.
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The studies that have been completed to date strongly
indicate that current aerospace and computer technology can be utilized to
rapidly and efficiently produce maps of the gross features of strip mined areas.
Repetitive coverage permits monitoring changes in mining operations including
revegation of mined areas. However, reclamation characteristics such as
vegetation type, species composition, vegetétive vigor, percent slope, and
planting method are not within the resolution capabilites of the satellite
sensors. Therefore, the satellite data would not be useful for determining
compliance to specific reclamation legislation. It should be restated that
satellite monitoring of surface coal mining areas has been used to discriminate
strip mined lands; however, detailed differential between types of strip
mined lands (i.e., reclaimed or unreclaimed) has not been demonstrated

conclusively.

f) Summary

In considering the applicability of remote sensing to
surface mining and reclamation, emphasis must be placed upon the techniques of
information acquisition. Objectives of gathering data must be clearly delineated.
Film, film-filter combinations, time of day, altitude and many other factors
+ must be carefully calculated to effectively monitor surface mining. Finally, it
must be kept in mind that remote sensing information is best used to complement,

assist, or reduce field data collection rather than replace it.

SECTION 2. Relevance of Aerial Photography to Current Surface Ceal

. . .k
Mine Legislation

a) Introduction

Color and color infrared aerial photography 4is currently
being used only to a limited extent to aid mine operators in meeting strip
mining legislative requirements, although there are many potential users for these
tools. This section reviews those portions of existing strip mine legislation
where the suggested or required use of aerial photography is made explicit.
Following the review, some of the potential uses of color and color infrared photo-

graphy are explored.

%
To facilitate identification of sources, pertinent legislation is cited in
footnotes throughout Section 2.
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There are explicit references to aerial photography in
the legislation or regulations in the states of Alabama, Illinois, Maryland,
Pennsylvania, Tennessee, and West Virginia. In most cases, aerial photographs‘
are a suggested substitute for one of the maps required by the laws. In only
one state, Illinois, are merial photographs a part of the sampliﬁg'séheme for

revegetation inspection.

In all, various states require six different kinds of
maps: prospecting maps, permit application maps, reclamation plan maps,
mining plan maps, progress maps, and final maps. All of the states require
some reclamation qf prospected areas {(unless mining immediately follows
prospecting, in which case reclamation follows the mining), so, in many states,
a map must be provided detailing the area to be prospected. In some stateé,
permit application maps which show the existing conditions prior to
mining must be presented. Reclamation and mining plan maps, if required, are
usually prepared as a part of the permit application. They are generally the
most detailed maps prepared by the operator, and include such information as
locationaofthe operation,boundaries of the affected area, the location of

natural waterways and waterways to be constructed, and the location of

™

upilities in the affected area. Progress maps include all the updated
;ersions of the reclamation and mining plan maps, that show such features

as the actual area mined during a given periocd, an area to be substituted for
the mined area for reclamation, and areas already reclaimed. Final maps,
prepared after the completion of all mining and reclamation in an area, must

show all the areas that were mined and later reclaimed.

b) Explicit References to Aerial Photography

The Tennessee law and regulations specify that aerial

photographs may be used in place of prospecting permit maps and mining and

reclamation plan maps. The regulations further specify that the aerial photo

must be at a scale of 1" = 500'.

1
Tennessee, The Tennessee Surface Mining Law, Laws of 1974 (1974)
Public Chapter No. 1547, Sec. 6 (b) with amendment of May 1974.

2
Tennessee, Regulations Pertaining to Surface Mining (1974), Regulation
0400-3~4-,01.
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In Maryland, an aerial photo may be employed as a permit
application map. It may also be used in place of an annual mining and
progress report map and a completion report map.3’4
The Pennsylvania "Surface Mining Conservation and
Reclamation Act" requires a mining permit application map. The law states that
aerial photographs "shall also be provided if such photographs are required
by the secretary,"5 but there is no indication that the photos may be substituted

for the maps.

Aerial photographs may be the base for permit application,
progress, and final maps, according to the laws of West Virginia.6' The details

of map and aerial photograph format are specified in the regulations.7

In Illinois, there are two distinct uses for aerial

photographs in the mined land reclamation process. First, an aerial photo

may be used for the "affected acreage map,”

a type of progress map. Second,
an aerial photograph must be used as part of the sampling procedure to monitor the

establishment of pasture or row crops.

3Maryland, Natural Resources Strip Mining Law. Title 7, Subtitle 5, (1974),
7-505(c).

4Maryland, Rules and Regulations, (Bituminous Coal Strip Mine and Auger Mine
Regulations), 08.06.01.02.

5Penﬁsylvania, Surface Mining Conservation and Reclamation Act, Pennsylvania
Statutes Annotated, (1971), Title 52, Mines and Mining, Chapter 1396;
approved 1945 as Pennsylvania Bituminous Coal Open Pit Mining Conservation
Act; Public Acts of 1963, 1968; Public Act No. 147, 1971, Section 4.a.(l).

6West Virginia, Surface Mining Act, West Virginia Code, Volume 8, (1970),
Replacement Volume, Chapter 20-Natural Resources, Sections 2, 5-11,
14-17, and 30; Section 20-6-9.

7West Virginia, Surface Mining Reclamation Regulations. Chapter 20-6
Series VII, (1971), Section 10.01-10.05.

8Illinois, Rules and Regulations Pertaining to the Surface-Mined Land
Conservation and Reclamation Act, (1972), Chapter XVI, Rule lé0l1-Rule
1606.




There are no other explicit references to the use of
aerial photography in any of the surface mining laws, rules, and‘regulations
of the eleven coal mining states east of the Mississippi Rivef. However,
there are many potential areas for the further use of color and c¢color

infrared aerial photography.

c) Potential Uses of Aerial Photography

Color and color IR phdtography is useful primarily for
showing landscape features; therefore, only that legislation which relates to
the effects of mining on the landscape is pertinent to aerial photography. For
this reason, certain sections of surface mining legislation were reviewed
in detail, while other sections were given only a cursory examination. For
example, some of the sections of the Kentucky law given complete review are

those entitled:

Permit Required; Content of Application; Map;
Fee; Bond; Reclamation Plan:; Requirements;
Approval; Dumping Regulations; Backfilling and
Grading; Alternative Impoundments; Bond Release.
Vegetative Cover Requirements.
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Those sections of little importance to aerial

photography include, among others:

Suspension of Permit; Bond Fbrfeiture;
Denial of Future Permits.
Succession of One Operator by Another.

The current discussion compares the more lenient
requirements of some states with the more stringent requirements of other states’
for each item. A stringent reclamation requirement is one which requires é
mining operator to spend a relatively great amount of time, money, and other
resources in restoring the land to its original condition or in improving the

land for a "higher" land use.

C .

A stringent requirement is not necessarily the best or most

suitable regulation for every state. In fact, the strict rules in effect in

some of the states would be impossible to enforce in other states for reasons

of climate, topography, geology (including structure of the coal beds), and
settlement patterns. For example, in Illinois, the rules for land reclaimed for

row-crop agriculture state:

The top 24 inches of newly placed maerials
shall contain no rocks larger than 6 inches
in diameter, and shall neot contain more than
20% rock by volume. The two to four foot
layer. of newly placed materials shall contain
no rocks larger than 10 inches in diameter
and shall not contain more than 50% rock

by volume.?

There are many places in Illinois where topsoil depth
prior to mining is many feet thick, so it is reasonable to require that
two feet of topsoil be replaced. However, in many parts of Pennsylvania
there are only a few inches of topsoil, so all of the soil must be saved

in order to comply with the following requirement of 12 inches of cover:

9 Illinoig, Rules and Regulations, Rule. 1104,
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All topscil and sufficient sub-soil
shall be removed segregated, and

stored in a readily accessible location
to insure ample material for a cover

of at least 12 inches after backfilling
has been completed. 10

An outline of the types of items that were reviewed

in detail is shown below:

. Types of mining covered by laws and regulations
¢ Inspections; freqﬁency and techniques
. Mine planning requirements
a. Prospecting maps; items included
b. Permit application maps; items included
c. Reclamation plan maps, mining plan maps; items
included
d. Areas restricted from mining
® Mine monitoring requirements
a. Progress maps,bfinal maps; items included
b. Monuments, markers
hd Reclamation requirements

a. Backfilling

b. Grading

¢. Drainage control, including impoundments
d. Access roads, fire lanes

e. Removal of debris

10
Pennsylvania, Requirements Accompanying Permits Authorizing the

Operation of Surface Coal Mines (1%72), Subchapter D, 77, 92, £.(5).




f. Revegation
g Other land use
h. Overall time for reclamation

(1) Types of mining

The reviewed laws of several states cover only the
surface mining of bituminous coal. The Maryland law is designed to effect the
"improvement of areas of land affected in the mining of bituminous coal by
the open-pit strip mining, or auger mining method.“ll The Ohio law covers the
strip mining of coal, including the auger method. The "control (of) present
and future problems associated with the surface mining (strip, auger, or other
surface methods) of coal resources and the reclamation of disturbed lands"12
is the objective of the Virginia law. The remaining states have more generally
applicable surface mining laws. For example, the Illinois law applies to
coal, sand, gravel, silica, shale, clay, and limestone. The Michigan law
controls the mining of "ecoal, gypsum, stone, metallic ore, . . . and other
material to be excavated for commercial, industrial, or construction uses.

It does not include clay, gravel, marl, peat, or sand.”13 The Indiana law
governs coal, clay, and shale mining. The Pennsylvania law includes reclamation
requirements for "limestone, dolomite, sand, gravel, rock, stone, earth, fill,

14

slag, iron ore, zinc ore, vermiculite clay, and anthracite and bituminocus coal."

Since several states have surface mining laws
applicable to minerals other than coal, utilization of aerial photography in

those states should be noted.

-

Although the legislation in many states is identical
for several minerals, there are specific regulations for various minerals that
take into account the unique physical properties of the substances. In Pennsylvania

there are separate planting regulations following the mining of bituminous and

llMaryland, Natural Respources Strip Mining Law, 7-502.

1z ..
Virginia, Coal Surface Mining Law, Code of Virginia, (1975), Title 45.1,
Chapter 17, 45.1-198(d). '

13yichigan, Mine Reclamation Act (1972), Sec. 1. (h).

4 , . . .
Pennsylvania, Surface Mining Conservation and Reclamation Act. Section 3.
' -37-
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anthracite coal, because anthracite spoils and soils are quite different from
those of the bituminous areas of Pennsylvania and the same species of vegetation

will not grow well on both types of spoil.

(2) Inspection: frequency and techniques

All of the states require that a state mining
inspector visit each mining site at some time during the operation. The

frequency and rigor of inspections varies considerably from state to state.

The West Virgihia law and regulations provide for
the strictest inspection schedule. The "Duties of surface-mining reclamation
inspectors" include the assurance of complete compliance with the conditions
of the mining permit, "inspections . . ., of each active surface mining operation
at least once every fifteen days,"15 and the reporting of all violations to the
director. Surface mine inspection reports must be filled out every 15 days until
the backfilling and grading are completed. All water discharged from the permit
area must be monitored daily, and the Reclamation Division receives a monthly
report of water quality. The final inspection of revegetation takes place at
least two years after planting and the reclamation bond is released if there

is a satisfactory vegetative cover at that time.

None of the other states requires a scheduled in-
spection of mining sites with a particular frequency (at least the laws and
regulations do not require this). One of the documents which mentions inspections ™

only in the most general way is Alabama's law. The Alabama law dictates:

Any member of the Commission, director or
their staff may enter upon the affected lands
at any reasonable time for the purpose of
inspection to determine whether the provisions
of this act have been complied with,16

The law also mentions inspections when certain milestones are reached, such as
at the completion of all reclamation. The final inspection must be made by a

registered forester.

Discussions with state reclamation bureau personnel

indicate that all the states attempt to make .regular inspections using a

[
15 West Virginia, Surface Mining Act, 20-6-5,

16 Alabama, Surface Mining Reclamation Act of 1975, Section XII.
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set of standard techniques and reporting procedures., However, nearly all the
state inspection teams are understaffed. Any of the applications of color and
color IR aerial photography which would make more frequent inspections possible

would be welcomed by the bureaus.

(3) Mine planning requirements’

The remaining requirements of surface mining laws are
reviewed in roughly sequential order with respect to the mining.operation.
Prospecting maps, permit application maps, and reclamation plan maps must all be
prepared previous to beginning mining. Also areas within the general permit

area in which mining is to be prohibited must be determined before mining

commences.
{a) Prospecting maps
Marvland, Tennessee, Virginia and West Virginia
require prospecting maps. Pennsylﬁénia requires a detailed description of

prospected areas but no map. The prospect mining map in Maryland must be a

USGS topographic map, 7 1/2 minute series, at a scale of 500 feet to the inch,
showing the location of each prospect and property line, adjacent ownership,

and route of access. Information which need not be mapped but must be described |

verbally includes area disturbed, depth of overburden, and name and thickness

"of seam to be mined,.

In Tennessee, threé topographic maps or aerial
photos must be submitted as part of the permit application, showing tract
boundaries, the contour on which prospecting will occur, and the location of
surface disturbance. The requirement in Virginia is quite similar; there a
USGS topographic map must show the crop line and name of the seams to be prospected.
A USGS topographic map showing the crop line and name of the seams must be
presented to the Department in West Virginia, A plan for reclamation of a pros-
pected area in West Virginia must include g reclamation plan map identical to that

prepared for a mined area (see Section ¢, Reclamation plan and mining maps).
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(b) Permit application maps

Nearly all of the state lawsrequire permit
application maps. One of the most detailed application maps is the one which
‘must be prepared in Ohio. A strip mining license, rather than a permit, is
issued -in Ohio, so that the map discussed in this section is actually a license
application map. It must be submittéd in triplicate, at a scale not to exceed
four hundred feet to the inch. It may be a USGS topographic map enlarged to

the given scale with the information superimposed upon it.

The complete list of information required on
the Ohio map indicates several features which would be displayed well on aerial

photographs:

Required Information: Ohio License Application Map

Boundaries of affected area

Boundaries of subjacent and adjacent deep mining; active,
inactive, mined out

Name of the applicant

Names of surface and mineral owners of area and within five
hundred feet of area

Names and locations of streams, creeks, other water bodies,
roads, railroads, utility lines, buildings, cemeteries; oil
and gas wells, in area and within five hundred feet of area

County, municipality, township, and section names

Drainage plan; existing and proposed

Location of test borings

Date of preparation, north point, quadrangle sketch

Locational monuments in area and within five hundred feet of area

Locational coordinates (Universal Transverse Mercator Grid
Coordinates)

Aerial photographs provide current information
on the location of such man-made features aélroads, railroads, buildings,
and locational monuments. Color infrared photography, in particular, displays the
existing drainage pattern, including the beds of minor, intermittent streams

whose channels have changed since previous mapping.

No permit application maps are required in
Alabama or in Michigan, although an accurate description of the location of
mining areas must be kept on file with the inspectors in these states.

— 40~
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(c) Reclamation plan and mining plan maps

The reclamation and mining plan map require-
ments were quoted in the previous pages (since they included references to aerial
photography) for the states of Maryland, Pennsylvania, Tennessee, and West
Virginia, Two other states, Indiana and Michigan, have particularly interesting

reclamation plan requirements.

The Indiana reclamation plan maps must

indicate.

the location of the operation, the name of
the applicant and date, the boundaries of
the area of land affected, the drainage plan
on and away from the area of land

affected, all utility and other easements

on the area of land affected . . .

The Indiana Plan of Reclamation Form
(R-501-A) requires the operator to specify the land use objective for the
proposed area to be mined. The slope and soil conditioning requirements for
various land uses appéar on the form itself. The proposed vegetation must be
indicated as a part of the plan; therefore, the revegetation types must be
considered much sconer in the mining process in Indiana than in many of the
other states. Other information such as the techniques and types of equipment

used for grading must be presented in a similarly detailed fashion.

The Mine Reclamation: Proposed Rules

of the Geological Survey Division of Michigan (not yet ratified as of this writing)
would provide for a dynamic process for determining the reclaimed land use.

The rules state that "upon request of the supervisor, an operator shall submit

his long range environment plan for the mining area."® Once the plan is

accepted, it is termed the reclamation plan. It may be updated at any time,

and "may be conditioned to periodic review in light of new research and changed

reclamation technology."1?

lYIndiana, An Act Regulating Surface Mining, House Enrolled Act No. 1789
(1968), Section 1.(c).

18Michigan, Mine Reclamation: Proposed Rules (1974), Rule 8, (1).
Y1pid., Rule 9. (3).
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(d) Areas restricted from mining

Most of the laws restrict certain areas from mining
to prevent erosion, pollution of streams, and éncroaéhment on scenic areas. There
are also regulationé against mining if physical conditions would demand that the
mining operation be unusually expensive, or if such conditions would render recla-

matlion impossible.

The Kentucky law clearly bans mining from many

areas:

No application for a permit shall be approved
by the division if . . . there is no probable
cause to believe that the proposed method of
operation, backfilling, grading, or reclamation
of the affected area can be carried out
consistent with the purpose of this chapter.

If the division finds that the overburden . . .
shows that substantial deposition of sediment
in stream beds, landslides or acid water
pollution cannot feasibly be prevented,

the division may delete such part of the

land described in the application upon

which 'such overburden exists.

Strip mining may not take -place in Kentucky if it
would be a hazard to any house, public building, school, church, ceme&ery, COmmer -
cial or institﬁtional building, public rocad, stream, lake, wild river, park, or

other public property. No strip mining area can be within 100 feet of any public

road, stream or lake.

The Maryland law requires similar restrictions,
and also states that no operator shall maintain a highwall within two feet for
every foot of vertical highwall to an adjacent property line. Maryland, as of
this writing, has proposed a regulation to ban most mining from the scenic corridor

of the Youghlogheny River.

20
Kentucky, Strip Mining Law, Kentucky Revised Statutes (1973), Title
XXVIII - Mines and Minerals, Chapter 350 - Strip Mining, Section
350.085,
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In Chio, no mining may take place closer than 50
feet in horizontal distance to a public road, and no excavation may be high above
an adjacent road. The Virginia regulations state that the Director of the Depart-
ment of Conservation and Economic Development may, at his discretiom, limit any

one contiguous strip mining area to 250 acres.

(4) Mine monitoringﬁrequirementé

The two remaining types of mining maps, progress
(or operating) maps and final maps, must be prepared by the operator in order to
keep an accurate, updated description of the mining operation on file with the
state reclamation agency. State officials are aided in comparing proposals for
mining with actual areas of land affected because they require monuments delimiting

the permitted area.

(a) Progresé and final maps

Progress (or operating) maps are called for in the
legislation of most of the states. In Indiana, Kentucky, Maryland, Pennsylvania,
~Virginia, and West Virginia, these maps, usually prepared annually, are updated
. versions of permit application maps. In Tennessee, an annual report map must
l;show planted, regraded, and non-reclaimed mined lands, each item color-coded.

Similarly, in Ohio the progress map is to show affected and reclaimed land.

In Michigan, (according to proposed regulations)
the moét detailed map prepared throughout the duration of the mining operation is
the annual operation map. It must show the location of the operation; the name of
the operator and date of map preparation; the boundaries of the affected area
including the location of surface overbﬁrden, waste rock, and stockpiles of coal;
the locations of tailing basins and other constructed drainageways; utilities;
adjacent owners; previously mined areas; acreage currently'disturbed; abandoned

workings; and anticipated changes in the mining area in the coming year,
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As mentioned previously, aerial photography may be

used as progress maps in Illinois.

A few states require a "final map," as distinguished
from a progress map, to be prepared at the completion. In most states, however,
inspection of the reclaimed land is much more important than the submittal of a

final map as a criterion for the approval of reclamation.

{5) Reclamation requirements

Color and color infrared aerial photographs have already
been assessed as useful tools in monitoring the degree of success of clay
nining reclamation.21 The ability of these tools to sense landscape scarring and
erosion, vegetation destruction, shifts in vegetation, wildlife habitat destruction, 
water pollution and undesirable afteruse (land use) should also prove valuable in B
satisfying the coal mining mandates for monitoring backfilling, grading, drain-
age control, access roads, debris removal, revegetation, other land uses, and
meeting the time limitations for reclamation. Each of the types of coal mined

land reclamation rules is reviewed in detail below.
(a) Backfilling

All of the states except Michigan (whose requirements
are currently undergoing revision) require the backfilling of toxic material by

at least two feet, and in some cases four feet, of '"clean fill."
{(b) Grading

Grading requirements vary extremely from state to
state. Several states, such as Kentucky, Ohio, Tennessee, and West Virginia,
require area mined land (where the mebhod of operation does not produce a bench)

21 |

Donald Garofalo and Frank J. Wobber, "Remote Sensing for Environmental Studies in
Mined Areas," Photographic Applications in Science, Technology, and Medicine,
(September 1974): 22.




to be returned to its approximate original contour. Each of the laws has a specific

"approximate original contour.'" The Kentucky law specifies that

interpretation of
complete backfilling should take place from the top of the highwall to the toe
of the spoil bank with nc depressions to-accumulate water. All highwalls and

spoil peaks are thus eliminated. Diversion drainage ditches may also be required.

‘ The other states encourage various methods of
minimizing erosion and enhancing the usefulness of reclaimed land. In Alabama,
grading must be done to "reduce peaks and ridges to a rolling topography."

The Indiana law says that "grading shall be carried out . . . so as to reduce
peaks and ridges, and dimiﬁish depressions between such peaks and ridges, to a
rolling, or sloping, or terfaced tggography consistent with the land-use objectives

stated in the plan of reclamation.

On the Indiana Plan of Reclamation form, the
operator must specify the proposed land use for the affected area. If the land
is to be reclaimed as row crop acreage, the max1mum graded slope is eight percent,
for pasture and hay acreage, the maximum graded slope is 25 percent; and for

forest or range land, it is 33 1/3 percent.2

Most of the states have separate grading require-
ments for contour mining. States which do not have such rules are states in

which very little contour mining takes place.

One state where contour mining is very common 1is
West Virginia. The law and regulations charge the operator with regrading a bench
so that it slopes toward the reduced highwall. If auger or deep mining is performed,

the grading must be a Georgia Type V Ditch.25

22
Alabama, Surface Mining Reclamation Act of 1975, Section III.

3
Indiana, An Act Regulating Surface Mining, Section 6.

24 :
Indiana, "Plan of Reclamation'" (Form R-501-A), Item 10.
25

A Georgia Type V Ditch and other configurations for regrading are explained in
Elmore C. Grim and Ronald D. Hill, Environmental Protection in Surface Mining of
Coal, EPA Environmental Protection Technology Series, (1974), Section IX,
”Backfllllng, Grading and Revegetation.”
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However, the Kentucky law demands thét contour,
auger, and highwall mines be regraded by terface backfilling. The steepest slope
of the reduced or backfilled highwall and of the outer slope must be less than
45 degrees. The table portion of the re§tored land must slope toward the highwall
at less than ten degrees. There are alsé restrictions on the maximum solid bench

width of the first cut.

Most of the states have a time limitation or a
distance limitation on when backfilling must take place. 1In Illinois, all grading
must be completed within one year after the mining permit expires. In Maryland,
grading must be underway within two spoil ridges of the active pit and within 1500
feet of the pit. Tennessee requires that backfilling take place within 15 days and
1500 feet of the pit, unless augering is to fpllow stripping. In this case augering
must be begin within 60 days of stripping. Further, all backfilling and grading
for any type of surface mining in Tennessee must be completed within 180 days from ut

the time that soil is first disturbed in the area.

(¢) Drainage control, including impoundments

The regulations for drainage control are voluminous.
In fact, several of the states have separate laws governing certain aspects of

drainage control (for example, Pennsylvania, The Clean Streams‘Law, [1937] as

amended). Other states have separate "how to" manuals to explain techniques to

mining operators (for example, the Tennessee Drainage Handbook for Surface Mining).

This review, however, will be limited to discussions ¢f drainage control found in the

strip mining legislation and regulationms.

In Kentucky, there are separate regulaiions for
water quality and for impoundments. The water quality regulation stipulates that
no water shall be discharged "into the waters of the Commonwealth from the area of

land affected, the pH of which is less than 6.0 or greater than 9.0.“26 The

26
Kentucky, "Water Quality Criteria," (402 KAR 1:055), Section 2 (3).
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measure of pH and the measure of irom concentration (not to exceed 7 milligrams
per liter) cannot, of course, be made by remote sensing means. However, color

and color infrared photography are potentially useful for indicating subaqueous
buildups of sediments and the differences in sediment buildups between main and
tributary streams. Therefore, violations of the Kentucky regulation, which
disallows suspended matter in excess of 330 ppm, or 2,200 ppm following precipi-
tation, could at least be suggested by the interpretation of aerial photographs of
the site. The regulation also requires treatment facilities to be built and
operated if the water quality would be substandard without them. Kentucky also
demands that intermittent streams be kept free of spcil material, no drainage be
discharged into underground mines, and no sudden release of water be made onto the

outer slopes of spoil banks,

C .

The Kentucky regulation governing impoundments .-

says that '"the operator shall construct water retarding structures, sediment dams, :-
or sediment ponds in those drainage areas to be immediately affected by the

2
operation’ (once his drainage plan is approved). / There are time, depth and

revegetation restrictions on such impoundments.

Ohio has similar mandates, and this excerpt from
its law also serves as an example of statements in most of the strip mining laws

about alternative reclamation of impoundments.

Affected land must be contoured, unless "the
area .of land affected (is used) for water impoundments, water-oriented real estate

. 28
development, recreation area develcpment . . . ."

{d) Access roads, fire lanes

Most of the states have some regulations concerning
the construction of access roads to the mining operation and fire lanes, The
regulations focus on threeareas: 1) that an access road have safe grades, 2) that

it be composed of non-toxic materials, and 3) that it not impede the flow of water.

7
Kentucky, '""Sediment Control Planning," (402 KAR 1:060), Section 1 (b).

28
‘Ohio, Strip Mine Law, (1972}, 1513.16 (C) (1).
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The more detailed specifications in the
Tennessee regulations are similar to those in scme other states. Nd road may
be constructed near enough to a stream channel so that eroded material from the
road could cause sedimentation. Tennessee has strict requirements dealing with
the grading of rcads. For example, there may be no sustained grades of greater
than ten percent; there may be no grades of greater than 15 percent for 300 feet;
on temporary roads between benches; grades-may not exceed 20 percent; the surfaces
of roads must be insloped at 1/2 inch per foot of surface width; and cut slopes

may not exceed 45 degrees, except in stable rock.

All of the states require the regrading and
revegetation of abandoned haulage roads. Virginia requires the entire road surface
to be vegetated following abandomment. In Kentucky, abandoned haulageways must be
adequately drained and planted; "in the eastern Kentucky coal field, seeding shall

29
be done . . . including access roads, within fifteen days after grading . . . .'"

{e) Removal of debris

Color and cclor infrared aerial photography may
prove to be extremely useful for inspecting a formerly mined area in order to
determine whether debris has been temoved from the site. Garofalo30 suggests the
use of color aerial photography to recégnize the distribution of trash, old equip-
ment, and abandoned buildings, whereas color infrared photography is particularly

well-suited to identify abandoned equipment.

Several of the states specify that debris and
equipment must be removed before termination of the mining operation. In Indiana,
the law states that all debris must be removed or buried before completion of

reclamation. Ohio, Pennsylvania, and West Virginia have similar rules.

2
9Kentucky, "Revegetation Requirements,” (402 KAR 1:040).

30Garofalo and Wobber, Ibid.
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(f) Revegetation

Coler and color infrared aerial photqgfaphy
can be especially useful in monitoring the progress of revegetation. This
investigation into the use of color and color infrared photography for mine
planning and reclamation monitoring tested the usefulness of these tools
for monitoring revegetation. Therefore, the sections of the legislation and
regulations which deal with revegetation are reviewed here in greater

detail.

Revegetation plans must be filed in every state,
either as separate documents or as a part of another document. Most of the plans
are filed at the same time as (or as part of) the permit application. In Illineois,
the reclamation plan requires a specification of the areas to be reclaimed as
forest, pasture, cropland, horticultural cropland, homesites, recreation areas,

industrial sites, and wildlife shelter or forage lands.

The Tennessee revegetation plan,-filed con-
currently with the permit application, must include: 1) a schedule for planting;
2) a listing of plant species; 3) the types of fertilizer to be used; 4) the
rate of seeding; 5) the spacing of seedlings; and 6) the approximate dates for

planting.

West Virginia mine operators must file a planting
plan within 60 days after grading of the affected areas is approved. Several
of the states also demand a planting report either as soon as the planting is

finished or within one season of planting.

In most of the states, both plant species native
to the state and non-native plant species proven to be adapted to the state are
permissible. All of the states allow revegetation with trees, shrubs, grasses,
or legumes. In every case, tree seedlings are much preferred because of their
greater survivability. Trees are generally required in highly erosive areas
accompanied by a nurse crop of annual grasses. The operator usually has the
right to choose the type of vegetation he wishes to plant in other areas., In
at least one state (Pennsylvania), any one plant species may not cover more than

50 percent of the acreage of any operator.

The general standards for survivability of trees,
grasses, and legumes in some of the states appear below:
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Trees/Acre
Alabama 435
Iliinois 450 *
Kentucky 600
Ohio 300
Pennsylvania 900
Tennessee wk
Virginia 800
West Virginia 600

o]

SURVIVABILITY OF VEGETATION AFTER ONE YEAR

*After second growing seas

G}asses & Legumes/Coverage

on

75%
85%*
857%
85%

80%
Yk

807%*

Mixture

600 trees/80%
grass/legumes

60% trees/607 grass
or legumes

**Must be planted on a 6' by 7' grid; survivability requirement is vague
***Specified as percent germination of original weight of seed planted

Several of the state regulations specify the minimum pH level for planting

f each type of vegetation.

For example, in Kentucky the soill's pH must exceed 6.4

for the planting of grasses and legumes,

planting of other types of vegetation.

g

and

the pH must exceed 5.5 for the

All of the states specify a planting schedule, depending upon the type of

pecles to be planted. Planting must be done as soon after grading as it is

practical.

(g) Othe

r land use

The revegetation requirements outlined above are

classified according to the proposed land use following reclamation. Some of the

states allow land to be reclaimed for other uses which cannot fall within the

jurisdiction of any of the standard revegetation rules.

to state approval as individual, special cases.

For example, in Alabama:

recreational
other uses.

Such land uses are subject

The applicant may elect to reclaim the land for
range, agricultural or horticultural, homesite,

Y industrial, or commercial use, or

In any of the states, proposed land uses are subject to

zoning and other land use-related ordinances of the counties.

I1linois' surface

mining law clarifies the county's influence over land use in affected areas:

31

The county boards of each county containing lands
to be affected may propose the use for which such lands
within its county are to be reclaimed, and such proposal
shall be considered by the Department

..

Alabama, SurfaceMining Reclamation Act of 1975, Section IX, E.

— 2050
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If requested by a county board of a county to be
affected under a proposed permit, a public hearing to be
conducted by the Department shall be held in such county on
the permit applicant’'s proposed reclamation plan

The Department's approval of a plan shall be
based upon the advice of technically trained
experts . . . the Department shall consider written
testimony from county boards .

The Department shall consider the short and
long-term impact of the proposed mining on vegetation,
wildlife, fish, land use, land values, local tax base,
the economy of the region and the State, employment
opportunities, air pollution, water pollution3 soil
contamination, noise pollution, and drainage.

(h) Overall time for reclamation
A1l of the states require the establishment of planting
before the reclamation bond can be released. In most states, bond release occurs
as a single repayment of the entire sum upon approval of the revegetation after a

specified time period.

Kentucky provides for bond release "in its full amount
less two hundred dollars per acre at the completion of backfilling, grading,
and the attainment of acceptable soil pH levels." The remaining two hundred dollars
per acre 1is retained until two years after the planting of vegetation. Vegetation
is inspected at the end of the first and second growing seasons after planting;
if it is satisfactory, the remaining bond is released at that time. If it is not

satisfactory, the remaining bond is forfeited.

( The Tennessee regulations permit vegetation to be inspected
and evaluated at least 12 months after planting. If the vegetation cover is approved,
the performance bond will be released when the parcel has been reclaimed; the
remainder of the permitted area may be planted, inspected, and approved at ancther

time.

Most of the states require revegetation to be completed
within three years after‘the termination of mining and require at least two years
after the planting of Vegetation before the reclamation bond is released. The
Indiana law permits the bond to be released within two years of revegetation

planting, with the times varying slightly depending upon whether row crops, range,

Illinois, Surface Mined Land Conservation and Reclamation Act (1971),
Section 5. (f), (g).

33
Kentucky, Strip Mining Law, (1973), Section 350.093(6).
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pasture, hay, or forest cover were planfed. However, if upon inspection, an
unsatisfactory vegetative cover exists, the operator must continue revegetation
work and monitoring untll satisfactory vegetative cover is established, or for
15 years. 1In the other states, the bond is usually either released or forfeited

within five years, at the most.

d) Summary
The review of the legislation and regulations on the
previous pages was complete as of November 1977, However, strip mining regulations
are rapidly changing as demands are made increasingly for productive and aesthetically

pleasing reclaimed land. -

Several of the laws and regulations quoted in the report
are currently being updated. The current versions of the Pennsylvania planting
regulations and the Ohio strip mining regulations were mentioned, although new
regulations. are being written.currently. "The proposed Michigan and Maryland
regulations, not yet in effect, were mentioned. Further, in Indiana, regulations

can be changed rather quickly, as they are non-promulgated.

This review was not intended to be an exhaustive analysis
of every state statuterelating to reclamation. The review was conducted primarily
to determine to what degree of detail reclamation must be monitored and to what

degree remote sensing tools could be used for monitoring purposes.

SECTION 3. Status of the Use of Aerial Photography in the Mining Community

Thirty-three surface coal mine operators were contacted or
visited to discuss the operators’usage of aerial photography in various aspects
of the surfacemiming cycle, Table 4 presents the results of these informal

discussions with the surface mine operators.

The results of these discusslons indicated that some 60 percent
of the operators contacted used black and white aerial photography in some aspects of
their operations. The majority used this photography for such applications as
overburden removal volume estimates and for monitoring progress of mining activity.
All companies contracted out the aerial data collection and analysis and only

received a final product. None did its own interpretation or calculations.

Nine percent of those operators contacted used color

aerial phofography but always in conjunction with black and white photography, not
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TABLE 4  RESULTS OF DISCUSSIONS WITH MINE CPERATORS
77-71
ANNUAL PRODUCTION (TPY)

STATE OVER 1 MILLION 500.000 - 1 MILLION 0-500,000 TOTAL
"ALABAMA 2 1 0 3
ILLINOIS 3 1 0 4
INDIANA 0 j 0 1
KENTUCKY 1 2 2 5
oHID 0 | 4 5
PENNSYLVANIA 2 3 3 8
TENNESSEE 0 0 2 2
WEST VIRGINIA 1 I 3 5

TOTAL 3 10 14 33

A DISTRIBUTION AND SIZE OF OPERATOR WITH WHOM DISSUSSIONS WERE HELD.
TYPE OF PHOTOGRAPHY

STATE 'BLACK & WHITE COLOR COLOR IR NONE TOTAL
ALABAWA 2 0 0 i 3
ILLINOIS 4 0 0 0 4
IND ! ANA | 1 0 o 2%
KENTUCKY 1 0 0 4 5
OH1 D 4 1 0 1 g
PENNSYLVAN A 5 1 0 3 g+
TENNESSEE 0 8 0 2 2
WEST VIRGINIA 3 0 0 2 5

TOTAL 20 3 0 13 36+

% OF TOTAL 614 9% 0% 40%
*USED COMBINATION UF BLACK & WHITE AND COLOR PHOTOGRAPHY. % OF TOTAL BASED ON 33 RESPONDENTS.
B. USAGE OF AERIAL PHOTOGRAPHY FOR FORTIONS OF MINING CYCLE.




in place of it. No companies contacted used color infrared photography. Although
some have considered it, they lacked an understanding of its potential usefulness.
Generally the larger producing operators used aerial photography, whereas the
smaller operators felt it was not cost effective for them to utilize it. Only

one company contacted in the east '(a large operator} had any personnel trained

in aerial photointerpretation; however, a number of surface operators in the
west have trained photo interpreters on their staffs. This is discussed in more
detail in Section X, Western Area Study. Suffice it to say that the more detailed
environmental assessments and monitoring required at the western operations has

led to the operators' increased use of -photointerpretation.

Of the 33 surface coal mine operators contacted, 28 indicated
that they would be willing to have one of their personnel trained in basic manual
photointerpretation. The results of these discussions agreed with the contractor's

earlier perception of the use of aerial photography by coal mine operators,

Regulatory personnel were contacted in 11 eastern and midwestern
states to determine their usage of aerial photography for monitoring purposes.
Only two states make any use of aerial photography. One state used aerial photo-
graphy to monitor disturbed and reclaimed acreages and also for making preliminary
assessments of vegetative cover. A second state utilized large-scale polaroid or
35 mm aerial photography taken from a helicopter to have a record or potential

problem areas that should be ground checked by inspectors.

Both these states had personnel trained in photointerpretation.
Most state regulators were aware that aerial photography might be used for reclamation
monitoring but generally felt it was too expensive and felt their inspection

personnel lacked interpretation experience.

In summary, there is minimal usage of aerial photography within
the mining community. Where it is used, it is used for photogrammetric purposes.
The lack of trained personnel, unfamilarity with film types and capabilities, and
cost have made aerial photography less widely.used in the surface coal mining

industry than in many other land-intensive industries such as forestry.
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V. SITE SELECTION

A, OBJECTIVES

The objectives of this phase were to select a test site or sites
which met the criteria established by the Bureau ¢f Mines Persannel. Those

criteria included:

1. The site should not be less than 1 but not mﬁre than 100

square miles in area.

2. The site(s) should contain both contour and area strip mining

with on-going reclamation activities.

3. The test site was to contain mining at various stages of
development and several vegetation types used in reclamation

at various stages of planting and growth.

N

4, If two test sites were selected, they should not total together:

more than 100 square miles and they should be in close

proximity to each other.

With these objectives in mind, HRB-Singer entered into a detailed

site selection process.

B. APPROACH

A number of potential test sites were presented in our technical
proposal and in May 1975, HRB-Singer personnel visited the potential sites.
Based on the previously mentioned criteria, four candidate test areas were
selected. An initial analysis indicated that two areas in close proximity
to each other were prime candidates in that they met all criteria. These sites
were submitted to the Bureau of Mines Technical Monitor as the recommended

test sites.

_ In late May 1975, the recommended test sites were visited by
HRB-Singer and the Bureau of Mines personnel. The Bureau of Mines personnel
concurred with the recommended test sites. Discussions were held with personnel
from the two surface mining companies: Mr. Peter Chernicky, President, (since

retired), and Mr. James Kindel, Chief Engineer of the C&K Coal Company,

-55-
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Clarion, Pennsylvania and Mr. Halden Johnson, President and Mr. Donald Johnson,
Vice President of K&J Coal Company of Lanse, Pennsylvania. Both companies
agreed to co-operate 1In the study and made available their lands and various
information. 3oth companies have been involved in utilizing black and white
aerial photography for monitoring thelr operating pits and expressed an

interest in this study.

It should be noted that without the cooperation and help provided
by these operators this study could not have been conducted as smoothly as it
was. They were always willing to provide any information requested and candidly
answered questions we put forth. In addition, we were able to visit the test
sites at any time and collect data. We feel fortunate to have had such

cooperation.

c. DESCRIPTION OF THE TEST SITES

The test sites selected are located in Clarion and Cambria Counties,

Pennsylvania. Figure 2 shows the location of the test sites.

Test Site 1 is approximately 25 square miles in size. A series

of four 3/4 square mile test areas were selected on which detailed ground

truth was collected. These four areas were selected because they contain a
variety of mining and reclamation activity. The test areas were located on C&K
Coal Company land. An aerial photograph and description of each test area are
presented in Figures 3 through 6. Site 1 was considered to have the most
diversity of any of the sites. It is estimated that over 707 of the 25 square

mile area has been disturbed by past and present surface mining activity.

Site 1A is an area of approximately 1 square mile within which
a small area (area 5) was being uti;ized as a controlled test plot for tree
planting on a reclaimed surface mine. This area was included for its possible
use in detecting tree growth with the aerial photography. Figure 7 shows this

site and desecribes test areas.

Site 2 is an area in Cambria County, Pennsylvania. It encompasses
about 15 square miles. Initially one test (test area 6) was selected for
detailed ground truth in that it contained mining and reclamation on steep

slopes. Figure 8 shows that area and describes 1t. As the project
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g 500 1000 1500 2000

SCALE IN FEET

THIS AREA IS A RECLAIMED MINING SITE WHICH HAS BEEN RETURNED TO AGRICULTURE.
INCLUDE OATS, .HAY AND CORN. THE SITE GENERALLY HAS A HIGH PERCENTAGE

CROPS GROWN
OF GROUND COVER. THERE ARE SEVERAL AREAS OF STEEP SLOPES (15-20%) WHERE THE HIGH-
RECENT

WALL EXISTED. MODERATE EROSION S PRESENT ON THE RECLAIMED H!GHWALL SLOPES.
MINING ACTIVITY 1S ENCROACHING [N SOUTHWESTERN CORNER. THERE ARE SEVERAL AREAS IN ”

THE WESTERN MARGIN ALONG THE OLD HIGHWALL WHERE ACID MINE DRAINAGE IS OCCURRING.

FIG. 3 SITE 1 AREA 1
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HRB-SINGER.. INC

0 500 1000 1500 2000

SCALE IN FEET

THIS SITE IS CHARACTER)ZED BY A SIGNJFICANT AMOUNT OF MINING AND ON-GOING
RECLAMATION ACTIVITY. ACTIVE CONTOUR MINING 1S TAKING PLACE AND AREA MINING
USING A 45 YOF DRAGLINE 1S PROGRESSING..MAJOR CHANGES ARE OCCURRING LN THIS
AREA AS CONCURRENT RECLAMATION 1S TAKING PLACE, IN THE CENTER. THE LIGHTER
TONED AREAS [N THE EASTERM PORTION OF THE SITE ARE AREAS RECLAIMED RECENTLY
TO GRASSES AND TREES. NUMEROUS MINING RELATED IMPOUNDMENTS ARE ON THE SITE.

" SEVERAL STANDS OF WHITE PINES ARE LOCATED SOME OF WHICH ARE AFFECTED BY WHITE
PINE BORER. A STAND OF VIRGINIA PINE [S PRESENT. THIS SITE CONTAINED A DIVERSITY
OF ACTIVITY WHICH CONTINUALLY CHANGED DURING THE STUDY PERIOQD.

FIG. 4 SITE 1 AREA 2
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SCALE IN FEET

THIS SITE CONTAINS NO ACTIVE MINING OPERATIONS BUT HAS A VARIETY OF TYPES AND
AGES OF VEGETATION )N RECLAIMED AREAS. IN ADDITION, THERE ARE AREAS OF PAST MINING
ACTIVITY IN WHICH NO ATTEMPT TO RETURN THE HUGHWALLS TO ORIGINAL CONTQUR WAS REQUIRED.
TWO [MPOUNDMENTS ARE LOCATED ON THE AREA. NORTH OF THE IMPOUNDMENTS IS A LARGE ABANDONED
REFUSE BANK.

THE EASTERN PORTIONS OF THiS SITE CONTAIN NUMEROUS AREAS OF RECLAMATION [NCLUDING
TREES (CONJFEROUS AND CECICUOUS) AND GRASSES.

FIG. 5 SITE 1 AREA 3 (T~
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0 300 1000 1500 2000

SCALE IN FEET

THIS AREA [S CHARACTER(ZED BY A SIGNIFICANT AMOUNT OF WATER (BOTH STREAMS AND
STANDING WATER) . THERE ARE AREAS OF ACTIVE MINING. ACTIVE RECLAMATION IS TAKING
PLACE. NUMERCUS PLANTINGS OF TREES ON RECLAIMED AREAS ARE LOCATED ALONG THE EASTERN
EDGE OF THE AREA.

FIG. 6 SITE 1 AREA 4

-7

—
I

i1 Reproduced from
best avallable copy,




0 500 1000 1500 2000

SCALE IN FEET

THIS SITE WAS SELECTED BECAUSE THE MINED AREA IN LOWER CENTER HAS BEEN
RECLAIMED AND PLANTED BY THE U.S. FOREST SERVICE IN A CONTROLLED MANNER.

70 DIFFERENT TREE SPECIES HAVE BEEN PLANTED (5/75) AND THE GROWTH PATTERN
WAS MONITORED OVER THE PROJECT PERIOD.

FIG. 7 SITE 1A AREA 5

Reproduced iro

best avaliabi or

e copy.




e H R B -S| NG E R,

a 500 1030 1530 2000

= SCALE IN FEET

THIS SITE 1S CHARACTERIZED BY AREAS OF STEEP SLOPES tN EXCESS OF 20%
A YARIETY OF RECLAMATION ANO MINING ACTIVITY 1S5 -TAKING PLACE. IN THE
NEAR FUTURE, THE SITE WILL BE REMINED USING A MOUNTAINTOP MINING TECHNIQUE

TG REMOVE COAL FROM DEEPER SEAMS.

FIG. 8 SITE 2 AREA 6
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1040

| 1

SCALE N FEET

1840

e ——

THIS SITE |5 CHARACTERIZED BY A VARIETY OF TREE PLANTINGS CN OYERBURDEN MATERIAL

AS PRESCRIBED BY PRE

STATE LEGISLATION.

IN ADDITION ACTIVE CONTOUR MINING

1S OCCURRING ALONG THE NORTHERN PERIMETER OF THE AREA. NUMEROUS IMPOUNDMENTS ARE
[N THE FOREST ADJACENT TO THE ACTIVE MINING.

FIG. 9

SITE 2 AREA 6A
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progressed another area within Site 2 became of interest to us. This area was
added because of the diversity of older reclamation and active mining with
associated impoundments. This area was designated as area 6A. It is shown
in Figure 9 along with a general site description. Both test areas at site 2

were on K&J Coal Company land.

These areas (Figures 3-9) served as the major ground truth and
training sites throughout the program. They were considered ideal for the

types of data required in the study.
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. VI. DATA COLLECTION

A. OBJECTIVES

The objectives of this phase were to coilect both aerial and ground
data at the selected test sites which would provide adequate data for subsequent
analysis and interpretation. This effort was to include seasonal data on a
variety of ground features related to the surface coal mining process. Aerial
and ground data collection efforts are discussed separately in the following
sections, It should be noted, however, that these efforts were closely

coordinated to ensure comparability of data.

B. APPROACH

The planned approach was to acquire aerial and ground data for two

yeafs beginning in the summer of 1975. Data collection was to be on a seasonal
basis, except the second winter effort was to be omitted. Table 5 shows the
scheduled and actual data collection periods. Generally data was collected
according to schedule with the exception of the last two data collection
efforts, which had to be rescheduled for later dates due to weather conditions
that prevented data acquisition in the f£all of 1976. The aerial and ground
data collection methodoclogies and results are discussed in the following

sections.

c. AERIAL DATA COLLECTION

The aerial data cocllection missions were planned on a seasonal
basis as shown in Table 5. The areas to be flown coincided with the test sites
shown in Figure 2 which total approximately 40 square miles. The first aerial
data collection flight consisted of color, color infrared, black & white, and
black and white infrared aerial photography at a variety of scales, and two
different 9" format aerial cameras were used. Table 6 summarizes the aerial

data collection parameters of with the initial flight.

-
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TABLE 5 PLANNED AND ACTUAL DATA COLLECTION EFFORTS

YEAR 1975 1976 1977
SEASONS AT TEST SITE SUMMER FALL WINTER SPRING SUMMER FALL WINTER SPRING | sum.
MONTHS s lalslolnlol s rlwlalw] sl alslolnlols]c=F Al w )
! 2 3 4 5 6 7
777F, 7 (7 7, 7 V
Cr LN 7 7 W 7/ %, A A Vi iz %%
ACTUAL AERIAL DATA ! 2 3 A“ AE x i
COLLECTION . A A A

1 L 2 3 4 5 6 7
PLANNED GROUND DATA /474 ///V/A V/ /157/ 47/ %7/ 17/
COLLECTION

6 7
soru o ont Al | |a] | |& Al & | |4 AL A
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TABLE 6 AERIAL DATA COLLECTION PARAMETERS - FLIGHT | - AUGUST 1975

69~

FLIGHT LINE MILES OF PHOTOGRAPHY
ALTTUDE PHO TO FILM TYPE 1.2
CAMERA SYSTEM ABOVE SCALE
TERRAIN TEST SITE 1 TEST SITE 2 TOTAL
COLOR 24 42 66
3000° 1 :6000
8 COLOR IR 24 42 66
§000" 1:12000 COLOR 18 4 3
ZEISS : :
RMKA 1523 COLDR IR 16 21 37
°° FOCAL LENGTH
8" FILM FORMAT COLOR 8 14 22
12000" 1:24000
COLOR IR B 14 22
COLOR 4 7 1
COLOR IR 4 7 "
24000" 1148000
BLACK & WHITE 4 7 11
BLACK & WHITE IR 4 7 11
TOTAL 112 182 294
COLOR 24 42 65
1750° 1:6000 .
COLOR IR 24 42 66
COLOR 16 21 37
wiLD as0o° 1:12000
RC-9 COLOR IR 16 21 37
3% FOCAL LENGTH
9°" FILM FORMAT
ILM ‘ COLOR 8 14 22
7000° §:24000
COLOR IR 8 14 22
COLOR 4 7 1
14000° §:48000
COLOR IR 4 7 11
TOTAL 104 168 2712

S -84 H

1-COLOR FILM - KODAK AERO NEGATIVE 2445-COLCR iR FILM-KODAK AEROCHROME IR 2443 2-FILTERS UTILIZED
BLACK & WHITE FILM - XODAK DOUBLE X 24058 .~ LOLOR FILM - TLEAR ANTIVIGNETTING
BLACK & WHITE IR FILM - KODAK AEROGRAPHIC 2424 : COLOR IR FILM - CLEAR ANTIVIGNETTING
BLACK & WHITE FILM - MINUS BLUE
BLACK & WHITE IR - RED OR 'DB) ..

-3 O N

. N



The data resulting from this flight were evaluated for interpretability.
After considering interpretability, scales normally flown for aerial photo-
graphy, and cost tradeoffs of various scales, it was determined that subsequent
flights would collect only colbr and color infrared with the ZEISS RMKA15/23
aerial camera at a scale of 1:12000. The results of this analysis are shown
in Tables 7 & 8. Table 7 shows the average interpfétability.of various
film types and scales of photography collected during the initial flight.
These data indicated that interpretability of all film types increased as the
scale increased. Color and color infrared photography were consistently
rated higher than other film types in interpretability at each scale.
Therefore, it was determined to utilize the largest scale photography
possible considering cost constraints of data collection and to discontinue

use of black and white films.

Table 8 shows the cost comparisons of various film types and
scales based on 1975 cost estimates of aerial data collection. These
data showed that the cost of data collection increases as the scale increases.
The greatest cost increase wés between 1:12,000 and 1:6000 scale photography.
For a 100 square mile area, it was 2.88 times as expensive to collect
1:6000 scale than 1:12,000 scale color aerial photography. Similarly, it
was 2.48 times as expensive to collect 1:6000 scale than 1:12,000 scale
color infrared aerial photograppy. Thus cost and interpretability dindicated
a 1:12000 scale photography was optimum. 1In addition, our discussions with
the mining community indicated that this scale was commonly used. Examples
of various film types at a scale of 1:12000 are shown in Figure 10. The
aerial photography was collected by Kucera & Associatas of Cleveland, Ohio
and was consistently of high quality. |

As indicated in Table 5, all aerial photography was collected
within the scheduled time frames with the exception of the last two flights.
Because of an unusual;y'warm September and October at the test sites, the
fall 1976 flight was scheduled for November. Conditions radically changed in
November. Temperatures turned. significantly colder (the coldest November
on record), and more importantly there were no cloud free days (<10% cloud
cover) during this month. Although all availablé weather data indicated
that October and November would have the most number of cloud free days for
aerial data collection, this particﬁla; year was a departure from the norm.

-70- 7%



TABLE 7 AVERAGE INTERPRETABILITY OF DATA AT ALL SCALES-FLIGHT T -SUMMER 1975

RATING SCALE

- M

ST ST NY
a N s o

o M

[= -]

[+-]

F-9

[+ -]

RATING SCALE

0-PARAMETER CANNOT BE MEASURED OR MAPPED

1-POOR-PARAMETER CAN BE MEASURED ONLY WITH
A LARGE AMOUNT OF DIFFICULTY

2-FATR-PARAMETER CAN BE MEASURED WITH MINOR
DIFFICULTY

3-GOOD-PARAMETER CAN USUALLY BE MAPPED OR
MEASURED

4-EXCELLENT-PARAMETER CAN EASILY BE MAPPED
OR MEASURED
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TABLE 8  TOTAL COST AND COST PER SOUARE MILE OF AERIAL PHOTGGRAPHY (BASED ON 1975 DATA)

77-71
SCALE 1:6000 1:12000 1:24000 1, 48000
£OST (UNITS=DOLLARS)
COVERAGE FILM TYPE TOTAL SQ. ML TOTAL | SQ. MI. TOTAL Sa. MI. TOTAL S0 MI.
LOR
co so2o0'"l  e0 [17800¢"} 18 | ezs0'’’ g | 4080 4
COLOR (R
seso0t | as [rezoot ' a2 | sero®V 5 | 2819 3
1000 S0. MI.
BaW
23000 24 | esoo'y 7 {ase0ll) s | 1980 2
BEW IR 24500 " 25 ag2st ) g | 3670tV 4 | 2020 2
COLOR 8680 67 2320 23 | 1300 13 |12 11
COLOR IR 4410 44 1780 183 | 1150 12 965 10
100 S0, M.
BEW 2900 20 1140 1" 950 10 860 9
BRW IR 2900 28 1443 14 | 1000 10 380 9
COLOR 1900 180 880 88 §70 87 870 ‘87
COLOR IR 1500 150 820 82 790 13 790 79
10 8Q. MI.
BEW 1188 118 760 75 760 78 760 75
BaW IR 1180 118 763 76 766 77 760 16
COLOR _ 736 738 118 7118 718 718 718 118
COLgR IR 124 724 712 712 712 712 712 712
1 S0. M. :
BEW 12 712 708 706 706 706 706 706
" B&W IR 717 717 708 708 708 708 708 708

(1) INCLUDES MOBILIZATION FOR TWO DAYS FLYING, REMAINING FIGURES BASED ON MOBILIZATION FOR ONE
FLYING DAY. :
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BLACK AND WHITE COLOR

Reproduced from
beost avallable copy.

COLOR INFRARED

FIG. 10 EXAMPLES OF 1:12000 SCALE AERIAL PHOTOGRAPHY AUGUST 1975, SITE |
77-71
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‘ It is important to note when planning a geasonal aerial data
collection mission, one must realize that cloud cover could preclude the
collection of the data., This is especially true in the Appalachian Region
where cloud buildup due to topography is common and weather systems are prone

to move very rapidly or stagnate over the region.

After consulting with the Bureau of Mines percsonnel, it was
decided ta shift the flight schedule sc that flight 6 was conducted in
April of 1977 and the final flight was completed during July 1977.

In additinn, a separate aerial data collection flight using a
helicopter platform was conducted in May 1977. This flight collected 70 mm
and 35 mm color and color infrared oblique photography. The purpose of
collecting this data was to determine the utility of this type of data
collection and to provide oblique views of the test areas. Samples of this

photography are shown in Figure Il.

In conclusion, the aerial data collection generally proceeded

smoothly with excellent quality photography obtained on each flight.

D. GROUND DATA COLLECTION

Ground data collection was planned to coincide with aerial dafa
collection as shown in Table 5, The purpese of the ground data collection
was twofold: 1) to document in detail the existing conditions on the ground
in the 3/4 square mile test areas and 2) to determine the time and cost of

collecting a variety of data by on-ground methods.

During the planning process, consultations with various surface
mine inspectors and surface mine operators, and the results of the remote
sensing literature review, enabled us to determine a list of features associated
with surface coal nmining on which information could be in some degree derived
from interpretation of color and color infrared aerial photography. These
features were classified into five general categories. They were 1) land use,
2) soils and terrain, 3) vegetation, 4) water and 5) geology. Within those

categories each specific feature was classified as to whether it was to be

—T7 b



SITE 1 AREA 4 SITE 2 AREA &
SUMMER 1977 SUMMER 1977

Gcea oM
Rep qvatieble SOBY

FIG. 11 EXAMPLES OF AERIAL PHOTOGRAPHS TAKEN FROM A HELICOUPTER

SITE 1 AREA 4
SUMMER 1977, 70MM
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mapped, measured, or both. In this report map means to locate and'identify

a feature and plot it on a known coordinate base or bounded area, and measure
means to quantify certain properties of a feature such as length, width,
height, or area. In additiom, eﬁch'feature was evaluted as to its
applicability to various stages of the surface mining cycle (pre-mining,
operations, and reclamation). Table 9 shows the features on which ground

data was collected.

Pertinent features found within each 3/4 square mile test area
were mapped, and their parameters were measured on the ground.
The distribution of each feature within each 3/4 square mile
test area was mapped. For parameters, a number of quantitative ground
measurements such as soil and water pH, suspended solids,

and soil moisture were made.

In order to have the large amount of ground data collected in
some order fof use in interpretation and analysis, a base aerial bhbtograph
with grid was produced for each‘3/4 square mile test area. A sample photo-
graph with grid is shown in Figure 12. Each grid represents an area 300
feet on a side. For mapped features such as forest land, their distribution
was mapped directly on the photograph and grid. This distribution was then
updated during each ground data collection trip. The photograph and grid
were also especially useful in locating areas where measurements were taken.
For example, slope measurements in the field were located by grid number and
the slope measured was plotted on the base photograph. This allowed rapid
correlation of the ground data collection sheets with actual ground locations
of the various measured parameters. A number of ground data collection sheets
were developed relating to the general categories discussed previously. These
ground data collection sheets along with photographs and grids enabled the
large amounts of ground data to'be analvzed and filed in a systematic manner
to be used in other ground data collection efforts and for comparison with

results of interpretation of the aerial photography.
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TABLE 8  GROUND DATA COLLECTION FEATURES

1-n

CATEGORY

FEATURES AND PARAMETERS

WAPPED

WEASURED

APPL!CABILITY TD WINING
’ PHASE

LAND USE

AGRICULTURAL LAND

FOREST LAND

t
1

GRASS/FALLOW LAND

RESIDENTIAL

ACTIVE STRIP PIT

INACTIVE STRIP FIT

ABANDONED STRIP PIT

PREPARATION FACIL|TIES

STORAGE FACILITIES

SPCIL BANKS

SHIPPING AREAS

EQUI PKENT

SOIL BANKS

ACTIVE RECLAMATION

COMPLETED RECLAMATION

IMPOUNCMENTS

DRAINAGE DITCHES

CULTURAL FEATURES

s | 2 | 2e | | oo [

UTILITY LINES

STREAMS

MINE PROGRESS

HEIGHT OF HIGHWALL

OVERBURDEN ESTIMATES

HAUL ROADS

I I I A R A R R E L R R A L R R T A A 1 P

GECLOGY

DIP ANGLE

DIP DIRECTION

MAPPING ROCK UNITS

FRACTURE TRACE

SURFACE LI THOLOBY

SURFACE DEPDSITS

Y R RS B

YEGETATION

SPECIES TYPE

[

TREES “ACRE

SPACING OF TREES

NUMBER ROWS/SPECIES

SI1ZE OF PLANTING

PERCENTAGE OF COVER

PERCENTAGE OF DEAD TREES

DYING B OEAD VEGETATION

YEGETATION VEC LINE

WATER

FONDS

STREAMS

SEEPS

IMPOUNDMENTS

STANDING WATER
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Three teams of two people each comprised the ground data collection
teams. Each team was assigned two test areas. Generally one day was allotted
to each test area for ground data collection. In addition, time was
allocated for the teams to generally delineate and map features in the
vicinity of the test areas. Various types of field data collectlon tools were
utilized. These included abney levels, soil test kits, water test kits, range
finders and brunton ccompasses. The ground data collection effort proceeded

with only minor difficulties such as heat and rain encountered.
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VII. DATA ANALYSIS AND INTERFPRETATION

Al OBJECTIVES

The objectives of this task were threefeld. The first objective was
to organize the ground truth data into a format that could be easily compared
with photointerpretation results. -The second objective consisted of the
actual photointerpretation. The final objective consisted of rating the
interpretability of each feature and parameter. These three objectives
represented a logical progression for evaluating the uses of aerial photography

in the mining ecycle.
B. METHODOLOGY

The problem of formatting the ground truth data for rapid comparison
with interpreted results was partially solved by utilizing dual purpose data
collection forms., As stated earlier, the elements of mining that were to be
interpreted were divided into two broad categories —-- those that need only be
mapped or identified and those that could be measured by some basic photo-
grammetric technique. Data collection forms reflected this broad division of
pf landscape features. Data collection forms were formulated for land use,

vegetation, soils, water, and geologic mapping. Separate forms were zlso produced

for land use, vegetation, soils, watér, and goelogic parameters to be measured.

Figure 13 is an example of the data collection form for mapped land
use features. This form was taken into the field by the personnel collecting
ground truth. The field crews would check '"yes" if ground truth was collected for
a specific features. The:location{s) of the features were noted by recording
the grid coordinates of the field location photographs. In addition, the location
and cutline of features were delineated directly on the base aerial photograph.
The remainder of the data collection form was used by the interpreters to record

interpretability ratings.

Figure 14 is an example of measured land use data collection form.
Measurements made in the field by the ground truth data collection teams were
recorded directly into these forms. Measurements made by interpreters from the
photographs were also recorded directly on these forms. This dual purpose data
collection format simplified the comparison between ground truth and interpreta-

tion data.
-81-
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CAMERA SYSTEM FLIGHT LAND USE
AREA/SITE NO. INTERPRETER
BROUND COLOR COLOR (R
: ASURINE TRUTH
FEATURES ue U#IT LOCAT | ON
COMMENT RATING COMMENT RATING
YES | NO
AGRICULTURE MAPPED

FOREST

GRASSLAND/
FALLOW

RESIDENTIAL

ACTIYE STRIP
PIT

INACTIVE
STRIP PIT

ABANDONED
STRIP PIT

TREATMENT
FACILITIES

FIG. 13 INTERPRETATION ANALYSIS FORM FOR LAND USE MAPPING
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CAMERA SYSTEM

FLIGHT LAND USE
AREA SITE NO. INTERPRETER
- GROUND - COLOR COLOR 1R
TRUTH
FEATURES "Eﬁﬁﬂﬁ'"ﬁ LOCATION
COMMENT RATING COMMENT RAT ING
YES | NO
PREPARAT|ON
FACILITIES MAPPED
STORAGE
FACILITIES
SPOIL BANKS
SHIPPING AREAS
EQUIPMENT
SOIL BANKS
ACTIVE
RECLAMATION
COMPLETED
RECLAMATION
FIG. 13 INTERPRETATION ANALYSIS FORM FOR LAND USE MAPPING(CONT'D)
. ' 17-711
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LAND USE

CAMERA SYSTEM FLIGHT
AREA 'SITE NO. INTERPRETER
GROUND , COLOR COLOR IR
TRUTH
FEATURES N LOCAT 10N
COMMENT RATING COMMENT RATING
YES | NO
‘IMPOUNDMENTS MAPPED
" | orainace
DI TCHES ,
§

11-11

FIG. 13 TINTERPRETATION ANALYSIS FORM FOR LAND USE MAPPING(CONT'D)
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CAMERA SYSTEM

FLIGHT LAND USE

AREA/SITE NO. INTERPRE TER

GROUND COLOR COLOR IR

FEATURES MEASURING TRUTH Técnr[an

“UNIT ; COMMENT RATING COMMENT RATING

ves | no
FIG. 13 INTERPRLTATION ANALYSIS FORM FOR LAND USE MAPPING (CONT'D)
77-71
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LAND USE

CAMERA SYSTEM FLIGHT
AREA/SITE NO. INTERPRETER
GROUND COLOR LOLOR IR
PARAMETER WEASURING) TRUTH 1 q0yr 0N ﬁﬁf”f"
UNIT TRUTH INTERPRETED INTERPRETED
—Tws DIMENS ) ON 0iMENS | ON RATING COMMENT D IMENS | ON RATING COMMENT

BUILDINGS FEET

CEMETERIES FEET
= | PUBLIC ROAD FEET
z
=
- 3
=
o
[T
- RAILRDADS FEET
L
(&)
=
-
P
=

UTILITY LINE | FEET

TRANSMISSION | FEET

PIPELINE FEET

STREAMS FEET

FIG. 14 INTERPRETATION ANALYSIS FORM FOR PARAMETER MEASUREMENTS
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LAND USE

CAMERA SYSTEM FLIGHT
AREA'SITE NO. INTERPRETER
GROUND CoLOR COLOR IR
GROUND
MEASURING| TRUTH
PARAHETER UNIT LOCATION TRUTH INTERPRETED INTERPRETED
ves Tno DIMENSION DIMENSION RATING COMMENT DIMENS | ON RATING COMMENT
CREEKS FEET
WATER BODIES FEET
o | PuBLic
z | PROPERTY FEET
=
=
=]
= AREA (N
w P
& ] WiNe prosress | JRET
w
(=
=
=
« DISTANCE
= T0 RECLA-
P
MINE PRoGRESS | 8 Rt
FEET.
‘ PEAK
SPOIL BANK WiOTH
BANK
SPOIL BANK AL
PEAK
SOIL BANK WIDTH
FIG. 14 INTERPRETATION ANALYSIS FORM FOR PARAMETLR MEASUREMENTS (CONT'D)
1771
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LAND {SE

CAMERA SYSTEM FLIGHT
AREA/S I TE NO. INTERPRETER
GROUND SHOUND COLOR COLOR IR
parawgren  [MEASURINGY TRUTH b opuyion | yruT INTERPRETED INTERPRETED
ves [ no DIMENSION DIMENSION RATING COMMENT DIMENSION RATING COMMENT
BANK
SOIL BANK AREA
- IMPOUNDNENT
SIZE $8. FEET
|NPOUNDMENT
DISTANCE T0
£ | NEaREsT FEET
= | oweLLING
= {
2 | mpounouent
€ | orstance 1o | Feer
o | NEAREST STREAM
i | or ponp
x
-
@ | impounoment -
= | orstance 10 | FeET
NEAREST WELL
IMPOUNDHENT
DAM WIDTH FEET
IMPOUNDMENT
DAM LENGTH FEET
DRAINAGE
DITCH WIOTH | FEET

FIG. 14 INTERPRETATION ANALYSIS FORM FOR PARAMETER MEASUREMENTS (CONT'D)

71-1




Lpg-

LAND USE

CAMERA SYSTEM FLIGHT
AREA SITE ND. INTERPRETER
COLOR COLOGR IR
wEASURING] TRUTH GROUND — f—
PARAMETER UNI T LOCATION TRUTH INTERPRETED INTERPRETED
ves Ino UIMENSION DIMENSION RATING COMMENT DIMENSION RATING COMMENT
DRAINAGE
orteH LenaTh | FEET
z
z
=
=
o
= 4
P
z
=
= -
F1G, 14 INTERPRETATION ANALYSIS FORM FOR PARAMETER MEASUREMENTS (CONT'D)
. , : 177

-8 d4 H

S

Y 3 TN

N



_06_

LAND USE

CAMERA SYSTEM FLIGHT
AREA/SITE NO. INTERPRETER
GROUND COLOR COLOR IR
PARA MEASURING] TRUTH GROUND
METER UNIT LOCATION TRUTH INTERPRETED INTERPRETED
ves o DIMENS|ON O1MENSIGN RATING COMMENT DIMENS 10N RATING COMMENT

Z

=

=

z

z

FIG. 14 INTERPRETATION ANALYSIS FORM FOR PARAMETER MEASUREMENT (CONT'D) 1727

1-11




HRB-5SINGER,.I

Six interpreters were used to photointerpret each flight.* Each
interpreter did two of the six test areas. Not all features were present oﬁ
all of the testareas. Interpretations were made on photographic coverage
outside of the six main test areas for some uncommon features such as cemeteries,
transmission lines, coal preparation plants. It was necessary to do this to
provide a statistical sample of photointerpretations of the uncommon features.
Highwall heights and slopes were measured by three interpreters who possessed
the stereoscopic vision capability necessary for using a parallax bar. Over-
burden removal estimates were tested in a similar manner because height

determinations are part of the procedure.

Interpreters were provided with stereoscopic coverage of both the
color and. color infrared photographs for two test sites. Interpretatioas were
made while viewing the photographs stereoscopically and/or with magnification.
Measurements were made with basic photogrammetric instruments. The instruments

that were used during the interpretation procedure consisted of the following:

light table

pocket stereoscope
mirror sterecscope
tube magnifier 7X
tube magnifier 10-35X
engineers scale
parallax bar

planimeter

Interpretations and ratings were recorded directly onto the data

collection forms.

Throughout the photointerpretation effort each interpreter
maintained a record of man hours spent interpreting in the three major
categories of land use,vegetation, and water. TFor both color and color infrared
photography a time record form was provided to the interpreters for this purpose.

This data served as input into the statistical and economic analysis task.

* i
Each interpreter was not a skilled photointerpreter but was familiar with
photointerpretation techniques and surface ccal mining procedures.
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Utilizing each film type separately, the interpretability of
features and parameters were rated by the interpreters using a scale from

zero to four.

0 - feature cannot be mapped
1 - feature can be mapped only with a large amount of
difficulty and low accuracy (25%)
2 - feature can be mapped with minor difficulty and 50%
- accuracy.
3 - feature can be mapped with minimal difficulty and 75%
accuracy.

4 - feature can be mapped easily with 100% accuracy.

Interpretability of each mapped feature was rated subjectively by
each interpreter: by comparing ground truth to. the interpreted results and

- assigning a rating.

Ratings were assigned to the measured parameters in a gquantitative
manner. The difference between an interpreted measured value and a value
obtained by ground truth measurements was expressed as % error. This 7 error
was subtracted from 100 to find % accuracy. Percent accuracy was multiplied
by 4 to convert to the same rating scale used for the mapped features. For
example, 1f a slope is measured at 17.6° on the ground and the measurement
from the photograph is 16.1o the difference is 1.5° or 8.5% error from the
ground truth measurement. The accuracy is 100%-8.5% or 91.5%. By multiplying
.915 x 4 a rating of 3.6 is obtained which is consistent with the zero to
four rating scale which is used for mapped features. The ratings provided by
the inteféreters served as a major input into the statistical and economic

analysis.

C. RESULTS

The interpretation results were tabulated and utilized to provide
the data used to perform the economic statistical and economic analyses and to
determine the aerial data applications for various aspects of the surface coal

mining cycle.
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VIII. ABERIAL PHOTOGRAPHIC APPLICATIONS FOR SURFACE COAL MINING PROCESSES

A. INTRODUCTION

This sectioﬁApresents the interpretability results for each
individual feature by seasons. Iﬂéérpretation characteristics for each
feature are discussed for both color and color infrared photography. The
optimal season for interpretation is alsc discussed. The interpretability
ratings and discussions pertain specifically to 1:12,000 scale photography.
Identification accuracies and measurement accuracies will in most cases
increase with larger scale photography or decrease with smaller scales. The

reasons for the selection of the 1:12,000 scale were ‘discussed in Section VI:

1. Interpreter Performance

The interpreters that were used throughout the study have
various educational and experience background including geology, botany,
geography, and scil science. Three of the six key interpreters had extensive
past experience with aerial photographic interpretation. The other three
interpreters had some basic experience with aerial photographs but they
did not have any formal training in interpretation technriques and they were
not experienced interpreters. All of the interpreters had basic knowledge
concerning strip mining processes. Despite varied interpreter backgrounds
and different levels of interpretation experience a statistical analysis
showed no significant difference in interpretation accuracy among interpreters
in the areas of land use, vegetation, water, and general soil characterization.
Significant differences in interpretation accuracy and ability did occur in
the areas of geology and soils tyﬁing. Qur results indicated that significant
amounts of training and extensive experience are necessary to accomplish
geologic characterization and soils typing from aerial photographs. For this
reason these two areas were evaluated separately by experienced interpreters

with extensive backgrounds in geology and soils.

-93-

- —

N



Interpretation accuracies increased slightly after the
first flight was interpreted and then remained constant for the remaining
six flights. Apparently familiarity with the area and the initial interpretation
experience did have a slight effect between the first two flights. Interpretation
experlence did affect interpretation time. During the first few flights
interpretation times of the less experienced interpreters were almost double
the times of the experienced interpreters. For the sixth and seventh flights

interpretation times did not vary significantly among interpreters.

The ability to measure heights on the photographs did vary
significantly among the six interpreters. Three of the six interpreters
possessed stereoscopic vision capabilities that enabled them to accurately
measure heigﬁts with a parallax bar.. The other three interpreters could see
the three dimensional model when viewing stereo pairs with the stereoscope,
but they could not maintain a fused dot when using a parallax bar. The

ability to measure heights did not vary over the time length of this study.

B. AFRTIAL PHOTOGRAPHIC APPLICATIONS FOR PRE-MINE PLANNING AND
MINE PROGRESS MONITORING

1. Introduction

This section presents interpretability results for features
and parameterstﬁfpre—ming planning and mine progress monitoring. These include
“land uses and land covers for pre-mine planning and features that must be
recognized for mine progress monitoring such as coal preparation facilities,

. coal storage facilities, shipping areas, mining equipment, impoundments,

-and drainage ditches. 1In addition, ratings for photogrammetric techniques
necessary to monitor ﬁine progress are presented in this section. These
techniques include linear measurements, area measurements, highwall height
measurements and overburden removed measurements. The remaining discussions
in this séction pertain to water, such as, drainage patterm mapping, standing

water recognition, and yellowboy. (iron oxide) idemtification.
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2. Ratings for Pre-Mine Planning and Mine Progress Interpretability

The average rating obtained by the interpreters for selected
features and parameters by season and film type are presented in Table 10 along
with an overall average for all seasons. The methods for establishing these

ratings are discussed in Section VII.

Some seasonal averages represent five or less observations
because ground truth data was limited or because only a few examples of the
feature were present on the test sites. These include overburden removed
estimates (3 observations), cemeteries (4 observations), and preparation
facilities (4 observations). For the remainder, the average number of

observations for each seasonal average is 19.

The interpretability and interpretation characteristics for
the selected features and parameters listed in Table 10 are discussed in

detail in the following sub-sections,

a) Agriculture

Agricultural land use types, including pasture, row crops,
and orchards were identified with accuracies > 87 perceﬁt with both film types
in spring,summer, and fall. Rows are the key identifier for row crops; they are
visible even in grain fields on 1:12,000 photography. Pastures can be identified
by the presence of grazing animals, the smooth texture, and the high reflectance
in the green and infrared wavelengths. The high reflectance is caused by
continuous grazing and cutting of pastures which stimulates fresh growth that
appears bright green on color photographs and bright red on color infrared.
Orchards are distinguished by the regular spacing of trees growing on cut
grassland. Identification of agricultural land uses was slightly more

difficult in winter.

b) Forest

This type of land cover is easy to identify and accuracies
obtained by the interpreters were close to 100 percent. The feature is identified
usually be texture and height. Native forests can be distinguished from older

quality tree reclamation because trees on the reclaimed sites are usually a
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SUMMER FALL WINTER SPRING AVERAGE
coLOR |[coior 1r| coLor toLor JR| COLOR ELW“HEI"TEZ toLoR  [caLor IR} coLokR | COLGR IR
AGRITULTURE (NAPFED) | 9 91.5 98.0 98.5 87.5 77.5 99.5 93.5 85.8 98. 1
FOREST (MAPPED) . 99.2 99.0 98.5 8.7 97.2 93.7 99.5 89.2 88.0 89.0
RESIDENTIAL (MAPPED) 81.5 98.7 98.0 98.2 97.2 | 812 87.5 4.0 97.5 98.5
ABAKDONED STRIP PIT (MAPPED) 88.2 88 0 28.5 97.1 89.0 70.0 9% .0 7.5 97.1 97.7
AREA MEASURENENTS - AGRICULTURE, FOREST,| 4o 9.9 g 9.0 g5.7 40,0 93,1 o8 1 6.5 .4
RESIDENT) AL, ABANDONED STRIP PIT .
UTILETY LINES (MAPPED) 75.2 79.0- 75.0 83.0 74.2 57.9 7.7 80 5 5.5 80.7
TRANSMISSION LINES {WAPPED) 27.5 91.7 27.0 84.7 84.2 83.3 | - 85.7 3.5 85.0 88.5
TRANSMISSION LINES - DISTANCE FRoM 9.1 1.2 3.4 9.1 941 87 4 | s5.4 30.2 94.7 92.5
ACTIVE STRIP PIT
| ROADS (MAPPED) 86.7 87.1 97.5 85.5 98.2 96.2 §6.7 97.0 95.5
ROADS (®IDTH) - 99.5 38.9 9.2 99. 1 97.1 73.5 | 88.7 82,5 5.4 85.8
CEMETERIES (MAPPED) 98.5 99.2 99.5 98.7 87.2 7.1 99.2 39.0 30 2 38.0
DRAINAGE PATTERNS (MAPPED) 75.5 79,2 91.90 97.2 87.7 87.2 5.2 7.7 86.0 84.7
PREPARATION FATILITIES (MAPPED) 99.5 997 99.2 99.7 88.3 89.3 89.7 99.7 99.5 39.5
STORAGE FACILITIES (MAPPED) 98.0 89,2 99.2 99.0 88.2 97.4 9.2 89.2 95.0 99.0
SHIPPENG AREAS (MAPPED} 89.2 99.0 97 7 9g.2 28.5 97.8 88.7 84.2 98.5 43.0
MINING EQUIPMENT (MAPPED) 6.7 82.5 75.0 5.2 80.0 11,3 80 7 90.0 78.0 §5.7
IMPOUNDMENTS (MAPFED) 89.7 8.5 82.7 87.2 87.5 89 0 80 0 84.0 80.0 §5.7
IMPCUNDMENTS (LENGTH) 80.0 395.Q 80 0 97.5 91.2 81.2 BB .7 g0. 0 1.5 94, |
IMPOUNDMENTS (¥ 0TH) 22.5 85.0 7.5 95.0 90.5 80.0 80 0 88.7 87.5 32.9
IMPOUNDMENTS ( AREA) §7.5 95.0 35.0 95.0 92.7 90. 2 80.0 1.2 88.8 304
DRAINAGE DITCHES (MAPPED) 76.0 79 7 70 0 0.0 81.2 125 83.5 52.5 78.7 82.2
DRAINAGE OLTCH (LENGTH) 22.5 72.5 82.5 177 87.5 10 1 91.2 93.7 85.9 81.3
DRAINAGE DITCH (WIDTH) 50.0 87.5 52.5 70.0 54.2 472 56 .2 50 0 53.2 65.8
PUBDBLES (MAPPED) BO.5 82 2 8D.2 83.5 75.0 69 1 80.8 g1.2 78.1 86.5
YELLOWBUY (WAPPED) 5.7 85.2 90.5 82.5 86.7 42.3 82.1 80.7 86.5 82.1
SLOPE NEASUREMENTSE 87. - | e1s 30.5 31 5 80.7
HIGHWALL REIGHT® 34.0 92.2 £9.5 85 2 §2.1 _
OVERBURDEN REMOVAL ESTIMATES® 0.2 - e
ACTIVE RECLAMATION (MARPED) 85 5 98.5 57.7 95 .7 97.58 92.3 95.3 97 1 96 B g7.7
COMPLETED RECLAMATION (MAPPED) an. 5 85.2 B5.7 390.0 B85.2 81 2 92.7 7.3 g8.5 g9.2
REFUSE MATERIAL (MAPPED) 82.7 98 0 92 ¢ 93 90 94.7 89.7 97 7 95 .0 93.0 85 0
TOF SOJL PILES (MKPPED) 95.2 86.5 94 ¢ 9z 7 87.5 ' B4.1 94 7 g0 0 a3 0 897
TOP SOIL, REGRADED (MAPPED) 86.5 87.1 88.7 89.5 85,2 1.4 55.0 88.5 85.7 88.5 .
SPOIL PILES (MAPPED) 80.0 85.2 88.5 89.2 87.7 88 .4 90.95 §7.9 89 0 93.7 ’
SPOIL _REGRADED (NAPPED) 82.7 85.2 8.0 30 2 86.7 83.8 90 7 82.7 87.0 9.6
AREA WEASUREMENTS - ACT|VE !
RECLAMATION. COMPLETED RECLAMATION,
REFUSE MATERIALS, TOP SOIL PILES,
REGRADED TGP SOIL, $PGIL PILES.
REGRADED SPOIL 91.2 93 1 94.7 95 1 83.2 B9 9 9.2 9t.3 92 0 $3.0
RILL ERGSION {IDENTLFICATION) 79.0 80.2 81.7 81.0 80.2 74.2 80.7 83.5 B0.5 81.5
BULLY EROSION (IBENTIFICATION) 82 7 g1.2 94 7 82.7 81.7 85.3 83.5 82.5 83.2 92,2
SHEET EROSION (IDENTIFICATION) 51 7 57.1 57 7 56.0 53.5 52.3 58 0 60,5 57.1 59.5
RILL EROSION (LENGTH MEASUREMENT) 855 18.2 83.2 81.7 83.2 684 85.2 83 0 84.2 81.2
GULLY ERCSION (LENGTH MEASUREMENT) 857 B0 2 B5.7 853.5 87 7 83.2 a7.2 B1.5 §7.0 82.5
RILL ERGSION {WIDTH MEASUREMENT) 50 2 54.2 48.2 52.5 52.7 40.9 50,7 49 0 50 7 52.0
GULLY EROSION (WIDTH MEASUREMENT) 68.7 87 7 §3.0 85.2 §1.7 57.5 4.5 5.7 64 0 §5.0
RILL EROSION (DEPTH)Z 22.7 10.8 B.5 17.7 6.6 -
GULLY ERDSION (BEPTH)® 21.] 8.0 1T 23.0 18.2 --
CONIFEROUS TREE IDENTIFICATION 75.0 92.5 88 .7 97 1 §7.0 10 1 57.5 §4.0 17.0 31 0
DECIOUGUS TREE TDENTIFICATLON 71.5 89 .2 89.2 98.2 BB.D 60.4 78.2 82.5 B3.2 40 0
RECLAMATLON SPECIES VDENTIFICATION 84 0 82 ¢ 85 0 82.5 56.2 67.4 71.5 86 .7 80.4 75.6
LEGUMES IDENTIFICATION 79.2 80.2 82 5 9.2 50 0 74.0 75.2 17.7 117 79.0
TREES/ACRE MEASUREMENT>1g”CRowN DIAMETER] 78.5 80.2 §2.7 79.2 6.0 N 79.5 855 78.2 817
PERCENT COVER GRASSES & LEGUMES 80 5 79.5 Bl 2 80 0 30,72 %6 .4 82 D 81.7 68.5 80.5
VEGETATIVE VIGOR 50 2 54.7 50 0 30.2 [ 45,5 48.5 485 50.1
VEGETATIVE DISTURBANGE(ACICITY/SEDIMENT)| 79.2 90 5 §3.2 8.2 N/ k 78.7 7.2 59.7 79.2
1. LOW SUN ANGLE PRECLUDED THE COLLEGTION OF COLOR IR IMAGERY IN WINTER, HOWEVER, BLACK AND ¥HITE IMAGERY WAS COLLECTED AND INTERPRETED.
2. MEASUREMENTS WITH THE PARALLAX BAR WERE ONLY CONDUCTED WITH GOLOR IMAGERY.
3. DVERBURDEN REWOVAL ESTIMATES WERE ONLY DONE ODURING ONE SPRING SEASON BECAUSE GROUNO TRUTH DATA SUPPLIED BY COOPERATING CCAL CPERATORS
¥AS ONLY AVAILABLE DURING THIS SEASON. '
TABLE 11 AVERAGE % ACCURACIES FOR SELECTED PRE-MINE PLANNING,RECLAMATION, AND WINE PROGRESS FEATURES AND PARAMETERS
T1-75
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monoculture or strips of monocultures planted on a regular spacing, therefore,
the canopy appears very regular and even on aerial photography seasonal
differences in accuracies are minimal and both film types work equally as

well.

c) Residential

Residential units were identified with accuracies > 97
percent with both film types over all seasons. The features whith indicate
that a building is a residence are garages, lawns, and driveways. The test
sites were almost totally rural and very few business buildings were present
on the test sites. Because of the lack of businesses in the study areas
the 97 percent accuracy is probably inflated and lower accuracies would be

anticipated in less rural areas.

d) Abandoned Strip Pit:

This parameter was identified with accuracies > 96 percent
for all seasons with both film types. The key identifier is the presence of the
old highwall and pit with no mining machinery present. Spoil piles are also
usually present, but they may not be visible because of dense tree cover. Most
0ld abandoned strip mines in the test areas are contour mines and they have
the distinctive "'snake' shape. Most of the spoil piles have 0-50 percent

vegetative cover.

e) Utility lines

Utility lines were identified and mapped with accuracies
> 75 percent. The actual lines are too small‘to see and the vertical view of
the utility pole is just barely visible at 1:12,000 scale. The key feature
used to identify utility lines is the shadow cast by the utility poles. When
pole shadows are cast onto fields or highways they are obvious; however,
shadows cast in forested areas are not visible. Color infrared photography
is slightly bettér for this purpose because shadows are more distinct on this

film type.
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f) Transmission Lines

Transmissions lines were mapped with accuracies of > 84
percent over all seasons with both film types. The key identifier is the cleared
right-of-way through forested areas with steel towers which are visible at
1:12,000 scale and 1:24,000 scale

g) Roads

Roads are obvious features on aerial photographs. They
can be distinguished because of theilr long linear shapes. Paved roads can be
distinguiéhed from unpaved quite easlly. However, it can be difficult to
determine if unpaved roads are private or public., 01d haul roads to abandoned

mines were quite visible, “however. These roads were being traveled by four

wheel drive vehicles which helped prevent vegetation establishment. Roadsy
were ldentified with accuracies of 95 percent or greater over all seasons with

both film types.

h) Cemeteries

Cemeteries were identified with accuracies > 95 percent
over all seasons with both film types. The key feature used to identify

cemeteries in the presence of the evenly spaced rows of tombstones.

i) Drainage Patterns

The interpretability of drainage patterns was found to
vary with the seasons. Accuraciles after leaf drop in fall and winter average
> 95 percént° In spring and summer accuraciles average 77 percent. There 1is no
significant variation between film types. Stereo viewing is absolutely necessary
to map drainage features. Intermittent small streams and drainage channels are
difficult to éee but their presence can be inferred by noting slope aspect and
low areas when viewlng photographs in stereo. The microtopography is more
visible in fall and winter when vegetation is dormant, and this facilitates the

mapping of drainage patterns.
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D) Preparation Facilities

These were identified with almost 100 percent accuracy
in every season with both film types. The presence of covered conveyor
belts, settling ponds, and the distinctive shape of crusher/washer buidlings

are key identifiers.

k) Storage Facilities

Storage areas were ldentified with near 100 percent accuracy
in all seasons with both film types. The distinctive features are the coal
piles. Often diversion ditches and treatment ponds are present for water

runoff.

1) Mining Equipment

Mining equipment was identified with an average accuracy
of 82 percent for both film types over all seasons. Drills, draglines, haulage
trucks, bulldozers, front-end loaders, pans, and scrapers can all be identified.
Scrapers and pans appear similar and are sometimes confused. Some models of

bulldozers and front-end loaders also appear similar on the vertical view.

m) Impoundments

Mining related impoundments were identified with
accuracies > 87 percent with both film types over all seascns. Accuracies
were slightly better with color infrared photographs. Identificatien features

include the rectangular shape and the earth breastworks which are usually quite

visible.
n) Drainage Ditches
Drainage ditches were identified with slightly better
accuracies on the color infrared photographs. Accuracies averaged 78 percent

for color photography and 82 percent with color infrared photography.
Drainage ditches were slightly easier to identify when they were wet;
therefore, identification on spring photographs is slightly bétter. Small

drainage ditches (< 1 ft. wide) made by a single tine deep bottom plow were
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difficult to recognize unless the sun angle caused a shadow in the ditch. The
key identifier was the thin linear shapes parallel to the contour of

slopes.

o) Puddles

When present puddles larger than 3 ft in diameter were
identified with accuracies of > 75 percent on both £ilm types throughout all
seasons. Puddles are quite common features on reclaimed strip mines. They
sometimes become acid drainage collection areas. Many puddles are transitory
features that evaporate in dry periods. On color photography puddles can be
recognized by their tan color and smooth texture. On color infrared the

color is light blue.

P) Yellowboy

Yellowboy (iron oxide precipitates) in water bodies
was identified with good accuracy on color photography from the spring and
summer seasons. Accuracies > 92 percent were obtained. Accuracies with
color infrared were somewhat lower, > 85 percent for the spring and'summer
season. Color infrared photography is less effective than color photography
because it does not penetrate water very well and yellowboy is a bottom’
phencmenon. Yellowboy displayed an interesting seasonal variation. During
the summer the yellowboy appears bright orange on color photography and
lime green on color infrared. During spring and fall the yellowboy color
is a brownish orange on color photography and green blue on color infrared.

. In the winter evidence of yellowboy almost disappears in most water bodies.
When it is‘visible in the winter it 1s a brown color with just a slight hint
af orange on color photography. Accuracy of identifying yellowboy on color
photography collected during the winter season dropped to 66 percent. The
reasons for the lower visibility of yellowboy in winter could not be completely
determined. 1In streams the visibility is partially dependent on water level.
Bottom visibility ié less during high flow perio&s because the water is deeper
and contains more sediment which partially screens stream bottoms. However,
some large acid seeps appeared bright'orange on the summer photographs and

lost the orange color in winter even though flow remained constant. This
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indicates that other factors are active in determining the visibility of
yellowboy. It is possible that some temperature dependent chemical reactions
are partially responsible for the color changes. If the visibility
differences between winter and summer are temperature related the seasonal
visibility difference will probably diminish in the southern Appalachian

states.

q) Linear Measurements

Linear measurements such as distances from strip pit to
buildings, roads, houses, and streams, and length of drainage ditches, etc.
were measured with accuracies > 75 percent with both film types over all seasons.
Measurements were made with an engineers scale. In areas where the terrain
slopes are 35-40° errors for linear measurements on untrectified photographs
will be between 10-20% because of the geometry of a vertical view and scale

changes caused by terrian height differences.

T) Area Measurements

Area measurements of spoil banks, regraded areas,
impoundments, etc. were measured with accuracies > 93 percent with both film
.types over all seasons. Measurement accuracies were obtained only after
features were positively identified. Area measurements were made with a
polar planimeter. Errors canm be large when the boundaries of the area being
measured is not distinctly visible. The border between ungraded and graded
spoil is often nebulous. Water body boundaries such as impoundments are

distinct especially on color infrared photography.

s) Highwall Height

Highwall heights were measured with a parallax bar.
Accuracies > 89 percent were obtained with color photography. Highwall heights
were difficult to measure when Ehe highwall shadows fall across the bottom of
the pit. For this reason height measurements were less accurate in winter
because the low sun angle increases the likelihood of shadows in the pit.
Height measurements were not made on color infrared photography because of
the difficulty of marking pfincipal points and conjugate principal points.
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t) Volume Estimates

Volume estimates for spoil piles, coal stock plles,
stored top so0ll pilles and overburden removed were derived by manual photo-
grammetric techniques from the color aeriol photography. Accuracies for
spoll piles, stored topsoill, and coal stock piles were very poor. However,
overburden remoﬁed estimates were'accomplished with an average accuracy of
90 percent with spring photography. This type of measurement was only
conducted during the spring season because ground truth was available from the

mining company only at this time.

u) Soils Typing

Soils'typing consists of determining which soil series
a particular parcel of soil belongs in based on the 7th approximation soil
classification system currently in use in the United States. The taxonomic
properties used to classify solls are zonation, clay and mineral content,
particle size, temperatore regime, depth of soil, moisture, and color.
Almost alltéf these‘chargcteristics must be known for a particular soil
beforé'that-éoil.can-be classified.” Many of these characteristics cannot
be determined from'aerial photographs. For this reason soils typing from
aerial photographs is always done iIn conjunttion with ground truth data.

r

. ,f,'-u ‘:‘1' The process that was uaed for solls typing in this
study is. similar ‘to the soil. mapping method used in the Soil Conservation
Service{(SCS) county offices throughout the United States. Ground truth
was coliectéd at scattered points throughoot the area to be mapped. The
JgrOund”ttuth conslsts of the'soils characteristics listed above. The soils

at the sampling points are classified based on the characteristics

The sampling points were located on the aerial photography.
Boundaries were drawn around the solls types during the photointerpretation

process. The boundaries are drawn based on vegetative patterns, knowledge of
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the types and location of rock units, drainage patterns, slopes, and land use.
This is an extremely difficult task for interpreters without soils training

and experience with soils mapping.

Our interpreters without soils mapping experience could
not delineate the soil types on the aerial photographs. Spring and summer
photography was used because vegetatibe patterns are more visible during these
two seasons. Our experienced interpreter, who had worked for SCS, could
produce soil maps similar to the maps already produced by SCS. Maps produced
from black and white, color,and color infrared photographs were all similar;

however, the interpreter preferred color photography because vegetative patterns

are easier to see on color photegraphy.

Soils mapping is difficult and time consuming. In the
eastern United State SCS has already produced soils maps for most of the

counties that have strippable reserves.
v) Geology

The use of aerial photography to obtain qualitative and
quantitative geologic information is térmed4photogeology. Detailed -analysis
of stratigraphy, hydrology, or geomorphology generally requires professional
training in geology, although a skilled photo interpreter lacking formal
training in geology may develop proficiency in identifying certain geologic
features from aerial photography. In eastern United States the lush
vegetative cover and relatively thick scils tend to mask many geologic
features and even make ground geological reconnaissance somewhat difficult.
Howeﬁer, it is possible to observe certain geologic features and these

will be discussed.

Drainage patterns can be used as rough indicators of the
types of rock units present. Major streams and tributaries may be constructional
(responsible for the deposition of the land form) or destructional (erosive
agents). Destructiongl tributaries and streams reflect the character énd
structure of underlying rock upits. By analyzing the density and geometric
shape of drainage patterns with aerial photographs an experienced photo-
geologist can make broad generalizations about the underlying rock units

(e.g., shale, limestone~shale, sahdstone—shale, etc.).
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Basic rock types in the region were determined to be
shale with some sandstone present. This was inférred from drainage pattern
analysis. The results were the same for all three film
types. The drailnage pattern analysis was easier with winter photography because

small tributaries and gullies are more visible after deciduous tree leaf drop.

~ Structural geologic features such as faults and antiélinal
and synclinal structures may be observed on aerial photgraphy with some
proficiency. For example, an offset in a ridge or change in elevation across
a linear feature of fracture track is a good indication of faulting. It is
possible to plot anticlinal and synclinal axes and estimate dip angle.
Identification of these features can be an aid in exploration and mine

planning.

Mapping lithologic units or geoclogic formations can be
accomplished from aerial photography. Changes in slopes or benches along a
hillside that can be traced along a ridge or across a valley are valuable aids

in mapping certain rock units.

Sometimes marker beds may outcrop fairly consistently
throughout an area and if the rock units that occur above and below this
‘bed are known, the bed can bé used to map the rock units above and below. In
areas where abandoned mined lands are numerous, the old highwails can often

be used as marker beds.

The mapping of lithologic units, specifically coal seams,
was attempted on 1:24,000 black and white, color, and coler infrared. This
mapping was extremely difficult because soil and trees cover the rock units
on the test sites. Numerous abandoned strip pits were used as marker beds
because breaks in slope did not occur at coal outcrops. The coal outcrops
maps made from aerial photographs were similar to maps prepared by the mining
company. The maps were the same with all three film types. No seasonal
differences were noted because outcrops are covered by soil. Dip of coal
beds was calculated and the values were within 90% of the values calculated

from maps provided by the mining company.
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Fracture 'traces as seen on aerial photographs are the
linear surface expression of a zone of high fracture of joint density in the
underlying rocks. Linear features, undetected by the gropnd observer, ﬁéy_be
conspicuous on aerial photography. Fracture expression on aerial photography
may appear as tonal variation in soils, vegetation alignment, straight segments
of stream courses, or differential solar illumination. Fractures, especially
intersection of two fracture traces, in focks provide excellent conduits for
water and, therefore, may be an indication of possible stability problems if

disturbed.

Fracture traces were mapped by an experienced
photogeologist using black and white, color, and color infrared photographs,
The fracture trace patterns were similar on all three film types; however,
more fracture traces were noted on color infrared photographs. Accuracies
could not be determined because fracture traces are usually not evident on

the ground.

Solifluction lobes are tongue shaped features resulting
from the slow down-slope movement of waterlogged soils. Solifluction lobes
have a steep front and relatively smooth upper surface. These lobes serve as
an expression of more rapid movement on certain parts of the slope as a result
of either change in gradient or moisture content of the soils. Again, if the

lobe is disturbed, slope stability problems may arise.

Solifluction lobes, colluvial deposits, faults and

synclinal/anticlinal structures were not present on the test sites.

Ceolluvial deposits is a general term applied to loose
heterogeneous material or incoherent masses of soil and rock fragments usually
deposited at the base of steeper slopes. The colluvium is deposited by
unconcentrated surface runcff or sheet erosion and may form fan shaped features
or simple buildup of material at the bottom of slope that may be identified
on aerial photography. These deposits may be several feet thick and cause

stability problems.
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Photogeologic results were siﬁilar with all three
film types; however, the Interpreter expressed a preference for black and
white photographs because he félt varied\color tones can be distracting. Winter
season 1s the best because there 1s-less vegetation fo obscure geologic features

and indicators. = A scale of more synoptic view than larger scales, the 1:48,000

scale presents a good regional picture, however, some small features were

not visible on this scale.
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C. AERTAL PHOTOGRAPHIC APPLICATIONS FOR RECLAMATION PLANNING AND

MONITORING
1. Interpretability Ratings for Reclamation Features and
Parameters

The average ratings obtained by the interpreters for

reclamation featues by season and film type are presented in Table 10.

A ninimum of twelve data points was used to derive the seasonal
interpretability averages in most cases. Some seasonal averages are represented
by as many as 40 data points and a few averages were obtained with less than
twelve points. The average number of data points used to compute the reclamation
ratings is 23. Features that were identified or parameters that were measured
with less than 75 percent accuracy in any season are not discussed individually

in following sections.

2. Discussion of Reclamation Features and Parameters

a) Active Reclamation

Active reclamation, (including backfilling, grading,
and planting) was recognized with a 95 percent accuracy or greater in all
seasons. Key identification features include machinery for grading and planting,
and tracks left by this machinery in the soil or spoil. Ease of identification
is uniform throughout all seasons. The separate steps of backfilling, grading,
topsoiling, and planting can be recognized on the aerial photography. TFeatures
can be identified and their parameters measured with the same accuracy on both

color and color infrared photography.

b) Completed Reclamation

Completed reclamation was recognized by the interpreters
with an 85 percent accuracy or greater for all seasons and film types. No
seasonal trends were noticed;in the identification. The shape of the area
is a key indentifier. Contohr nine reclaimed sites are long narrow shapes parallel
to ridge tops. Areamine rectaimed sites are usually more irregular in shape
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than fields and pastures. Straight fence rows and boundaries are often absent.
Older reclaimed sites with invader weeds and shrubs are often confused with
fallow fields of irregular shape. Light soil tones and smooth texture are
usually indications that topsoil has been spread, and reclamation is near
completion. However, it is difficult to determine if revegetation has occurred
until vegetation with a uniform height &istribution appears. Identification
accuracies were similar with both color and color infrared photography. In
general, the interpretability of completed successful reclamation decreaﬁes

with age of the reclamation work after the first two or three growing seasons.

c) Coal Refuse Material

Coal refuse material was Identified with a 92 percent
accuracy or greater with both film types and in all seasons. Refuse is the
black "fines" washed out of the coal at the preparation plant. . In drying beds
it is easy to recognize because of the black color and flat appearance when
© viewed stereoscopically. Refuse is usually disposed of in the bottom of strip
pits. The refuse is usually dumped from the top of a highwall. This operation
is easy to recognize because it is not similar to other mining operations. Refuse

' 1s sometimes confused with shadows at the bottom of the pit.

d) Topsoil Piles

v Topsoil pileswererecognized with an accuracy of > 86
percent in all seasons with both film types. They are identified by the
rectangular shape of the pile composed of a material with a lighter color
than the surrounding spoil. During the growing season the storage piles are
iusually covered with weeds, or seeded annuals. Plant cover slightly increases
interpretation accuracy when topsoil is stored in unvegetated areas and

slightly decreases the accuracy when topsoil is stored in vegetated areas.

e) Topsoil, Regraded

Regraded topéoil was recognized with an accuracy > 85
percent for all seasons and film types. The color of the topsoil is usually
lighter than spoll and the surface is much smoother than regraded spoil. The

tonal differences between spoil (usually darker) and topsoil (usually lighter)
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is enhanced on color infrared photography. If spoil and topsoill are the same
color the smooth texture of the topscil is the key indicator. This relatienship
between tone and texture of spoil and topsoil is generally the same throughout -

the Appalachian ccal region.

£) Spoil Piles

Spoil piles were identified with an aécuracy > 87
percent of all seasons and film types. The dark tones, rough texture, and
proximity to the pit are key identifiers. In addition, the curved adjacent

piles typical of a dragline operation are unmistakeable.

g) Spoil, Regraded

Regraded spoil was identified with an accuracy > 82
percent with all film types and seasons. The tones are darker than regraded
topsoil and the surface is usually quite rough. Dozer tracks and blade marks

are usually very visible and large rocks can be present.

h) Rill Erosion (identification)

Rill erosion was identified with an accuracy > 79
percent. Rill erosion appears as groups of very fine parallei lines on
moderately steep slopes. Rill erosion is not wider than 6 inches. Very often
rills widen into 'gullies at the mid and lower sections of a slope. There is
much confusion between gullies and rills if the gullies are small (6-12 inches
wide). Identification of rills is easier if they are wet. However, no real

seasonal identification differences were found.

i) Cully Erosion (identification)

Gully erosion was identified with an accuracy > 90
percent for all seasons with both film types. Gullies are larger than rills
and are not necessarily in groups. Large gullies are unmistakable and can

be identified with 100 percent accuracy.
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1) Sheet Erosion

Sheet erosion 1s not very visible on aerial photography
at this scale. Sediment build-up at the bottom of slopes with no rill or gully
erosion is evidence that large amounts of soil are being moved by sheet erosion.
This sediment 1s usually fine textured and lighter than the surrounding topsoil.
The effects of sheet erosion arevisible only when large amoﬁnts of so0il moved
by this process accumulate in an area visible on the photograph. In such cases
an Interpreter can indicate with 100 pefcent accuracy that sheet erosion is

occurring on unprotected soil.

k) Length Measurements - Rill & Gully Erosion

Rill erosion measurements were made with accuracies > 79
percent for all seasons with both film types. Gully erosion length measurements
wete made with accuracies > 82 percent with both film types over all seasons.
Measurements were made with engineers scales, and errors occurred largely because

the starting points for the erosion channels are sometimes difficult to identify.

1) Width Measurements - Rill & Gully Erosion

Larger gullies (> 5 ft wide) were measured with acceptable
accuracies (> 75 percent), however, smaller rills and gullies could not be

measured with acceptable accuracies on elther film type during any season.

m) Depth Measurements - Rill & Gully Erosion

Depth measurements could not be accurately made with

either film type.

n) Coniferous & Deciduous Tree Identification (Reclamation

Plantings)

Trees with crowns under 18 inches in diameter cannot be identified
‘very well individually on either film type. Conifers > 3 ft tall can be

distinguished from deciduous specles by the former's regular conical shape.
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In the fall and winter coniferous species were identified with an accuracy

> 87 percent because except for larch they retain their foliage. No significant
difference was noted between film types for the fall season. During summer and
mid to late spring identification accuracies on color photography are low
because color differences between deciduous and coniferous species are minimal
and only shape can be used as an identifier. On color infrared photography
spring and summer identification accuracies were 2 84 percent because on the
color infrared transparencies coniferous species appear in hues of purple and
magenta while the deciduous species are more bright red. This relationship
decreases toward the end of summer,'and by fall all trees appear about the same;
however even then some discrimination (at lower accuracies) is possible because
the crowns of deciduous trees appear to be irregular and "fluffy" while still

in leaf.

o) Reclamation Crasses & Legumes Identification

On color photography grasses generally appear in lighter
shades of green than legumes which are dark green in late spring through
late summer. Late summer appears to be the optimum time for determining if legumes
are present in grass mixtures on reclaimed areas. At this time the grasses
have gone to seed and appear on color photographs in shades of tan while the
legumes still retain a dark green appearance. On color infrared the legumes
are a bright magenta color in the fall which can be distinguished from the
grey-purple hues of the grasses, During tﬁe spring and early summer grasses
and legumes are hard to distinguish with beoth film types unless the legumes-
are concentrated in almost pure stands. When this occurs legumes appear much
darker than fhe surrounding grasses on both color and color infrared photography.
Accuracies for identifving legumes and grasses in late summer and early fall are
> 79 percent with color photographs and > 89 percent with color infrared

photographs.

B) Trees/acre Measurements

This parameter was measured with an accuracy > 76
percent for all seasons with both film types. Coniferous trees and deciduous

trees in leaf must be at least 18 inches in crown diameter to obtain this accuracy.



Inaccuracies occur in dense deciduocus tree plantings because individual trees
are difficult to distinguish. . When individual trees are visible accuracies
are close to 100 percent. Small deciduous trees are difficult to see during

the winter season after leaf drop.

q) Percent Cover, Grasses & Legumes

Percent cover for grasses and legumes was estimated from
the aerial photographs by comparing areas with unknown percent cover to a
percent cover key. The percent cover key is comprised of portions of aerial
photographic images of grasses and legumes with kunown percent cover. The known
percent covers on the key represent 0, 25, 50, 75, and 100 percent cover. By
placing this key alongside areas on a photograph of unknown percent covers,
interpreters were able to classify the unknown areas into one of four categories,
0-25, 25-50, 50-75, or 75-100 percent cover. Accuracies were > 80 percent
with all film types during spring, summer, and fall. Wiﬁter accuracies were

very‘poor. Both film types worked equally well for measuring this parameter.

r) Vegetative Vigor

Chronic symptoms of toxicity caused by acidity and
. certain free lons in the root media were visible on the leaves of grasses
and legumes, however, these symptoms were not manifestgd in the fonal variations
on either the color or color infrared photography. The best indication of
vigor was the annual increase in percent cover. In an area which remains
static with no percent cover inc;ease the vegetation is generally of low vigor.
In tree plantings the percent dead or missing trees is an indication of vigor,
‘however‘thiﬁ percentage can only be obtained from an aerial photograph when -

trees are planted in rows with regular spacing.
s) Vegetative Disturbance Caused by Acidity and Sedimentation

_ Vegetative decline caused by the sudden appearance of acid
seeps or sediment bulld-up from erosion can be identified quite easily. Reclamation
specles have high tolerances to acidity problems and respond to low PH situations

with static or declining growth patterns. This type of acidity problem can be
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difficult to determine from aerial photography. Natural vegetation adjacent to
mining areas 1s typically intolerant of low pH situations and when a sudden acid
influx occurs in these areas destruction of plants occurs which is visible on
aerial photography. This 1s especially easy to see when the affected vegetation
is comprised of deciduous trees. Dead grasses and legumes affected by sudden
increases of acidity are dark brown to black on both color and color infrared
aerial photography.

When trees are affected by acidity, sedimentafion, or
both the dead leafless trees are easily visible on aerial photographs. It is
not possible to determine if the tree damage is a result of sedimentation or
acidity. The symptoms and effects of sedimentation and acidity appear similar
on the aerial photography and observations were made of damage areas where
the sediment was visible on the aerial photography but the actual damage was
caused by acld waters that carried the sediment to that loéation. Living trees
bordering an affected area may display autumn colors of red or yellow even in

early spring. Border trees may also have fewer leaves than healthy trees.

Vegetative decline and damage to grésses, legumes, and
trees were recognized with an accuracy > 87 percent with color infrared photo-
graphy collected in the spfing and summer. The accuracy for color photography

during the same seasons was > 76 percent.

t) Slope Measurements

Slope measurements were made only on color photography
because principal points and conjugate principal pointé are difficult to mark

on transparencies. Horizontal measurements were made with an engineers scale

N
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and vertilcal measurements were made with a parallax bar. The average accuracy

for slope measurement was greater than 90 percent.

D. CONCLUSIONS

The features and parameters discussed in parts B and C represent
some of those features which can be identified and mapped with a minimum amount
of training and technical background. Most of the identification and measuring
accuracles are > 75 percent. These features represent a majority of the total
number of features tested in this study (Appendix B). The data collection and
interpretation costs for one flight with color photography collected at a
scale of 1:12,00 over one square mile amounts to 3.7 cents per ton of coal if
allthe features and parameters discussed above are interpreted (Assuming:
three foot ccal seam mined with 85 percent recovery, $8.00 hourly rate for
interpreter, 1977 data collection costs). The cost per ton is less when larger
areas are involved because aerial data collection costs per square mile decrease

as photographic coverage increases when the same camera and lens focal length

are used.

Some seasonal considerations must be made when attempting to
monitor vegetation, features covered by vegetation, highwall height, and
yellowboy. All other featuresdiscussed in parts B and C above can be monitored

effectively throughout the year.

Some seasonal considerations are due to sun angle. In areas north_
of 40° North latitude during the months of November, December, and January
there is less than 30° maximum solar altitude and shadows occur on aerial
_photograpﬁs taken during this time. This same effect occurs when aerial
photographs are taken in early morning or late afternoon during spring, summer,
and fall., Some features like geomorphology are enhanced by low sun angle and
shadows. However, most of the features discussed in parts B and C are not
enhanced by shadows. 1In fact, many features may be obscured by shadows. Low

sun angles are not desirable for mest features related to strip mining.
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Linear and area measurements from 1:12,000 color and color infrared
aerial photography can be made with good accuracies if the features being measured
are visible and not located in terrain with large relief differences. Photo-
graphs can be rectified (rectification is the process of removing the effects of
relief, tilt, dip, and other distortions thaf can occur on aerial photographs).
Linear and area measurements made on rectified photogrpahs are extremely accurate,
usually within 1-2 percent of actual ground measurements. However, complete
rectification is only done with black and white photogréphy and the cost is

"between $100 and $200 per photograph. Rectification for just tilt and dip of
the camera when the photograph was taken costs $50 for a single photograph. |
The -cost decreases to around $20 per’photograph when a large number of
photographs are‘rectified for tilt and dip. Rectification is not cost-effective
for the mining parameters discussed above. If extremely accurate measurements

are needed ground measurements are usually more cost effective.

Features relating to geology and soils typing must be interpreted
by personnel with extensive training in the fields of geology and soils. The
geologic and soils interpretations made by our interpreters who were not trained
in these fields were very inaccurate and improvements were minimal throughout

the course of the study.

The results indicate that aexrial photographic techniques are
effective methods for obtaining pre-mining information pertaining to land use,
land cover, surface drainage, roads, utilities, and residential unit locations.
Mine progress including area measurements and overburden removal estimates can
be monitored accurately., In addition reclamation progress and effectiveness
can be evaluated by identifying and mapping regraded spoil, regraded soil,
planting, reclamation vegetation types, erosion and percent cover. Because
of low costs of aerial photography, and the large amounts of information
available from the photography,mine operators should utilize aerial photographs

to meet their information needs.
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IX. STATISTICAL AND ECONOMIC EVALUATIONS

A. OBJECTIVES

The objective of this phase was to perform an economic evaluation
of the operational use of color and color infrared aerial photography for the

following pufposes:

o Pre-mine planning

o Monitoring the revegetation aspect of reclamation

e Monitoring all aspects of the reclamation process

d Monitoring the entire mining process from planning to release

of bond following reclamation.
B. METHODOLOGY

In order to perform an economic. evaluation of the operational use of color
and color infrared aerial photography, a cost-effectiveness model had to be
developed. The model was developed in three steps: 1) information required was
defineda); 2) the method of data collection was specified, for example, the
accounting of costs for each type of aerial data collection and time spent for
photointerpretation for each type of data collection was determined; and 3) the
quantitative measures of cost-effectiveness for evaluating the performance of
alternative methods of aerial data collection for mine planning and reclamation
monitoring were developed. The measure of cost-effectiveness for the evaluation
of each technique of aerial data collection and interpretation was based én the
variance of interpretability ratings of color and color infrared photography for

producing the relevant data and a cost function for each film type based on both

collection and interpretation costs.

b)

The equations for calculating the variance and mean of the estimator

for each type of aerial data collection and interpretation are specified

a) Information required is discussed in Section VI, Data Collection, and Section VII,
Data Analysis & Interpretation. '

b) The estimation of the variance of the estimator of operational performance
{expressed in interpretability ratings) is based on the theory of simple random
sampling. This appears realistic because a photograph for a site consists
of a population of land use, vegetation and water parameters. FEach parameter
category has an equal chance or probability of being delineated by the
interpreter in deriving the ratings.
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in equations (1), (2) and (3). The specification and definition of the applicable
cost function to derive the effectiveness criterion for rating the efficiency
of the operation performance of each type of aerial photography follow in

equation (4).

Interpretability ratings for mining related features and parameters are

represented by the following symbols:

xic - interpretability ratings for mining related subjects from color photos
- 1 "n ‘ " e 1" i :
XicIR color infrared
XiBW - I 1 1" ‘H n 1 1] black & White
photos

Then the mean and varlance of the ratings for each type of photograph are equal

to
— }g ‘ ' ’
X. =) X,./N ‘ (1)
I Ve § ‘
2 N o 2 ; 2)
Sx.” = foij - xj) /N-1
v (; ) = ijz /n : - (3
] h| . L
whefe

(1 =1, 2 .... N number of features and/or parameters in a category)

(3

represents film types, 1 for color; 2 for color infrared and
3 for black and white

i: is an estimate of the population mean (u,) of interpretability
3 rating for mining related subjects per site

ijz is an estimate of population variance per site

V(u.,) 1is an estimate of the varilance of u, (simple random sampling
' estimator) for all sites included 1Al the study.

n is number of sites included in the study in square miles.
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The cost function applicable for each j method of data collection and

interpretation is expressed in equation (4) below.
TC, = CO, + n (CD, + CI,) . (4)
J J ] J
where
TC. is total cost for each method

COj is total fixed cost which 1s equal to cost of flight mobilization

for this analysis, in dollars.

CD, is total cost of data collection which includes the cost of flying

time and film processing, in dollars.

CL. is total cost of interpretation derived from time expended (average
of six interpreters) in identifying features and measuring parameters

from the photograph by site, in dollars or hours.

n = number of sites in square miles.

. c . . . , .
Equation (5) or (5a) ) defines the effectiveness criterion that is useful
to measure the efficiency ;j of the operational performance of each ] type of
aerial data collection and interpretation. It is derived from the variance shown

in equations (2) and (3).

gj 100 \/ V(uj) / uy : (5)

= (5a)
where

Ey is the standard deviation (derived from the relative variance) of the

jth estimator expressed as a percent of the mean,

The cost function {equation 4) can be incorporated into the efficiency
equation (5a) to determine the best methodd). The best method is the one that

¢) M. H. Hansen, W. N. Hurtwitz, W. G. Madon, Sample Survey Methods and Theory
New York: John Wiley and Sons, 1966, pp. 110-178.

d) A. H. Aldred, "Decisions on Combining Data From Several Sensors,'" First CDN
Symposium on Remote Sensing, 1972. '
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minimizeé Ej sﬁbject to abudgetary constraint imposed by the cost function defined
in equation (4). In order to show how the relative efficiencies of each method

or operational uge of color and color IR for data collection for mine planning

and reclamation monitoring vary with the cost function, the cost function can be
substituted in the efficiency equation in (5a). The cost function can be

rewritten as:

n = TC, - CO, CD, + CI, ‘ 6
J J / J ] ©

When it 1is substituted into equation (5a) it yields equation (7)

) V)
Sx.” / n Sx.” (Cp, + CI,) / TC., - CO,
E, = 100 | —— =1p0 | —1 .! 1 ] 1 (7)
’ B %5

where Sx.z,CDj, CIj,ICO, and ;j are known values and qu is the variable for each
type of data collection and interpretation. Equation (7) 1s applied in the
empirical analysis to derive the efficiency rating for each method of aerial data

collection and interpretation.

Two sets of data were collected for this task. One set pertains to the
actual costs incurred in the operational use of color, color infrared, and black
and white photography in monitoring four surface mining activities defined
previously. The data collected included three major cost items: (1) Aerial data
coilection; (2) photo processing; and (3) interpretation. These data were
expressed not only in monetary units, but also in terms of time spent, especially
on interpretation. Data on time spent for interpretationwere compiled by

interpreter per square mile site by major feature and parameter categories for each
type of film.

The other set of data collected includes the evaluations of operational .
performance of color, color infrared and black and white photographs for interpreting
vegetation, land use and water data on each mining activity defined in

=} .
the scope of work ). The operational performance of each type of photography is

quantified in terms of a scale that reflects the success with which the data

e) Appendix B lists specific parameters in each category,
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were derived from the photographs, The quantification was done by means of

(£)

al, 2, 3, 4 interpretability rating scale The data on interpretability
ratings were compilled by subject, by site, by interpreter, by season, and
by film types. The rating scale is formulated so that on the scale 4 is a

100 percent feature‘placement or measurement from the photographs.

The analysis of costs for each film type by season and the analysis
of the data on performance accuracy (interpretability ratings) were integrated
to determine the cost-effectiveness of the operational use of each film type

for mine planning and reclamation purposes.

Fixed and variable cost estimates used in the analysis were compiled for
the data collection and interpretation activities by season and by three major
landscape categories: land use, vegetation,and water. The measure of opera-
tional performance or accuracy of each film type was derived from the inter-

pretability ratings.

Sample data on caiculated percent accuracy for each type of sensor by
season and by the three major landscape categories are shown in
Table 10 on Page 95 . The data on interpretability ratings were converted into A
percentage accuracy ratings as a measure of operational performance. The
conversion was made by dividing the indicated rating by 4 and multiplying by
100. The calculation of these accuracy percentages was based on a scale on whiché
represents 100 percent feature delineation (mapped or measured) from color

photos or from color infrared transparencies.

Analysis of variance was used for analyzing data on performance aécuracy
to test statistically if there were significant differences in the variation of
accuracy ratings between color and color infrared films by season and by land-

scape feature categories.

(f)Description of Rating Scale
0- feature cannot be measured or mapped ,
1- poor - feature can be measured only with a large amount of difficulty
2~ fair - feature can be measured with minor difficulty '
3- good - feature can usually be mapped or measured
4- excellent - feature can easily be mapped or measured.
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The cost-effectiveness model was used to perform economic evalu-
ations.of the operatidnal use of color-and color infrared photography. Separate
analyses were included to address the economical use of aerial photography in
each of the four mining and reclamation activities defined previously:

1) pre-mine planning, 2) the revegetation aspect of reclamation, 3) all aspects
of the reclamation process, and 4) the entire process from planning to release
of bond following reclamation. The cost-effectiveness criterion used indicates
that the operational use of one method qf aerial photography for mining and
reclamation planning and monitoring is more efficient than another if under
specified conditions one yields more reliable results (minimizes relative error)

per unit cost than the other.

C. RESULTS

Results of the economic evaluation are presented in four subsections.
Each subsection corresponds to a surface mining and reclamation planning activity.
In the discussion of the results for each activity, the cost estimates presented

are based on coverage of one, ten, one hundred, and one thousand square mile areas.

Data on time spent and cost per square mile per flight or season
are given in Appendix D. The cost of daﬁa collection (which includes charges for
film, flying time over the data collection site, film processing, labor and
profit) plus the cost of flight mobilization are fixed for both color and celor
infrared. Mobilization costs are costs incurred by an aerial survey company
for aircraft preparation, camera preparation and testing, plotting of flight
lines, and flying time to and from the data collection site. In this study, the
per square mile estimated fixed cost for color photography, excluding mobili-
‘zatlon costs, was $18.00. For color infrared, it was $12.00 per square mile.
The variable cost includes charges for data interpretation. The cost estimate
per square mile for data interpretation was based on an average labor rate of
$8 per hour and the average time spent by six interpreters delineating (mapping
and measuring) key parameters from color photography and color infrared trans-

parencles on six sites.
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1. Pre-mine Planning

Analysis of the data focused on the estimated cost and inter-
pretability ratings compiled from the mapping and measuring of parameters related

to pre-mine planning included in each category listed in Appendix B.

The estimated total costs per one, ten, one hundred, and one
thousand square miles to monitor pre-mine planning are given in Table
11. The data show that it costs more to collect and interpret data from color
prints than from color infrared transparencies. On a square mile basis, .
the cost differential is approximately $10 in summer and fall and about $5

in spring. This differential could be significant if the area coverage was

several thousand square miles. It should be noted that the interpretation of

color infrared transparencies requires the use of a light table for viewing. This.

C .

cost to the user may reduce slightly the cost advantage of color infrared transparencies.

The cost of photo 1nterpretation for mine
planning purposes also differs between the two films by season. It cests
approximately $3 to $4 more per square mile to interpret pre—mininé data from
color prints than from color infrared transparencies in the summer and fall
but the cost in the spring is slightly higher for color infrared transparencies
than for color prints. The estimated cost of intérpretation in this case is
most likely influenced by the training and skills of the interpreter and by the

numbers of the specific features to be looked at.

It is interesting to note, also, that the costs of photointer-
pretation of films showed a similar pattern of variation, That is, the costs
for both are higher in the summer than in the spring, and likewise the cost
estimates for spring are slightly higher than the fall and winter costs.(g)
Seasonal differences in costs are a function c¢f the seasonal differences in

the ease of interpretation and the number of items to be interpreted and measured.

(g)

For winter the comparison is between color and black and white photography.



TABLE 11 COST OF SURVEYING MAJOR FEATURES RELATED TO PRE-MINE PLANNING BY FILM TYPE AND SEASON WITH
1:12000 SCALE PHOTOGRAPHY (IN DOLLARS)
‘ : 77 -71
SUMMER FALL WINTER SPRING AVERAGE OF
cost 1 TEu coror fcocor te| coica Jcoise ie| covos [BLACKANDT coor  coLom e GROUND SURVEY
S/SQUARE MILE

INTERPRETATION 2> 47.36 43.76 38 16 35.28 38.60 | 0139.26 39.04 40 08
AERIAL DATA COLLECTION(c 18 00 12 00 8 00 12 00 18 00 & 00 18 00 12 00

SUBTOTAL 65.36 55.76 56.16| 47.28 57.50 45. 36 57.04 52.08
AERIAL MOBIL!ZATION (d) 700 00 | 700 00 700 00| 730 oo 7oC GC 70¢ 00f 70C oo | tooO OC

TOTAL 185.38 | 755.78 15616 | 747.28 | 757.60 745 38| 757 04 | 15z.08 6 40
S/ACRE 120 1.18 118 117 I 18 116 118 17 1.00
S/TON OF COAL «t) .00186 L0015 0015 .0015 0o 1% L0015 0015 .0015 0012
S/'0 SQUARE MILES

INTERPRETAT)ON 473.80 | ¢37.80 381 60 392 BO| 396.00 393.60| 390.40 | 400.80

AERIAL DATA COLLECTIDN 180 00 | 120 oo 180 co| 120 oo | 18D OO g0 oo| eo oo | 120 o0

SUBTOTAL 653.60 | 557 80 561.60| 472.80| G576.00 493,60 570 40 | 520.80

AER)AL MOBIL:ZATION 700.00 | 700 09 700 ag| 700 0o | 700 0O 100 00| 700 00 | 700 OD \

TOTAL 1353.60 | 1257 60 1281.60 ) 117280 | 1276.00 | 115380 1270.40 | 1220 00 6400
S/ACRE 2 .20 .20 18 .20 18 20 13 100
$/TON OF COAL 0003 6003 .0003 .0002 .0003 .0002 0003 .0002 -0012
$/100 SOUARE MILES

INTERPRETATIDN 4736.00 | 4376 00 3816.00 | 3528 €0 | 3560 00| 3936.00 | 3904 .00 | 4008 00

AERJAL DATA COLLECTION 1800 00 1200 00| 1800 0C {1200 OO 1800 00 E0G 00 | 1800 OO 1700 00

SUBTOTAL €536 00 | S55/6.00| S616 0C | 47z8 Co | 5760 00| 4536 00 [ 5704 00 | 5208 OO

AERIAL MOBILIZATION 700.00 700 oo| 700 oo | 700 oD 700 00| 700 00 | 700 0¢ 700 00

TOTAL 7235.00 [ 6276 00| 6316 00 | 5428 00 { 6460 00| 5236 0D | 6404 00 [ 5908 00 54000
S/ACRE oE 10 10 .03 10 .08 .10 .09 1.00
S/TON OF COAL .0ooo 0001 0001 .0001 .00 0og 1 0601 0001 -0012
$/1000 SQUARE MILES

INTERPRETATION 47380 00 ] 43760 oo 38160 00) 35780 0039600 DO | 39360 00] 38040 00 | 40080 0O
AERIAL DATA COLLECTION 18000.00 ) 12000.00 18000 0C| 12000 00)+1g000 00 | sooo oo 18000 oo 12000 00

SUBTOTAL 65360.00] 55760 00} 56160 00)47280.00)57600 00 | 45160 00| 57040 00 | 52080 00
AERIAL MOBILIZATION (&) 1400 00] 1400 OOy 1400.0G| 1400 QDY 1400 DO | 1400 Q0| 1400 00| 1400 00

TOTAL 66760 00 | 57160 0G| 57560 00 |48680 00 |59000 0D | 46760 00| 58440 60| 53480.0C 640000
$/ACRE 10 .09 .08 .08 .09 07 .09 .08 1.00
S/TON 0F COAL 0001 .0001 -0001 L0001 L0001 .0007 .0001 a001 60712

(@) ASSUME $8.00 HOURLY RATE FOR INTERPRETER.
(b) COLDR IR NDT COLLECTED DURING WINTER BECAUSE OF LOW SUN ANGLE.
PHOTO PROCESSING AND INDEXING.
(d) BASED ON SITE WITHIN 300 MILES OF BASE (1 DAY DATA COLLECTION)
(e) AER!AL OATA COLLECTION COSTS BASED ON AVERAGE OF SEVERAL AERIAL SURYEY COMPANIES.

(c) INCLUDES FLYING TIME,

(1) ASSUME A 3° SEAM OF CDAL IS 70 BE MFINED WITH A £5% RECOVERY RATE,

BE MINED.

AERIAL COVERAGE IS 5 TIMES MORE THAN AREA TO

(g) BASED ON TWO DAYS MOBILIZATION - NORMALLY ABOUT 500 SQUARE MILES CAN BE COVERED PER DAY AT 1:112000 SCALE WITH
6 MAPPING CAMERA. 7 FORMAT.
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For example, in winter, there were less vegetation features that could be
delineated on black and white photography. On the other hand, those vegetation
features that could be interpreted were more difficult than coler and took more
time to interpret. Operational performance or percent accuracy of feature and
paraneter identification and measurement from color and color infrared films

was also analyzed. The performance analysis and cost analysis are integrated

to determine the cost-effectiveness of the operational use of both films. 1Imn
general, the performance or percent accuracy rating for color infrared is higher
than for color photography for interpreting pre-mining features in summer, falil,
and spring. The mean accuracy ratings for land use and vegetation interpretation

calculated for each season by film type are shown in Table 12 below:

TABLE 12  MEAN YALUES OF PERFORMANCE ACCURACY FOR INTERPRETING LAND
USE AND VEGETATION -FOR PRE-MINE PLANNING BY FILM BY
SEASON USING 1:12000 SCALE AERIAL PHDTOGRAPHY 1771
PERCENT ACCURACY
FILM TYPE AND SEASON _
LAND USE VEGETATI ON
SUMMER 80.71 83.75
coor | FALL : 88.08 75.07
SPRING 88.21 76.77
SUMMER 91.50 78.61
cﬂﬁfﬂ FALL 94.35 86. 32
SPRING 50.58 81.18

For land use interpretation, 10-12 percent more accuracy
can be gained from color infrared transparencies over color photography in
summer and fall. The gain is only approximately three percent in the spring.
However, for interpreting vegetation features, the gain in using color infrared
film is about 15 percent in summer, eight percent in the fallland approximately

three percent in the spring.



Data used for calculating means were analyzed statisticall
using an analysels of variance technique called multi-factor classificationm.

This analysis was done to test the hypothesis that there were no slgnificant
differences in the relative performance of the two types of films by seasons '

and by land use and vegetatlon categories,

Results of the analysis of variance are shown in Tables 13
and l4, Table 13 shows the analysis of variance by film type and season for land
use interpretation. Table 14 shows the same for vegetation. The results indicate that
for monitorifng land use and vegetation, the differences in the performance
accuracy between color and color Infrared are statistically significant at
a one pezcint 1evel.(i) These results are attested to by the highly significant
3

F-ratiocs calculated for each film type in Tables 13 and 14. It can be noted,
further, that the seasonal variation for each film type is also statistically
significant at the one percent level. This observation is also supported by

the mean values -shown in Table 12, In summary, the results show that the gain
in accuracy from use of color infrared is significant for three seasons for

interpreting both land use and the vegetation aspects of pre-mine planning.

The results of the cost-effectiveness analysis for rating
the relative efficiency (percent error) of color and color infrared photography
for mine planning are shown in Table 15. For the purpose of interpreting the
results, a method is sald to be more efficient than anocther if under specified
conditions it yields more reliable results per unit cost. The results show
that for mine planning purposes it 1s more efficient to use color infrared

than color photography regardless of the season in which land use and vegetation

(h)R.G.D. Steel and J. H. Toorie, Principles and Procedures of Statistics,

New York: McGraw-Hill New York, 1960, Chapter 8. The analysis of variance
technique applied in the data analysis followed randomized complete block
design concept.
(i)Thia implies that the chance or prebability of including the feature under
investigation in a random sample 18 99 percent out of 100,
(j)F ratlo is associated with an F-distribution. The F distribution is the
test statistic applied to eatablish the significance test of no differences
between or among variances,

- =126~
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TABLE 13 ANALYSIS OF VARIANCE ON LAND USE INTERPRETATION FILM TYPE BY SEASON 173
SOURCES CF VARIATION DEGREES OF FREEDON | SUM OF THE SQUARES WEAN SOUARE F-RATIO
{(B) FILM TYPE o4
(COLOR ¥S COLOR 1R) ] 1759.90 1759.90 38.58
(A SEASON WITHIN FILN TYPE 4 1244.85 a2l 6.82*
INTERACTION OF 4 WITH B (2) (499.38)
(C) LAND USE \NTERPRETATIONS. n 14758.09 343.39
EXPERIMENTAL ERROR 135 §156.35 45.50
INTERACTEON OF A WITH ¢ (54) (4289.84
INTERACTION OF B WITH C an (1142.59)
INTERACTION OF & WITH B AND C (54) (722.47)
TOTAL 167

*SIGNIFICANT AT 1% LEVEL

TABLE 14  ANALYSIS OF VARIANCE ON VEGETAT!ION INTERPRETATION BY FILM TYPE SEASON

SOURCES OF VARIATION DEGREES OF FREEDOM | SUM OF THE SAUARES NEAN SQUARE F-RATIO
v Eé;tugysg COLOR IR) ! 8.1 1228.9 s
(A) SEASON WITHIN FILN TYPE s 3180, 14 78503 5.21
INTERACTION OF A WITH B (0 (556.27)
(C) VEGETATION [NTERPRETATIONS 18 4385896 2436.80
EXPERIMENTAL ERROR a0 114784 127.53
INTERACTION OF & KITH C (36) (8738.04)
INTERACTION OF B WITH C (18) (850 .29)
[NTERACTION OF A WITH B AND C 38 £1090.07)
TOTAL 113

TABLE i5
USE AND VEGETATION

RELATIVE ERROR VARIANCES FOR RATING THE EFFICIENCY OF COLOR AND COLOR IR TO SURVEY LAND

FILM TYPE AND SEASDN

PERCENT ERROR’

LAND USE VEGETATION
COLOR SUMMER 5.6 14.00
FALL IR 9.15
SPRING 310 5.80
SUMMER 1.5 11.50
COLOR IR FALL 2.70 5.5
SPRING 2.60 6 80

IN STATISTICAL PARLANCE, THIS |3 ONE STANDARD DEYIATION EXPRESSED IN A PERCENT OF THE MEAN ACHIEVED WiTHIN THE BUDGET

OR COST ALLOCATED

(AY - SPRING, SUMNER, FALL UNDER COLOR AND COLOR IR

(B - COLOR VS COLOR IR

(C) - SAMPLE FEATURES USED IN [NTERPRETATION

N

C.



are surveyed. The seasons considered were spring, summer and fall. Aerial
surveys of vegetation are not practical in the winter; nor is the collection

of color infrared data feasible because of the low sun angle.

The relationship between percent error and cost of interpreting
land use and vegetation for mine planning is shown in Figure 15.  Although
the relationship between percent error and cost can be expected to be a curvi-
linear funection, the graph illustrates it in linear form because of the limited
number of data points used in the analysis, For purposes of comparison;,A
and D represent the relationship between percent error and cost for monitoring
land use in the summer using color infrared (A) and color (D) photography.
It can be seen that percent error (3.75 percent) and éost (81270) for A is
much lower than D (6.65 percent with 51355). This relationship is based on
ten square mile coverage. The same relationships hold for the comparison of
B and E for fall and C and F for spring. For surveying vegetation, the
compariéon is between G and T for summer, and H and J for fall., The relation-

ship in spring is almost identical for both color infrared and color photography.

Geological interpretation ratings were similar for black and
white, color, and color infrared film types. If the major emphasis for pre-mine
planning is geological information black and white aerial photography can be
used. - Data éollectiOn costs (Table 11) are much less for black and white
imagery than for color and color infrared imagery. Interpretation costs for
geologic information will be more expensive than land use or vegetation

interpretations because an experienced geologist must perform the interpretations.

2. Monitoring the Revegetation Aspect of Reclamation

The economic evaluation of the operational use of color
and color infrared aerial photography to monitor the revegetation aspect
of reclamation is based on the assumptions that the interpreter (operator
or inspector) is familiar with the natural Gegetation of the area and
has inspected the area once immediately after revegetation. Aerial
inspection of the same area after revegetation is done to insure success-

ful and timely reclamation revegetation.

- -128-
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Sample data on interpretability ratings for mapping and
measuring vegetation aregiven inTable 10 on page 95. The mean value calculated

from these data by type of film by season and analysis of variance results
are shown in Table 14. The results of the analysis show that the performance
of color infrared is significantly better than color photography at a one

percent level.

The results of the analysis of variance in Table 14 show
the difference in the performance accuracy between color and color infrared
photography to moniteor vegetation parameters is significant at the 1.0% level.
The cost differential between the two films is approximately $5.00 in the
summer and spring and about $6.00 in the fall. The total cost estimate
(Table 16) for a square mile showed that it is less expensive to use color
infrared than color photography for all growing seasons for monitoring the
revegetation aspect of reclamation. This conclusion is also supported by
the relationships Between cost and relative efficiency shown in Figure 15.

In the spging, however, the efficiency ratings of color and color infrared

are about the same.

3. Monitoring All Aspects of the Reclamation Process

‘For monitoring all features of the reclamation process,
the analysis included data on cost and performance accuracy for mapping
features and measuring parameters of land use and water as well ds vegetation.
Data compilled on estimated total costs of one, ten,one hundred, and one
thousand square mile coverages are given in Table 17. The total cost estimates
for each film by season suggest that it costs more to monitor all aspects of
the reclamation process by color photography than by color infrared photo-
graphy. For a one square mile area, the total cost differential is approxi-

mately $4.50 in the spring, $5.50 in the summer, and $8.00 in the fall.

-130-
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TABLE {6  COST OF MONITORING THE REVEGETATION ASPECT OF RECLAMATION BY FILM TYPE AND
SEASON WITH 1:12000 SCALE PHOTOGRAPHY (IN DOLLARS) 77-71
SUMMER FALL WINTER SPRING
LOST 1TEM coLoR  |coLor R| coLor |coLor rR| coLoR BLISKAND| coLor |coLoR (&
$/SQUARE MILE
[ T INTERPRETATION 14.08| 14.95| 15.68 | 15.52| 15.76] 16.80 | 16.CO i6.88
DATA BULLECTIONI - 18.00 12.00* _137 12.000 13:00—4—_—6,60 T ]_806 _ﬁ&UU )
SUB-TOTAL 37.08 26.96 | 33.58 27.52 33.7;ﬂ 32'EE_J 34.00 28.88
MOBIL[ZATION 700.00 | 700.00| 700.00 | 700 00 7oo.ub~Fi;50.ou 700.00 | 700 00
TOTAL 732.08 | 726.%8 47i35?§5417 727.52 733.751 732.80 | 734,00 | ;;;T534
$/ACRE I 1a 114 1.15 1.14 1.15 1.15 1.15 I.14ﬁ
$/T0N OF COAL 015 7?65154 0015 | .0015‘ .0015‘ 0015 [ .0018 | .0015‘
$/10 SAUARE WILES
INTERPRETATION 140. 80 149.60 156.80 155. 20 157.60 166.00 160.00 ‘158_.80 ‘
DATA COLLECTION 7isu.on 120‘00‘P4;so.uu 120.00 1;6.00 60.00 180.00{ 120.00
SUB-TOTAL azo.aqﬂ 269.80 | 336.80 275.20| 327.80 | 228.00 340.00| 288.80
MOBILIZATION 700.00 | 700.00 | 700.00 ] 700.00( 700.00 | 700.00 | 700.00( 700.c0
| o I | ke I BEAASRaN §
TOTAL | 1020.80 | 988.60 | 1036.80 | 975.20 L1037.60T §28.00 ngfg.oo 988.80
e L C | bl Eliha i it I -
$/AGRE L I 18 18] .16 .15 .16 .16
$/TON OF COAL .0002 .0002 0002 .0002 .0002 .0002 .0002 .0002
$/100 SQUARE MILES
INTERPRETATICN 1408.00 | 1436.00 1568:00 15522ﬁ6v 1575.00 | 1ééd450 '1600.00'_}533400
'DATA COLLECTION 1800.00 | 1200.00 { 1800.00 | 1200 oo 1800.00| 600.00| 1800.00) 1200.00
SUB-TOTAL 3208.00 | 2686.00 | 3368.00 | 2752.00| 3376.00 | 2280.00| 23400.00| 2888.00
MOBILIZATION 700.00| 700.00 | 700.00 | 700.00| 100.6&7% 700.00] 700.00 7oo‘ooﬂ
TOTAL 390§.nn1ua§ge.no 4088.00 | 3452.00) 4076.00 | 2980.00] 4100.00) 3588.00
$/ACRE _ 06 .05 .08 .05 .08 .05 .08 .08
$/TON OF COAL .0001 . 0001 .0001 .0001 .0001 .0001 .0001 .0001
$/1000 SQUARE MILES
INTERPRETATION 14080.00 14965.ﬁdi1é;;5.0n 15520 .00 15760.00 | 16800.00 | 16000.00 ISBBU,Ub‘
DATA COLLECTION 18000.00 |12000.00 [18000.00 | 12000.00(18000.00 | 6000.00 18000.00) 12085. 00
SUB-TOTAL 32080.00 [26960.00 [33680.00 | 27520.00(33760.00 | 22800. 001 34000.00 2eaan;nu<
MOBILIZATION 1400.50 | 1400.00| 1400.00 | 1400 00{ 1400 00 1400.00| 1400 00| 1400.00
TOTAL 33480.02|28350.00)35080.00 | 28820.00|35160.00 ] 24200.00) 35400. 00 3nzao.d5’
$/ACRE .05 .04 .08 .05 .08 .04 .05 .03
$/T0N OF COAL 0001 .ooot|  .oopt .0001] .oop1| .0001 .o001|  .ooot

N



TABLE 17  COST OF MONITORING ALL ASPECTS OF THE SURFACE MINE RECLAMATION BY FILM TYPE AND
SEASON WITH 1:12000 SCALE PHOTOGRAPHY. {IN DOLLARS) 77-71
K SUMMER FALL WINTER SPRING
COST ITEM coLor [coLor IR| coLowr |BULOR IR} coLOR BLaﬁf;gD COLOR | COLOR IR

$/SQUARE MILES

INTERPRETATION §1.36} 62.00 50. 48 48.56| 80.40] 60.32 50.08] 81.58
DATA COLLECTION 18,00 | 12.00 18.00f 1z.00] 18.00 §.00 18.00] 12.00
SUB-TOTAL 79.36 74.0¢ 68.48 60.56 78. 40 66 .32 78.08]  72.68
MOBILIZATION 700.00 | 700.00| 700.90] 7oo.00| 700.c0| 700.00 700.00] 700.00
TOTAL 779.36 | 774.00| 788.48] 760.56| 778.40| 788.00 | 778.11| 7173.88
$/ACRE 1.22 1.21 1.20 1.18 1.22 1.20 1.22 1.2
$/TON OF COAL .0016 .0018 0015 0015 L0016 0015 .0016 .0018
$/10 SQUARE MILES

INTERPRETATION 613.60 | 620.00 504.80| 485.60| 604.00 | 603.20 | 600.80| 615.80
DATA COLLECTION 180.00 | 120.00 180.00| t120.00| 180.00| 60.00 180.00| 120,00
SuB-TOTAL 793.80 | 740.00 884.80| 605.60| 784.00 | 663.20 780.80| 735.80
MOBILIZATION 700 00| 700.00 | 700.00] 70U.00| 700.00 | 700.00 700.00| 700.00
TOTAL 1483.60 | 1440.00 | 1384.80| 1305.80} 1484.00 | 1363.20 | 1480.80| 1436.80
$/ACRE 23] .23 .22 .20 .23 21 .23 .22
$/TOGN OF COAL 0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003
$/100 SQUARE MILES

INTERPRETATION 6136.00 | 6200.00 | 5048.00] 4856.00 [ 8040.00 | 6032.00 | 6000.00) 6168.00
DATA COLLECTION 1e00.00 | 1200.00 | 1800.00| 1200.00| 1800.00 | 65000.00 | 1800.00| 1200.00
SUB-TOTAL 7836.00 | 7400 00 | 6848 00| 6056.00| 7840.00 | 6632.00 | 7808.00| 7368.00
MOBILIZATION 700.00 | 700.00 700.00] 700.00| 700.00| 700.00 700.90| 700.00
TOTAL 8636.00 | 6100.00 | 7548.00| 6756.00| 8540.00 | 7332.00 | 8508.00] 2066.00
$/ACRE 14 13 12 S 13 12 .13 13
$/TON OF COAL .0002 0002 .0g02 .0002 .0002 .0002 0002 0002
$/1000 SQUARE MILES

INTERPRETATION 61360.00 |62000.00] 50480.00148560.00}60400.00 | 60220.00§60080.0061680.00
DATA COLLECTLON 18000.00 | 12000.00] t8000.00]12000.00|18000.06 | £000.00|18000.00]12000.80
SUB-TOTAL’ 7936000 [74000.00 | 68480.00|60560.80 |78400.00 | 66320.00§78080.0073680.00
MOBILIZATION 1400.00 | t400.00] 1400.00] 1400.00| 1400.00 ] 1400.00) 1400.00) 1400.00
TOTAL 80760.00 |75400.00|69880.00|61960.00 |79800.00 | 67720 00)79480.00]75080. 00
$/ACRE 13 12 Y 10 .13 11 12 12
$/TON OF COAL .0002 .0002 L0001 .0001 L0002 0002 .0002 .0002
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It can be noted that for a coverage of a ten square mile
area, the total cost estimate for the operational use of color infrared
transparencies 1s about the same for the summer and spring (51440 and $1436).
However, total cost estimate 1s about a hundred dollars less ($1303) in the
fall. This seasonal cost difference'in the use of color infrared is due to

the difference in the costs of data interpretation between fall and summer

\

transparencies and between fall and spring transparencles which
resulted because, in general, fall data was easier to interpret than spring

or summer data.

The analysis of variance on accuracy ratings (interpretability
ratings) for mapping water features and for measuring their parameters are given
in Table 18. The analysis shows that the difference in the performance accuracy
of colorland color infrared is statistically significant at the five percent
lgvel. The mean values of performance accuracy in monitoring all aspects

of reclamation process by film type and by season are given in Table 19,

The results of the cost-effectiveness analysis for all aspects
are shown in Table 20. 1In summary, it can be stated that 1t will be more cost-
effective to use color infrared for monitoring all reclamation aspects in

the spring, summer, and fall.

Black and white imagery is not very useful for vegetation
monitoring because black and white film has a low sensitivity to green light.
Regrading and topsoilling operations caﬁ be identified on black and white
photographs. Percent vegetative cover cannot be measured accurately with
black and white. Because black and white imagery 1Is not good for vegetation

monitoring it is not recommended for reclamation monitoring.

y 4. Monitoring the Entire Mining Process from Planning to
Release of the Bond ‘

In this section, highlights of the results observed in the
previous three sections are integrated because the sum of activities in these
three sections constitute the whole of required monitoring activities of

the surface mining cyecle. Although the data used for the analysis on cost

-133-



TABLE 18:  ANALYSIS OF VARIANCE ON WATER {NTERPRETATION BY FILM TYPE BY SEASON -
SOURCES OF VARIATION DEGREES OF FREEDOM SUM OF THE SQUARE MEAN SQUARE F-RATIO
(B) FILN TH% (COLOR ¥$ 1 1547 35 1547735 4. 77w
(A) SEASON WITHIN FILM TYPE 4 12938.25 3234.56 0.07*
INTERACTION BLA €3] (12847.88)
INTERACTION OF & WITH B ) (80.37)
(CYWATER [NTERPRETATION 18 42897.48 2380.97
EXPERIMENTAL ERROR 40 78178 4 324.21
INTERACTION OF & ¥ITH C (38) (23370.28)
INTERACTION OF B WITH C (18) (2284.40)
INTERACTION OF A WITH B & 78 (3524.12)
TOTAL n

* SIGNIFICANT AT 1% LEVEL
*4k SIGNIFICANT AT 5% LEYEL

TABLE 19:  MEAN VALUES OF PERFORMANGE ACCURACY TO MONITOR ALL ASPECTS OF THE REGLAMATION PROCESS
FILM TYPE & SEASON PERCENT
LAND VEGETATION WATER
SUNNER 80.7 §1.15 52.76
COLOR FALL 88.08 79.07 72.98
WINTER 85.44 59.50 76.38
SPRING 8821 76.77 13.88
SUMMER . 81.50 76.67 51.69
COLOR IR FiLL 94,35 86.32 80. 98
SPRING 90.58 81,18 83.02
BLACK AND WHITE | WINTER 76.74 48.20 §1.05

TABLE 20:

OF THE RECLAMATION PROCESS BY SEASON

RELATIVE ERROR VARIANCE FOR RATING THE EFFICIENCY OF TYPE OF FILM TO MONITOR ALL ASPECTS

FILM TYPE & SEASCN

- PERCENT ERROR -

LAND USE VEGETATION WATER

SUMMER 6.65 14.00 20.60

COLOR FALL 4.70 9,13 (0.32
WINTER 5.58 13.62 71.66

SPRING 310 5.50 g.48

SUMMER 3.79 11.50 18.2%

CDLUR, 'R FALL 2.70 .85 §.62
SPRING 2.60 6.80 4.587

BLACX AND WHITE WINTER .31 16.717 12.01
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and interpretability ratings are for only two years, generalization can be

made with respect to the overall duration of the entire mining process from
planning to release of bond following reclamation. This period can vary from

a year to two or more years depending upon the duration of the mining operation
and the state and local regulations. The frequency of monitoring or ihspection
of the mine area alsc varies because of differences in requirements of state
surface mining laws. Periodic inspections as frequently as twice monthly may
be required while mining is in progress. When mining is completed, it is
likely that inspection or moﬁitoring will be conducted less frequently, for
example, once a year. Such inspections continue until an inspector has
determined that reclamation has been accomplished successfully, and in some

cases until the operator's bond is released.

The results in this study of the economic evaluation of the
data on cost and performance accuracy of color and color infrared films for
different seasons can be applied to periods of two or more years assuming
(1)

similar conditions under which the data are collected.

Fer planning purpoées, the results of the analysis of the
data on cost and performance for mine planning can be applied. The results
of the data analysis suggest that it is more cost—effective to use color
infrared photography than color photography to monitor land use and vegetation
for mine planning in three seasons: spring, summer, and fall.
Spring is considered to be the optimum season for delineating the maximum
number of parameters.\‘Thus, for optimum reclamation, a mine plan based omn a
site monitored in spring is advisable. The estimated cost for monitoring a
ten square mile site for planning in the spring is between the costs estimated
for summer and fall. The respective cost estimates are $1220 for spring,
§1257 for summer, and $1172 for the fall (see Table 11).

(l)These conditions are pertinent to the listed items below:

— Fixed data interpretation requirements.

- Prevailing unit cost of mobilization, flying time, and photo processing.
- Prevailing labor rate for photo interpreters.

— 8kill and training of photo interpreters.
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These data can be used by prospective users for estimating
costs so long as allowances are made for different conditions from those
under which the data in this study were generated. In summary, the cost
will vary with the frequency or the season that the mine is monitored. 1In
general, 1f the user relies on aerial surveys to monitor the entire mining
process from planning to the release of bond, it will be more cost effective

if color infrared transparencies are used.
J

5. Relationships Between Estimated Cost and Aerial Coverage
Per Overflight '

Cost estimates presented in this section are based on the

following conditions or assumptions:

(1) The cost of data collection (which includes flying
time and film processing) by film type was based

- on rates quoted for these activities by six aerial

survey firms. The charge per flight (mobilization)

was also obtained from these six firms.

(2) The cost of data interpretation was based on the
average time spent by six interpreters each
examining two of the six sites. No charge for
equipment and related supplies for interpretation
are included in the cost estimates. The cost of
equipment would be part of the initial capital
investment and is not included as costs assoclated

with on-geing interpretation activity,

Figure 16, 17, 18 show relationships between total
estimated cost and the amount of area covered for color and color infrared
photography for three seasons. In general, total estimated cost for color
infrared photography is relatively lower than for color photography in all

seasons for the areas considered. The same comparison holds for estimated

-136-



!

HRB-SIFINGER,

F1G.

Ly COLOR

Ny

Ny

Y

TOTAL COST ESTIMATE (THOUSAND DOLLARS)

0 | | ! , ]

1 10 100 1000

AERIAL COVERAGE (SQUARE MILES)

16 RELATIONSHIP BETWEEN TOTAL ESTIMATED COST AND AREA COVERED PER FALL OVERFLIGHT

77-71

©o137

N



FIG.

17

10 =

60 f=

TOTAL COST ESTIMATE_(THUUSAND DOLLARS)

Ar——=d\ CcoLOR "

O= = — =0 COLOR

1

1 Y 100
AERIAL COVERAGE (SQUARE MILES)

1000

RELATIONSHIP BETWEEN TOTAL ESTIMATED COST AND AREA COYERED PER SPRING OVERFLIGHT

17-71

_}38-




HR-B-SINGCER.

TOTAL COST ESTIMATE (THOUSAND DOLLARS)

FIGURE 18

SUMMER

A——14 CoLOR
@ —— —@ COLOR

o] od

g [ _1 1 I

1 10 130 1000

AERIAL COVERAGE (SQUARE MILES)

RELATIONSHIP BETWEEN TOTAL ESTIMATED COST AND AREA COVERED PER SUMMER OVERFLIGHT

T7-71

t"—1.3.9; ]

N

C .



costs per square mile as given in Figure 19, 20, and 21. All three figures
suggest curvilinear relationships. It can be noted that as the area increases
from one square mile to 1000 square miles, the cost per unit area decreases.
It appears that beyond the 1000 square miles coverage the cost pef unit area
levels off.

Percentages of total cost were also calculated according to
major cost elements as shown in Table 21. Percent charged for mobilization
decreased as the area coverage increased while the percentage for both inter-
pretation and data collection increased with the increase in area covered.

The percentage of the total cost for interpretation is higher for color
infrared than for color for all seasons. However, for all seasons, the percent-
age of the total cost for data collection is lower for color infrared than for

color photography.

Estimates of the cost for specified area coverage were based
only on tangible cost items such as costs of flying time, film processing,
and interpretation. However, in the choice of film types to use, the pros-
pective user must also take into account the intangible factors that are
difficult to quantify. For example, for field work, color prints are easier

to use than color transparencies. -

Some aerial data collection firms have the‘capability to
collect color and color infrared imagery during the same flight with tandem
mapping cameras. With this system mobilization costs are only slightly
higher than mobilization costs for collecting imagery of a single film type.
Basically both film types (color and color IR) can be used to adequately
Eollect information concerning the same features. The advantages of collecting
both film types are that a print format is available for efficient use in the
field, and the color infrared transparencies provide slightly higher inter-
pretation accuracies than color prints. However, the use of both film types
will not significantly increase the amount of information that can be

obtained solely from aerial photographs.
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TABLE 21  COMPONENTS OF TOTAL COST ESTIMATE FOR 1, 10, 100 AND 1000 SQ. MILES (PERCENT OF
TOTAL) BY SEASON AND FILM TYPE.

77-71
COST ITEMS SUMMER . . ‘ Wt&T:fACK - SFRING
COLOR | coLoR 1R | cOLOR COLOR IR | COLOR WHITE COLOR | COLOR LR
1 SDU}RE MILES
INTERPRETATION 7.85 8.00 8.55 6.40 1.75 7.85 7.75 7.50
DATA COLLECTION 2.30 1.55 2.39 1,60 2.30 .80 2.30 1.55
MOBILIZATION BS.85 90.45 81.10 92.00 B9.95 §1.35 89.95 §0.55
TOTAL 100.00 100.00 100.00 100. 00 100.00 100.00 100.00 100.00
10 SQUARE MILE
INTERPRETATION 41.65 43.05 36. 40 37.15 40.70 44,25 40.55 42.90
DATA COLLECTION 12.05 §.35 13.00 §.20 12.15 4,40 12.15 B.35
MOBILIZATION 45.90 48.8D 50.80 53.65 47.15 51.35 47.30 48.75
TOTAL 100.00 100. 00 100.00 100.00 100. 00 100.00 100.00 100.00
100 SQUARE MILE
INTERPRETATION 72,55 77.76 §8.50 73.15 72.25 82.39 72:15 77.60
DATA COLLECTION 18.15 13.55 22.09 16. 30 19.35 7.40 19.45 13.80
MOBILIZATION 8.30 8.75 9.50 10.55 8.40 9.65 8.40 §.80
TOTAL 100. 08 100.00 100.00 100.00 100.00 100,00 100.00 100,00
1000 SOQUARE MILES

INTERPRETATION §3.35 86. 50 80.50 83.40 83.15 81.25 83.05 85.55
DATA COLLEGTION 15.65 12,50 18.40 15.40 15.80 7.80 15.95 12.45
MOBILIZATION 1.00 1.00 1.00 1.20 1.00 1.05 1.00 1.00
TOTAL 100,00 100.00 100. 00 100. 00 100. 00 100,00 100,00 100.0C
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Ag far as the amount of information obtainable from aerial
photography meither film type presents a distinct advantage. The amount of
ground work needed to collect information that cannot be obtained from aerial

photography 1s similar when either film type 1s used.
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X. WESTERN SITE ANALYSIS

A, OBJECTIVES

The objective of this analysis was to determine the applicability
of the interpretation methodologies and results developed for eastern sites in
this study to western surface mining sites. Furthermore, any additional
interpretation fequirements resulting from regional differences such as
climate, vegetation, geoclogy, and mining methods were to be identified for
western surface coal mining sites. Finally, recommendations were to be developed
concerning further study efforts in aerial data collection and analysis for

western surface coal mining sites.

The western site analysis was divided into five major elements
as shown in Figure 22. The methodology and result of each element are

discussed in the following sections.

B. STATUS OF AERIAL PHOTOGRAPHIC USAGE

~ In order to determine the status of aerial photographic usage
in the western surface coal mining community, a selected number of surface
coal mine operators and state regulatory authorities were contacted. A
total of seven surface coal mine operators were contacted. Their operations
were In Arizona, Colorado, Montana, New Mexicc and Wyoming. Regulatory

authorities in Arizona, Colorado, Montana and Wyoming were contacted.

From these discussions, various current uses of aerial photo-
graphy for surface cocal mining planning and monitoring were determined, as

were those potential uses envisioned by the western surface mining community.

Tt was found that almost all of the wesﬁern surface coal mine
operators utilize aerial photography for analysis and/or monitoring of various
aspects of the surface coal mining cycle. Most of the operators utilize black
and white aerial photography to monitor the progress of mining, calculate
the volume of overburden removed, and make estimates of coal production.

Several mine operators are currently using color infrared aerial photography

_-147-
Wﬂﬂﬂ

Preceding page Ol

HRB-SINGER.,INC.



LE-LL

SISATYNY 3115 NYILISIM IHL 40 SINIWITI

SNOILVONINNOD 3Y
ONY
SNOISNTINGD

SISATYNY VLVO

Al

oy

Zi 914

y

NOI1231702 V1vE

NO112373S 3L1S

Ni

“1S3M 3HL
19ySN J1HdVYI0L0Hd
IV I3V 40 SNLVLS

~148-



as a method of documenting the success of revegetation and reclamation efforts.
One operator was using color aerial photography to map surface geologic features.
Many of the operators felt that aerial photography could be used more extensively
than it‘presentiy is, especially for pre-mine planning and assessments related
to vegetation mapping, geologic mapping, surface hydrology mapping, land use _
and archaeological studies. With this possible increased usage in mind, several

mining companies have on their staffs a trained photographic interpreter.

In general, western surface ccal mine operators are utilizing aerial
photography more so -than eastern operators and plan to utilize aerial photography
for additional applications in the future. Although black and white photography
is the most commoﬁly used film type, emphasis is being placed on color and
color infrared aerial photography as the operator becomes more involved in
photographic interpretation. The major areas of interest for using color and

color infrared aerial photography are in vegetation and archaeological studies.

The primary reasons for the widespread use of aerial photography

by western surface coal mining operators as compared to the East are diverse,

- Western surface mining operations are characterized by large
operators with single sites producing a large dmount of coal.‘
A single site usually will be producing for long periods (20
years of more). The large operator has the resources to fully
utilize aerial photography., Also, repetitive coverage over the
sites is valuable on a long-term basis. In the East, surface
mining operations are characterized by small- or medium-sized
operators with a large number of sites which are active for
very short periods (some less than 2 years). Therefore,

repetitive coverage is not as useful.

- The more stringent pre-mining environmental asseésments required
of the western operator are expensive and time-consuming and havé
caused him to look at various data collection alternatives to
standard ground data collection. This is especially true of

vegetat ion assessments.

— -149-
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- The fact that aerial photography has been utilized in the
pre-mining assessments has allowed the operator to become
familiar with the capabilities of aerial photography, and
he has continued to use it as a data collection tool-dﬁring
mining and reclamation, As this occurred he usually has

added an interpreter to his staff.

- Vegetative cover, especially tree canopy, is much less
dense over many areas in the West. Thus, surface features
are often more clearly visible in aerial photographs of

western sites.

The discussions held with the various state regulatory personnel
indicated that in three states, Montana, Wyoming, and Coloradec, aerial photo-
graphy was utilized to some extent in monitoring of surface coal mining
activity. 1In Montana color and color infrared are being used experimentally
to monitor revegetation at mined sites and to compare the new vegetation to
original vegetation type and density. In Wyoming and Colorado, aerial photo-
graphy was being considered as a monitoring tool, but it was not being currently
used on an operational basis, It was generally felt that aerial photography,
especially color and color infrared photography, could be utilized more as a
compliance monitoring tool; however, the lack of trained photographic inter-
preters has hampered these efforts. It was felt that as mining activity increases
in the West, aerial photography will become an increasingly important monitoring

tool.

In general, the operators and regulators considered vegetation
assessment, geologic mapping, surface hydrology, operations monitoring,
revegetation monitoring and archaeclogy as the most useful actual and potential
applications of color and color IR aerial photograpﬂ% in monitoring the environ-

mental and reclamation progress of western surface mines.



c. SITE SELECTION

In order to determine the utility of color and color infrared
photographs in western surface mining situations, several western test sites
were selected. A large amount of literature was reviewed related to a number
of western surface mining sites. The review was geared toward sites with a
variety of reclamation practices and a variety of mining activity. As a
result of this review and discussions with Bureau of Mines personnel, the
choices were narrowed down to two surface mines in the Powder River Basin of
Wyoming and Montana. These surface mines were the Peter Kiewit Sons Company's
Decker Mine mear Decker, Montana and the Amax Coal Company's Belle Ayr Mine
near Gillette, Wyoming. Before the final selection was made, these sites
were visited and discussions were held with various personnel at each mine.

As a result of these discussions, it was decided to utilize both these surface
mines as test sites. Discussions with Peter Kiewit personnel indicated that
their Big Horn surface mine near Sheridan, Wyoming, should alsc be considered
as a test site in that it contained a wide variety of vegetation types en-
countered in the Powder River Basin. Therefore it was decided to include the
Big Horn Mine as the third test site. The locations of the test sites are

shown in Figure 23. A brief description of each site is included below.

1. Decker Mine

The Decker Mine is located 20 miles north of Sheridan,
Wyoming, near Decker, Big Horn County, Montana. It is located
near the western edge of the Powder River Coal Region. The
mine started production in 1972. A solid 52 ft. coal seam
(Dietz) is being mined. Production from this mine (10.2 million
tons) made Decker the largest surface coal mine in the United
States in 1976. The coal is mined using an area mining method
consisting of a series of parallel semicircular cuts outward

from the center of the mining complex.
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The site is characterized by gently rolling land with
some benchland, The site is adjacent to the Tongue River
Reservolr, which has typical riparian vegetation

bordering the river.

The Decker Mine is*located in semi-arid praitrie country,
with mainly grassland/sagebrush vegetation. Because of the
delicate rainfall balance, mine revegetation is dominantly

with native grass species.

2. Big Horn Mine

The Big Horn Mine is located 12 miles north of Sheridan,
Sheridan County, Wyoming, It is located near the western edge
of the Powder River Coal Region. The mine started production
in the 1950's. The 44 ft, Monarch coal seam and the 12 ft.
Armstrong coal seam are presently being mined. Production
from this mine totaled 750,000 tons in 1976. The coal is:

E_Edinecl using the open pit mining method.

The site is characterized by gently rolling hills. The
Tongue River traverses the site and has been diverted to

allow for mining.

The Big Horn Mine is located in semi-arid transition
country between the arid grassland prairie and the more humid
forestlands. This location provides the right conditions for
a wide diversity of native vegetation, ranging from ponderosa
pine to silver sagebrush. Peter Kiewit Sons personnel have
identified over 300 vegetation species at this site. Almost
all species encountered in the Powder River Ccal Region are

present at this site.

3. Belle Ayr Mine

The Belle Ayr Mine is located some 15 miles south of

Gillette, Campbell County, Wyoming. It is located near the
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center of the Powder River Coal Region. The mine started
production in 1972. The 68 ft. Smith-Roland coal seam is
being mined. Production from this mine was 7.4 million

tons in 1976. Increased production figures indicate that
the mine may surpass the Decker Mine in production in the
near future. The coal is minedﬁising an open pit mining

method.

The site is characterized by gently rolling terrain,
with Caballo Creek traversing the area. The stream has

been rechanneled past the active mining area.

The Belle Ayr Mine is located in arid prairie country,
with mainly grassland/sagebrush vegetation. Because of the
lack of rainfall, mine revegetation is mainly with native

_grasses, except along Caballo Creek where tree planting

has been attempted.

D. DATA COLLECTION

This taék was divided into two related efforts: 1) Ground
Data Collections and 2) Aerial Data Collection., These efforts were conducted

within the same week to ensure compatibility and reliability of the data.

It should be noted that the western site analysis was not intended
to be as comprehensive as the eastern study and was somewhat limited and
experimental in scope. For example, only one aerial data collection flight
was conducted {no seasonal comparisons were attempted) and ground data collec—

tion was less detailed than the eastern study.

1. Ground Data Collection

As a result of actual site visits, and discussions with
various western surface coal mine operators and regulatory authorities, it
was determined to concentrate the ground data collection efforts on mapping

and delineating vegetative, geologic, and hydrologic parameters. These
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parameters wetre considered most promising for data collection by aerial
photography. Although considered of lesser importance, conditions related
to soils, land use and archaeology were also documented during the ground data

collection.

Recent black and white aerial photography of the sites was
obtained from the mining companies, and base photography was produced to
be used for field mapping anddelineation for the various parameters. Because
of the diversity of vegetative, geologic, hydrologic, land use and archaeological
conditions known' to be present at the two Peter Kiewit Mines (Decker and Big
Horn), detailed ground data was collected and/or reviewed at these sites.
Because soils conditions were similar at the three sites, soil data was

collected only at the Decker site.

Ground data collection consisted of compiling existing
data from published sources and from mine company field data collection
efforts, and of actual field ground data collection. Two teams of HRB-
Singer personnel, accompanied by the Bureau of Mines technical monitor, spent
a total of eight man days collecting the ground truth data. A geologist and
vegetative technician from Peter Kiewit accompanied HRB-Singer perscnnel
for a total of six man days. In addition, the Peter Kiewit personnel provided
a large amount of ground data related to vegetation, land use, geology and

archaeology, which they had previously colleqted.

Ground truth data collection for soils consisted simply of
checking the regional maps that had been ocbtained from thelMontana State
University and delineating local variationms. All.sites were dominated by the
Bainville-Midway soil asscciation. These soils are light colored, and shallow
to moderately deep over sandstone, shale, and siltstone. * Grazing is the most
important use of land with these soils. The only local variation that was
noted in the field was the presence of alluvial soils along some streams in
the area. The surface of these soils were dark, from organic material

accumulation.

Vegetation mapping for ground truth was concentrated at the
Decker site. Information at Big Horn was already available to us; and a

detailed ground survey was not required at Belle Ayr, since thenativevegetation
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consists of only one plant community, 10 percent big sage on short grass
prairie. Several plant communities, including sagebrush-steppe, grassland-
sagebrush, mid-short-grass prairie, Ponderosa pine, badlands and riparian

were mapped based on dominants or co-dominants at Decker. This was accom-
plished by walking across the area and delineating the plant communities
directly on a current (July 1976) black and white aerial photograph. Vegetation

experts from the mining company helped to identify species.

Archaeology ground truth consisted of confirming the presence
of sites which had been identified during Envirommental Impact Statement

(EIS) preparation for the mining operation.

Geology ground truth was collected by mapping on 1:24,000
quadrangle maps the general surface geology at the sites. The field data

was supplemented by some previous field mapping by Peter Kiewit geologists.

Surface drainage, alluvial valleys, and surface water bodies were
delineated from visual inspection of the site and from existing data from

EIS preparation.

Land use data was collected from existing maps and the base

photography. Changes were noted during the field effort.

Less detailed ground data was collected at the Belle Ayr site
because of the similarity of the site to conditions at Decker, and because
of time constraints related to the ground data collection effort.

)
’ 9 The major types of ground data collected for each of the para-
meters is presented below: '

A, Vegetation Parameters

1. Species Type

a. Trees

b. Shrubs

c. Grasses
2. Trees/Acre

3.  Shrubs/Acre
4, Percentage of Grass Cover

5. Vegetation Stress



Geologlc Parameters
1. Rock Units (Mapping)
2. Faults and Fractures
3. Surface Lithology ‘ '
4. Unconsolidated Surface Deposits
Hydrologic  Parameters
1. Surface Drainage
2. Alluvial Valleys
3. Surface Water Bodies
Solls
1, Erosion
2. Type
a. Coal Refuse
b. Spoil material
c. Stored top soil
d. Regraded top soil
3. Slopes
4. Sediment Areas
Land Use
1. Grassland
a. Grazed
b. Overgrazed
¢. Ungrazed
. Residential
Agriculture

2
3
4, TForest
5. Badlands
6. Abandoned Mine Land
7. Active Strip Pit
Archaeology
1. Trails

Habitations

2
3. Lookouts
4, Buffalo Kills
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2. Aerial Data Collection

As a result of discussions with surface mine operators and
regulatory personnel, and from'previous experience, an aerial data collection
flight utilizing color and color infrared photography was conducted during
the week of June 27, 1977. This time frame coincided with the greening period

of native grasses on the Northern Great Plains.

All the sites were overflown by Kucera and Associates of
Cleveland, Ohic, using a ZEISS RMKA 6" mapping camera. The sites were
covered completely with 1:12,000 scale aerial photography. This scale
corresponds to the scale used over the eastern test sites. In addition, one
line of 1:6,000scale aerial photograﬁhy was collected over a portion of- the
Decker site, because there were indications that for detailed vegetation
analysis, this scale might be better than smaller scale photography. It was
decided to make such a scale comparison for thils parameter during the data

analysis element.

Both the color and color infrared photography were of
excellent quality and flight coverage was very precise. The photography

was cataloged and utilized during data analysis.

E. DATA ANALYSIS

Data analysis of the western test sites consisted of two distinct
efforts: 1) determine the compatibility of interpretation methodologies used
for the eastern sites to perform similar activities for western surface
coal mining sites, and 2) determine unique»requirements for western sites
and discuss utilitf of color and color infrared aerial photography in
providing data to meet those requirements. The methodologies and results

of each of these efforts are described in the following sections.
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1. Compatibility of Interpretation Methodologies

This effort involved a detailed interpretation of western
site aerial photography of 1:12,000scale similar to that methodology described
in Section VII)B of this report. These interpretation results were compared
to the average interpretation ratings obtained for the eastern sites to
determine those interpretation methodologies which apply to both eastern and
western surface ﬁining situations. Most of the eastern methodologies could
be directly utilized for the western surface mining sites. There were, however,
unique requirements and conditions for western surface mining sites which
are discussed later in this section. The following is a discussion of the

comparison of eastern and western site interpretation results,

a. Comparison of Interpretability Ratings for Reclamatiom
Features and Parameters -
The average ratinglobtained by the interpreters for
each reclamation parameter and film type for the eastern and western sites
during the spring season is presented in Table 22. A spring season comparison

was made, as only a spring flight was conducted for the western site analysis.

As can be seen in the ratings, it was generally easier
to perform interpretations on the western sites than on the eastern sites; therefore,
the ratings for both color and color IR aerial photography were higher. The
average rating for reclamation parameters using color aerial photography was
2.99 for the eastern sites and 3.16 for the western sites. The average
rating for the reclamation parameters using color infrared aerial photography

was 3.02 for the eastern sites and 3.14 for the western sites.

1
The interpreters used a rating scale between zero and four. The ratings
were:

0 - feature cannot be mapped
1 - feature can be mapped only with a large amount of

difficulty and low accuracy (25%)
- feature can be mapped with minor difficulty and 50% accuracy
feature can be mapped with minimal difficulty and 75% accuracy
- feature can be mapped easily with 100% accuracy

~ N
|

-159-



TABLE 22 AVERAGE INTERPRETABILITY RATINGS FOR RECLAMATION PARAMETERS SPRING SEASON :

7-71
AVERAGE EASTERN SITES AVERAGE WESTERN SITES
PARAMETER:
COLOR COLOR IR COLOR COLOR iR

ACTIVE RECLAMATION 3.82 3.91 3.91 3.95
COMPLETED RECLAMATION 3.71 3.70 3.15 3.74
REFUSE MATERIAL 3.71 3.84 3.74 3.84
TOP SOIL PILES 3.79 3.80 3. 81 3.79
TOP SOIL REGRADED 3.49 3.54 3.52 3.63
SPOIL PILES 3.62 3.88 3.78 3.85
SPOIL REGRADED 3.49 3.54 3.51 3.52
RILL EROSION (IDENTIFIGATION) 3.23 3.34 3.52 3.58
GULLY ERDSION (IDENT:FICATION) 3.74 3.70 3.86 3.84
SHEET EROSION (1DENTIFICATION) 2.32 2.42 2.74 2.76
RILL EROSION (LENGTH) 3.41 3.32 3.52 3.51
GULLY ERDSION (LENGTH) 3.48 3.26 3.51 3.42
RILL EROSION (WIDTH) 2.03 1.96 2.24 2.20

GULLY EROSION (WIDTH) 2.58 2.6 3.12 3.1
RILL EROSION (DEPTH) 71 .63 .92 75
GULLY EROSION (DEPTH) .92 .37 1.18 67
CONIFEROUS TREE IDENTIFICATION 2.26 3.36 3.15 3.65
DECIDUDUS TREE IDENTIFICATION 3.13 3.30 3.00 3.15
RECLAMATION GRASSES IDENTIFICATION 3.18 3.47 3.25 3.62
TREES/ACRE MEASUREMENT 3.18 3.42 3.51 3.52
PERCENT COVER GRASSES 3.28 3.2 3.40 3.35
VEGETATIVE VIGOR 1.82 1.94 1.88 1.85
VEGETATIVE DISTURBANCE 3.17 3.09 3.18 3.12

SLOPE MEASURFMENT 3.60 1.72 X
AVERAGE 2.99 3.02 3.16 3.14
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The results of this analysis indicates that the
1ﬁterpretation methodologies developed for eastern surface mine reclamation
parameters can be directly applied to western surface mining. However, in
areas such as vegetation analysis, more detail is required in most western
surface mining situations, This is described in the‘discussion on unique

western requirements.

b. Comparison of”Ihferpretability for Pre-mine Planning
and Mine Progress Features
The average rating obtained by the interpreters for
each pre-mine planning and mine progress monitoring parameter and each film
type for the eastern and western sites during the spring season is shown

in Table 23.

As the interpretability ratings indicate, slightly
higher values were obtained for both color and color infrared aerial
photography over the western sites. The ratings were 3.70 and 3.76 re-

spectively, as compared to 3.61 and 3.71 over the eastern sites,

, The results of this analysis indicate that the inter-
:pretation techniques developed for eastern surface mines can be directly used
for the western surface mining sites. However, in several areas such as

soils, geology, and vegetation, more detail is required in the western surface
mining cycle than was feasible or required in the‘eéstern situation. The fact
that a large amount of data is required‘for pre-mining assessments, for monitor-
ing of mining operations and for making determinations of reclamation success

in the western areas makes the interpretation requirements more detailed. This

is described in the section on specilal western requirements.

c. Cost Comparisons for Data Collection

In general, the cost for collecting aerial photo-
graphy 1n the West is similar to those costs detailed in Tables 10, 15 and 16
in Section VIII of this report. The cost of interpretation is greater
for the western surface mine areas than for the eastern sites, however, the

amount of information derived from interpretation is also greater for the
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TABLE 23 AVERAGE INTERPRETABILITY RATINGS FOR PREMINE PLANNING AND MINE PROGRESS PARA-
METERS-SPRING SEASON 77-1
' AVERAGE EASTERN SITES AVERAGE WESTERN SITES
PARAMETER
COLOR COLOR IR COLOR COLOR IR

AGRICULTURE 3.88 3.96 3.99 3.99
PASTURE/GRASSLAND 3.97 3.97 3.99 3.59
RESIDENTIAL 3.80 3.96 3.95 3.97
ABANDONED STRIP PIT 3.84 3.90 3,90 3.92
UTILITY LINES 3.1 3.22 3.56 3.59
TRANSMISS1ON LINES 3.43 3.58 3.60 3.62
ROADS 3.85 3.87 3.81 3.9
DRAINAGE PATTERNS 3.01 3.1 3.25 3.27
PREPARATION FACIL:TIES 3.09 3.99 3.99 3.89
STORAGE FACILITIES 1,97 1.97 3.99 3.98
SHIPPING AREAS 3.95 3.97 3.99 3.99
MINING EQUIPMENT 3.23 3.80 3.50 3.60
TMPROVEMENTS 3.80 3.7% 3.60 3.76
ORAINAGE DITCHES 3.4 3.50 3. 41 351
PUDOLES 3.20 3.65 3.25 3.70
LINEAR WEASUREMENTS 1.08 1.18 3.1 3. 21
AREA MEASUREMENTS 3.79 3.84 3.80 3.84
HIGHWALL HEIGHT 3.81 X 3.80 X
OVERBURDEN REMOVAL EST!MATE 3.51 X 3.83 X
AVERAGE 3.B1 3.71 3.70 3.76
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western sites. This trade-off willlgpébably make aerial photography even
more cost-effective than in the Eas?: ' g addition, the cost ¢n a per ton
of coal basis of collecting and inte@p;eiing the aérial photography will

decrease significantly in the West because of the significantly larger

coal production on a per acre basis.

It was not possible to quantify the exact cost benefit
of color and/or color infrared photography because of the limited scope of
this analysis. It is evident, however, that using color or color infrared
aerial photography in conjunction with a ground data collection program
would be more cost-effective than a data collection and monitoring program

utilizing only ground data collection.

2. Special Uses of Color and Color Infrared Aerial Photography.
for Western Surface Coal Mining Planning and Monitoring

During the analysis of the compatiblity of interpretation
methodologies and as a result of previous work on western mining sites, it
became obvious that there were several areas where more detailed photographic
interpretation techniques were needed for western mining sites. In addition, *
several uﬁique potential uses of aerial photographic interpretation were\
determined. This section discusses the special and unique uses and the

results of an analysis of techniques related to these uses.

a. Vegetation Analysis

A key element for the pre-mining environmental assess-

ments and for post-mining reclamation activities is vegetation discrimination

N

and mapp;ng. Related to vegetation analysis are such areas as wildlife habitat

analysis and range management. Because of the importance of ﬁegetation
analysis in the western surface mining cycle, a separate, detailed study of
the use of color and color infrared aerial photography for vegetation analysis

was undertaken.

In the previous discussion on the comparison of inter-
pretation ratings, it was found that the interpretation methodologies developed

in the East for discriminating coniferous trees, deciduous trees, and grasses
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could be used for the western sitesi: .This comparison was accomplished on

all of the western test sites.

However, fegdlationé make more detailed vegetation
analysis mandatory at the western surface mining sites. One of the most
important asﬁects of vegetation analysis is detailed species discrimination.
For this detalled analysis the Big Horn mine site was selected because of the
diversity of vegetative cover and the availability of detailed vegetative
ground truth provided by Peter Kiewit Sons Company. Several interpreters
familiar with western vegetation performed detailed species discrimination
on a portion of the Big Horn mine site using 1:12,000 color and color infrared
aerial photography. Each interpreter was providéd a 1list of major species
present on the site and was required to delineate the results of this
discrimination on photo overlays. Species discrimination using color
photography was difficult in that differentiation of individual species was
difficult, However, color infrared aerial photography proved to be a valuable
tool for vegetation species mapping. The only difficulty encountered was
in the differentiation of certain herbaceous species, especially native
grasses. However, the discrimination of weed invader species on seeded
reclamation areas was accomplished quite easily. The two weéd species

Salsola kall and Kochia scopulorum were extremely visible and indicated

vegetative progression in reclaimed areas,

Figure 24 is a color infrared aerial photograph of
the study area with an overlay showing the results of species discrimination.

This closely matched the groﬁnd truth data.

In order to determine if larger scale photography could
be utiiized for more detailed differentiation of herbaceous species,.li6,000
scale color and color infrared aerial photogfaphy was examined to determine
the increased detail present. It was found that tﬁere was little increase
in accuracy ﬁsiﬁg the color aerial photography at this scale. However, color
infrared photography at 1:6,000 allowed the interpreters to discriminaté
herbaceous species with less difficulty than the 1:12,000 scale color infrared.

However, most grasses and all small forbs are not identifiable except through
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inference. An experienced interpreter possessing a thorough knowledge of
local ecology and plant associations can provide an educated guess as to
the presence of certain grasses and forbs after reviewing the identified

species on the photographs.

The need for plant frequency and density statistics
during a pre-mining environmental assessment is indicative of the detailed
information needed for the western mining situation. At this time, these
statistics are generated by permanent ground transects which are field
checked on an annual basis. This is a time éonsuming and expensive procedure.
The development of aerial photographic techniques to collect this type of
data for shrub and tree species could not be addressed within this limited
study; however, the development of these techniques would result in
significant ground data collection reduction and cost savings. It should
be neoted that plant frequency and density statistics for grasses would be
difficult to accomplish because of resolution limitations of aerial photo-
graphy. None of the techniques developed for the eastern study are compatible

with this informational need.

The results of this analyéis indicate that color infrared
photography can be an excellent tool for species discrimination on western U
surface mine sites. Two factors must be considered, however:; first, this
type of interpretation can only be accomplished by an experienced interpreter
familiar with western vegetation; second, one must determine the amount of
detail required versus the cost of various scales of photography. Larger
scale photography results in more detailed information, but the costs of

data collection of the larger scale photography increase signficantly.

It should be noted that this western analysis was

limited in scope in that data from only one flight was utilized.
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b. Ceologic Mapping

Geologic mapping, including coal outcrops, fractures,
faults, and linears, is an important aspect of pre-mine planning of any
surface mine. A key to successful geologic mapping with aerial photography
(photogeology) 1s the absence of a dense tree canopy. If a tree canopy is

present, it often obscures surface geologic features.

_ Because of the heavy tree canopy in the East, geologic
mapping is generally done by grbund surveys. The analysis of the easterm
sites indicated that it is difficult to utilize aerial photography for detailed

geologic mapping of surface mine sites.

In the West, however, it was felt that aerial
photography could be utilized as a tool to reduce the amount of ground geologic
mapping needed. The general absence of tree cover in the Powder River Basinﬂ
and in many parts of the West makes photogeologic interpretation less difficult

than in the East.

Two photogeologists utilized the 1:12,000 color aerial
photogr;phy of the sites to perform geologic interpretation. Figure 25 shows
the results of the geologic interpretationover a porticn of the Decker mine
site. It was found that features such as benchlands, drainages,
alluvial deposits, scoria outcrops, faults, fractures, and linears were
easily mapped. This indicates that color aerial photography can be a useful
tool for geologic mapping. An interesting point brought out by the photo-
geologists is that smaller scale color aerial photography such as 1:24,000
may providé more useful geologic information, in that larger areas could be

interpreted and more subtle regional features may be detected.

Color photogfaphy is ‘generally used for photogeologic
interpretation rather than color infrared because tonal patterns are a major
key in geologic interpretations. Color photography provides true tonal
patterns for interpretations. It should be noted that photogeology, much
like vegetation analysis, should be performed by a geologist trained in

photographie interpretation technigiies.
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NN BENGHLANDS (FLAT PLATEAUS) SEPARATED BY ESCARPMENTS, BENCHLANDS ARE UNDERLAIN

USUALLY BY SANDSTONE OR ANY ROCK MORE RESISTANT T0 EROSION. IN SOME AREAS THE
CAPROCK OR SANDSTONE LEDGES CAN BE TRACED ON AERIAL PHDTOS OVER DISTANCES THAT
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FIG. 25 GEOLOGIC INTERPRETATION OF COLOR PHOTOGRAPHY AT
1:12,000 SCALE - DECKER MINE
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In summary, color aerlal photography can be utilized for
geclogic reconnaissance on the western sites. Indications are that smaller

scale photography may‘be useful for this application. -

c. Archaeological Reconnaissance

A unique requirement for pre-mining environmental
assessments at western surface mine sites is the identifiéation of areas
of potential archaeological significance. ' -This requirement was mentioned by
several members of the coal community that were contacted, and at least
one surface mine operator i1s actively pursuing the use of color aerial

photography for archaeological exploration,

In order to determine the utility of color aerial
photography for archaeological reconnaissance, areas of potential archaeological
significance on the Decker site were identified from existing ground studies.
These studies identified such areas as habitations (teepee rings), lookouts
and sites of buffalo kills. The1:12,000 and 1:6,000color aerial photography
was then studied 1n detail to determine if such known sites could be identified
on the aerial photography. The results of this analysis indicated that these
scales were not of sufficient reéolutiqn to locate these sites. It is possible,
however, that larger scale color photegraphy could be used for archaeological
reconnalssance. However, such scales were not included in the scope of this

- analysis.

It should be noted, however, that color aerial phbtography
-of scalesof 1:6,000 and 1:12,000 could be used as a preliminary reconnaissance
tool for arcﬁaeologicalstudies; Possible habitat éreasfcduld be-identified
by topographically high areas, defensible positions, and proximity‘to water.

These areas could be identified and then ground checked for verification.

F. CONCLUSIONS

As a result of the western site analysis the féllowing conclusions
were made:
- Most of the interpretation techniques developed for the
eastern sites can be utilized for the western surface

coal mining sites.



In the areas of vegetation analysis, geologic reconnaissance
and archaeclogy, more detailed information is required

or could be utilized for western surface coal sites.

The level of expertise in photographic interpretation
is higher in western surface mining organizations because

of more detailed data requirements.

This analysis, although limited in scope, indicated that
color aerial photography compares favorably with color
infrared photography in interpretability except in the
area of'detailed vegetation analysis, whgre the infrared

photography is better.

Larger scale photography (less than 1:6,000) are probably
more useful for vegetation analysis and archaeclogical

reconnalssance in the West.

Smaller scale photography (greater than 1:12,000) is useful

for regional geologic interpretation.

Costs of aerial data collection in the West are comparable

to the costs developed for the eastern sites.

Interpretation costs in the West are more variable depending

upon the level of detail required.
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G.  RECOMMENDATIONS

As a result of the analysis and conclusions of the western

study the following recommendations are made:

- Seasonal and variable scale color and color infrared

) aerial photography should be collected over selected
test sites. to develop detailed interpretive procedurés
for vegetation analysis, geologic reconnaissance, and
archaeological mapping relating to surface coal mining

in the West.

- Detailed costs of interpretation should be developed

for western site aerial photographic interpretation.

- A manual of photographic interpretation should be
developed to address the uniqué informational require-
ments associated with western mining. The manual should
include newly developed techniques for vegetative, geologic,
and archaeoclogical analyses. The manual should also
address the standard procedures for land use, soils,
and water interpretaion, as well as basic photogrammetéic

methods useful in the mining situation.

- Consideration should be given to short-course training

for western operators and regulatory personnel.
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XI. RECOMMENDAT IONS

At approximately the mid-point of this study it became apparent from
preliminary'results that color and color infrared aerial photography could
be effective tools for meeting certain informational needs of operators
and possibly regulatory personnel. At this time discussions with operators
and regulatory personnel indicated a lack of experience and knowledge concerning
aerial photography. Based on the results of this study and discussions with the

mining community the following recommendations are made.

1. Because of the general lack of knowledge within the mining community
the manual was written at the beginner level. Although the manual was designed
to introduce the use of aerial photography to the mining community there is no
substitute for personal contact with an instructor. In light of expressed
interest which we have noted, it is recommended that a éhort course

be developed to present the material covered in the manual.

2, It is suggested that the manual be distributed in a manner that
provides optimum visibility and availability to the mining community, especially

surface mine vperators.

3. The study task concerned with the western surface mining situation
brought to light certain needs for further investigations., Western surface
operators could use aerial photography for detailed vegetative mapping, geologic
mapping, and archaeological investigations. Informational needs in these three
areas are very great especially for preliminary environmental analysis and impact
statements. It is recommended that an additional study be conducted to determine
the utility of utilizing aerial photography for collecting information con-
cerning prejminevegetation, both quantity and gquality; geology; archaeology;

and post-mining reclamation vegetation, gquantity and quality.
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XIT. USER RECOMMENDATIONS

The following paragraphs contain recommendations concerning the time
of day, scale, film type; camera, and season for using aerial photography for

pre-mine planning, mine monitoring and reclamation monitoring.

Pre-mine Planning - Low sun angles are not useful for monitoring most pre-

mine planning features. Aerial photography should be collected between 10:00
a.m. and 2 p.m. If only one flight can be afforded for pre-mine planning

color film should be collected with a 6 inch focal length mapping camera just
after leaf drop in the fall. ‘Thephoﬁography can be used to effectively map all
land use features and cultural features (cemeteries, transmission lines, etc.)
which could affect the mining plan. Water bodies and drainage patterns can be
mapped for pre-mine water testing on the ground. Yellowboy is still visible

at this time and the photography can be used to document its presence. Photo-
geologic interpretations can be made from this photography; however, black and
white photogrpahy at a scale of 1:24,000 would be more useful and could be
collected during the same fall flight. Some vegetation interpretations could
be made on the fall color photography; however, vegetation type and cover is
best determined on late spring photography. Pre-mine vegetation typing will
be important because the new federal strip mineregulations require the establish-
ment of vegetative reference areas before mining can begin. The vegetative
quality on the reference areas will be used as a standard to judge revegetation
reclamation quality. Preliminary selection and characterization could be

accomplished on aerial photography.

Mine Monitoring - Photography should be collected between 10:00 a.m. and 2:00

p.m. because low sun angles will not enhance interpretation of mine monitoring
features. Color phbtography collected during spring, summer or fall at 1:12,000
scale with a 6 inch focal length mapping camera is recommended for mine monitoring
‘purposes. Color is recommended over black and white because soil and spoil
differentiations are more accurate on color photography and because yellowboy

water quality problems that may arise from mining can be seen on the color
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photography. If the photography is only being used for mine progress monitoring
of parameters such as overburden removed, regraded area measurements, spoil
area measurements, etc. then black and white photography at a scale of 1:12,000

is sufficient to accomplish these measurements. :

Reclamation Monitoring - Photography should be collected between 10:00 a.m.

and 2:00 p.m. to avoid low sun angles. Color photography at 1:12,000 scale
collected in late spring with a 6 inch focal length mapping camera is recommended

for reclamation monitoring.

Film Types - Color infrared photography has not been recommended even though
interpretability ratings were slightly higher for most features when color infrared
was used, and the costs of collecting and processing color infrared photegraphy
are lower than the costs for color photography. We have not recommended the
use of color infrared photography for the following reasons: 1) Color infrared
photography is‘cheaper than color if the format is a transparency. Light tables
are necessary tc interpret color infrared transparencies. This negates‘any
effective use of color infrared transparencies in the field. 2) Some water quality
features are not visible on color infrared photography. Water reflects very
little infrared light and tﬁerefore, the bottoms of water bodies are not very
visible on color infrared photographs. 3) The interpretation accuracies shown
in Table 10 for color infrared can not be attained by neophyte interpreters. A
total understanding of the color formation process on color infrared film is -
necessary before interpreters can begin to attain good interpretation accuracies.
Sterec coverage is desired for pre-mine planning, mine monitering,

and reclamation menitoring.
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APPENDIX B DETAILED LIST OF FEATURES AND PARAMETERS
BY CATEGORIES WITH QPTIMAL SEASQONS AND
FILM TYPES



TABLE B-1  LIST OF MAPPED LAND USE FEATURES USED IN THIS STUDY
CAN BE BEST MAPPED BY BEST SEASON OR REST FILM
FEATURE FIELD AERIAL | BOTH CULLngn;EﬁETTEZlAL (COLOR e Lok .
WORK PHOTOGRAPHY PHOTOGRAPHY
AGRICULTURE - X - SPRING/SUMMER/FALL COLOR OR COLGR IR
FOREST - X . ALL SEASONS £OLOR OR COLOR IR
BRASS LAND/FALLOW LAND - X - SPRING./SUMMER.FALL COLOR OR COLOR IR
RESIDENTI AL - X - ALL SEASONS COLOR OR COLOR IR
ACTIVE STRIP PIT - - X ALL SEASONS COLOR OR COLOR [R
INACTIVE STRIP PIT - - X ALL SEASONS COLOR OR COLOR IR
ABANDONED STR!P PIT - - X ALL SEASONS £OLOR OR COLOR IR
TREATMENT FACILITIES - X FALL/WINTER - COLOR IR
PREPARATION FACILITIES - . X ALL SEASONS COLOR OR COLOR IR
STORAGE FACILITIES - - X ALL SEASONS LOLOR DR GOLOR IR
SHAFT OPENINGS ‘ : - [Prow seRial eharas | M
s roes | B
RICT OPENINGS X :  |Faou kenial phoros | M
i i DIFFICULT TO MAP

BOREHOLES X FROM AERIAL PHOTDS NoA
SHIPPING AREAS - - X ALL SEASONS COLOR OR COLOR IR
SPOIL BANKS - - X SPRING/SUMMER./FALL COLOR IR
TOPSOIL PILES - - X SPRING/SUMMER/FALL COLOR
ACTIVE RECLAMATION - - X ALL SEASONS | COLOR OR COLOR IR
COMPLETED RECLAMAT!ON - - X SPRING COLOR OR COLOR IR
M NING EQU!PMENT - - X SPRING/SUMMER/FALL COLOR IR
BUILDINGS - X - FALLAWINTER COLOR OR COLOR IR
CEMETERIES - X - ALL SEASONS COLOR OR CULUR 'R
ROADS - X - ALL SEASONS COLOR OR COLOR IR
RAILROADS - X - ALL SEASONS COLOR 0OR COLOR IR
UTILITY LINES X - - N/
TRANSM' SS1ON LINES - X . ALL SEASONS COLOR OR COLOR IR
PIPE LINES X - - N/A

1

BASEQD ON USING 1:12000 SCALE COLCR AND COLOR INFRARED
COVERAGE, AND <10% CLOUD COVER

AERIAL PHOTOGRAPHY, 8§~

FILM FORMAT,

STEREQ
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TABLE B-2  LIST OF MEASURED LAND USE PARAMETERS USED [N THIS STUDY

CAN BE BEST MEASURED BY BEST SEASON OR BEST FILM

PARAMETER SEASONS FOR

FIELD AERIAL | IYPE
goTH |COLLECTION OF AERIAL (COLOR OR COLOR I[R)
L; WORK PHOTOGRAPHY PHOTOGRAPHY
—_— —— —
AGRICULTURE (AREA) X ALL SEASONS COLOR/COLOR IR
FOREST {AREA) X ALL SEASONS COLOR/COLOR IR
RESIDENTIAL (AREA) - X ALL SEASONS COLOR/COLOR [R
ACTIVE STRIP PIT (AREA) X ALL SEASONS COLOR/COLOR [R
ABANDONED STRIP PIT (AREA) X ALL SEASONS CDLUR(CULUR IR
RECLAMATION (AREA) X ALL SEASONS COLOR/COLOR IR
ROAD (WIDTH) X ALL SEASONS COLOR IR

ROAD (DISTANCE FROM MINE) X ALL SEASONS COLOR/COLOR IR
~SPOIL BANK (AREA) X ALL SEASONS COLOR/COLOR IR
TOF SOIL PILE {AREA) X ALL SEASONS COLOR/COLOR IR
SPOIL BANK (PEAK WIDTH) X ALL SEASONS COLOR/COLOR (R

]BASED ON USING 1:12000 SCALE COLDR AND COLOR INFRARED AERIAL PHOTOGRAPHY, 97 FILM FORMAT, STEREQ
COVERAGE, AND <10% CLOUD COVER.

APPENDIX B-3  LIST OF MAPPED VEGETATION FEATURES USED IN THIS STUDY

CAN BE BEST WAPPED BY BEST SEASON OR BEST FlLn.
FEATURE SEASONS FOR
' FIELD | AERIAL 1 gotn | COLLECTION OF AERIAL TYPE
woRk | puoTosRapHY | BOTH. e (coLoR OR CoLoR 1) |

CROPLAND o X SUMMER /FALL COLOR OR COLOR IR
PASTURE X SPRING/SUMMER/FALL | COLOR OR COLOR IR
ORCHARD X FALL/WINTER COLOR OR COLOR IR
IDLE FIELDS’ X SPRING/SUMMER/FALL | COLOR OR COLOR IR
DECIDUOUS FOREST X FALL/WINTER COLOR IR
CONIFEROUS FOREST X FALL/WINTER COLOR IR

MIXED FOREST X FALL/WINTER COLOR IR

CATTAILS AND SEDBE X ' DRIt e g;ngs N/A

LAWNS & GARDENS X FALL COLOR OR COLOR [R
RESIOENTIAL TREES X FALL COLOR OR COLOR IR
GRASSES AND LEGUWES X LATE SUNMER/FALL | COLOR IR

GRASSES, LEGUNES & TREES (MIXED) X LATE SUMMER/FALL | COLOR IR
INDIVIDUAL CONIFEROUS TREES x | raL COLOR IR
INDIVIDUAL DECIDUOUS TREES x | rauL COLOR IR

ANNUALS ON STORED TOPSDIL X | SUMMER/FALL COLOR OR COLOR IR
AREAS OF DYING GRASSES & LEGUMES X | summer COLOR IR
VEGETATIVE STRESS x | summer COLOR IR

1BASED ON USING 1:12000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY, 8 FILM FORMAT, STEREQ
COVERAGE, AND <10% CLOUD COVER




APPENDIX B-4  LIST OF MEASURED VEGETATIVE PARAMETERS USED IN THIS STUDY
CAN BE BEST MEASURED BY BEST SEASON OR
PARAME TER SEASONS FOR BEﬂE;?L”
FIELD | AERIAL s0H | COLLECTION OF AERIAL
WORK |PHOTOGRAPHY PHOTOGRAP HY (COLOR OR COLOR IR)
——y]
TREES PER ACRE (NUMBER) - - X SPRING/SUMMER/FALL COLOR OR COLOR IR
SPACING OF TREES (FEET) X - - SPRING/SUMMER/FALL COLOR OR COLOR IR
ROWS PER TREE SPECIES (NOJ| -- - x | sPriNG/suMMER/FALL COLOR OR COLOR IR
f;%EE?F BLOCK PLANTING - X - SPRING/FALL COLOR OR COLOR IR
TIME OF PLANTING GRASSES
AND LEGUMES (SEASON/AGE) X - - SPRING/SUMMER/FALL COLOR OR COLOR IR
DEAD OR DYING GRASSES N B
0% LEGUMES {AREA) X  SUMMER COLOR IR
COVER OF GRASSES AND B ] ,
CEaiNES () X SPRING/SUMMER,FALL GOLOR OR COLOR IR
GROUND COVER - TREE
S Nes - X - SUMMER ¢OLOR OR COLOR IR
VEGETATIVE STRESS -
ATIDITY (AREA) - ; X SUMMER COLOR IR
VEGETATIVE STRESS -
SOLID DISTURBANCE (AREA) - - X SUMMER GOLOR IR
" BASED ON USING 1:12000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTORRAPHY, 8'° FILM FORMAT,

STERED COVERAGE, AND <10% CLOUD COVER.




FIELD

AERIAL 1

HRB-SINGER,IN
APPENDIX B-5  LIST OF MAPPED WATER FEATURES USED IN THIS STUDY
CAN BE BEST MAPPED BY BEST SEASON OR
FEATURE SEASONS FOR BE%L:QLM

WORK PHOTOGRAPHY BOTH ‘°°LL1$E¥?EJf}$fR"Fx (COLCR OR COLOR IR)

:===:::==============%========d==‘ =

PONDS X SUMMER/FALL COLOR/COLOR IR

STREANS X FALL/WINTER COLOR/COLOR 1R

SEEPS X

DRAINAGE DITEH X SPRING COLOR IR

IMPOUNDMENTS X SPRING/SUMMER/FALL COLOR IR

PUBDLES X SPRING COLOR IR

SWAMPS X SPRING EOLOR IR -

HOLDING PONDS X SUMMER /FALL COLOR/COLOR IR

YELLOWBOY X SPRING/SUMMER/FALL COLOR

HIGH TURBIDITY X ALL SEASONS COLOR

MODERATE TURBIDITY X ALL SEASONS COLOR

SLIGHT TURBIDITY X ALL SEASODNS COLOR

TRANLUCENCE X ALL SEASONS COLOR

SEDIMENT ON LAND X SPRING COLOR IR

SUBAQUEOUS SEDINENT X SUNMER cOLOR

GOLDR OF WATER x. |atL seasons COLOR

SHEET EROSION X

RILL EROS DN X ALL SEASONS COLOR/COLOR IR

GULLY EROSION X ALL SEASONS COLOR/COLOR IR

BASED ON USING 1:12000 SCALE COLOR ANOD COLDR lNFRARED AERIAL PHOTOGRAPHY 8"
STEREQ COVERAGE, AND <10% CLOUD COVER.

FILM FORMAT,

C



APPENDIX B-8  LIST OF MEASURED WATER PARAMETERS USED IN THIS STUDY
PARAMETER FIECLADN r :E:ATEIASURED - cnffszE;ATsT{N:SS:F}R::R|AL Frvee
worK | ewotocrapy | BOTH PHOTOGRAPHY (COLOR OR £OLOR IR)
POND (AREA) X FALL COLDR iR
STREAMS (WIDTH) X FALL WINTER COLOR IR
SEEPS (AREA) X N A
DRAINAGE DITCH (WIDTH) X N K
IMPOUNDMENTS (AREA) X SUMMERFALL/WINTER | COLOR/COLOR IR
IMPOUNDMENT (DIST TO DWELLING) X FALL/WINTER COLOR OR COLOR IR
INPOUNDHENT (0IST TO WELL) X N.A
IMPOUNDMENT DAM (WIDTH) X SUMMER “FALL COLOR IR
IMPOUNDMENT DAM (LENGTH) X SUMMER /FALL COLOR IR
'DRAINAGE DITCH (LENGTH) X SPRING COLOR/COLOR IR
RILL EROSICN (WIDTH) X NOT EASILY OR - N.A
ACCURATELY DETERMiNED
RILL EROSION (DEPTH) X NOT EASILY OR NA
ACCURATELY DETERMINED
GULLY EROSION (WIDTH) X WARGINAL IN SUWMER | COLOR OR COLOR IR
GULLY EROSION (DEPTH) X NOT EASILY OR N/A
ACCURATELY DETERMINED
RILL EROSION (LENGTH) X ALL SEASONS COLOR/COLOR IR
GULLY EROSTON (LENGTH) X ALL SEASONS COLOR/COLOR IR
SWAMP (AREA) X SPRING COLOR/COLOR IR
"BASED ON USING 1112000 SCACE COLOR AND GOLOR [NFRARED AERIAL PHOTOGRAPHY. 3" FILi FORMAT, STEREQ
COVERAGE, AND *10% CLOUD COVER
APPENDIX B-7  LIST OF MAPPED GECLOGICAL FEATURES USED IN THIS STUDY
CAN BE BEST MAPPED BY BESSETASSDENASSDFNORDR BEST F 1Lk
FE ATURE FIELD | AERIAL | sory | COLLECTION OF AERIAL ccE;:E|écothBW)
_ WORK | PHOTOGRAPHY PHOTOGRAPHY '
ROCK UNITS x | FALL-WINTER COLOR, COLOR IR, BSW
COAL OLTCROPS X | FALLAINTER COLOR. COLOR IR, B&W
FRACTURE TRAGES X SPRING COLOR, COLOR IR, BaW

]BASEU ON USING 1:12000 SCALE COLOR AND COLOR INFRARED AERIAL

COVERAGE, AND <10% CLOUD COVER

PHOTOGRAPHY, 9°

FILM FORMAT,

STERED

B
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B-8 LIST OF MAPPED SOILS FEATURES USED IN THIS STUDY
CAN BE BEST MAPPED BY BEST SEASON O0R BEST FILM
FEATURE T SEASONS FOR TYPE
FIELD AERIAL pary | COLLECTION OF AERIAL COLOR DR COLOR IR
YORK PHOTOGRAPHY PHOTOGRAPHY ( )
_—
SOIL TYPE X SUMMER CoLOR
SPOIL BANKS ' X SPRING. SUMMER/FALL COLOR IR
TOPSOIL PILES X SPRING.’SUMMER./FALL COLOR
TOPSOIL REGRADED X SPRING."SUMMER “FALL COLOR/COLOR IR
SHEET EROS!ON X oA
RILL EROSION ALL SEASONS COLOR. COLOR IR
GULLY EROSION X ALL SEASONS COLGR/COLOR |R
1
BASED ON USING 1:12000 SCALE COLOR AND COLOR [NFRARED ‘AERIAL PHOTOGRAPHY 8 FILM FORMAT. STERED
COYERAGE, AND <10% GLOUD COVER.
B-9 LIST OF MEASURED SOILS PARAMETERS USED IN THIS STUDY
CAN BE BEST MEASURED BY BEST SEASON OR BEST FILM
PARAME TER SEASONS FOR i
FIELD AERIAL 1 gaty | COLLECTION OF AERIAL
WORK | PHOTOGRAPHY PHOTOGRAPHY (COLOR OR COLOR IR)
SPOIL BANK (AREA) X ALL SEASONS COLOR/COLOR ‘IR
TOPSOIL PILE (AREA) X ALL SEASONS COLOR/COLOR IR
RILL EROSION (WIDTH) X NAA
RILL EROSION (DEPTH) X N/A
GULLY EROSION (WIDTH) X N/A
BULLY EROSION (DEPTH) X N-A
RILL EROSION (LENGTH) X ALL SEASONS COLOR/COLOR IR
BULLY EROSION (LENGTH) X ALL SEASDNS COLOR/COLOR IR
"BASED ON USING 1:12000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY. 9 FILN FORMAT, STEREQ
COYERAGE, AND <10% CLOUD COVER.
(u
B-10 LIST OF MEASURED PARAMETERS REQUIRING HEIGHT MEASUREMENTS
CAN BE BEST MEASURED BY BEST SEASON OR
PARANETER SEASONS FOR BEﬂE;gL”
FIELD AERIAL | COLLECTION OF AERIAL
W3RK PHOTOGRAPHY BOTH PHOTOGRAPHY (COLOR OR COLOR IR )
| ——— —_—— ﬂ
HIGHWALL HEIGHT X SPRING- SUMMER.FALL COLOR/COLOR IR
SLOPE X ALL SEASONS COLOR.GOLOR IR
OVERBURDEN REMOVED X ALL SEASONS £OLOR/COLOR IR
DIP OF COAL BEDS X WINTER COLOR

TBASED ON USING 1:12000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY. 9™ FORMAT. STERED
COVERAGE, AND <104 CLOUD COYVER

B-7

Reverse (Page_§j§) Blank
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APPENDIX C  COST ESTIMATES FOR THE OPERATIONAL USE OF COLOR
AND COLOR IR FILMS BY LANDSCAPE PARAMETER
CATEGORIES FOR 1, 10, 100, 1000 ‘SQUARE MILE USING
1:12,000 SCALE, BY SEASONS

c-1



TABLE C-1  AVERAGE TIME SPENT FOR PHOTOINTERPRETATION PER SQUARE MILE (IN HOURS) BY FILM TYPE BY LANDSCAPE CATEGORY
BY SEASONS USING 1:12,000 SCALE.
17-T1
TNTERPRETAT 10N PARAKETER SUMMER FALL WINTER SPRING
CATEGORY COLOR COLOR IR COLOR COLGR IR COLOR BLACK & WHITE]  COLGR COLOR iR
(4) LAND USE 418 3.80 7.81 247 7 98 7.82 2.88 2.90
7B) WATER 1.75 7.28 1.54 1.88 260 7.52 2.8 2,74
(C) YEGETATION 1.76 1.87 1.98 1.94 .84 7.10 2.0 201
TOTAL (A) & (B) & (C) 1.67 7.15 6.31 6.01 7.57 1.52 7.3 7.1
THE AYERAGE WAS CALCULATED BASED ON THE DATA COMPILED FOR 31X INTERPRETERS AND B SITES OF 3/4 5Q. MILES CACH.
TABLE -2 COST OF DATA COLLECTION AND DATA INTERPRETATION FOR 1,10,109 AND 1000, SQUARE MILES {IN DOLLARS) BY FiLM
TYPES, LANDSCAPE , CATEGORY, AND SEASON USING 1:12,000 SCALE
COST ITEMS SUMMER FALL . WINTER SPRING
;:m;g:nnuu PARRMETER COLOR GOLOR IR COLOR I COLOR IR COLOR m_plu & WHITE COLOR COLOR IR
COST ESITMATE FOR ONE SQUARE MILE
(A) LAND USE 33.28 7880 2248 13.76 23.84 72 58 2304 23,20
(B) WATES 14.00 18.74 i7.32 13.28 20,80 20.96 21,04 21,50
(L) YEGETATION 14.08 1498 15.68 15,52 15.76 16.80 16.00 15.88
TOTAL INTERPRETATION (1) B.36 62.00 50.48 48 36 B0. 40 B0.37 80_08 B1.58
DATA COLLECTION (2) 18.00 12.00 18.00 12.00 1800 §.00 18. 00 12.00
SUBTOTAL (1) & (2) 79.36 74.00 6848 §0.56 18.40 66.37 78. 1! 73.68
ROBILIZATION (3) 700.00 100,00 70080 700.00 70D. 00 7100.00 700,00 100. 80
GRAND TOTAL (1) & (2) & () 179,36 174.00 758. 48 750,58 776,40 766.00 718,11 773.68
08T ESTIMATE FOR TEW SONUARE MILES (DOLLARS)
LAND USE 33280 26800 22480 197.50 273840 225 60 230,40 232.00
WATER 14000 187 40 123.20 132 80 208.00 209,60 210,40 216.00
YEGETAT (DN 12080 145.80 156. 80 155.20 15750 168,00 150, 00 156.50
TOTAL JNTERPRETATIOR (1) §13.60 62000 504 80 485 60 80400 503.20 50080 816.30
DATA COLLECTION (2) 180 00 120,00 180. 00 120. 00 180,00 £0.00 160. 00 120.00
SUBTOTAL (1) & (D) 783 .60 740. 02 584,80 £05.60 784,00 §63.20 780.80 736,80
MOBILIZATIOK 70000 700.08 709. 00 700.00 70900 700.00 700.00 700.30
GRAND TOTAL 1483 .60 14406.00 1384 80 130580 1484.00 1363. 20 1480.80 1436.80
PER SUARE WILE ESTINATE (QOLLARS)
C0ST ESTIMATE J asae 1 waean | rasae | v3ese | 4840 ] 13e3z ] i4s.08 | 14368
COST ESTINATE FOR 100 SQUARE MILES (DOLLARS)
LAND USE 3328.09 788700 2048.00 1976 10 1384.00 225600 2304, 00 232000
WATER 1400.00 182400 [232.00 1328.00 2080.00 2086.00 2104.00 2i60.00
YEGETATION 1408.00 149600 1568.00 1552, 0¢ 1576.00 1680.00 160000 1668. 00
TOTAL INTERPRETATION 6136, 00 §200.00 5048.00 4856, 00 §040.00 6032.00 5008.00 5168.00
DATA COLLECTION 1800.00 1700 0D 1800.00 1200.00 1600.00 800.00 180000 1200.00
SUBTOTAL 793600 7400, 00 5045.00 6056.00 784000 863700 7808.00 73€0. 00
NOBILIZATION 700 00 70000 700,00 700.00 790.00 700.00 20000 700.00
GRAND TOTAL £835. 00 §100.00 754.00 6755 00 3540 00 733200 8508 00 8088, 00
PER SUUARE MILE ESTIMATE
BOST ESTIMATE [ s [ eo0 J 752 [ evse ] 540 [ 7331 | sso8 | 80.68
COST ESTINATE FOR 1000 SQUARE MILES (DOLLARS)
LAND USE 13260.00 26600, 00 22480.00 18760.00 23840.00 22560. 00 23040.00 23200, 90
WATER 14000.00 18240.20 12320.00 13280.00 2080000 20860. 00 21040.80 21600.00
VEGETATION 14080.00 14360. 00 15680. 08 15520. 00 15760. 00 16800. 00 16000. 00 15880, 00
TOTAL INTERPRETATION §1380. 00 62000.00 50480. 00 4856000 §0400.00 §9320.00 50080. 00 61680, 00
DATA COLLESTION 1800700 12000.00 18000. 0 12008. 00 18090.00 6000. 00 1800000 13000.00
SUBTOTAL 79380, 00 74000.00 §8480.00 80360. 10 78400, 00 86320.00 78080. 00 43680, 00
NOEILIZATION 140006 1400_00 140000 140000 1400, 80 1400, 00 1400. 00 140000
GRAND TOTAL 80760.00 7540000 5988000 B/850.00 78800, 0D £7720.00 73460.00 75080, 00
FER SQUARE WILE ESTINATE (DOLLARS;
[ et [ 7540 | eses [ sros ] iss [ er2 ] 784 ] 7508

23 THE COST OF OATA COLLECTION WAS BASED FROM THE QUOTES FROM SIX AERIAL SURVEY FIRMS AND ACTUAL COSTS FROM DATA COLLECTION. COST OF [KTER-
PRETATION WAS BASED ON THE ASSUMPTION OF $6.00 PER HOUR LABCR RATE FOR AN INTERFRETER.
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APPENDIX D MEAN VALUES OF PERFORMANCE ACCURACY (in percent) AND RELATIVE
ERROR VARIANCE (in percent) BY FILM TYPE AND LANDSCAPE
CATEGORIES, BY SEASONS



TABLE D-1  SUMMARY TABLES OF LAND USE, VEGETATION, AND WATER INTERPRETATION STATISTICS BY SEASON FOR CULOR AND COLOR iR
~FILM TYPES
71-11
: STANDARD STANDARD
VARIABLE AVERAGE VALUE Dgzﬁ:;ég“ DEVIATION EFFITIENCY EFFICIENCY EFFICIENCY
NUMBER N=1 N=10 N=8
FALL f 80.714127 787.432617 16.953827 21.004778 6.642294, 8.575164
v | coLor |SPRING 2 68.080231 173.550819 13173872 14.856671 4.729714 6.106035
LAND USE SUMME R 3 88.214095 76.081232 8.723028 9.888470 3.127008 4.036951
SPRINE 4 81.517700 117.749503 10851249 11.856991 3.749510 4.8405885
COLOR IR] SUMMER 5 94.330231 §4.407584 8.025439 8.507812 2.690408 3.473299
FALL 8 50.580154 55.379781 7.441759 §.215659 2.598020 3.354029
NUNBER N1 N=10 N=5
FALL 1 53.748954 798.251883 26.253525 '44.313215 14.014987 18.083262
SPRING 2 78.078827 526. 186523 22.93875¢t 20.007 445 9.172960 11.842240
vegeTATton| COLOR :
SUMMER 3 76.776123 280.610107 15.7514189 21.818512 6.885620 8.807371
SPRING 4 78.618347 §15.084473 28.549683 36.314270 11.483582 14.825239
COLOR | k| SUMMER 5 86.315720 349.734375 18.701172 21.668000 §.851392 8.845108
FALL g 81.184021 04.421875 17.447678 21,49150) 6.786209 8.773865
NUMBER H-1 N=1D N=B
FALL 1 52.763077 1161.859873 34.378326 §5. 155027 20.604141 26.599823
coLor | SPRING 2 72.880418 567.048096 23.812758 32.637809 10.321014 13.324371
WATER
SUNMER 3 73.881424 381. 300048 19.781286 76.774968 8. 466800 10.930561
SPRING A 57.687266 1100.582528 33.310532 57.733776 18 256568 23.559504
coLoR 14 SUMMER 5 £0.986725 509.085836 24,559393 30. 448669 9.626718 12.430617
FALL 6 83.026154 144.151855 12.006326 14.480891 4.577935 5.403634
TABLE D-2  SUMMARY TABLES OF LANO USE, VEGETATION, AND WATER INTERPRETATION STATISTICS FOR WINTER FOR COLCR AND BLACK
AND WHITE FILN TYPES
17-71
STANDARD
DEVIATION STANDARD
VARIABLE AVERAGE VALUE SQUARED DEVIATION EFFIC1ENCY EFFITIENCY EFFICIENCY
NUMBER N=1 K=10 N=B
LAND USE | cOLOR 1 85.446289 227.568863 15.085385 17.654800 5.562938 7.207542
BLACK 2 WHITE 2 76.740906 235. 107345 15.333210 18.980484 5.318384 8.156998
NUMBER N=1 N=10 N=6
vegeraTion coLoR 1 58.523666 657.260742 25.537085 43.070404 13.620059 17.583420
BLACK & WHITE 2 48.1228074 §54.760498 25.588287 53.069021 16.778732 21.661255
NUMBER N=1 N= 10 N=8
WATER
coLeR i 76.3814089 342669687 18.511871 24.236084 7.664124 8.894340
BLACK & WHITE 2 B1.052480 537.718750 23.188751 37.981659 12.010857 15.505948
D-2 R N
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APPENDIX E ANALYSIS OF VARIANCE BY FILM TYPE BY LANDSCAPE
CATEGORIES, BY SEASONS

E-1
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TABLE E-1 ANALYSIS OF VARIANCE FOR LAND USE FEATURES
. i7-71
R 3" | SEASON WITHIN SENSOR OR FILM TYPE
LEVELS OF FACTORS B - 2 SENSOR OR FLLM.TYPE (COLOR VS COLOR (R)
. s G - 28 "SAMPLE"FEATURES FOR LAND USE INTERPRETATIONS
GRAND MEAN . 7). s88.¢0625
SOURCE OF VARIATION SUMS OF SQUARES DEGREES OF FREEDOM MEAN SOUARES
AVLLLILLLLEITT 745.47974 2 372.73975
IR ARRERNARERRE 1758.90503 1 1758.980503
ABVILIIILLITE) 489. 38589 i 249.69299
CLILILLLLrnl 14758.09766 27 546.59518
ACLILITILIEITLL 4289.89844 54 79.44255
BCLILIIILINTbT 1143.99876 27 42.37038
ABCIIITVILIINLI 722.47729 54 13.37921
TQTAL 23919.23828 167
TABLE E-2  ANALYSIS OF VARIANCE FOR VEGETATION FEATURES 77-71
A 3 SEASON WITHIN SENSOR OR FILM TYPE
LEVELS OF FACTORS B SENSOR OR FILM TYPE
G 19 SAMPLE FEATURES FOR VEGETATIGN INTERPRETATIONS
GRAND MEAN 77.62061
SOURCE OF VARLATION SUMS OF SQUARES DEGREES UF FREEDOM MEAN SOUARES
ALITIISIEIL T 2623.87598 2 1311.83738
BEL I 11EY ] 2226.00049 1 _ 2226.00049
ABLIYLI LN 556.27734 i 278. 13867
CILIITIITLItLIt 43856 .36875 18 2436.60938
ACIiILinterntlt 9738.04688 36 270.50122
BCLITIILLITLNTL 650.29980 18 36.12776
ABCEINLINIITEIL 1080.07520 36 6. 27866
TOTAL 50743.53906 113

TABLE E-3  ANALYS!IS 0OF VARIANCE FOR WATER FEATURES o
A 3 SEASON WITHIN SENSOR OR FILM TYPE
LEVELS OF FACTORS 8 7 . SENSOR OR FILN TYPE
L 18 SAMPLE FEATURES FOR WATER INTERPRETATIONS
GRAND MEAN 70.21828
SOURCE OF VARIATION SUMS OF SQUARES DEGREES OF FRELDOM WEAN SQUARES
ALLLEVIIIITI:T] 12847.88281 2 6423.04141
BITTITINLLTTYTT 1547. 36841 1 1547.36841
ABLLITTILITIITI  90.37826 ' 2 45.18913
IR 42857. 48438 18 2380.87119
ACHITIITLIIIIIL 23370.28516 36 545, 17456
BCINLIIITITIIIL 2284.40186 18 126.91121
ABCIOII NI LT . . 3524.72021 36 37.90889
ToTAL Y 86522. 43750 113
A-SPRING, SUMMER, FALL UNDER COLOR AND COLOR IR : -
AB-INTERACTION OF A WITH B \
AC- INTERACTION OF A WITH C e e e—
ABC- INTERAGTION OF A WITH B AND C : ‘




