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FOREWORD

This report was prepared by HRB-Singer, Inc., of State College,

Pennsylvania under USMB Contract Number J015504l. The contract was initiated

under the Mining Environmental Research 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

~i_~h Ms. Carol Mol~ia .as .th,e Technical Monitor. _Mr. A-. G. :~i~tlng _w~~-~1;he_~Eo~;t,r~~t­
.;iQIllin;lstrator for the Bureau ~nes.

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

contract during the period 30 May 1975 to April 28, 197e__~ This report

was submitted by the authors on September 1978.
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I. EXECUTIVE SUMMARY

This study was conducted to determine if basic photo interpretation

techniques combined with color and color infrared photography could be used
I .

in a cost effective manner to satisfy certa~n informational needs of surface

coal mine operators and regulatory personnel. This information is needed

for pre-mine planning, mine progress monitoring, reclamation planning, and

reclamation monitoring. The evaluation technique consisted of combining

photo interpretation acc~racies with the costs of photo interpretation 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 sites in Clarion and Cambria Counties, Pennys1vania were selected

for this study. The site in. Cambria C~unty 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 photo interpretive 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.

-1-



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 ac~uracies 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.

-2"';
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II. 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 operations, 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 geology 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 additional

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 p~oviding 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 color infrared aerial photography as

a data collection and analysis tool for surface coal mine planning and

reclamation monitoring.

-3-



After the methodology was developed, the subsequent tasks involved
I

objectives applying the methodology 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 using color and color infrared

photographic techniques for mining and reclamation planning

and monitoring.

2. Determine the cost-effectiveness relationship of 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.

-4-
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III. OVERVIEW OF THE TECHNICAL APPROACH

The technical approach set forth in the initial proposal was used as

the basis for the project implementation plan. The final technical approach

comprises eight phases as described 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 stages of planting

and growth used in reclamation.

Phase III-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.

-5-
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1. Those physical features and parameters related to surface coal mining

which could be interpreted from the aerial photography were

identified.

2. A determination of optimum altitudes and scales for planning and

monitoring mining and reclamation activities in the most cost­

effective manner was recommended.

3. 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 planning and

monitoring was made.

2. The extent to which color and color infrared aerial photography

could assist in the planning and monitoring of revegetation

activities of reclamation was evaluated.

3. 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. Economic evaluation of operational use of the photography

for all phases of the surface mining eyelet

2. A determination of the costs and benefits of aerial coverage for
j'

areas of various sizes,

3. An economic comparison 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.

_... -7-



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."

-8-
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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 phase

included holding discussions with technical personnel regarding the status

of current remote sensing research and regarding the use of aerial photography

in surface mine reclamation planning and monitoring. State and federal regula­

tions were reviewed to determine the applicability of aerial photography for

monitoring reclamation.

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 research 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 literature with possible applications of remote sensing

related to surface mining was completed. This literature was classified into

four top~c 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 personnel 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.

-9-



C. RESULTS

The results of this phase are presented in;three separate

sections below.

SECTION 1. Remote Sensing Research Related to Surface Coal Mining

The objective of this literature review was to examine past

and present uses of remote sensing--prim~tilyaerial photography--in order to

determine the role it can play most effectively in the surface 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 ts supplemented by a bibliography in Appendix A.

a) Vegetative Characteristics

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 includes 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 9f 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 -71

TYPE OF VEGETATIVE SEASON OR STEREO-
VEGETA- CHARACTERISTI CS FILM SCALE TIME OF SCOPIC REFERENCESTION COVERAGE COVERAGE

NEEOEO

10ENTIFICATION COLOR IR 1: 600 SPR IN G NO CARNEGGIE 196B
OF SPECIES

c ~, COVERAGE COLOR IR 1:600 TO SPRING NO CARHEGGIE 196Bz 1: 50000
"'"...J
en MU LTI -en OENS ITV ANO NOT SPR IN G ANO
"'"a: BIOMASS SPECTRAL INOICATEO SUMMER NO PEARSON 1972t:I

SCANNER

STRESS BU 1: 500 TO NOT
INFRAREO 1: 9000 INOICATEO NO COLWELL 1956

10ENTIFICATION COLOR IR 1: 500 TO EARLY
en OF SPECIES 1: 1500 SUMME R YES ORISCOLL ANO COLEMAN 1974
or:>
~

a:
:J: 1'BOo TO EARLYen % COVERAGE COLOR IR NO ORISCOLL 1970, TUNER 1970

1 3000 SUMMER

IDENTIFICATION COLOR 1; 500 TO SAYN-WITTGENSTEIN 1960
OF SPECIES COLOR IR 1: 9000 SPR IN G YES SAYN-WITTGENSTEIN 1961

AVERY 196B

CANOPY COLOR 1:4000 TO NOT
OENSI TV COLOR IR 1: 10000 INOICATEO YES KRUMPE 1971

en........
HE IGH T ANOa:

COLOR NOTI- IR 1:1000 YES SAYN-WITTGENSTEIN 1972
en VOLUME INOICATEO
~

c
~ 1: 6000 TOc- WATER STRESS COLOR IR 1: 9000 SUMMER NO RHOOE ANO OLSEN 1970
(.)....
c

1: 6000 TO MEYER AND FRENCH 1967
OISEASE STRESS COLOR IR 1: 9000 SUMMER YES MURTHA 1971

P& ..... 1: 1 Q11

TREE NOT SUMMER OR
COMPETITION IND ICA TEO 1: 2400 WI NTER YES LATHAM 1972

10ENTIFICATION 1: 5000 TO NOT PARRY 1969
OF SPECIES COLOR 1: 9000 INOICATEO YES SAYN-WITTGENSTEIN 1960

CANOPY COLOR 1: 4000 TO NOT
OENSI TY COLOR IR 1: 10000 INDICATED YES KRUMPE 1971

en........ HEIGHT ANO NOTa: YES SAY~-WITTGENSTEIN 1972I- VOLUME COLOR IR 1: 1000 INDICATEO
en
~

0 1:6000 TO NOT MEYER AND FRENCH 1967a:.... OISEASE STRESS COLOR IR 1: 40000 INO ICAlEO NO MURTHA 1971
LL.'- FOX 1973z
0 COLOR BAILEY 1973, CIESLA 1974(.) NOT FALLINSECT STRESS COLOR IR INDICATED NO HELLER 1970

MURTHA 197.1

AIR POLLUTION 1:1500 TO
STRESS COLOR 1:BoOO WINTER YES HELLER 1969

COMPETITION NOT SUMMER OR
INDICATEO 1: 2400 WINTER YES LATHAM 1972

-11-



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 intercellular 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, et~.);

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

(2) Films and scales

The nominal scales of aerial photographs and imagery

are usually separated into four approximate categories:

Large Scale

Medium Scale

Small Scale

Space Photography

< 1:4000

1:4000 - 1:20000

> 1:20000

> 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).

-12-
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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). When

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 readily, 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 (Heller, 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 etal; 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 remotely 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). Largescale

(1:1000 to 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 for 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

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 multispectral data (Carnegie, 1968,· Driscoll 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

chlorophyll, 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, oak wilt, dwarf mistletoe on black spruce

(Meyer and French, 1967); nematode and virus problems of citrus trees (Norman and

Fritz, 1965); citrus young tree decline (Edwards, 1975); root rot, diseases of

pecan trees (Payne, 1971); oak decline of live oak (Van Arsde1, 1974); and Fommes

annosus root rot of pine (Fox, 1973). With the oak decline disease, detection on

-14-



---------------------------------- H R B- ,S il N G E R . 1 N C .

color infrared photographs was obtained three to five years before symptoms

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

have been detected utilizing remote sensing procedures: defoliation of

ponderosa pine by the pine butterfly (Ciesla, 1971); defoliation by forest tent

caterpillars (Ciesla, 1971); beetle-killed lodgepole 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).

Pines damaged by air pollution have been detected and

evaluated by utilizing color photographs (Heller, 1969). A scale of 1:8000 was

used for detection, but scales of 1:1500 and 1:3900 proved best for evaluating

the condition of the trees. Color films were used because the natu~al hues

could be related more easily to tree damage.

Moisture- stressed trees_have been detected by thermal

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

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

An evaluation of vegetation can be made from remote sensor outputs 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 ahout vegetation types, species percentage of cover, and

condition of vegetation in reclaimed strip mine areas. Species identification
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can be made when analysts fie1d-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, lY74). 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 plant 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 legislation.

o

o

o

o

o

o

o

o

o

Type of vegetation

Density of vegetation and proportion of live vegetation to bare groutid:'~...... -.

Vegetative vigor <';'
Extent of vegetative non-vigor

Rate of vegetative growth

Planting patterns

Species composition

Planting method

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
77 -71

RECOMMENOED FILM
WATER QUA~ITY PARAMETERS OR SENSOR SCALE SEASON OR TIME OF COVERAGE REFERENCES

pH (INFERRED BY INDIRECT COLOR IR 1: 4BOO PERIODS OF LOW FLOW WHEN STREAM COOPER, 1969
MEASU REMENT) IS RELATIVELY FREE OF SEDIMENT

MSS (MULTISPECTRAL 1: 1020 McCAULEY, 1974
SCANNER)

COLOR EXPOSURES RECOMMENDED FOR ALL JOHNSON AND WILLSON, 1969
SEASONS,

FERRIC HYDROX'DE COLOR & COLOR IR 1: 1020 EXPOSURES RECOMMENDED FOR ALL JOHNSON AND WILLSON, 1969
SEASONS,

COLOR 1: BODO TO SCHNE IDER AND KOLI PINSK I, )969
1:12,000 EXPOSURES RECOMMENDED FOR ALL

COLOR IR SEASONS AMBION ICS, \974
COLOR LARGE SCALE WOBBER AND AMATO, 1974
COLDR 1: 12,000 GAROFALO AND WOBBER, 1973

TURBIOITY (SUSPENDED SOLIDS: COLOR 1: B, 000 SCHNEI DER AND KOLIPINSKI, 1969
DISCRIMINATION BETWEEN 1: 12,000
TURBIDI TY AND SUSPENDED COLOR AND COLOR II SCHERZ AND VAN DOMELEN, 1973
SOLIDS W/AERIAL PH~TOGRAPHY

COLOR 1: 12,000 GAROFALO AND WOBBER, 1973
IS VERY DIFF ICU LT) .

STREAM BED SEOIMENTATION COLOR 1: 1020 EXPOSURES RECOMMENDED FOR ALL JOHNSON AND WILLSON, 1969
(NOT INCLUDING FERRIC SEASONS,

HYOROXIDE PRfCIPITATES) COLOR l:B,ODO- SCHNEI DER AND KOLIPINSKI, 1969
1:12,000

COLOR 1: 12.000 GAROFALO AND WOBBER, 1973

LOCATION OF SEEPS AND OUT- BLACK & WHITE IR 1:24,000 FALL OR WINTER PETRUS, 1975
FALLS, COLOR LARGE SCALE WOBBER AND AMATO, 1974

THERMAL IR 1:62.000 NIGHT TIME WHEN GROUND AMBIENT LEACHTENAURE,HIRSCH, WILLIAMS & TUCKER

'1: 12.000
TEMPERATURE NEAR FREEZING, ( 1972)

THERMAL IR FISHER, 1972
LOCA~ION AND DIMENSIONS OF COLOR IR 1: 1020 EXPOSURES RECOMMENDEO FOR ALL JOHNSON AND WILLSON, 1969
SURFACE WATER SEASONS,

COLOR & COLOR IR 1: 12,000 WOBBER AND AMATO" 1974
COLOR (DEPTH) LARGE SCALE SCHNEIDER AND KOLIPINSKI, 1959

ALGAL GROWTH ALONG SHORELINES COLOR (STREAMBEDS 1:4BOO PERIOOS OF LOW FLOW WHEN STREAM COOPER, 1969
AND STREAMBEDS IS. RELATIVELY SEDIMENT FREE,

COLOR IR (STREAM- 1:4BOO PERIODS OF LOW FLOW WHEN STREAM COOPER, 1969
BANKS) IS RELATIVELY SEDIMENT FREE,
COLO R IR 1: 10,000 BETTER THAN COLOR AT H:GH ALTI- WELCH, 1969

TUDES IN CONDITIONS OF HAZE,

I
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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 hydroxides.

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 of aluminum, manganese, calcium and magnesium are also present in the

water.

(2) Remote sensing of 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 location 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

_-18-
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water is clear, water depth can be ascertained by use of color aerial photography

(Schneider and Kolipinski, 1969) and from multispectral scanner data (Brown, et

al., 1972).

" '

J

Color aerial photpgraphy is useful for identifying

stream sedimentation patterns and for obtaining other 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, sodium, sulfate, chloride, total solids, 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
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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 photographs 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 color and stream pH. Neither the color 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 color infrared film. Schneider

and Kolipinski (1969) also found color aerial photography useful for identifying

streams polluted by acid mine drainage. High altitude 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. Ambionics

(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 have 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 streams as a photographic indicator of acid water

must be used with extreme caution since similar green 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, slope failure (mass wastage), erosion, drainage, soil moisture,

surface shape, soil 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, erosion, drainage patterns, and surface shape._

Aerial photographs are also being used as aids in soil surveys. A summary of

the above uses of remote sensors 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
77 -7 1

SOil AND TERRAIN FILM SCALE TIME OF COVERAGE
STEREOSCOPIC COVERAGE

REFERENCESCHARACTERISTIC NEEOED

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,GOO WINTER EARLY SPRING YES POOLE, 1969
COLOR MINTZER, 1966

EROSION COLOR IR >1; 10,000 NOT INOICATEO YES FEZER, 1969
POOLE, 1969

DRA INAGE COLOR I R 1: 12.000 TO 1: 17. 500 lATE SPRING EARLY YES FEZER, 1969
SUMMER KUHl, 1970

MINTZER, 1968
PARRY, 1971

SOil MOISTURE CONTENT COLOR IR 1: 2500 TO 1: 51100 PLANT GROWING SEASON' NO PIECH,1974
OR SPRING SCHMER, 1970

WERNER, 1971

SURFACE SHAPE PANCHROMATIC COLOR NOT INOICATEO WINTER EARLY SPRING NO FEZER, 1969
COLOR IR WAELTI, 1970

SOil TYPE COLOR 1:9600 TO 1:36,UOO EARLY SPRING NO KRISTOF, 1974
CO lO R I R NINTZER, 1968
MULT I-SPECTRAL PARRY, 1969
SCANNER' VALENTINE, 1971

SO I l TE XTU RE COLOR lARGE SCALE NOT INDICATED NO

< 1: 4000
PIECH, 1974

-
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(1) Slope and aspect

The angle of a slope surface with respect to the

horizontal (slope) and the bearing or direction of the slope (aspect) can both be

determined from aerial photographs (Avery, 1968; Moessner, 1964; Moessner, 1966; van

der Bent, 1969). Slope is determined by measuring the height difference between

two points--directly down slope~~on stereoscopic pairs of photographs.

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

wedge or parallax bar (Moessner, 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 soil. Sometimes this problem can be avoided by

using photos 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

Forms of 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, 1966; Pople, 1969). Analysis

indicates 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 are more pronounced, microsurface characteristics are more read"ily

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 bo determine from aerial photographs where rill wash

ends and gullying begins. Stereoscopic viewing of color and color infrared photo­

graphs with a stereoscope at 4x magnification facilitates determining whether

rill or gully wash is occurring (Poole, 1969). Scales should generally be larger

than 1:10000 to evaluate erosional patterns.

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

soil materials are moderately to slowly permeable and drainage is closely

associated with landscape 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 detection 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). In

some cases color film can be utilized to view vegetative cover which is used

as an indicator of soil moisture (Schmer, 1970; Werner, 1971). Photometric infor­

mation extracted from color imagery 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

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, moderately 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
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surface conditions that is capable of causing confusion on remote sensor outputs.

There has been limited success in reco~nizing various soil series using computer­

analyzed multispectral scanner data (Kristof, 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, 1971). 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 unique

color characteristics at the soil series level. When the color variations within

a soil series 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

ass~sts in'defining the spatial extent of a given soil type. Field study

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

(8) Soil texture

Soil 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 analysis of photo­

geologic linear features (fractures) are important aspects in mine planning and

ultimately in mine reclamation. Fractures can affect the drainage, hydrological

aspects, 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,

unmined areas, 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 that 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 indicatorp 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 variations

in vegetation alignment, as straight segments of stream courses, as differential

solar illumination,or as diffeTentiAI radiant emission due to variations in

lithology or moisture.

A new concept and terminology dealing with photo­

geologic linears have recently been formulated (Gay, 1973). This new concept is

based upon the 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 orthogonal to them. Photogeologic 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, or

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 type§ of lineaments

generally do not exceed one or two kilometers in length.

All of these lineaments can be successfully mapped

from aerial photographs and imagery obtained from spacecraft (Gold, 1973;

Lattman, 1958; Lattman, 1961; Ray, 1960; Trainer'""and,Ellison, 1967; Wier, 1973A;

Wier, 1973B).

Joint lineaments (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 onto overlying sedimeritary

rock strata. Histograms of joint lineaments made from aerial photographs

often show maximums closely corresponding to those of prevailing directions of:,~.'

joints (Ray, 1960). However, since imprinting from basement lineaments to sedi-io' t:'

mentary rock occurs as soon as the sediments are laid down, later deformations ~,

and the tilting of strata cause joints to become non-vertical and strike to be

changed (Trainer and Ellison, 1967). In areas where dip is greater than 5 degrees,

joint lineaments may not be parallel to joint sets and may differ as much as

45 degrees (Lattman, 1961). The close correspondence of j oint 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). In 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 resolution 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 points, directly down dip from one to the other (Avery, 1968; Lattman, 1965;

-=--- ,..28..;
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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

- -- -29:-

..".",

Rapid estimations of slopes and dips can be made by

using comparators which allow direct visual comparison 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 opposite 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 vegetat'ive cover is dense (Miller 1961).

e) Satellite Monitoring of Surface Mine Operations and

Reclamation

Conventional photo interpretation and photogrammetric

techniques can 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 photographs, although the

accuracy of volumetric measurements is low compared to volumetric data obtained

from low altitude large-scale photography. Results obtained from photographic

systems on board the Gemini and Apollo spacecraft indicate that outputs from

these systems 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.



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

:saanners on board the ERTS (LANDSAT) satellites have been proved capable of

detecting and delineating strip mined areas (Alexander, 1973; Chase,; 1973; Schubert,

1973; Thompson, 1973; Wier 1973). Repetitive coverage of large areas provides

monitoring capabilities, although in certain areas this advantage is offset by

cloud coverage during a major portion of the year. A second disadvantage is

resolution which is .456 hectares (1.27 acres) and not practical for evaluating

small areas.

Studies in Ohio have shown that the amount of 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-l imagery (Arnbionics, 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 (Arnbionics, 1974).

The procedures and equipment needed for this type of analysis are relatively

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, vegetative 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 Coal

Mine Legislation*

a) Introduction

Color and color infrared aerial photography is 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 aerial photographs a part of the sampling scheme 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 of 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 states,

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

location, of the operation, boundaries of the affected area, the location of

natural ~aterways and waterways to be constructed, and the location of
• .k__'/"'

utilities in the affected area. Progress maps include all the updated

versions of the reclamation and mining plan maps, that show such features

as the actual area mined during a given period, 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 regulat.ions specify that aerial

photographs may be used in place of prospecting permit maps and mining and
1 2

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
5

by the secretary," 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.8

3
Maryland, 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.

5pen~sylvania, 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. (1).

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 l60l-Rule
1606.
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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 River. However,

there are many potential areas for the further use of color and color

infrared aerial photography.

c) Potential Uses of Aerial Photography

Color and color IR photography 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;
Rpproval; 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 Forfeiture;
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 a

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.

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 maeria1s
shall contain no rocks larger than 6 inches
in diameter, and shall not 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. 9

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
Illinois" Rules and Regulations, Rule 1104.
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All topsoil 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; frequency 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, final maps; items included

b. Monuments, markers

• Reclamation requirements

a. Backf illing

b. Grading

c. 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 (1972), Subchapter D, 77, 92, f.(5).
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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 "coal, gypsum, stone, metallic ore, ..• and other

material to be excavated for commercial, industrial, or construction uses.
13It does not include clay, gravel, marl, peat, or sand." The Indiana law

governs coal, clay, and shale mining. The Pennsylvania law includes reclamation

requirements for "limestone, dolomite, sand, gravel, rock, stone, earth, fill,

slag, iron ore, zinc ore, vermiculite clay, and anthracite and bituminous coal.,,14

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

11 .
Maryland, Natural Resources Strip Mining Law, 7-502.

l2Virginia, Coal Surface Mining Law, Code of Virginia, (1975), Title 45.1,
Chapter 17, 45.l-l98(d).

l3Michigan, Mine Reclamation Act (1972), Sec. l.(h).

l4pennsylvania, Surface Mining Conservation and Reclamation Act. Section 3.
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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 Virginia 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
15

at least once every fifteen days," 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

'-".'

Maryland, Tennessee, Virginia and West Virginia

require prospecting maps. Pennsylvania 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, three 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 a reclamation plan map identical to that

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

Nearly all of the state laws require 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 submitted 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:

Requir,ed 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 as roads, 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.
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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 •... 17

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 appear on the form itself. The proposed vegetation must be

indicated as a part of the plan; therefore, the revegetation types must be

considered much Sooner 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." 18 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.,,19

:-41-

Proposed Rules (1974), Rule 8. (1).

17Indiana, An Act Regulating Surface Mining, House Enrolled Act No.
(1968). Section l.(c).

1~ichigan, Mine Reclamation:

19Ibid ., 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 encroachment on scenic areas. There

are also regulations against mining if physical conditions would demand that the

mining operation be unusually expensive, or if such conditions would render recla­

mation 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 .:20

Strip mining may not take place in Kentucky if it

would be a hazard to any house, public building, school, church, cemetery, commer­

cial or institutional building, public road, 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 Youghiogheny 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 Ohio, 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 discretion, limit any

one contiguous strip mining area to 250 acres.

(4) Mine monitoring requirements

INC.

The two r~laining 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) Progress 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
::\--

. 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 most 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 overburden, 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

mining reclamation.
2l

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

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)

2lDonald Garofalo,and Frank J. Wobber, "Remote Sensing for Environmental Studies in
Mined Ar'eas, II Photographic Applications in Science, Technology, and Medicine,
(September 1974): 22.
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to be returned to its approximate original contour. Each of the laws has a specific

interpretation of "approximate original contour." The Kentucky law specifies that

complete backfilling should take place from the top of the highwall to the toe

of the spoil bank with no 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,
22

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 diminish depressions between such peaks and ridges, to a

rolling, or sloping, or terraced topography consistent with the land-use objectives
23

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 maximum graded slope is eight percent;

for pasture and hay acreage, the maximum graded slope is 25 percent; and for
'24

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

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 is

West yirginia. 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.

23 .Indlana, An Act Regulating Surface Mining, Section 6.

24
Indiana, "Plan of Reclamation" (Form R-50l-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,
"Backfilling, Grading and Revegetation."
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However, the Kentucky law demands that contour,

auger, and highwall mines be regraded by terrace backfilling. The steepest slope

of the reduced or backfilledhighwall and of the outer slope must be less than

45 degrees. The table portion of the restored land must slope toward the highwall

at less than ten degrees. There are also restrictions on the maximum solid bench
I

width of the first cut.

Most of the states have a time limitation or a

distance limitation on when backfilling must take place. In 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 follow stripping. In this case augering

must be begun 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 ,~~,';

the time that soil is first disturbed in the area. .,"

(c) 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 of drainage control found in the

strip mining legislation and regulations.
~

In Kentucky, there are separate regulations for

water quality and for impoundments. The water quality regulation stipulates that

no water shall be discharged "into the waters of the C01IDIlonwealth from the area of
. 26

land affected, t-hepH of which 1S less than 6.0 or greater than 9.0." The

26
Kentucky, "Water Quality Criteria," (402 KAR 1: 055), Section 2 (3).
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measure of pH and the measure of iron 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 spoil material, no drainage be

discharged into underground mines, and no sudden release of water be made onto the

outer slopes of spoil banks.

The Kentucky regulation governing impoundments

says that lithe operator shall construct water retarding structures, sediment dams,'

or sediment ponds in those drainage areas to be immediately affected by the

operation' (once his drainage plan is approved).27 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 lithe

area ,of land affected (is used) for water impoundments, water-oriented real estate
. 11 28

development, recreation area development ....

.0

(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 three areas: 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.

27
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 some other states. No road may

be constructed near enough to a stream channel so that eroded material from the

road co~ld cause sedimentation. Tennessee has strict requirements dealing with

the grading of roads. For example t 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 t 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 abandonment. In KentuckYt abandoned haulageways must be

adequately drained and planted; "in the eastern Kentucky coal field, seeding shall
29

be done • • . inc~uding access roads t within fifteen days after grading . • . . II'

(e) Removal of debris

Color and color infrared aerial photography may

prove to be extremely useful for inspecting a formerly mined area in order to

determine whether debris has been removed from the site. Garofal0 30 suggests the

use of color aerial photography to recognize the distribution of trash t 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 t

the law states that all debris must be removed or buried before completion of

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

29
KentuckYt "Revegetation Requirements," (402 KAR 1:040).

30
Garofalo and WObber, Ibid.
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(f) Revegetation

Color and color infrared aerial phot~graphy

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 Illinois,

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), anyone 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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SURVIVABILITY OF VEGETATION AFTER ONE YEAR

Alabama
Illinois
Kentucky
Ohio
Pennsylvania

Tennessee
Virginia
West Virginia

Trees/Acre

435
450 *
600
900
900

**:
800
600

Grasses & Legumes/Coverage

75%
85%*
85%
85%

80%
***
80%*

Mixture

600 trees/80%
grass/legumes

60% trees/60% grass
or legumes

*After second growing season
**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

of each type of vegetation. For example, in Kentucky the soil's pH must exceed 6.4

for the planting of grasses and legumes, and the pH must exceed 5.5 for the

planting of other types of vegetation.)"

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

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

practical.

(g) Other 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. Such land uses are subject

to state approval as individual, special cases.

For example, in Alabama:

The applicant may elect to reclaim the land for
range, agricultural or horticultural, homesite,
recreationall industrial, or commercial use, or
other uses. 3

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

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

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

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 ..•

31 Alabama, Surface Mining Reclamation Act of 1975, Section IX, E.
_. _c~;;;:5d-,
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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 pollution~ soil
contamination, noise pollution, and drainage. j2

(h) Overall time for reclamation

All 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 is retained until two years after the planting of vegetation. Vegetation

r, is inspected at the end of the first and second growing seasons after planting;

if it is satisfactory, the rema1n1ng bond is released at that time. If it is not

satisfactory, the remaining bond is forfeited.
33

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 another

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 slightYy depending upon whether row crops, range,

32
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 planted. However, if upon inspection, an

unsatisfactory vegetative cover exists, the operator must continue revegetation

work and monitoring until satisfactory vegetative cover is established, or for

15 years. In 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 statute relating 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 surfacemiaing cycle. Table 4 presents the results of these informal

discussions with the surface mine operators.

The results of these discussions 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 photography but always in conjunction with black and white photography, not

__ ,..~2-
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TABLE 4 RESULTS OF OISCUSSIONS WITH MINE OPERATORS
77 -71

ANNUAL PROOUCTION (TPY)

STATE OVER 1 MILLION 500.000 - 1 MILLION 0-500,000 TOTAL

'ALABAMA 2 1 a 3

ILLINOIS 3 1 a 4

INOIANA a 1 a 1

KENTUCKY 1 2 2 5

o~ll 0 a 1 4 5

PENNSYLVANIA 2 3 3 8

TENNESSEE a a 2 2

..~ .,

WEST VIRGINIA 1 1 3 5

TOTAL g 10 14 33,

A. olSTRIBUTION ANa SIZE OF OPERATOR WITH WHOM OISSUSSIONS WERE HELD.
, ?, ~

~:.;; TYPE OF PHOTOGRAPHY

.::"'';
STATE BLACK & WHITE COLOR COLOR IR NONE TOTAL

ALABAMA 2 0 0 1 3

ILLINOIS 4 0 a 0 4

INDIANA 1 1 a a 2-

KENTUCKY 1 a a 4 5

OHIO 4 1 a 1 6-

PENNSYL VAN IA 5 1 0 3 g-

TENNESSEE a a a 2 2

WEST VIRGINIA 3 a a 2 5

TOTAL 20 3 a 13 36-

% OF TOTAL 61% g" 0% 40%"

-USED COMBINATION OF BLACK & WHITE AND COLOR PHOTOGRAPHY. % OF TOTAL BASED ON 33 RESPONDENTS,

B. USAGE OF AERIAL PHOTOGRAPHY FOR PORTIONS OF MINING CY CL E.
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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 cphotointerpretation.

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 rom 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 photo interpretation.

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 of Mines Personnel. Those

criteria included:

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

square miles in area.

2.

3.

4.

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

with on-going reclamation activities.

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.

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,-
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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 in the study and made available their lands and various

information. Both companies have been involved in utilizing black and white

aerial photography for monitoring their 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 70% of the 25 square

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

Site lA is an area of approximately 1 square .mile within which

a small area (area 5) was being utilized 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 describes 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 it. As the project
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FIG. 2 LOCATION OF TEST SITES
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SCALE IN FEET

THIS AREA IS A RECLAIMED-MINING SITE WHICH HAS BEEN RETURNED TO AGRICULTURE.
CROPS GROWN INCLUDE OATS, HAY AND CORN. THE SITE GENERALLY HAS A HIGH PERCENTAGE
OF GROUND COVER. THERE ARE SEVERAL AREAS OF STEEP SLOPES (15-20%) WHERE THE HIGH­
WALL EXISTED. MODERATE EROSION IS PRESENT ON THE RECLAIMED HIGHWALL SLOPES. RECENT
MINING ACTIVITY IS ENCROACHING IN SOUTHWESTERN CORNER. THERE ARE SEVERAL AREAS IN
THE WESTERN MARGIN ALONG THE OLD HIGHWALL WHERE ACID MINE DRAINAGE IS OCCURRING.

SITE 1 AREA 1FIG. 3
\ duced Hom \
'\ ReP:~vaHab'e coPY· ~
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SCALE IN FEET

THIS SITE IS CHARACTERIZED BY A SIGNIFICANT AMOUNT OF MINING AND ON-GOING
RECLAMATION ACTIVITY. ACTIVE CONTOUR MINING IS TAKING PLACE AND AREA MINING
USING A 45 YD3 DRAGLINE IS PROGRESSING .. MAJOR CHANGES ARE OCCURRING IN THIS
AREA AS CONCURRENT RECLAMATION IS TAKING PLACE, IN THE CENTER. THE LIGHTER
TONED AREAS IN THE EASTERN 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 IS PRESENT. THIS SITE CONTAINED A DIVERSITY
OF ACTIVITY WHICH CONTINUALLY CHANGED DURING THE STUDY PERIOD.

FIG. 4 SITE 1 AREA 2
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I
seAL E IN FEET

THIS SITE CONTAINS NO ACTIVE MINING OPERATIONS BUT HAS A VARIETY OF TYPES AND
AGES OF VEGETATION IN RECLAIMED AREAS, IN ADDITION, THERE ARE AREAS OF PAST MINING
ACTIVITY IN WHICH NO ATTEMPT TO RETURN THE HIGHWAllS TO ORIGINAL CONTOUR WAS REQUIRED,
TWO IMPOUNDMENTS ARE LOCATED ON THE AREA, NORTH OF THE IMPOUNDMENTS IS A lARGE ABANDONED
REFU SE BAN K,

THE EASTERN PORTIONS OF THIS SITE CONTAIN NUMEROUS AREAS OF RECLAMATION INCLUDING
TREES (CONIFEROUS AND DECIDUOUS) AND GRASSES,

SITE 1 AREA 3FIG. 5 '[

'r-===='7:":':----;l!\l. ''I Reproduced from '
L- ~ best available copy. 0 \-
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I
SCALE IN FEET

THIS AREA IS CHARACTERI ZED BY A SIGNIFICANT AMOUNT OF WATER (BOTH STREAMS AND
STANDING WATER). THERE ARE AREAS OF ACTIVE MINING. ACTIVE RECLAMATION IS TAKING
PLACE, NUMEROUS PLANTI NGS OF TREES ON RECLAI MED AREAS ARE LOCATED ALONG THE EASTERN
EDGE OF THE AREA.

FIG. 6' SITE 1 AREA 4

77-11

Reproduced from
best available copy.
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SCALE IN FEET

1500
!

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 ~ANNER.

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

Reproduced from
best available COpy.

FIG. 7 SITE 1A AREA 5
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~ SCALE IN FEET

THIS SITE IS CHARACTERIZED BY AREAS OF STEEP SLOPES IN EXCESS OF 20%
A VARIETY OF RECLAMATION AND MINING ACTIVITY IS ~AKING PLACE. IN THE
NEAR FUTURE, THE SITE WILL BE REMINED USING A MOUNTAINTOP MINING TECHNIQUE
TO REMOVE COAL FROM DEEPER SEAMS.

-63-

SITE 2 AREA 6FIG. 8 ~c1ecl1rom 0L- -'I~llableCOpy.G\,
I best ava -------'

\ ------------.~-



500 1000 1500 2000
~iiiiiiiiiiiiiiiiiiiiiiil!~~~!iiiiiiiiiiiiiiiiiiiiiiiiiiii~! ~~~I

SCALE IN FEET

THIS SITE IS CHARACTERI ZED BY A VARIETY OF TREE PLANTINGS ON OVERBURDEN MATERIAL
AS PRESCRIBED BY PRE 1971 STATE LEGISLATION, IN ADDITION ACTIVE CONTOUR MINING
IS OCCURRING ALONG THE NORTHERN PERIMETER OF THE AREA, NUMEROUS IMPOUNDMENTS ARE
IN THE FOREST ADJ~CENT TO THE ACTIVE MINING,

77-71
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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 s~udy.
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VI. DATA COLLECTION

A. OBJECTIVES

The objectives of this phase were to collect 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

years 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 fall of 1976. The aerial and ground

data collection methodologies and results are discussed in the following

sections.

C. AERIAL DATA COLLECTION

The aerial data collection 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 J A S 0 N 0 J F M A M J J A S 0 N 0 J F M A M J 'J

1 2 3 4 5 6 7

PLANNEO AERIAL OATA ~~ ~~ ~ ~~ ~~ ~~ ~~
COLLECTION

~ ~ i. J.
6 7

ACTUAL AERIAL OATA ~ • •COLLECTION

1 . 2 3 4 5 6 7

PLANNEO GROUND DATA ~ t% ~~ ~ ~~ ~~ ~~ ~f0
COLLECTION

6 7
ACTUAL GROUND DATA ~ ~ ~ ~ M. • • •COLLECTION

";;.' J :~ .
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TABLE 6 AERIAL DATA COLLECTION PARAMETERS - FLIGHT 1 - AUGUST 1975

ALTITUDE PHO TO FLIGHT LINE MILES OF PHOTOGRAPHY
FILM TY PEl ,2CAMERA SYSTEM ABOVE SCALE

TERRAIN TES T SITE 1 TEST SITE 2 TOTAL

COLOR 24 42 66
3000' 1:6000

COLOR IR 24 42
\ 66

COLOR 16 . 21 376000' 1:12000ZEI SS
RMKA15/23 COLOR IR 16 21 37

6" FOCAL LENGTH
9" FILM FORMAT COLOR 8 14 22

12000" 1: 24000
COLOR IR 8 14 22

COLOR 4 7 11

COLOR 1R 4 7 1124000' 1: 48000

BLACK &WHITE 4 7 11

BLACK &WHITE IR 4 7 11

TOTAL 112 ;82 294

COLOR 24 42 66
1750 ' 1: 6000

COLOR IR 24 42 66

COLOR 16 21 37WilD 3500' 1:12000
RC-9 COLOR IR 16 2,3Y," FOCAL lENGTH 37

9" FILM FORMA T
COLOR 8 14 221000 • 1: 24000

COLOR IR 8 14 22

COLOR 4 7 11
14000 • , : 48000

COLOR IR 4 7 11

TOTAL 104 168 272

I

;:u

m

(J)

z
()

ITI

;:u

l-COLOR FilM - KODAK AERO NEGATIVE 2445-COLOR IR FilM-KODAK AEROCHROME IR 2443
BLACK & WHITE FILM - KODAK DOUBLE X 2405
BLACK & WHITE IR FilM - KODAK AEROGRAPHIC 2424

2-FILTERS UTILIZED
~, COLOR FILM - CLEAR ANTIVI GNETTING

COLOR IR FILM - CLEAR ANTIVIGNETTING
BLACK & WHITE FILM - MINUS BLUE
BLACK & WHI TE IR - RED OR 'D),.

z
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 subS€quent

flights would collect only color 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 interpretability. 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 was 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 photograp?y. Thus cost and interpretability indicated

a 1:12000 scale photography was optimum. In 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 & Associates 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 unusually 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 available weather data indicated

that October and November would have the most number of cloud free days for

aerial data collection. this particular year was a departure from the norm.
,. '~ ...
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TABLE 7 AVERAGE INTERPRETABILITY OF DATA AT ALL SCALES-FLIGHT' -SUMMER 1975---
RATING SCALE

O-PARAMETER CANNOT BE MEASURED OR MAPPED
I-POOR-PARAMETER CAN BE MEASURED ONLY WITH

A LARGE AMOUNT OF DIFFICULTY
2-FAIR-PARAMETER CAN BE MEASURED WITH MINOR

DIFF ICUL TV
3-GOOD-PARAMETER CAN USUALLY BE MAPPED OR

:: ~ f
MEASURED

4-EXCELLENT-PARAMETER CAN EASILY BE MAPPED
OR MEASURED

3.6

3.4
r--

3'I30 II ,......., -8

2.6 ~

2.4
...

2 2 ~ I I II--' n I I ,......."'"<..> -en 2 0
<:J
z: I 8
>--

"'" 1 . 6a::

4 ~
I I I I ---r-

.2

0 r I I r-
.8

6

.4 Cl 0 Cl Cl 0 Cl 0 0 0 0
0 0 Cl 0 0 Cl 0 0 Cl 0 Cl 0 Cl
0 Cl 0 0 0 0 0 0 0 Cl 0 0 Cl

.2 oX> oX> ~ c.... 0 oX> ~ c.... Cl oX> ~ c.... Cl
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TABLE B TOTAL COST ANO COST PER SQUARE ,MILE OF AERIAL PHOTOGRAPHY (BASED ON 1975 DATA)
77 -71

SCALE 1:6000 1: 12000 1:24000 1: 48000

COST (UNITS=DOLLARS)

COVERAGE FILM TYPE TO TAL SQ, MI, TOTAL SQ. MI. TOTAL SQ. MI. TOTAL SQ, MI.

COLOR 60200( 1) 60 17600(1 ) 18 826 O( 1 ) 8 4060 4

COLOR IR
38500(1) 12200(1)1 5470 (1 ) 2819 339 12 5

1000 SQ. MI.
BU

23800(1) 6800 (1 3580(1)24 7 4 1980 2

BU IR 24500(1) 25 8825 (1 ) 9 3670( 1) 4 2020 2

COLOR 6680 67 2320 23 1300 13 1120 11

COLOR IR 4410 44 1780 18 1150 12 965 10

100 SQ. MI.

B&W 2900 29 1140 11 950 10 860 9

B&W IR 2900 29 1443 14 1000 10 860 9

COLOR 1900 190 880 88 870 87 870 87

COLOR IR 1500 150 820 82 790 79 790 79

10 SQ, MI.
B&W 1180 118 760 76 760 76 760 76

BU IR 1,180 118 763 76 766 77 760 76

COLOR 736 736 718 718 718 718 718 718

COLOR IR 724 724 712 712 712 712 712 712

1 SQ. MI.
BU 712 712 706 706 706 706 706 706

BU 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 WH ITE COLOR

Reproduced from
best available copy. •

COLOR INFRARED

FIG. 10 EXAMPLES OF 1:12000 SCALE AERIAL PHOTOGRAPHY AUGUST 1975, SITE 1
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It is important to note when planning a seasonal 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 personnel, it was

decided to shift the flight schedule so that ,flight 6 was conducted in

April of 1977 and the final flight was completed during July 1977.

In addition, 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 11.

In conclusion, the aerial data collection generally proc~eded

smoothly with excellent quality photography obtained on each flight.

D. GROUND DATA COLLECTION

Ground data collection was planned to coincide with aerial data

collection as shown in Table 5. The purpose 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 mining 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
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SITE 1 AREA 4
SUMMER 1977

SITE 2 AREA 6
SUMMER 1917

o

SITE 1 AREA 4
SUMMER 1911, 10MM

FIG. 11 EXAMPLES OF AERIAL PHOTOGRAPHS TAKEN FROM A HELICOPTER
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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 addition, each 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 for use in interpretation and analysis, a base aerial photograph

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 500

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'ee analyzed 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 9 GROUND DATA COLLECTION FEATURES
77 -71

CATEGORY FEATURES ANO PARAMETERS MAPPEO MEASURED
APPLiCABILITY TO MINING

PHASE

LAND USE AGR I CUL TURAL LANO X 1

FOREST LAND X 1

GRASS/FALLOW LAND X 1

RESI DENT I AL X 1

ACTIVE STRIP PIT X X 1,2

INACTIVE STRIP PIT X 1

ABANDONEO STR I P PIT X 1,3

PREPARATION FACILI TIES X 2

STORAGE FACILITIES X 2

SPOIL BANKS X X 1,2, 3

SH I PP I NG AREAS X 2
EGU I PMENT X 2,3

SO I L BANKS X X 2,3

ACTIVE RECLAMATION X X 3

COMPLETED RECLAMATION X X 3

I MPOUNOMENTS X X 1,2,3

ORAINAGE OITCHES X X 2,3

CUL TUhAL FEATURES X X 1,2

UTILITY LINES X 1,2

STREAMS X 1,2,3

MINE PROGRESS X X 2

HEIGHT OF HIGHWALL X X 2,3

OVERBUROEN ESTIMATES X X 2

HAUL ROAOS X 2,3

GEOLOGY 01 PANGLE X 1 ,2

OIP OIRECTIDN X I ,2

MAPPING' ROCK UNITS X 1 ,2

FRACTURE TRACE X 1 ,2

SURFACE L I THOLOGV X 1 ,2

SURFACE OEPOS I TS X 1 ,2

VEGETATION SPEC I ES TYPE X 1,3

- TREES "ACRE X 3

SPACING OF TREES X 3

NUMBER ROWS/SPECI ES X 3

SIZE OF PLANTING X 3

PERCENTAGE OF COVER X 3

PERCENTAGE OF OEAD TREES X 3

DYING & DEAO VEGETATION X X 3

VEGETATION UEC LINE X X 3

WATER PONOS X X 1. 2,3

STREAMS X X 1,2,3

SEEPS X X 1, 2. 3

I MPOUNDMEN TS X X 1,2,3

STANOING WATER X X 1,2,3

SED IMENTA TI ON X - ::' - 2.3

YELLOWBOV (AMU) X 1,2,3

ORAINAGE DITCHES X X 2,3

SO I LS REFU SE X 1,2,3

STORED TOPSOIL X 2

REGRADEO TOPSO I L X 3

SO I L TEXTURE X 1,3

SO I L COLOR X X 1,3

EROSION CLASS X 1,3

SLOPE CLASS X X 1,3

SLOPE ASPECT X , , 3

SILT COLLECTION AREAS X 2,3

MINING PHASES I 1 - PREMINING I 2 - OPERATIONS T 3 - RECLAU TI ON

N C .
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seAL E IN FEET

AREA #__'-- SITE #_---!.-__FEATURE MAPPED _

TEAM # DATE _

FIG. 12 BASE AERIAL PHOTOGRAPHY WITH GRID FOR GROUND DATA COLLECTION
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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 collection tools were

utilized. These included abney levels, soil test kits, water test kits, range

finders and brunton compasses. The ground data collection effort proceeded

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

A. OBJECTIVES

The objectives of this task were threefold. The first objective was

to organize the ground truth data into a format that could be easily compared

with photointerpretation resultis; 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 cycle.

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 measu~ed by some basic photo­

grammetric technique. Data collection forms reflected this broad division of

of iandscape features. Data collection forms were formulated for land use,

vegetation, soils, ~Nater, and geologic mapping. Separate forms were also produced

for land,use, vegetation, soils, water, 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 feature;;, c The"location(s) of the featm:es were noted by recording

the grid coordinates of the field location photographs. In addition, the location

and outline 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.
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CAIlERA SY STEll FLi GHT LAND USE
AREA/SITE NO. INTERPRETER

GROUND COLOR COLOR IR
IlEASURING TRUTH

FEATURES UNIT LOCAl ION
COIIENT RAl ING COIlIENT RAT ING

YES NO

AGRICULTURE IlAPPED

FOREST

GRASSLAND/
FALLOW

RESIDENTIAL

ACTIVE 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 FLI GH T LAND USE
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Six interpreters were used to photointerpret each flight.* Each

interpreter did two of the six test areas. Not all features were present on

all of the test areas. 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. Interpretatio1s 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 stereoscope

tube magnifier 7X

tube magnifier lO-35X

engineers scale

parallax bar

planimeter

Interpretations and ratings were recorded directly onto the data

collection forms.

Throughout the photo interpretation effort each interpreter

maintained a record of man hours spent interpreting in the three major

categories of land use,vegetation,and water. For 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.

* ~ . ~
Each interpreter was not a skilled photo interpreter but was familiar with
photointerpretation techniques and surface coal 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.

o - 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 quantitative

manner. The difference between an interpreted measured value and a value

obtained by ground truth measurements was expressed as % error. This % 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 f~atures. For

example, if a slope is measured at 17.60 on the ground and the measurement

from the photograph is 16.10 the difference is 1.50 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 interpreters 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.

_ .:-92-
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VIII. AERIAL PHOTOGRAPHIC APPLICATIONS FOR SURFACE COAL HINING PROCESSES

A. INTRODUCTION

This section presents the interpretability results for each

individual feature by seasons. Interpretation characteristics for each

feature are discussed for both color and color infrared photography. The

optimal season for interpretation is also 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
2__

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 soil 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 techniques 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 typing. Our 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.
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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

experience 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 heights 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. AERIAL PHOTOGRAPHIC APPLICATIONS FOR ~RE~MINE PLANNING AND

MINE PROGRESS MONITORING

1. Introduction

This section presents interpretability results for features

and parameters of pre-mine 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. In addition, ratings for photogrammetric techniques

necessary to monitor mine 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 section pertain to water, such as, drainage pattern mapping, standing

water recognition, and yellowboy(iron oxide) identification.
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2. Ratings for Pr.e-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 percent 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 identif~ed

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 COLOR I R COLOR COLOR I R COLOR
BLACK &

COLOR COLOR I R COLOR COLOR I RWH I TE

AGRI CULTURE (MAPPED) 91. 5 91. 5 98 0 9B.5 87 .5 77 .5 99. 5 98.5 95.8 98.1

FOREST (MAPPED) 99.2 99 0 98 5 98.7 97 .2 93.'7 99. 5 99.2 98. 0 99.0

RES I DENT I Al (MAPPED) 91. 5 98.7 9B. 0 9B.2 97 .2 91.2 97 .5 99.0 97 .5 98.5

ABANDONED STRIP PIT (UPPED) 98.2 9B 0 9B .5 97.7 99 0 70.0 96 0 97.5 97 .7 97.7

AREA MEASUREMENTS - AGRI CUL TURE, FOREST, 95 2 96 .3 97 .3 97 0 95.7 90.0 98.1 96. I 96.5 96. 4
RES I DENT I AL, ABANDONED STR IP PIT

UTILITY LINES (MAPPED) 75. 2 79 0 75.0 83 0 74.2 67 .8 77.7 BO 5 75.5 Bo.7

TRANSMISSION LINES (MAPPED) B7 .5 91 .7 B1. 0 84 7 84.2 B3 3 . 85.7 B9. 5 86.0 8B.5

TRANSMISSION LINES - DISTANCE FROM
96. 1 91.2 93. 4 96.1 94.1 87 4 95.4 90. 2 94.7 92. 5

ACTIVE STRIP PIT

ROADS (MAPPED) 96.7 97.7 97 .5 95.5 98 .2 96.2 98.7 97 .0 96 .5

RoAOS (WIOTH) 99.8 98.9 96 .2 99.1 91. 1 73. 5 B8.7 92.5 95. 4 96 .8

CEMETERI ES (UPPEO) 96.5 99.2 99. 5 98.7 97 .2 97. I 99.2 99.0 99 2 99 0

DRAINAGE PATTERNS (MAPPEO) 75.5 79.2 91.0 97.2 97 .7 67 .2 75.2 71. 7 66.0 64.7

PREPARATION FACILI TIES (MAPPED) 99.5 99.7 99.2 99.7 99 .5 99. 3 99.7 99.7 99.5 99.5

STORAGE FACILITIES (MAPPED) 99 0 99.2 99.2 99.0 99. 2 97 .4 99.2 99.2 99 0 99.0

SHIPPING AREAS (UPPED) 99.2 99.0 97 7 99.2 96 .5 97 .6 96.7 99.2 9B.5 99.0

MINING EQUIPMENT (MAPPED) 76 .7 62.5 75.0 65.2 BO.O 71 .3 80 7 90 0 79.0 85.7

IMPOUNDMENTS (MAPPEO) 89. 7 96.5 92.7 97.2 67.5 60 0 90 0 94.0 90.0 95.7

IMPOUND~ENTS (LENGTH) 60. 0 95.0 90 0 97. 5 91.2 61 .2 86 .7 90 0 87 .5 94. I

IMPOUNDMENTS (WIOTH) 62 .5 95.0 87.5 95. 0 90.5 60 0 90 0 68.7 67 .6 92.9

IMPoUNOMENTS (AREA) B7 . 5 95 . 0 95. 0 95. 0 92.7 90 2 80. 0 81 .2 B6.8 90. 4

ORA I NAGE 0 I TCHES (UPPED) 76 .0 79 7 TO 0 60. 0 61 2 72 5 83. 5 92. 5 76.7 62. 2

DRAINAGE DITCH (LENGTH) B2 . 5 72 . 5 62 .5 77 7 61. 5 70 I 91 .2 93 .7 65.9 81 .3

DRAINAGE DITCH (WIDTH) 50.0 67 .5 52. 5 70 0 54.2 47 2 56 .2 60 0 53.2 65. 6

PUDDLES (MAPPED) 60.5 82 2 80. 2 63. 5 75.0 69 I 80 0 91. 2 78.7 86. 5

YELLOweOY (UPPED) 76 .7 85. 2 90.5 82. 5 66 7 42. 3 92 .7 60 .7 66.5 62 .7

SLOPE MEASUREMENTS' 87 .7 ._- 92.5 --- 90. 5 --- 91 5 --- 90.7 ---

HIGHULL HEIGHT2 94. 0 --- 92.2 --- 89 .5 --- 95 2 --- 92.7 ---

OVERBURDEN REMOVAL ESTIMATES> --- --- --- --- --- --- 90 .2 --- --- ---

ACTI VE RECLAMAT I ON (MAPPED) 95 5 96 .5 97.7 96.7 97 . 5 92 . 3 95.5 97 7 96 6 97 .7

CO~PlETED RECLAMATION (MAPPEO) 90.5 65. 2 65.7 90.0 65. 2 61 2 92.7 92 .5 66.5 69. 2

REFUSE MATER I AL (MAPPEO) 92.7 96 0 92 0 93 0 94 .7 89 .7 92 7 96 0 93.0 95 0

TOP SOIL PILES (MAPPEO) 95. 2 66 .5 94 0 92 7 67 .5 64. 1 94 7 90 0 93 0 69 .7

TOP SO IL, REGRAOEO (MAPPEO) 66.5 67 .7 66 .2 69. 5 65 2 61.3 65. 0 BB.5 B6 .7 B6 .5

SPOIL PILES (MAPPEO) B9 0 95 2 BB.5 B9. 2 87 .7 B6.4 90.5 97 0 69 0 93 7

SPO IL, REGRAOEO (MAPPEO) 82.7 65 .2 86.0 90 2 66.7 83.8 90 7 92.7 87 .0 69 .6

AREA MEASUREMENTS - ACTIVE

RECLAMAT I ON. COMPLETED RECLAMATION.

REFUSE MATERIALS, TOP SOIL PILES,

REGRA~ED TOP SO IL, SPO I L PILES.

REGRADEO SPO IL 91 .2 93 1 94.7 95 1 93.2 89 9 69.2 91 .3 92 0 93.0

RILL EROSION (IOENTIFICATloN) 79 0 60 .2 61 .7 61 .0 80.2 74.2 60.7 63. 5 60 .5 61.5

GULLY EROSION (IDENTifiCATION) 92 7 91. 2 94 7 92 7 91.7 66.3 93.5 92 .5 93. 2 92.2

SHEET EROSION (IOENTIFICATION) 61 7 57 .7 57 7 56 .0 53.5 52.3 560 60. 5 57 .7 59.5

RILL EROSION (LENGTH MEASUREMENT) 85 5 79. 2 83 .2 81 .7 63.2 69 .4 65. 2 63 0 64.2 BI .2
GULLY EROSION (LENGTH MEASUREMENT) 65 7 80 2 66 .7 65 .5 67 7 63. 2 67 2 81.5 67 0 82 .5

RILL EROSION (WIDTH MEASUREMENT) 50 2 54.2 49.2 52.5 52 .7 40.9 50. 7 49 0 507 52.0

GULLY ERGSloN (WIDTH MEASUREMENT) 66.7 677 63.0 65.2 61 .7 57.5 64.5 65.2 64 0 66.0

RILL EROSION (DEPTH)2 22.7 --- 10.5 --- 6 .5 --- 17.7 --- 16,6 ---
GULLY EROSION (OEPTH)' 21 1 --- 8 D' --- II 7 --- 23 0 --- 16.2 -_.

CON I FEROUS TREE IDENTifiCATION 75 0 92. 5 66 .7 97 7 67 .0 70 I 57 .5 64.0 77 .0 91 0

DECIDUOUS TREE IDENTIFICATION 7J.5 69 .2 89. 2 96.2 66.0 69.4 76 .2 62.5 63.2 90 0

RECLAMATION SPECIES IDENTifiCATION 64 0 92 0 85 0 92.5 56.2 67.4 77 .5 66.7 90.4 75 6

LEGUMES I DENT I f I CATION 79.2 80 .2 62 5 79 .2 50 0 74. I 75 .2 77.7 717 79.0

TREEs/ACRE MEASUREMENT>IB"CROWN 01 AMETER 76.5 80.2 62.7 79. 2 76 .0 71 2 79 .5 65.5 79.2 817

PERCENT COVER GRASSES & LEGUMES 80 5 79.5 81 2 80 0 30 .2 26 4 82 0 81. 7 68.5 60.5

VEGETATIVE VIGOR 50 2 54.2 50 0 30. 2 --- N/A 45. 5 46.5 48.5 50.7

VEGETATI VE 0IS TU RBANCE( AC I 0 I TY /SEo IMEHT) 79 2 90 5 53 .2 60.2 --- N/A 76 .7 67.2 59.7 79 .2

1. LOW SUN ANGLE PRECLUOEo THE COLLECTION Of COLOR IR IMAGERY IN WINTER, HOWEVER, 6LACK ANO WH I TE IMAGERY WAS COLLECTED AND INTERPRETED.

2. MEASUREMENTS WI TH THE PARALLAX BAR WERE ONLY CONOUCTED WITH COLOR IMAGERY.

3. OVERBURDEN REMOVAL ESTIMATES WERE ONLY DONE OUR I NG ONE SPRING SEASON BECAUSE GROUNO TRUTH OATA SUPPLIEO BY COOPERATING COAL OPERATORS
WAS ONLY AVAILABLE OURING HilS SEASON.

TABLE 1Q AVERAGE " ACCURACIES FOR SELECTED PRE-MINE PLANNING,RECLAMATION, AND MINE PROGRESS FEHURES AND PARAMETERS
77 -7 5

-96-



-------------------------------- H R8 - 5 I N G E R . INC.

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 which 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

old 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

~egetative 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 better 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 their long linear shapes. Paved roads can be

distinguished from unpaved quite easily. However t it can be difficult to

determine if unpaved roads are private or public. Old haul roads to abandoned

mines were quite visible, 'however. These roads were being traveled by four :'r;;,::

wheel drive vehicles which helped prevent vegetation establishment. Roads!

were identified 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. Accuracies after leaf drop in fall and winter average

> 95 percentc In spring and summer accuracies average 77 percent. There is no

significant variation between film types. Stereo viewing is absolutely necessary

to map drainage features. Intermittent small streams and drainage channels are

difficult to see but their presence can be inferred by noting slope aspect and

low areas when viewing photographs in stereo. The microtopography is more

visible in fall and winter when vegetation is dormant t and this facilitates the

mapping of drainage patterns.
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j) Preparation Facilities

These were identified with almost 100 percent accuracy

in every season with both film types. The pxesence of covered conveyor

belts, settling ponds, and the distinctive shape of crusher/washer buidlings

are key identifiers.

k) Storage Facilities

Storage areas were identified 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 seasons. Accuracies

were slightly better with color infrared photographs. Identification 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 better. 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.

0) Puddles

When present puddles larger than 3 ft in diameter were

identified with accuracies of > 75 percent on both film 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 ph~tography 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. ~ccuracies ~ 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·

phenomenon. 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 is a brown color with just a slight hint

of 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. In streams the visibility is partially dependent on water level.

Bottom visibility is less during high flow periods 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
0

errors for linear measurements on unrectified photographs

will be between 10-20% because ·of the geometry of a vertical view and scale

changes caused by terrian height differences.

r) 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 pos;itively identified. Area measurements were made with a

polar planimeter. Errors can 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 the 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 principal points and conjugate principal points.

-101-



t) Volume Estimates

Volume estimates for spoil piles, coal stock piles,

stored top soil piles and overburden removed were derived by manual photo­

grammetric techniques from the color aerial photography. Accuracies for

spoil piles, stored topsoil, and coal stock piles were very poor. However,

overburden removed estimates were accomplished with an average accuracy of

90 percent with spring photography. This type of measurement was only

conducted during the spring season beca4se 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 soils are zonation, clay and mineral content,

particle size, temperature regime, depth of soil, moisture, and color.

Almost all of these characteristics must be known for a particular soil

before that soil can be classified.' .Many of these c·haracteristics cannot

be determiri~d from aerial photographs~ For' this reason soils typing from

aerial photographs is always done in conjunction with ground t.ruth data •

. The process that was used for soils typing in this

study is.simila.r to the sollmappingmethod used in the Soil Conservation

Service({SCS) county offices throughout the United States.· Ground truth

was collected at scattered points throughout the area to be mapped. The

.ground'trUth consists 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 soils .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
I

photography was used because vegetative 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 photography.

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 termed photogeology. 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 soils tend to mask many geologic

features and. even make ground geological reconnaissance somewhat difficult.

However, 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). Destructional tributaries and streams reflect the character and

structure of underlying rock units. 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, sandstone-shale, etc.).



Basic rock types in the region were determined to be

shale with some sandstone present. This was inferred from drainage pattern

analysis. The results were the same for all three film

types. The drainage 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 anticlinal

and synclinal structures may be observed on aerial photgraphy with some

proficiency. For example, an offset ina 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 geologic 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

thr?ughout an area and if the rock units that occur above and below this

bed are known, the bed can be used to map the rock units above and below. In

areas where abandoned mined lands are numerous, the old highwalls 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 color 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 ground observer, may 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 rocks 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 lbbes 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.

Colluvial deposits is a general term applied to loose

heterogeneous material or incoherent masses of soil and rock ~ragments usually

deposited at the base of steeper slopes. The colluvium is deposited by

unconcentrated surface runoff 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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Photogeo10gic results were similar with all three

film types; however, the interpreter expressed a preference for black and

white photographs because he felt varied ,color tones can be distracting. Winter

season is the best because there ~s-lessvegetation to obscure geologic features

and indicators. Asc-a1e of more synoptic view than1arger'sca1es, 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. AERIAL PHOTOGRAPHIC APPLICATIONS FOR RECLM1ATION 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 minimum 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. Features

can be irlentified 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. Contour mine reclaimed sites are long narrow shapes parallel

to ridge tops. Area mine reclaimed sites are usually more irregular in shape

-107-



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 distribution appears. Identification

accuracies were similar with both color and color infrared photography. In

general, the interpretability of completed successful reclamation decreases

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

c) Coal Refuse Material

Coal refuse material was identif ied 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

is sometimes confused with shadows at the bottom of the pit.

d) Topsoil Piles

Topsoil piles were recognized 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

usually 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 topsoil was recognized with an accuracy ~ 85

percent for all seasons and film types. The color of the topsoil is usually

lighter than spoil 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 topsoil are the same

color the smooth texture of the topsoil is the key indicator. This relationship

between tone and texture of spoil and topsoil is generally the same throughout

the Appalachian coal region.

f) Spoil Piles

Spoil piles were identified with an accuracy::: 87

percent of all seasons and film types. The dark tones, rough texture, and

proximity to the pit are key identif iers. In addition, the curved adj acent

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 parallel 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 ident·ification differences were found.

i) Gully 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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j) Sheet Erosion

Sheet erosion is 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 amount~ of soil are being moved by sheet erosion.

This sediment is usually fine textured and lighter than the surrounding topsoil.

The effects of sheet erosion are visible only when large amounts of soil moved

by this process accumulate in an area visible on the photograph. In such cases

an interpreter can indicate with 100 percent 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

were 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 either 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

distingu~shed from deciduous species 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 ~ 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.

0) Reclamation Grasses & 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

~rey-purple hues of the grasses. During the spring and early summer grasses

and legumes are hard to distinguish with both film types unless the legumes

are concentrated in almost pure stands. When this occurs legumes appear much

darker than the surrounding grasses on both color and color infrared photography.

Accuracies for identifying legumes and grasses in late summer and early fall are

~ 79 percent with color photographs and ~ 89 percent with color infrared

photographs.

p) 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.
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Inaccuracies occur in dense deciduous 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 known 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. Winter 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 ions in the root media were visible on the leaves of gras.ses

and legumes, however, these symptoms were not manifested in the tonal 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 increase the vegetation is generally of low vigor.

In tree plantings the percent dead or missing trees is an indication of vigor,

however this 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 build-up from erosion can be identified quite easily. Reclamation

species 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 is 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 is 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, sedimentation, or

both the dead leafless trees are easily visible on aerial,ppotographs. 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 acid waters that carried the sediment to that location. 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 grasses, legumes, and

trees were recognized with an accuracy ~ 87 percent with color infrared photo-,

graphy collected in the spring 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 points are difficult to mark

on transparencies. Horizontal measurements were made with an engineers scale
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and vertical 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 Band 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

accuracies 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

all the features and parameters discussed above are interpreted (Assuming:

three foot coal 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 features discussed in parts Band 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

photographs 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 Band C are not

enhanced by shadows. In fact, many features may be obscured by shadows. Low

sun angles are not desirable for most 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 that 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 photography 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 aerial 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 purposes:

•
•
•
•

Pre-mine planning

Monitoring the revegetation aspect of reclamation

Monitoring all aspects of the reclamation process

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

defined
a

); 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 on 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.

The equationsb )' 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. Each 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

XicIR ­

XiBW

"

"

"
11

"

"

"
II

"
II

"
II

color infrared

black & white
photos

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

to

N
Xj = t~ij/N

2 N 2
Sx. =

tiXij
- X.) /N-l

J J

V (uj ) = Sx 2 /n
j

(1)

(2)

(3)

where

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

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

X. is an estimate of the population mean (u.) of interpretability
J rating for mining related subjects per stte

2SX j is. an estimate of population variance per site

V(u.) is an estimate of the variance of u. (simple random sampling
J estimator) for all sites included irt 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.

where

TC.
J

co. + n (CD. + CI,)
J J J

(4)

(5)

TC. is total cost for each method
J

CO
j

is total fixed. cost which is equal to cost of flight mobilization

for this analysis, in dollars.

CD. is total cost of data collection which includes the cost of flying
J

time and film processing, in dollars.

CI. is total cost of interpretation derived from time expended (average
J

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.

Equation (5) or (5a)c) defines the effectiveness criterion that is useful

to measure the efficiency E. of the operational performance of each j type ofJ .
aerial data collection and interpretation. It is derived from the variance shown

in equations (2) and (3).

E. 100~ V(~.) I u.
J J J

where
Fx.

2
./n

100 ]
x·J

(Sa)

Ej 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 (Sa) to determine the best methodd). The best method is the one that

c) 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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minimizes Ej subject to a budgetary constraint imposed by the cost function defined

in equation (4). In order to show how the relative efficiencies of each method

or operational use 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 (Sa). The cost function can be

rewritten as:

n = TC.
J

CO. / CD. + CI.
J J J

(6)

(7)

When it is Sub~titu~ed/ into equaJtion (~a) it yields equation (7)

Sx. n Sx. (CD. + CI.) / TC. - CO.
E. = 100 _J = 100 ._.....J J'-_---I.J JI..-_---I.,_

J ~. ~
2 -where Sx. ,CD., CI., CO. and x. are known values and Te. is the variable for each

J J J J J J
type of data collection and interpretation. Equation (7) is 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

collection; (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 interpretation were 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
e)

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

~ Appendix B lists specific parameters in each category.
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were derived from the photographs. The quantification was done by means of'

a 1, 2, 3, 4 interpretability rating sca1e(f). The data on interpretability

ratings were compiled 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 calculated percent accuracy for each type of sensor by

o season and by the three maj or landscape categories are shown in

Table 10 on Page 95. The data on interpretability ratings were converted into .~

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 which 4

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 accuracy

to test statistically if there were significan~ 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 operational 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 of 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 data 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 color

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-

zation 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

parencies on six sites.

-- -- -122-



_______________________________ H R 8 . S' I; N G E R . INC.

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,

cost to the user may reduce slightly the cost advantage of color infrared transparenc:i:es.

The cost of photo interpretation for mine

planning purposes also differs between the two films by season. It costs

approximately $3 to $4 more per square mile to interpret pre-mining 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 interpretation 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 of 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.

'~123:-
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TABLE 11 COST OF SURVEYING MAJOR FEATURES RELATEO TO PRE-MINE PLANNING BY FILM TYPE ANO SEASON WITH
1: 12000 SCALE PHOTOGRAPHY (IN OOLLARS)

7i -71

SUM~ER FALL WINTER SPRING AVERAGE OF
co ST I1EM

COLOR BLACK AND COLO R COLOR IR GROUND SU RVEYCOLOR COLOR IR COL GR COL:R IR
WH I TE

S/SOU~Rr MI LE

INTERPRETA TION , , 47 ,36 43, 76 38 16 35.28 39 ,60 10139.36 39, 04 40 08

~ER1AL DATA COLLECTION(C 1B 00 12 00 '8 00 12 00 18 00 6 00 18 00 12 00

SU8TOTAL 65, 36 55 76 56, '6 . 47, 28 57 60 45, 36 57 ,04 J2 08

AERI~L MOBIL:Z~TION ( d) 700 DO 700 00 700 00 1:)0 00 70e 00 , DC 00 700 00 700 DC

TO TAL 765,36 755, 76 756, 16 747 28 757 ,60 745, 36 757 04 7J2 ,08 640

VAGRE 1 20 1' 1B I 18 1 17 1 IB I 16 I 1B I 17 1,00

VTON OF COAL I I , ,0016 ,0015 ,0015 ,0015 00 1J ,00 15 ,00 I5 .00 I5 .0012

S/'O SOU~RE MILES

INTERPRETATION 473 60 437 ,60 3BI 60 352 BO 396 ,00 393,60 390. 40 400, 80

AERIAL DATA COLLECTION 1BO 00 120 00 1BO 00 120 00 IB0 00 60 00 1BO 00 120 00

Su8TOTAL 653 ,60 557 60 J6 I ,60 472,80 J76 00 453 60 J70 40 520 80

AERIAL MOBIL:ZATION 700 00 700 00 700 00 700 00 700 00 700 00 700 00 700 00 ,
TOT AL 1353,60 1257 ,60 126 1 60 1'72 80 1276,00 I 153 60 1270,40 1220 00 6400

S/~ CR E , 2I , 20 ' 20 ' 1B ' 20 1B 20 , 19 1,00

5!TON OF C0~L 0003 0003 .0003 ,0002 ,0003 0002 0003 0002 .0012

S/IOO SOU~RE MI LES

INTERPRETATION 4736 ,00 4376 00 3816.00 3528 00 3960 00 3936,00 3904 00 4008 00

AERIAL DATA COLLECTION 1800 DO 1200 00 1800 DO 1200 00 1800 00 600 00 IBOO 00 1200 00

SU8TOTAL 6536 00 5:; 16,00 5616 00 472 B CO 576C 00 4536 00 5704 00 520 B 00

AERIAL MOBI LI ZATION 700 00 700 DO 700 DO 700 00 700 00 700 00 700 00 700 00

TO TA L 7236 00 6276 ,00 6316 00 542B 00 6460 00 5236 00 6404 00 590B 00 64000 -
S/ACRE .11 ,10 .. 10 ,09 10 DB ' 10 ,09 1. 00

S/TON OF COAL .0001 0001 .0001 ,000 I .0001 000 1 0001 0001 .0012

5/1000 SOUARE II' l ES

INTERPRETATION 47360 00 43760 DC 38160 00 3nBO 00 39600 00 39360 00 39040 00 40080 00

AERIAL DATA COLLECTION 18000 00 12000,OC 18000 00 12000 00 1BOO 0 00 6000 00 IBOOO 00 12000 00

SUBTOTAL 65360 00 55760 00 56160 00 47280 00 57600 00 45360 00 57040 00 520BO 00

AERIAL MOBILIZATION ( g) 1400 00 1400 00 1400 00 1400 00 1400 00 1400 00 1400 00 1400 00

TO TAL 66760 00 57160 00 57560 00 486 BO DO 59000 00 46760 00 58440 00 534BO,00 640000

S/ACRE 10 ,09 ,09 ,08 ,09 ,07 ,09 ,DB 1,00

S/TON OF COAL ,000 I ,000 I .0001 ,0001 ,0001 ,0001 ,0001 0001 0012

( a) ASSUME $8.00 HOURLY RATE FOR INTERPRETER.

( b) COLOR IR NOT COLLECTEO DURING WINTER BECAUSE OF LOW SUN ANGLE.

( c) INCLUDES flYING TIME, PHOTO PROCESSING AND INDEXING,

( d) BASED ON SITE WITHIN 300 MILES OF BASE (1 DAY DATA COLLECTION)

( e) AERIAL DATA COLLECTION COSTS BASED ON AVERAGE OF SEVERAL AERIAL SURVEY COMPANIES,

( f) ASSUME A 3• SEAM OF COAL IS TO BE MINED WITH A 85% RECOVERY RATE, AERI AL COVERAGE IS 5 TIMES MORE THAN AREA TO
BE MINED.

( 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.

_. ""-1·24-
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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 color and took more

time to interpret. Operational performance or percent accuracy of feature and

parameter 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. In

general, the performance or percent accuracy rating for color .infrared is higher

than for color photography for interpreting pre-mining features in summer, fall,

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 VALUES OF PERFORMANCE ACCURACY FOR INTERPRETING. LANO
USE AND VEGETATION FOR PRE-MINE PLANNING BY FILM BY
SEASON US ING 1: 12000 SCALE AERIAL PHOTOGRAPHY

77 -71

PERCENT ACCURACY

FILM TYPE AND SEASON
LAND USE VEGETAllON

SUMMER 80.71 B3.75

COLOR FALL 88.08 79.07

SPRING 88.21 76.77

SUMMER 91.50 78.61

COLOR FALL 94.35 86.32
IR

SP RIN G 90.58 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 fall and approximately

three percent in the spring.



Data used for calculating means were analyzed statistically
(h)

using an analysis of variance technique called multi-factor classification.

This analysis was done to test the hypothesis that there were no significant

differences in the relative performance of the two types of films by seasons

and by land use and vegetation categories.

Results of the analysis of variance are shown in Tables 13

and 14. 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 monitoring land use and vegetation, the differences in the performance

accuracy between color and color infrared are statistically significant at

a one percent level. (i) These results are attested to by the highly significant

F-ratios(j) 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 said to be more efficient than another if under specified

conditions it yields more reliable results per unit cost. The results show

that for mine planning purposes it is 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) This implies that the chance or probability of including the feature under
investigation in a random sample is 99 percent out of 100.

(j)F ratio is associated with an F-distribution. The F distribution is the
test statistic applied to establish the significance test of no differences
between or among variances.
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TABLE 13 ANALYSIS OF VARIANCE ON LAND USE INTERPRETATION FILM TYPE BY SEASON
77 -7 I

SOURCES OF YARIATION OEGREES OF FREEOOM SUM OF THE SQUARES MEAN SQUARE HAll 0

(B) FILM TYPE
1 1759.90 1759.90 3B.59"(COLOR YS COLOR IR)

(A) SEASON WITHIN FILM TYPE 4 1244.85 311.21 6.82"

INTERACTION OF AWITH B (2) (499.38)

(Cl LAND USE INTERPRETATIONS 27 14758.09 54~.59

EXPERIMENTAL ERROR 135 6156.35 45.60

INTERACTION OF AWITH C (54) (4289.84

INTERACTION OF BWITH C (27) (1143.99)

INTERACTION OF AWITH BAND C (54) (722.47)

TOTH 167
.

"SIGNIFICANT AT 1% LEYEL

TABLE 14 ANALYSIS OF VARIANCE ON VEGETATION INTERPRETATION BY F1LM TYPE SEASON

SOURCES OF YARIATION DEGREES OF FREEDOM SUM OF THE SQUARES MEAN SQUARE HAll 0

(B) FILM TYPE
2226.0 17.45"(COLOR YS COLOR IR) 1 2226.0

(A) SEASON WITHIN FI LM TYPE 4 3180. 14 795.03 6.23

INTERACTION OF AWITH B (2) (556.27)

(C) YEGETATION INTERPRETATIONS 18 43B58.96 2436.60

EXPERIMENTAL ERROR 90 11478 4 127.53

INTERACTION OF AWITH C (36) (973B.04)

INTERACTION OF BWITH C (IB) (650.29)
INTERACTION OF AWITH BAND C 36 (1090 07)

TOTH 113

TABLE 15 RELATIVE ERROR VARIANCES FOR RATING THE EFFICIENCY OF COLOR AND COLOR IR TO SURVEY LAND
USE AND VEGETATION

FILM TYPE ANO SEASON PERCENT ERROR

LANO USE YEGETAli ON

COLOR SUMMER 6 65 14.00

FALL 4 70 9 15

SPRING 3 10 6.90

SUMMER 375 11 .50
COLOR IR FALL 270 685

SPRING 2.60 6 80

IN STATISTICAL PARLANCE, THIS IS ONE STANOARD DEYIATION EXPRESSED IN APERCENT OF THE MEAN ACKIEYEO WITHIN THE BUOGET
OR COST ALLOCATEO

(A) - SPRING,SUMMER,FALL UNDER COLOR ANO COLOR IR

(B) - COLOR YS COLOR IR
(C) - SAMPLE FEATURES USED IN INTERPRETATION
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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 function, 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 cost ($127~) for A is

much lower than D(6.65 percent with $1355). 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

comparison is between G and I for summer, and Hand J for fall. The relation­

ship in ~pring 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 collection 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 vegetation 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 are given in Table 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 monitor 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 spring, 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 as vegetation.

Data compiled 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.
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TABLE 16 COST OF MONITORING THE REVEGETATION ASPECT OF RECLAMATION BY FILM TYPE ANO
SEASON WITH 1:12000 SCALE PHOTOGRAPHY' (IN OOLLARS) 77-71

SUMMER FALL WINTER SPRING
COST ITEM BLACK ANOCOLOR COLOR IR COLOR COLOR IR COLOR WH I TE COLOR COLOR IR

$/SQUARE MILE
-- -_.., . .-

INTERPRETATION 14.0B 14,96 15,6B 15,52 15,76 16, BO 16,00 16.B8
--~- -- .. --- 1------

DATA COLLECTION lB.OD 12.00 lB.OO 12.00 18.00 6.00 lB.OO 12.00
-I- ---- I----

SUB-TOTAL 32.08 26,96 33.68 27,52 33.76 32.80 34.00 28.8B
- 1--- - --- - t--- 1-----

UOBILI ZATION 700.00 700.00 700.00 700.00 700.00 700.00 700.00 700.00
- .- .- ~ -_.-

TOTAL 732,08 726 ' 96 733,68 727.52 733,76 732.80 734,00 728,88

$/ACRE 1. 14 1. 14 1. 15 1.14 1. 15 1.15 1. 15 1. 14
- ----_.- - -- .- --_.

~

$/TON OF COAL .0015 ,0015 . DO 15.0015 .0015 , DO 15 . DO 15 . DO 15

$/10 SQUARE MILES
-

INTERPRETATION 140.80 149,60 156.80 155.20 157,60 168. DO 160.00 168,80
-- f----- 1--.

DATA COLLECTION 180.00 120.00 180. DO 120.00 180.00 60.00 180.00 120.00

SUB-TOTAL 320,80 269,60 336,80 275,20 337,60 228.00 340,00 288,80
'-- - -~

MOBILIZATION 700.00 700.00 700.00 700.00 700.00 700.00 700.00 700.00
f--- f-- ~--- ---- f---

TOTAL 1020.80 969.60 1036,80 975,20 1037,60 928,00 1040. DO 988,80
-. f----- --~ '----

$/ACRE ,16 ,15 .16 ,15 ,16 ,15 ,16 ,16
- -I--- --- 1-----

$/TON OF COAL ,0002 .0002 .0002 .0002 .0002 .0002 .0002 . ODD 2

$/100 SQUARE III LES
- - - - -- - -I- --

INTERPRETATION 1408.00 1496,00 1568.00 1552.00 1576.00 1680.00 1600.00 16B8.oo

DATA COLLECT ION 1800.00 1200.00 1800.00 1200.00 1800.00 600.00 1800.00 1200.00

SUB-TOTAL 3208.00 2696.00 3368.00 2752,00 3376,00 2280,00 3400.00 2888.00_. -
MOBILIZATION 700.00 700.00 700.00 700.00 700.00 700.00 700.00 700.00

.- --
TOTAL 3908.00 3396,00 4068,00 3452.00 4076,00 2980.00 4100.00 3588.00

.- -- . --_.

$/ACRE ,06 ,05 .06 ,05 ,06 ,05 ,06 ,06
--

$/TON OF COAL .0001 .0001 ,0001 .0001 .0001 .0001 . DOD 1 .0001

$/1000 SQUARE MILES
--- - '-- -- --- -- -

INTERPRETAT ION 1.4080.00 14960,00 15680.00 15520.00 15760.00 16800.00 16000.00 16880.00

DATA COLLECT ION 18000.00 12000,00 18000.00 12000,00 18000.00 6000..00 lBOOO.OO 12000.00

SUB-TOTAL 32080,00 26960,00 33680,00 27520.00 33760.00 22800.00 34000,00 28880.00
'---_.- -- ---- - - 1--- ..

MOBILIZATION 1400.00 1400.00 1400. DO 1400.00 1400.00 1400.00 1400.00 1400.00
-

TOTAL 33480.02 28360.00 35080.00 28920.00 35160.00 24200 ..00 35400. DO 30280.00

$/ACRE .05 ,04 ,06 ,05 ,06 ,01 .05 ,05
-- --. -------- ~_._---

$/TON 0F COAL .0001 ,0001 , DOD 1 .0001 .0001 .0001 . ODD 1 . ODD 1

..-- -13l-_
·..... "':".. .".-...7~· -



TABLE 17 COST OF MONITORING ALL ASPECTS OF THE SURFACE MINE RECLAMATION BY FILM TYPE AND
SEASON WI TH 1: 12000 SCALE PHOTOGRAPHY. (IN DOLLARS) 77 -71

SUMMER FALL WINTER SPRING
COST ITEM BLACK ANOCOLOR COLOR IR COLOR COLOR IR COLOR

WH I TE
COLOR COLOR IR

$/SQUARE MILES

INTERPRETATION 61.36 62 00 50.4B 4B.56 60.40 60.32 60.0B 61. 68

OAT A COL:lECT ION 1B. 00 12,00 16,00 12.00 16,00 6.00 18.00 12.00

SUB-TOTAL 79.36 74.00 66.46 60.56 76.40 66.32 76.06 73.68

MOBILIZATION 700.00 700.00 700.80 700.00 700.00 700.00 700.00 700.00

TOTAL 77 9.36 774.00 766.46 760.56 77 6.40 766.00 776.11 773.66

$/ACRE 1.22 1. 21 1. 20 1. 19 1.22 1.20 1. 22 1. 21

$/TON OF COAL .0016 .0016 .0015 .0015 .0016 .0015 .0016 .0016

$/10 SQUARE MILES

INTERPRETATION 613.60 620.00 504.60 465.60 604.00 603. 20 600.60 616.60

DATA COLLECTION 160.00 120.00 160.00 120.00 160.00 60.00 160.00 120.00

SUB-TOTAL 793.60 740.00 664.80 605.60 764.00 663. 20 760.80 736.80

MOBILI ZATION 700.00 700.00 700.00 700.00 700. 00 700.00 700.00 700.00

TOTAL 1493.60 1440.00 1364.80 1305.60 1464.00 1363.20 1480.60 1436.80

$/ACRE .23 .23 .22 .20 . 23 .21 .23 .22

$lTON OF COAL .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003

$/100 SQUARE MILES

INTERPRETA TION 6136.00 6200.00 5046.00 ' 4656.00 6040.00 6032.00 6000.00 6168.00

DATA COLLECTION 1600.00 1200.00 1600.00 1200 . 00 1600.00 6000.00 1600.00 1200.00

SUB-TOTAL 7936.00 7400.00 6646.00 6056.00 7640.00 6632.00 7606.00 7366.00

MOBILIZATION 700,,00 700.00 700.00 700,00 700.00 700.00 700.00 700.00

TOTAL 6636.00 6100.00 7546.00 6756.00 6540.00 7332.00 6506.00 6066.00

$/ACRE .14 .13 .12 .11 .13 . 12 .13 .13

$/TON OF COAL .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0002

$/1000 SQUARE MILES

INTERPRETATION 61360.00 62000.00 50460.00 46560.00 60400.00 60320.00 60060.00 61660.00

DATA COLLECTION 18000.00 12000.00 16000.00 12000.00 16000.00 6000.00 16000.00 12000.00

SUB- TOTAL. 79360.00 74000.00 66480.00 60560.00 76400.00 66320.00 76060.00 73660.00

MOBILIZATION 1400.00 1400.00 1400.00 1400.00 1400.00 1400.00 1400.00 1400.00

TOTAL 60760.00 75400.00 69660.00 61960.00 79600.00 67720.00 79460.00 75080,00

$/ACRE . 13 .12 .11 .10 .1 3 .11 . 12 .12

$/TON OF COAL .0002 ,0002 .0001 .0001 .0002 .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 is about the same for the summer and spring ($1440 and $1436).

However, total cost estimate is about a hundred dollars less ($1305) 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 transparencies 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 color and color infrared is statistically significant at the five percent

level. 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. In summary, it can be stated that it 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 topsoiling operations can be identified on black and white

photographs. Percent vegetative cover cannot be measured accurately with

black and white. Because black and white imagery is not good for vegetation

monitoring it is not recommended for reclamation monitoring.

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 cycle. Although the data used for the analysis on cost
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TABLE 18: ANALYSIS OF VARIANCE ON WATER INTERPRETATION BY FILM. TYPE BY SEASON
77 -71

SOURCES OF VARIATION DEGREES OF FREEDOM SUM OF THE SQUARE MEAN SQUARE F-RATI 0

(B) W~RTm (COLOR VS 1 1547.36 1547:36 4.77'"

(A) SEASON WITHIN FILM TYPE 4 12938.25 3234.56 9.97'

INTERACT ION BU (2 ) (12B47.88)

INTERACTION OF AWITH B (2) (90.37)

(C) WATER INTERPRETATI ON 18 42B57.48 2380.97

EXPERIMENTAL ERROR 90 29179.4 324.21
--

INTERACTION OF AWITH C (36 ) (23370.28)

INTERACTION OF B WITH C ( IB) (228440)

INTERACTION OF AWITH B&C 36 (3.524 .72)

TOTAL 113

• SIGNIFICANT AT 1% LEVEL
••• SIGNIFICANT AT 5% LEVEL

TABLE 19: MEAN VALUES OF PERFORMANCE ACCURACY TO MONITOR ALL ASPECTS OF THE REr.LAMATION PROCESS

FILM TYPE &SEASON PERCENT

LAND VEGETATION WATER

SUMMER BO.71 63.75 5276

COLOR FALL BB.08 79.07 72.96

WINTER B5.44 59.50 76.3B

SPR ING 8B.21 76.77 73.8B

SUMMER 9150 7B.61 57.69

COLOR IR FALL 94.35 8632 BO. 9B

SPR ING 90.5B 81 . 18 83.02

BLAC KAND WH ITE WINTER 76.74 48.20 61 .05

TABLE 20: RELATIVE ERROR VARIANCE FOR RATING THE EFFICIENCY OF TYPE OF FILM TO MONITOR ALL ASPECTS
OF THE RECLAMATION PROCESS BY SEASON

FILM TYPE &SEASON - PERCENT ERROR -

LANO USE VEGEH TION WATER

SUMMER 6.65 14. 00 20.60

COLOR FALL 4 70 9. 15 10.32

WINTER 5.58 13.62 7.66

SPRING 3 10 6.90 B.46

SUMMER 3 75 11 .50 18.25
COLOR IR

FALL 270 6.85 9.62

SPRING 2.60 6.BO 4.57

BLACK ANO WH ITE WINTER 0.31 16.77 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 inspection

of the mine area also 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 monitoring 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

similar conditions(i) under which the data are collected.

For planning purposes, 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 on 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).

(i)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.
- Skill 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. In

general, if the user relies on aerial surveys to monitor the entire mining

process from planning to the release of bon~ it will be more cost effective

if color infrared transparencies are used.
)

s. 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 associated

with on-going 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-

.'



_____________________________ H R B·o 5 I N GE R , INC.

70

60

50

~

en
a: 9...
...J
...J
e
e 8
e
z...
en
:::>
e
:z:
I-
~

W
I- 6...
::E-
I-
en
w

I- 5en
e
c.>

...J...
l-
e
I-

4

3

2

~ ~ COLOR

cr- - - ~ COLOR IR ,
I

I
/

/
I

/
/

I
/

I
/

/

f
I

I
/

/
I

I
I

I
I

OL- ---JL.__...L. ..1.... .,--_....J.. --t
10 100

AERIAL COVERAGE (SQUARE MILES)

1000

FIG. 16 RELATIONSHIP BETWEEN TOTAL tSTIMATEO COST AND AREA COVERED PER FALL OVERFLIGHT
77 -71

-137-



PJ
I

I
• .. COLOR· /

~--~ COLOR IR I
I

I
I

I
I

I
I

I
I

I
I

I

¥
I

I
I

I
I

I
I

I
I

I
I

I
I

3

50

70

60

;;; 9
a:...
~

...J 80
0

CI
Z...
en
::::>
0
::z::..........,
UJ........
2;-.....
en
UJ

5.....
en
0
c.:>

...J........
0.....

0L- -.J ...L. ..L.. ....:...__-J- ---i
10 100 1000

AERIAL COVERAGE (SQUARE MILES)

FIG. 17 RELATIONSHIP BETWEEN TOTAL ESTIMATEO COST ANO AREA COVEREO PER SPRING OVERFLIGHT

77 -71

-133-



____________________..... H R - B - 5 I N G E R . INC .

P
I

/
I

I
/

/
I

I
I

I
I

I
/

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I
I

I
I

I
I

I
I

I

SUMMER

As b. COLOR
~---f) COLOR IR

~

en
a:...
.....I
.....I
0 8Cl

Cl
:z...
en
:::::>
0
:l:
>-

.... 6>-...
:::E--en....
>- 5
en
0
c.>

.....I...-0>-

4

0L... ...L.__...,....-...L.. .....L ---I --1

10 100 1000

AERIAL COVERAGE (SQUARE MILES)

FIGURE 18 RELATIONSHIP BETWEEN TOTAL ESTIMATED COST AND AREA COVERED PER SUMMER OVERFLIGHT

77 -71

,.- :-139-- . _.y.... ....



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 per 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 rand color IR) can be used to adequately

collect 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

SUMMER FALL WINTER SPRING
COST ITEMS

BLACK AND
COLOR COLOR IR COLOR COLOR IR COLOR WH I TE COLOR COLOR IR

'.

1 SQUARE MILES

INTERPRETATION 7. 85 800 6.55 6.40 7 .75 7.85 7.75 7.90

DATA COLLECTION 2.30 1. 55 2.35 1.60 2.30 .80 2.30 1. 55

MOBILIZATION 89.85 90.4~ 91.10 92.00 89.95 91.35 89.95 90.55

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

10 SQUARE MILE

INTERPRETATION 41.05 43.05 36.40 37.15 40.70 44.25 40.55 42.90

DATA COLLECTION 12.05 8.35 13.00 9.20 12.15 4.40 12. 15 8.35

MOBILIZATION 46.90 48.60 50.60 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 MI LE

INTERPRETATION 72.55 77.70 68.50 73. 15 72.25 82.95 72. 15 77 .60

DATA COLLECTION 19.15 13. 55 22.00 16.30 19.35 7.40 19.45 13.60

MOBILIZATION 8.30 8.75 9.50 10.55 8.40 9.65 8.40 8.80

TOTAL 100.00 100.00 100.00 100.00 100.OU 100.00 100.00 100.00

1000 SQUARE MILES

INTERPRETATION 83.35 86.50 80.50 83.40 83.15 91.25 83.05 86.55

DATA COLLECTION 15.65 12.50 18.40 15.40 15.90 7.80 15.95 12.45

MOBILIZATION 1.00 1.00 1. 00 1.20 1.00 1. 05 1.00 1. 00

TOTAL i 00.00 100.00 100. DO 100.00 100.00 100,00 100.00 100.00
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As far as the amount of information obtainable from aerial

photography neither film type presents a distinct advantage. The amount of

ground work needed to collect information that cannot be obtained from aerial

photography is similar when either film type is used.

-145-

Reverse (Page 146) Blank~



j



-------------------------------- H R B - 5 I N G E R '. INC.

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 requirements resulting from regional differences such as

climate, vegetation, geology, 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 Mexico and Wyoming. Regulatory

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

From these discussions, various current uses of aerial photo­

graphy for surface coal mining planning and monitoring were determined, as

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

It was found that almost all of the western surface coal mine

opera~ors 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 r~loved, and make estimates of coal production.

Several mine operators are currently using color infrared aerial photography
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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 presently 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 photogI:l.aphic interpreter.

In general, western surface coal 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 commonly 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 amount 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 sma11- 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 assessments required

of the western operator are expensive and time-consuming and have

caused him to look at various data collection alternatives to

standard ground data collection. This is especially true of

vegetation assessments.

- --149-



The fact that aerial photography has been utilized in the

pre-mihingassessmentshas allowed the operator to become

familiar with the capabilities of aerial photography, and

he has continued to use it as a data collection tool during

m~ning 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 Colorado, aerial photo­

graphy was utilized to some extent in monitoring of surface coal mining

activity. In 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. I~,Wyoming ahd 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 archaeology as the most useful actual and potential

applications of color and color IR aerial photographt in monitoring the environ­

mental and reclamation progress of western surface mines.
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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 near 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 also 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 pf 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

Reservoir, which has typical riparian vegetation

bordering the river.

The Decker Mine isClocated in semi-arid prairie 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. c'

Armstrong coal seam are presently being mined. Production

from this mine totaled 750,000 tons in 1976. The coal is

mined 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 Coal Region a~e

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 mined 'using 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 task 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 were 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 and delineation 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 personnel

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 collected.

Ground truth data collection for soils consisted simply of

checking the regional maps that had been obtained from the Montana State

University and delineating local variations. All sites were dominated by the

Bainville-Midway soil association. 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 the native vegetation
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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 Environmental 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.

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. Pe~centage of Grass Cover

5. Vegetation Stress
-156-
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B. Geologic Parameters

l. Rock Units (Mapping)

2. Faults and Fractures

3. Surface Lithology

4. Unconsolidated Surface Deposits

c. Hydrologic Parameters

l. Surface Drainage

2. Alluvial Valleys

3. Surface Water Bodies

D. Soils

l. Erosion

2. Type

a. Coal Refuse

b. Spoil material
'.

Stored top soilc.

d. Regraded top soil

3. Slopes

4. Sediment Areas

E. Land Use
" ,
••'-<'

l. Grassland
;~, ~,

a. Grazed

b. Overgrazed

c. Ungrazed

2. Residential

3. Agriculture

4. Forest

5. Badlands

6. Abandoned Mine Land

7. Active Strip Pit

F. Archaeology

l. Trails

2. Habitations

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, Ohio, 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,OOOscale aerial photography 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 this 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 utility 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 mining 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 Reclamation
Features and Parameters

The average rating l obtained 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:

o - 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
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TABLE 22 AVERAGE INTERPRETABILITY RATINGS FOR RECLAMATION PARAMETERS SPRING SEASON
77 -7 1

AVERAGE EAST,ERN SITES AVERAGE WESTERN SI TES
PARAMETER:

COLOR COLOR IR COLOR COLOR IR

ACTIVE RECLAMATION 3.82 3.91 3.91 3.95

COMPLETEO RECLAMATION 3.71 3.70 3.75 3.74

REFUSE MATERIAL 3.71 3.84 3.74 3.84

TOP SOIL PILES 3.79 3.60 3.81 3.75

TOP SOIL REGRAOEO 3.49 3.54 3.62 3.63

SPOIL PILES 3.62 3.88 3.75 3.85

SPOIL REGRADED 3.49 3.54 3.51 3.52

RILL ERDSION (IDENTIFICATION) 3.23 3.34 3.52 3.58

GULLY EROSION ( IDENT:FICATION) 3.74 3.70 3.86 3.84

SHEET EROSION (IDENTIFICATION) 2.32 2.42 2.74 2.76

RILL EROSION (LENGTH) 3.41 3.32 3.52 3.51

GULLY EROSION (LENGTH) 3.49 3.26 3. ~ 1 3.42

RILL EROSION (WIDTH) 2.03 1. 96 2. 24 2.20

GULLY ERDSION (WIDTH) 2.58 2.61 3. 12 3, 11

RILL EROSION (DEPTH) .71 .63 .92 .75

GULLY EROSION (DEPTH) .92 .37 1.18 .67

,
CDNIFEROUS TREE IDENTIFICATION 2.26 3.36 3.15 3.65

DECIDUOUS 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 3.27 3.40 3.35

VEGETATI'iE VIGOR ; .82 1. 94 1. 86 1. 85

VEGETATIVE DI~TURBANCE 3.17 3.09 3.18 3. 12

SLOPE MEASURFMENT 3.60 X 3.72 X

AVERAGE 2.99 3.02 3.16 3.14
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The results of this analysis indicates that the

interpretation 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'interpretability 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 eastern 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 special western requirements.

c. Cost Comparisons for Data Collection

In general, the cost for collecting aerial photo­

graphy in 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 INTERPRrTABILITY RATINGS FOR PREMINE PLANNING ANO MINE PROGRESS PARA-
METERS-SPRING SEASON 77 -71

AVERAGE EASTERN SITES AVERAGE WESTERN SITES
PARAMETER

COLOR COLOR IR COLOR COLOR IR

AGR ICULTURE 3.98 3.96 3.99 3.99

PASTURE/GRASSLAND 3.97 3.97 3.99 3.99

RESIDENTIAL 3.90 3.96 3.95 3.97

ABANDONED STRIP PIT 3.84 3.90 3.90 3.92

UTILITY LINES 3.11 3.22 3.56 3.59

TRANSMISSION LI NES 3.43 3.58 3.60 3.62

ROADS 3.85 3.87 3.91 3.91

DRAINAGE PATTERNS 3.01 3.11 3.25 3. 27

PREPARATION FACIL:TIES 3.99 3.99 3.99 3.99

STORAGE FACILITIES 3.97 3.97 3.99 3.99

SHIPPING AREAS 3.95 3.97 3.99 3.99

MINING EQUIPMENT 3.23 3.60 3.50 3.60

IMPROVEMENTS 3.60 3.76 3.60 3.76

DRAINAGE DITCHES 3.34 3.50 3.41 3.51

PUDDLES 3.20 3.65 3.25 3.70

LINEAR MEASUREMENTS 3.09 3. 19 3.10 3.21

AREA MEASUREMENTS 3.79 3.84 3.80 3.84

HIGHWALL HEIGflT 3.81 X 3.80 X

OVERBURDEN REMOVAL ESTIMATE 3.61 X 3.63 X

AVERAGE 3.61 3.71 3.70 3.76
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western sites. This trade-off will probably make aerial photography even

more cost-effective than in the East:.<~j:n addition, the cost on a per ton
• OJ • ,:, ~"L "''-';} ,

of coal basis of collecting and intefpr~ting the aerial 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 m1n1ng sites, it

became obvious that there were several areas where more detailed photographic

interpretation techniques were needed for western mining sites. In addition ,.,

several unique 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

and mapping. Related to vegetation analysis are such areas as wildlife habitat ,.

analysis and range management. Because of the importance of vegetation

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



could be used for the western s1tet:i):':i:J~his comparison was accomplished on
'.:~ -; :t·;'!.:~~~ .

all of the western test sites .'<;:>
,,' .,'.

However, regulations make more detailed vegetation

analysis mandatory at the western surface mining sites. One of the most

important aspects of vegetation analysis is detailed species discrimination.

For this detailed 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
I

aerial photography. Each interpreter was provided a list 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 weed species

Salsola kali 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 ground truth data.

In order to determine if larger scale photography could

be utilized for more detailed differentiation of herbaceous species, 1:6.000

scale color and color infrared aerial photography was examined to determine

the increased detail present. It was found that there was little increase

in accuracy using the color aerial photography at this scale. However, color

infrared photography at 1:6,000 allowed the interpreters to discriminate

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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AGCR
AGSM
ARTR
BRJA
GUSA
AGSP
PIPO
JUSC
RHTR
BOGR
PL
CL
DF
W

CRESTED WHEATGRASS
WESTERN WHEATGRASS
BIG SAGE
ANNUAL BROME
BROOM SNAKEWEED
BLUE BUNCH WHEATGRASS
PONDEROSA PINE
JUNIPER
3-LEAF SUMAC
BLUE GRAMMA
PASTURE LAND
CULTIVATED LAND
DECIDUOUS FOREST
WATER

AGROPYRON CRISTATUM
AGROPYRON SMITHI I
ARTEMISIA TRIDENTATA
BROMUS JAPONICUS
GUTTIERREZIA SAROTHRAE
AGROPYRON SPICATUM
PINUS PONDERDSA
JUNIPERDUS SCOPULARUM
RHUS TRI LOBATA
BOUTELOUA GRACILIS

FIG. 24 VEGETATION MAP OF STUDY AREA DERIVED FROM 1:12,000 SCALE
COLOR INFRARED AERIAL PHOTOGRAPHY-BIG HORN MINE
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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 gxasses 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 consuming 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 noted 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 analysis indicate that color infrared

photography can be an excellent tool for species discrimination on western

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. Geo-Logle Mapping
.----

Geologic mapping, including coal outcrops, fractures,

faults, and 1inears, is an important aspect of pre-mine planning of any

surface mine. A key to successful geologic mapping with aerial photography

(photogeology) is 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 ground surveys. The analysis of the eastern

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 Basin

and in many parts of the West makes photogeo1ogic interpretation less difficult

than in the East.

Two photogeo1ogists utilized the 1:12,000 color aerial

photography of the sites to perform geologic interpretation. Figure 25 shows

the results of the geologic interpretation over a portion of the Decker min~

site. It was found that features such as benchlands, drainages,

alluvial deposits, scoria outcrops, faults, fractures, and 1inears 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 provide more useful geologic information, in that larger areas could be

interpreted and more subtle regional features may be detected.

Color photography is 'generally used for photogeo1ogic

interpretation rather than color infrared because tonal patterns are a major

key in geologic interpretations. Color photography provides true tonal

patterns for interpretations. It shqu1d be noted that photogeology, much

like vegetation analysis, should be performed by a geologist trained in

photographic interpretation techniques.

--------,
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1 ~ ACTIVE MINING

3 V::\J4_

BENCH LANDS (FLAT PLATEAUS) SEPARATED BY ESCARPMENTS, BENCHLANDS ARE UNDERLAIN
USUALLY BY SANDSTONE OR ANY ROCK MORE RESISTANT TO EROSION. IN SOME AREAS THE
CAPROCK OR SANDSTONE LEDGES CAN BE TRACED ON AERIAL PHOTOS OVER DISTANCES THAT
ALLOW SOME ESTIMATES OF REGIONAL STRIKE AND DIP.

SCORIA OR CLINKER CHARACTERIZED BY AN ORANGE TO REO COLOR AND VERY HUMMOCKY
RELIEF

DRAINAGE CHANNELS UNDERLAIN BY ALLUVI~L DESPOSITS OR CUT TO BEDROCK

5, ---- FRACTURE TRACES

6 ..... FAULTS
FIG. 25 GEOLOGIC INTERPRETATION OF COLOR PHOTOGRAPHY AT

1:12,000 SCALE - DECKER MINE
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In summary, color aerial photography can be utilize~ for

geologic 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 identification 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 is 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. The 1:.12,000 and 1: 6, OOOcolor aerial photography

was then studied in 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 resolution to locate these sites. It is possible,

however, that larger scale color photography could be used for archaeological

reconnaissance. Howev~r, such scales were not included in the scope of this

analysis.

It should be noted, however, that color aerial photography

. of scales of 1: 6',,000 and 1: 12, 000 could be used as a preliminary reconnaissance

tool· for archaeological studies. Possible habitat areas.could be identified

by topographically high areas, defensible positions, and proximity to water.

These areas could be identified and· then ground checked for verification.

F. CONCLUS IONS

As a result of the western site analysis the following conclusions

were made:

Most of the interpretation techniques developed for the

eastern sites can be utilized for the western surface

coal mining sites.
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In the areas of vegetation analysis, geologic reconnaissance

and archaeology, 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, where the infrared

photography is better.

Larger scale photography (less than'1:6,000) are probably

more useful for vegetation analysis and archaeological

reconnaissance 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 procedures

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 unique informational require­

ments associated with western mining. The manual should

include newly developed techniques for vegetative, geologic,

and archaeological analyses. The manual should also

address the standard procedures for land use, soils,

and water interpretaion, as well as basic photogrammetric

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. RECOMMENDATIONS

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 short 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 operators.

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 pre-mine vegetation, both quantity and quality; geology; archaeology;

and post-mining reclamation vegetation, quantity and quality.
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,XII. 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. The pho!:ography 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 ~rainage 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 mine regulations requir~ 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 photography 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, regraued 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 photography

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 to 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 therefore, 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.

Stereo coverage is desired for pre-mine planning, mine monitoring,

and reclamation monitoring.
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APPENDIX B DETAILED LIST OF FEATURES AND PARAMETERS

BY CATEGORIES WITH OPTIMAL SEASONS AND

FILM TYPES
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TABLE B-1 LIST DF MAPPED LAND USE FEATURES USED IN THIS STUDY

CAN BE BEST MAPPED BY BEST SEASON OR BEST FILM
FEATURE SEASONS FOR TYPEFIE LO AERIAL 1 BOTH COLLECTION OF AERIAL (COLOR OR COLOR IR)WORK PHOTOGRAPHY PH OTOGRAPHY

AGRI CUL TURE - X - SP~ING/SUMMER/FALL COLOR OR COLOR IR

FO RE ST - X - ALL SEASONS COLOR OR CO LOR IR

GRASS LAND/FALLOW LAND - X - SPRING/SUMMER/FALL COLOR OR COLOR IR

RESIDENTIAL - X - ALL SEASONS COLOR OR COLOR IR

ACTIVE STR:P PIT - - X ALL SEASONS COLOR OR COLOR IR

INACTIVE STRIP PIT - - X ALL SEASONS COLOR OR COLOR IR

ABANDON ED STR:P PI: - - X ALL SEASONS COLOR OR COLOR IR

TREATMENT FACILI:IES - - X FALL/W INTER· COLOR IR

PREPARATION FACILI:IES - - X ALL SEASONS COLOR OR COLOR IR

STORAGE FACILITIES - - X ALL SEASONS COLOR DR COLOR IR

X - DIFFICULT TO MAP N/ASHAFT OPEN:NGS -
FROM AERIAL PHOTOS

X - DIFFICULT TO MAP N/ASLOPE OPEN:NGS - FROM AERIAL PHOTOS

ORI"T OPEN:NGS X - - DIFFICULT TO MAP N/A
FROM AERIAL PHOTOS

X - - DIFFICULT TO MAP N/ABOREHOLES FROM AERIAL PHOTOS

SHIPPING AREAS - - X ALL SEASONS COLOR DR COLOR IR

SPO I L 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 Eau : PM EN T - - X SPRING/SUMMER/FALL COLOR IR

BUILDINGS - X - FALL/W INTER COLOR OR COLOR IR

CEMETERIES - X - ALL SEASONS COLOR OR COLOR IR

ROADS - X - ALL SEASONS COLOR OR COLOR IR

RAI LROAOS - X - ALL SEASONS COLOR OR COLOR IR

UTILITY L:NES X - - N/A

TRAN SM ' SSID N LI NES - X - ALL SEASONS COLOR OR COLOR IR

P!PE L!NES X - - N/A

1BASED ON US ING 1.12000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY, g" FILM FORMAT, STEREO
COVERAGE, AND <10% CLOUD COVER.
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TABLE B-2 LIST OF MEASUREO LAND USE PARAMETERS USED IN THIS STUDY

CAN BE BEST MEASURED BY BEST SEASON DR BEST FILM
PARAMETER SEASONS FOR TY PEFIELD AERIAL 1 COLLECTION OF AERIAL

WORK PHOTOGRAPHY BOTH (COLOR DR COLOR IR)PHOTOGRAPHY

AGRICULTURE (AREA) X ALL SEASONS COLOR/COLOR IR

FOREST (AREA) X ALL SEASONS COLOR/COLOR IR
--

RESIDENTIAL (AREA) X ALL SEASONS COLOR/COL-OR IR

ACTIVE STRIP PIT (AREA) X ALL SEASONS COLOR/COLOR IR

ABANDONED STRIP PIT (AREA) X ALL SEASONS COLOR/COLOR 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

TOP SOIL PILE (AREA) X ALL SEASONS COLOR/COLOR IR

SPOIL BANK (PEAK WIDTH) X ALL SEASONS COLOR/COLOR IR

1BASED ON US ING 112000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY, 9" FILM FORMAT, STEREO
COVERAGE, AND <10% CLOUD COVER,

APPENDIX B-3 LIST OF MAPPED VEGETATION FEATURES USED IN THIS STUDY

CAN BE BEST MAPPED BY BEST SEASON OR BEST FILM
FEATURE SEASONS FOR TYPEFIE LD AERIAL 1 COLLECTION OF AERIAL

WORK PHOTOGRAPHY BOTH (COLOR OR COLOR IR)PHOTOGRAPHY

CROPLAND X SUMMER/FALL COLOR OR COLOR IR

PASTURE X SPRING/SUMMER/FALL COLOR OR COLOR IR

ORCHARD X FALLIW INTER COLOR OR COLOR IR

IDLE FIELDS X SPRING/SUMMER/FALL COLOR OR COLOR IR

DECIDUOUS FOREST X FALLIW INTER COLOR IR

CONIFEROUS FOREST X FALLIW INTER COLOR IR

MIXED FOREST X FALL/W INTER COLOR IR

CA TTA ILS AND SEDGE X DIFFICULT TO MAP N/AFROM AERIAL PHOTOS
LAWNS & GARDENS X FALL COLOR OR COLOR IR

RESIDENTIAL TREES X FALL COLOR OR COLOR IR

GRASSES AND LEGUMES X LATE SUMMER/FALL COLOR IR

GRASSES, LEGUMES & TREES (M IXED) X LA'TE SUMMER/FALL COLOR IR
INDIVIDUAL CONIFEROUS TREES X FALL COLOR IR

INDIVIDUAL DECIDUOUS TREES X FALL COLOR IR

ANNUALS ON STORED TOPSOIL X SUMMER/FALL COLOR OR COLOR IR

AREAS OF DYING GRASSES & LEGUMES X SUMMER COLOR IR

VEGETATIVE STRESS X SUMMER COLOR IR

1BASED ON US ING 1: 12000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY, 9" FILM FORMAT, STEREO
COVERAGE, AND <10% CLOUD COVER
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APPEND IXB-4 LIST OF MEASURED VEGETATIVE PARAMETERS USED IN THIS STUDY

CAN BE BEST MEASURED BY BEST SEASON DR BEST FILMPARAME TE R SEASONS FOR
FIELD AERIAL 1 COLLECTION OF AERIAL TYPE

BOTH (COLOR OR COLOR IR)WORK PHOTOGRAPHY PHOTOGRAP HY

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 PE~ TREE SPECIES (NO) - - - - X SPRING/SUMMER/FALL COLOR OR COLOR IR

SIZE:~F BLOCK PLANTING X SPR lNG/FALL COLOR OR COLOR IR(ACRE - - - -

TIME OF PLANTING GRASSES
AND LEGUMES (SEASON/AGE) X - - - - SPRING/SUMMER/FALL COLOR OR COLOR IR

DEAD OR DYING GRASSES X - - - - SUMMER COLOR IR
OR LEGUMES (AREA)

COVER OF GRASSES AND X - - - - SPRING/SUMMER/FALL COLOR OR COLOR IR
LEGUMES (%)

GROUND COVER ~ TREE X SUMMER COLOR OR COLOR IRPLANTINGS (%)
- - - -

VEGETATIVE STRESS -
ACIDITY (AREA) - - - - X SUMMER COLOR IR

VEGETATIVE STRESS - X SUMMER COLOR IRSOLID DISTURBANCE (A REA)
- - - -

1 BASED ON US ING 1: 12000 SCALE COLOR ANO COLOR INFRARED AERIAL PHOTOGRAPHY, g" FILM FORMAT,
STEREu COVERAGE, AND <10% CLOUD COVER,
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APPENDIX 8-5 LIST OF MAPPED WATER FEATURES USED IN THIS STUDY

CAN BE BEST MAPPED BY BEST SEASON DR BEST FILMFEATURE SEASONS FOR TYPEFIELD AERIAL 1 BOTH COLLECTION OF AERIAL (COLOR OR COLOR IR)WORK PHOTOGRAPHY PHOTOGRAPHY

PONDS X SUMMER/FALL COLOR/COLOR IR

STREAMS X FAL UW INTER COLOR/COLOR IR

SEEPS X

DRAINAGE DITCH X SPRING COLOR IR

IMPOUNDMENTS X SPRING/SUMMER/FALL COLOR IR

PUDDLES X SPRING COLOR IR

SWAMPS X SPRING COLOR IR,

HOLDING PONDS X SUMMER/FALL COLOR/COLOR IR

YELLDWBOY X SPRING/SUMMER/FALL COLOR

HIGH TURBIDITY X ALL SEASONS COLOR

MODERATE TURBIDITY X ALL SEASONS COLOR

~LIGHT TURBIDITY X ALL SEASONS COLOR

TRANLUCENCE X ALL SEASONS COLOR

SEDIMENT ON LAND X SPRING COLOR IR

SUBAQUEOUS SEDIMENT X SUMMER COLOR

COLOR OF WATER X. ALL SEASONS COLOR

SHEET EROSION X

RILL.EROSION X ALL SEASONS COLOR/COLOR IR

GOLLY EROSION X ALL SEASONS COLOR/COLOR IR

I BASED ON US ING 1:12000 SCALE COLOR AND COLOR INFRARED AE RIAL PHOTOGRAPHY, 9 " FILM FORMAT,
STEREO COVERAGE, AND <10% CLOUD COVER.
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APPEND IXB-6 LIST OF MEASURED WATER PARAMETERS USED IN THIS STUDY

CAN BE BEST MEASURED BY BEST SEASON DR BEST FILM
PARAMETER SEASONS FOR TYPEFIELD AERIAL 1 BOTH COLLECT ION OF AER IAL (COLOR OR COLOR IR)WORK PHOTOGRAPHY PHOTOGRAPHY

POND (AREA) X FALL COLOR IR

STREAMS (WIDTH) X FALL 'HINTER COLOR IR

SEEPS (AREA) X N/A

ORA INAGE 0ITCH (WIDTH) X N/A

IMPOUNDMENTS (AREA) X SUMMER/FALL/W IiHER COLOR/COLOR IR

IMPOUNDMENT (OIST TO OWE LLI NG) X FA LL/W INTER COLOR DR COLOR IR

IMPOUNDMENT (0 1ST TO WELL) X N/A

IMPOUNDMENT DAM (W 10TH) X SUMME R/F ALL COLOR IR

IMPOUNDMENT DAM (LENGTH) X SUMMER/FALL COLOR IR

DRA INAGE 0ITCH (LENGTH) X SPRING COLOR/COLOR IR

RILL EROSION (W 10TH) X NOT EASILY DR N/A
ACCURATELY DETERMINED

RILL EROSION (DEPTH) X NOT EASILY OR N/A
ACCURATELY OETERM INED

GULLY EROSION (W 10TH) X MARGINAL IN SUMMER COLOR DR COLOR IR

GULL Y EROSION (DEPTH) X NOT EASILY OR N/A
ACCURATELY DETERMINED

RILL EROSION (LENGTH) X ALL SEASONS COLOR/COLOR IR

GULLY EROSION (LENGTH) X ALL SEASONS COLOR/COLOR IR

SWAMP (AREA) X SPRING COLOR/COLOR IR

lBASEO ON USING 112000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY, 9' FILM FORMAT, STEREO
COVERAGE, AND ~10% CLOUD COVER.

APPEND IXB-7 LIST OF MAPPED GEOLOGICAL FEATURES USED IN THIS STUDY

CAN BE BEST MAPPED BY BEST SEASON DR BEST FILM
FE ATURE SEASONS FOR TYPE (COLOR

FIELD AERIAL 1 COLLECTIO~ OF AERIAL
WORK PHOTOGRAPHY BOTH PHOTOGRAPHY COLOR IR, OR BW)

ROCK UNITS X FALL./W INTER COLOR, COLOR IR, B&W

COAL OUTCROPS X FALL/W INTER COLOR, COLOR IR, B&W

FRACTURE TRACES X SPRING COLOR, COLOR IR, B&W

1BASED ON USING 1.12000 SCALE COLOR AND COLOR INFRARED AERIAL PHDTOGRAPHY, 9" FILM FORMAT, STEREO
COVERAGE, AND <'0% CLOUD COVER
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B-8 LIST OF MAPPED SOILS FEATURES USED IN THIS STUDY

CAN BE BEST MAPPED BY BEST SEASON OR BEST FILM
FEATURE AERIAL 1

SEASONS FOR
TYPEFIflO COLLECTION OF AERIAL

WORK PHOTOGRAPHY BOTH PHOTOGRAPHY (COLOR OR COLOR IR)

SOIL TYPE X SUM~ER COLOR

SPOIL BANKS X SPRING,SUMMER/FALL COLOR IR

TOPSOIL PILES X SPRING/SUMMER/FALL COLOR-
TOPSOIL REGRADED X SPRING'sUMMER ,'FA LL COLOR/COLOR IR

SHEET EROSION X N,A

RILL ERO SION X ALL SEASONS COLOR,COLOR IR

GULLY EROSION X ALL SEASONS COLOR/COLOR IR

I BASED ON US ING 1: 12000 SCALE COLOR AND COLOR INFRARED 'AERIAL PHOTOGRAPHY, 9" FILM FORMAT. STEREO
COVERAGE, AND <10% CLOUD COVER,

B-9 LIST OF MEASURED SOILS PARAMETERS IIS,ED IN TH IS STUDY

CAN BE BEST MEASURED BY BEST SEASON OR BEST FILM
PARAMETER SEASONS FOR TYPEFIELD AERIAL 1 COLLECTION OF AERIAL

WORK PHOTOGRAPHY BOTH (COLOR OR COLOR IR)PHOTOGRAPHY

SPO IL BANK (A REA) X ALL SEASONS COLOR/COLOR 'I R

TOPSOIL PILE (AREA) X ALL SEASONS COLOR/COLOR IR

RILL EROSION (WIDTH) X N/A

RILL EROSION (DEPTH) X N/A

GULLY EROSION (WIDTH) X N/A

GULLY EROSION (DEPTH) X N/A

RILL EROSION (LENGTK) X ALL SEASONS COLOR/COLOR IR

GULLY EROSION (LENGTH) X ALL SEASONS COLOR/COLOR IR

lBASEO ON USING 1:12000 SCALE COLOR ANO COLOR INFRARED AERIAL PHOTOGRAPHY, 9" FILM FORMAT , STEREO
COVERAGE, AND <10% CLOUD COVER.

B-1D LIST OF MEASURED PARAMETERS REQUIRING HEIGHT MEASUREMENTS

CAN BE BEST MEASURED BY BEST SEASON OR BES T FILMPARAMETER SEASONS FOR TYPEFIELO AERIAL 1 BOTH COLLECTION OF AERIAL (COLOR OR COLOR IR )WORK PHOTOGRA PHY PHOTOGRAPHY

HI GHWUL HE IGHT X SPRI NG.·SUMMER FALL COLOR/COLOR IR

SLOPE X ALL SEASONS COLOR/GOLOR IR

OVERBURDEN REMOVED X ALL SEASONS COLOR/COLOR IR

DIP OF COAL BEDS X WINTER COLOR

1 BASED ON US ING 1: 12000 SCALE COLOR AND COLOR INFRARED AERIAL PHOTOGRAPHY, 9'~ FORMAT. STEREO
COVERAGE, AND <10% CLOUD COVER,
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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
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TABLE C-I AVERAGE TIME SPENT FOR PHOTOINTERPRETATION PER SQUARE MILE (IN HOURS) BY FILM TYPE BY LANDSCAPE CATEGORY
BY SEASONS USING 1 :12,000 SCALE

77 -71

INTERPRETATION PARAMETER
SUMMER FAlL WINTER SPRING

CA TEGORY COLOR COLOR IR COLOR COLOR IR COLOR BLACK & WH ITE COLOR COLOR IR

(A) LAND USE 4.16 3.60 2. BI 1.47 1 98 2 81 1.88 1.90

IB) WATER 1.75 1.2B 1.54 1. 66 2: 60 2.61 1.63 1.70

(C) VEGETATION 1.76 I. B7 1.96 1.94 1.94 2. 10 1.00 1.11

TOTAL (A) & (B) & (C) 7.67 775 6.31 6.01 7. 52 7.51 751 7. II

THE AVERAGE WAS CAlCULATED BASED ON THE DATA COMPILED FOR SIX INTERPRETERS AND 6 SIrES OF 3/4 SQ. MILES EACH.

TABLE C-2 COST OF DATA COLLECTION AND DATA INTERPRETATION FOR 1. 10, 10~ AND 1000, SQUARE MILES (IN DOLLARS) BY FILM

TYPES, LANDSCAPE, CATEGORY AND SEASON USING 1: 12, 000 SCALE

COST ITEMS SUMMER FAll WINTER SPR ING
INTERPRETAT ION PARAMETER
CATEGORY

COLOR COLOR IR COLOR COLOR IR COLOR BLACK & WH I TE COLOR COLOR IR

COST ESITMATE FOR ONE SOUARE MILE

(A) LAND USE 33.28 18 80 21 48 19.76 13. B4 11.56 13.04 23.10

I(B) WATER 14.00 18.14 11 31 13.18 10.80 10.96 11.04 11.60

(C) VEGETATION 14. DB 14.96 15.6B 15 52 15.76 16.B0 16. DO 16.8B

TOTAl INTERPRETATION (1) 61 36 61.00 50.48 4B 56 60 40 60.31 60.08 616B
DATA COLLECTION (2) 18. DO 12.00 1B. 00 11.00 18 DO 6. DO 18. DO 12.00

SUBTOTAL (I) & (1) 79 36 74. DO 68.48 60 56 78 40 66.32 7B 11 73.6B

MOBILIZATION (3) 700.00 700.00 700.00 700.00 700.00 700. DO 700 DO 700.00

GRANO TOTAL (1) & (1) & (3) 779 36 77 4. DO 768.48 760.56 778.40 766 00 778.11 77 3. 6B
COST ESTIMATE FOR TEN S~UARE MILES (DOLLARS)

LAND USE 332 80 1BB. DO 114.80 197.60 238.40 115.60 130 40 132.00
WATER 140. DO 181.40 123.10 131 60 108.00 109 60 210 40 116.00

VEGETA TI ON 140.80 149.60 156.80 155.10 157.60 168 00 160.00 16B.80
TOTAl INTERPRETATION (I) 613.60 610. DO 504.80 4B5.60 604. DO 603.20 600.80 616.80

DATA COLLECTION (1) 180. DO 110 00 I BO DO 110 DO 180. DO 60.00 180.00 120. DO
SUBTOTAL (1) & (2) 793.60 740. DO 684.80 605.60 784. DO 663.10 780. BO 736. BO
MOB I L11ATI ON 700. DO 7DO. DO 700.00 7DO. DO 700 DO 700.00 700. DO 7DO. DO

GRANO TOTAL 1493.60 1440.00 1384. BO 1305.60 14B4.00 1363 10 148080 1436.80

PER S~UARE MILE ESTIMATE (DOLLARS)

COST EST IUTE 149.36 144.00 I 13B.48 130.56 148 40 136 31 I 148 OB I 143.6B

COST ESTIMATE FOR 100 S~UARE MILES (DOLLARS)

LANO USE 331B .00 18BO.00 214B. DO 1976 DO 1384.00 1156.00 1304.00 2310. DO

WATER 1400.00 1814. DO 1131.00 132B 00 1080.00 1096.00 1104.00 2160.00

VEGETA TI ON 140B. DO 1496 00 156B.00 1552 00 1576.00 1680.00 160n.00 16BB.00

TOTAl INTERPRETITION 6136.00 6100.00 504B.00 4856.00 6040.00 6031.00 6008.00 6168.00

OATA COLLECT I ON 1BOO. 00 1100.00 1BOO. 00 1100. DO 1GOO. 00 600 00 1800.00 1200.00

SUBTOTAL 7936. DO 7400. DO 6048.00 6056.00 7840. DO 6631 00 780B.00 7360.00

MOBILIZATION 700 00 700.00 700 00 700.00 700. DO 700.00 700.00 700.00
GRANO TOTAl 8636.00 8100.00 754.00 6756 00 8540 00 7331.00 8508 00 8068.00

PER SQUARE MILE ESTIMATE

COST ESTIMATE 86.36 I 81.00 75.4B 67 56 85.40 73.31 85.08 I 80.68

COST ESTIMATE FOR 1000 SQUARE MILES (DOLLARS)

LA NO USE 33260.00 18800 00 11480.00 19760.00 13840.00 11560.00 13040.00 23100, DO

WATER 14000.00 18140.00 11310.00 13280.00 10600. DO 10960.00 11040.00 11600. DO

VEGETATION 14080.00 14960.00 15680.00 15510 DO 15760. DO 16800.00 16000.00 16880.0n
TOTA LINTER PRETA TI ON 61360.00 62000. DO 50480.00 48560. DO 60400. DO 60310.00 60080.00 61680.00

DATA COLLECTION 18000.00 11000.00 18000.00 12000.00 18000.00 6000.00 18000.00 13000.00

SUBTOTAL 79360.00 74000.00 68480.00 60560.00 78400. DO 66310.00 78080.00 93680.00

MOBILIZATION 1400.00 1400. DO 1400. DO 1400. DO 1400. DO 1400.00 1400.00 1400,00

GRANO TOTAl 80760.00 75400.00 69880.00 61860.00 79800,00 67710.00 79480.00 75080.00

PER S~UARE MI LE ESTIMATE (DOLLARS)

80.76 I 75.40 69.88 61.96 79.80 I 67.72 79.48 I 75 08

1) THE COST OF OATA COLLECTION WAS 8ASEO FROM THE ~UOTES FROM SIX AERiAl SURVEY fiRMS AND ACTUAl COSTS FROM DATA COLLECTION. COST OF INTER -

PRETATION WAS BASEO ON THE ASSUMPTION OF $8.00 PER HOUR LA80R RATE FOR AN INTERPRETER.
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APPENDIX D MEAN VALUES OF PERFORMANCE ACCURACY (in percent) AND RELATIVE

ERROR VARIANCE (in percent) BY FILM TYPE fu~DLM~DSCAPE .

CATEGORIES, BY SEASONS
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TABLE 0-1 SUMMARY TABLES OF LAND USE, VEGETA TION, AND WATER INTERPRETATION STATISTICS BY SEASON FOR COLOR AND COLOR IR

FILII TY PES
77 -71

STANDARD STANDARD
VARIABLE AVERAGE VALUE DEVIATION DEVIATION EFFICIENCY EFFICIENCY EFFICIENCY

SQUARED

NUMBER N~ I N~ 10 N~6

FALL 1 BO.714127 2B7.432617 16.953B27 21.004776 B,642294. 8.575164

, COLOR SPR I NG 2 8B.OB0231 173.550919 13.173872 14.956671 4.,129714 6.108035

LAND USE SUMME R 3 8B.214096 76.091232 8.723028 9,8B8470 3,12700B 4.036951

SPRING 4 91,517700 117.749603 10. 851249 11. B56991 3.749510 4.840596

COLOR I R SUMME R 5 94.330231 8'4.4076B4 8 025439 B.507812 2.690406 3.473299

FALL 6 90.5B0154 55.379791 7.441759 8.215659 2.598020 3.354029

NUMBE R N~ 1 N~ 10 N~6

FALL 1 63.749954 798.261963 28.253525 44.31927.5 14.0149B7 18,093262

SPRING 2 79.078B27 526,IB6523 22.93B751 29.007446 9.172960 11.842240

VEGETATION
COLOR

SUMMER 3 76.776123 280.610107 16.751419 21.81B512 6.B99620 B. 907 371

SPR I NG 4 78.61B347 815.0B4473 2B.5496B3 36.314270 11.483582 14.825239

COLOR I R SUMMER 5 86.315720 349.734375 18, 701172 21.666000 6,851392 8,84510B

FALL 6 81.184021 304.421B75 17 .447678 21.491501 6.796209 B.773869

NUMBER N~ 1 N~ 10 N~6

FALL 1 52.763077 1181.869873 34.37B326 65.156021 20.604141 26.589823

COLOR
SPR ING 2 72.980419 567.04B096 23.812759 32.637909 10.321014 13.324371

WATER
SUMMER 3 73.B81424 391.300049 19. 7B 1296 26,774368 B.466BOO 10.930591

SPRING 4 57.697266 1109.592529 33.310532 57.733276 lB.256B66 23.569504

COLOR I ~
SUMMER 5 eO.986725 60B.085938 24.659393 30.44B669 9.62B716 12.430617

FALL 6 83.026154 144.151B55 12.006326 14.460891 4.572935 5.903634

TABLE 0-2 SUMMARY TABLES OF LAND USE, VEGETATION, AND WATER INTERPRETATION STATISTICS FOR WINTER FOR COLOR AND BLACK
AND WHITE FILM TYPES

77-71

STANDARD
STANDARDDEVIATION

VARIABLE AVERAGE VALUE SQUARED DEVIATION EFFICIENCY EFF I CI ENCY EFFICIENCY

NUMBER N~ 1 N~10 N~6

LAND USE COLOR 1 B5.4462B9 227.56BB63 15.0B53B5 17. 654BOO 5.5B2938 7.207542

BLACK & WH I TE 2 76.740906 235.107346 15.333210 19.9804B4 6.31B384 B.156999

NUMBER N~ 1 N~10 N~6

VEGETATION COLOR 1 59.523666 657.260742 25.637085 43.070404 13.620059 17.5B3420

BLACK & WH I TE 2 4B.226074 654.760498 25.5B8287 53.059021 16.77B732 21.661255

NUMBER N~ 1 N~ 10 N~6

WATER
COLOR 1 76.381409 342.689697 1B. 511 B71 24.236084 7.664124 9.B91340

8LACK & WH I TE 2 61.052490 537.718750 23.18B751 37.9B1659 12.010857 15.50594B

D-2 "....- --,.......----
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APPENDIX E ANALYSIS OF VARIANCE BY FILM TYPE BY LANDSCAPE

CATEGORIES, BY SEASONS

E-l



'.\

TABLE E-l ANALYSIS OF VARIANCE FOR LAND USE FEATURES
77 -71

, A
o.

3 SEASON WITHIN SENSOR OR FilM TYPE
LEVELS OF FAc"TO RS 8 2 SENSOR OR F ILM.TYPE (COLOR VS COLOR I R)

.. C ' 28 SAMPLE'-FEATURES FOR LANO USE INTERPRETATIONS

GRANO MEAN
'.;.

88.90625

SOURCE OF VARIATION , SUMS ,OF SQUARES DEGREES OF FREEDOM MEAN SQUARES

AI II I I I I II I II II 745.47974 2 372.73975

811 II II I II III II 1759.90503 1 1759.90503
A8 I I I I II II II III 499.38599 2 249.69299

CII1I III I I I I II I 14758.09766 27 546.59619
AC III II II I III II 4289.89844 54 79.44255
8C I II I I III II I II 1143.99976 27 42.37036

A8C II II III III II 722.47729 54 13.37921

TOTAL 23919.23828 167

TABLE E-2 ANALYSIS OF VARIANCE FDR VEGETATION FEATURES 77 -71

A 3 SEASON WITHIN SENSOR OR FILM TYPE

LEVELS OF FACTORS 8 2 SENSOR OR FILM TYPE
I--r. 19 SAMPLE FEATURES FOR VEGETATI:N INTERPRETATIONS

GRANO MEAN 77.62061

SOURCE OF VARIATION SUMS OF SQUARES DEGREES OF FREEDOM MEAN SQUARES

AIIIII i IIII : III 2623.87598 2 1311.93799

8I I : I I ' I I I! I : I I 2226.00049 1 2226.00049
-- - - --, .---,--

A81-1 II: III I: II I 556.277 34 2 278.13867

CII I II : II I I : I I I 43858.96875 18 2436.60938

AC I i II : II I II : II 9738.04688 36 270.50122

8C I II I: II11I1I1 650.29980 18 36.12776

A8C II I : I II ! ! : I I 1090.Cl"7520 36 30.27986
TOTAL 60743.53906 113

TABLE E-3 ANALYSIS OF VARIANCE FOR WATER FEATURES
77 -71

A 3 SEASON WITHIN SENSOR OR FILM TYPE

LEVELS OF FACTORS 8 2 SENSOR OR FILM TYPE

C 19 SAMPLE FEATURES FOR WATER INTERPRETATIONS

GRANO MEAN 70.21928

SOURCE OF VARIATION SUMS OF SQUARES DEGREES OF FREEDOM MEAN SQUARES

A11111111111: II 12847.88281 2 6423.94141

BIII III 111111 I I 1547.36841 1 1547.36841
A8 II II III1 II III 90.37828 2 45.18913

CIII I'll II III I II .j-i,' 42857.48438 18 2380.97119

AC II III III II III': 23370.28516 36 649.17456
8C IIII II I I II1I1 2284.40186 18 126.91121

A8C I I II I II ! III I 3524.72021 36 97.90889
TOTAL

,'01'1"'"

~' ' 86522,43750 113

A-SPRING,SUMMER.FALL UNDER COLOR AND COLOR IR
A8-INTERACTION OF A WITH 8
AC-INTERACTION OF A WITH C
A8C-INTERACTION OF A WITH 8 AND C

E..,.2 ,


