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MONITORING VEGETATION COVER ON MINE DUMPS WITH ERTS-1
IMAGERY: SOME INITIAL RESULTS

i Brian Gilbertson, Spectra/ Africa (Pty) Limited, P. O. Box 2, Randfontein,
' Republic of South Africa

ABSTRACT

ERTS-1 imagery is being used in an attempt to differentiate betwean
mine dumps having varying degreee of vegetative cover. At this stage it
is clesr that the verious mine dumps can be loceted and identifiso. Dif-
ferences in vegetative cover can bes seen and measured. Patterns of vege-
tative growth, some chara:teristic to particular dumps, can also be
sean., It is therefore tentativelv concluded that mine dumps can be dif-
ferantiated with re-pect to their vegetative cover on the imagery re-
celved to data. Subsequent imagery showing seasonal variations should
faciliteate this program.

1. INTROQUCTION

For many years the sconomy of 3outh Africa was heavily depencant
upon mining activities. One of the aftermaths of such activities has
been the development and growth of mine tailings dumps. These dumps can
bs divided into two broad categoriss, namely sands dumps and slimes dams.

Sands dumpa are mounds o€ crushed rock matsrial. In time the
minerals are leached out, leaving no binding properties. Tha resultant
substance bacomes similar to river sand, with no nutrient value and ias
left as an {nert and inhospitable medium for plant growth. ”"Slime”
.N‘_.-__~‘_~\‘-‘w residues consist of a very finely ground silicious rock. From & botani- -
cal point of view, oyasnided slimas are initielly noxious, but with
wesathsring, noxious properties disappesar from the dams., The ores fron

which these tailings ars desrived contain pyrite, which with weathering
continuously tend to maintain acid conditions on ths dump.

R

In recent timsa, esttention has besn directed towards mine dumps as
being cetrimental to the environment., For e .ample, the Witwatersrand g
derives its water from ons msjor river, the Vaal. Pollution of streams
in the Witwatersrand system from mine dumps affects the Vaal bscauss
the mines are largely situated in its catchment area.

The growing concern over the problem of pollution is sxpressed in
the Atmosphsric Pollution Prevention Act (Act No. 45 of 1885). Section
32 of the act applises specifically to tha mining industry. The air and
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water pollution from the dumps may be largely prevented by ensuring

that a vegetative growth covers the antire mine dump. In the years fol-
lowing the promulgation of ths act, the annuel expenses incurred by the
Chamber of Mines of South Africa in promoting the growth of vegetation
on mine dumps have grown steadily and totalled $1M for the year 1969.
This amount does not include expenditures by minas which are not membsrs
of the Chamber.

The growth or decline of vegetative cover on mine dumps has to date
been monitored by both acrial photography and site visits. The latter
is usually preferred because of the expense of the forrer and the
greater accuracy of the latter. On the other hand, because of the gso-
graphic separation of the mine dumps (see figure 1) site visits are in-
convenient and difficult to co-ordinate.
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FIGURE 1 i

Geographical distribution of majority of mine dumps in .
South Africa N
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ERTS-1 imagery is b=3ing used in an attempt fi-stly to differentiate
betwseen mine dumps having varying degrees of vegetative cover, and se-
condly to monitor the growth or decline of this cover on any selected
dump. Two ERTS-1 images (1049-07301 and 10%50-07355) that include part
of the mair minc dump area have been received to date, and have been
analysed both quelitatively and quantitatively. The resulics are des-
cribed below.

2. CLASSIFILATION OF VEGETATIVE COVER ON MINE DUMNPS

Six mine dumps were selected for intensive study. This selecticn
was done by preparing & mcsaic of the Witwatersrand Mine Dump Complex
from black and white Trigonometrical Survey photcgraphy and rephctc-
graphing at a scale of 1:250 000. Part of this mosaic is shown in fi-
gure 2. A short list of dumps expected to be well resolved on the
ERTS-1 imagery was compiled from this reduced mosaic. Ground observa-
tion of a selection of these dumps was then undertaken and the vegeta-
tion cover investigated.

A vegetation scale was compiled in order to classify the mine dumps
into categories. This classification is shown in table 1. 0One "cali-
bration” dump of each category was selected for detailed analysis on the
basis of size (large as possible), hcmogeneity (uniformity of vegetation
distribution over the top surface), and cortrast (with respect to the
adjacent environment). The dumps selected are listed in the last column
of table 1, and are identified using the numbering system developed ky
the Chamber of Mines.

3. QUALITATIVE ANALYSIS

Qualitative interpretation was performed using a colour composite
print prepared of image 1049-073C1 with MSS bands 4,5 and 7 shown in
blus, green and red respectively. A black and white positive image pre-
pared from this colour composite is shown in figure 3. Although much
do.ail of the colour presentatior has been lost it can be seen that es-
sentially all of the largsr mine dumps present in the eserial photography
mosaic of figure 2 can be detected and identified on the ERTS-1 image.
This achieves the first aim of ERTS-1 proposal SR-057 .

Furthermore, there is a good qualitative relationship between the
catzgories of table 1 and the mine dumps imaged in figure 2, with the
rore densely vegetated dumps (i.s8. those falling in categories 4 anu 5)
appearing darker than the unvegetated dumps (thosw falling in categories
0 and 1). 1In addition, vegetation patterns are visible on the ERTS-1
imagery which are in good agreement with ground truth, i.e. with pat-
terns observed on aircraft overflight photography. This can be seen by
comparing figures 3 and 4.

This agreement betwsen ERTS-1 imagery and ground truth is en-
couraging, particularly since ERTS-1 image 1049-07301, was gathered in
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FIG. 2 : Aerial photography mosaic of West Witwatersrand area

FIG. 3 : Part of ERTS-1 image No. 1049-07301

Mine dump 1/L/38,39 Mine dump 3/L/5,6
FIGURE 4
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TABLE 1
Vzgzza-] Exampie of
rate- Description of Degree of Vegetative Cover qump in this
a Category
gory
5/L/29
0 Ns vegetation ccver 3/L/5 (East
Side)

B e e b e o U ERp DUy ay g Ui i g Vg g G U U Vg S S

A very small plant community, usually constant-
ly "farmed” by fertilizing, water spraying and
" ~ing®.

A poor cover cof plante requiring continuous at-
tention. Ex.eisive "soil”™ exposure.

A reasonable cover of vegetation requiring oc-
casional attention and fertilizing with a
number of "so0il” exposures on small arees of
high acidity.

A good cover of vegetation, probubly self-
sustaining, with only a few "soil” exposures
on small areas of locally high acidity.

A ; ~obably self-sustaining plant and tree com-
munity over i00% of the dump surface.

- — = = = = ———— = — = == ———— — g

3/7L/5 (West
Side)

1/L/40,
/L7414

1/A/20

September whe: the mine dump vagetation is, generally apeaking, in pcor

vordition. Even better apresment is anticipated for image -y gathered

during the spring and summer mo.tins,
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Densitometric measursments were made on black and white negatives
enlarged to 1:160 000 scale of various mine dumps on the ERTS-1 imege.
The density readings are recorded in table 2. The 95% confidence limits
on the mean density readings indicete the precision of the analysis.

TABLE 2

Density readings on mine dumps imaged on 1:160 00Q scale negatives

fThe mean values for Band 4 show 95% confidence limits based ur
nine independent erlargements of a single 70 mm positive]

Vegetation Image Density
Categor Mine D

gory L Band 4 Band 5 Band 6 Band 7

0 5/L/29 1,13 + 0,02 1,25 1,27 1,03
3/L/5 (East) 1,39 + 0,05 1,51 1,61 1,28

1 3/L/5 (West) 1,30 + 0,02 1,38 1,50 1,33

2 6/L/20 0,97 + 0,01 a,82 1,10 0,97

3 7/L/1 0,76 + 0,02 0,68 1,01 0,91

4 1/L/740, #1 0,84 + 0,02 0,84 0,89 0,S0

5 1/A/20 0,67 + 0,02 0,69 0,74 0,69

Plots of image density versus wavelength (ERTS-1 bana number) were
prepared using the vegetation categories of table 1 and the densitometry
of table 2. These plcts are shown in figures 5 and ..

Figure 5 shows a good separation between the density read?-gs for
vegetation categories 0, 1, 4 ard 5. Consequently it is anticipated
that mine dumps falling into these categories should be identifiable.
However, a number of anomaiies require further study. For example, the
density readings for dump 5/L/29 (see table 2) are lsw comparsd to thoss
for dump 3/L/5 which falls in the same vegetation category. Although

this anomaly is being investigated no satisfactory explanation has yet
been found.

The density readings obtained for vegetation categories 2 and 3
werse at first thought to be anomalous, since their plots, which are
shown in figure 6, differ -considerably in shape from those of figure 5.
However, investigation intoc the records of the Chamber of Mines Vegeta-
tion Program revealed that irrigation had been carried out on these

7—- s w hde A W o
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Density on ERTS 1 MNegetives (uncalibreted)

Density vs Band Number Density vs Band Number
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dumps prior to the date on which the ERTS-1 imager, was gathered. The
reflectance properties of these dumps were consequently changed quite
markediy by the resulting vigorous growth of vegetation. Clearly coe-
nicance will have to be taken of such husbandry practices during image
interpretation.

A further aspect which requires investigation is the change in .
spectral properties of any selected mine dump with season and time. As
more ERTS-1 images gathered at different times of the year becoms avail-
able, it may be possible to establish "signatures” which will allow the
monitoring of growth or decling of vegstation on & given mine dump.

i
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5. CONCLUSIONS

It has besn found that verious mine dumps can be locatea and iden-
tified. Petterns of vegetative growth, some characteristic of particu-
lar dumps, can also be seen. Although a number of anomalous features
require further inveatigation, good correlation between the vezatative
status of certair target mine dumps and the corresponding ERTS-1 MSS
imagery has bgen observed.

It is tharefore tentatively concluded that mine dumps can be
differentiated with respect to their vegetative cover on thesa initial
images. It is hcped that further ERTS imagery will confirm the above
observations and that it will ba possible to accord to all but the
smallest cf the mine dumps in the Witwatersrand Complex a vegaetative
cover category as defined in table 1. Subsequent imagery showing
seasonal variations should facilitate the progrem.
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