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150.0 8.10 6.16 12.10 9.16
160.0 10.40 6.68 11.70 8.50
170.0 10.10 8.54 12.00 12.70
180.0 10.30 10.44 10.80 13.51
190.0 620 7.62 690 11.23
200.0 570 7.39 8.10 12.23
coils spacing (m) 40.000000
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9.160649
8.258116
5.384893
5.673656
3.976490
2.454361
6.714149
1.121722
3.998652
4.780351
2.407248
3.856661

2.027756

Bowgs

288.473700
288.473700
108.021900
219.285400
310.781900
254.278700
248.545600
300.407500
229.591400
725.244200
351.343700
211.006500
236.669900
137.857300
257.012100
417.137300
109.162600
121.093000
185.704700
176.253200
251.478000
407.438000
148.939200
891.486700
250.084300
209.189700
415.412100
259.291700

493.155900



Bowgs

200.000000  -12.500000 1.328064  752.976000
70.000000  -17.500000 9.063918  110.327600
80.000000  -17.500000 11.955960  83.640270
90.000000  -17.500000 7.552094  132.413600
100.000000  -17.500000 7.414618  134.868700
110.000000  -17.500000 3.929574  254.480500
120.000000  -17.500000 1.579910  632.947400
130.000000  -17.500000 9.072735  110.220400
140.000000  -17.500000 8.645977E-01  1156.607000
150.000000  -17.500000 5.151087  194.133800
160.000000  -17.500000 4.821512  207.403800
170.000000  -17.500000 5.892020E-01  1697.211000
180.000000  -17.500000 4.594423E-01 2176.552000
190.000000  -17.500000 1.646454E-01 6073.658000
200.000000  -17.500000 2.588350E-01 3863.466000
70.000000  -23.333330 11.082390  90.233240
80.000000  -23.333330 18.177020  55.014530
90.000000  -23.333330  24.349550  41.068530
100.000000  -23.333330  20.826410  48.015960
110.000000  -23.333330 13.754580  72.703080
120.000000  -23.333330 9.006861  111.026500
130.000000  -23.333330 17.259300  57.939780
140.000000  -23.333330  23.526410  42.505420
150.000000  -23.333330  25.323540  39.488950
160.000000  -23.333330 11.015130  90.784260
170.000000  -23.333330 1.997026  500.744700
180.000000  -23.333330 1.374838  727.358200
190.000000  -23.333330 6.920972E-01  1444.884000

200.000000  -23.333330 9.301014E-01  1075.152000

VYA



Bowgs

70.000000  -29.166670 13.100860  76.330850
80.000000  -29.166670  24.398070  40.986840
90.000000  -29.166670  41.147000  24.303110
100.000000  -29.166670  34.238200  29.207150
110.000000  -29.166670  23.579580  42.409580
120.000000  -29.166670 16.433810  60.850160
130.000000  -29.166670  25.445860  39.299120
140.000000  -29.166670  46.188220  21.650540
150.000000  -29.166670  45.496000  21.979960
160.000000  -29.166670 17.208740  58.110000
170.000000  -29.166670 3.404850  293.698700
180.000000  -29.166670 2.290234  436.636500
190.000000  -29.166670 1.219549  819.975400
200.000000  -29.166670 1.601368  624.466200
70.000000  -35.000000 15.119340  66.140470
80.000000  -35.000000  30.619130  32.659320
90.000000  -35.000000  57.944450 17.257910
100.000000  -35.000000  47.649990  20.986360
110.000000  -35.000000  33.404580  29.936020
120.000000  -35.000000  23.860760  41.909810
130.000000  -35.000000  33.632420  29.733210
140.000000  -35.000000  68.850040 14.524320
150.000000  -35.000000  65.668450 15.228010
160.000000  -35.000000  23.402360  42.730740
170.000000  -35.000000 4.812673  207.784700
180.000000  -35.000000 3.205630  311.951100
190.000000  -35.000000 1.747000  572.409700
200.000000  -35.000000 2.272634  440.018100

70.000000  -39.583330 12.833510  77.921010

Y4



Bowgs

80.000000  -39.583330  21.765140  45.945020
90.000000  -39.583330  41.041430  24.365620
100.000000  -39.583330  34.758100  28.770270
110.000000  -39.583330  27.225830  36.729830
120.000000  -39.583330  23.320950  42.879890
130.000000  -39.583330  24.224460  41.280590
140.000000  -39.583330  49.072360  20.378070
150.000000  -39.583330  45.376120  22.038020
160.000000  -39.583330  20.405520  49.006360
170.000000  -39.583330 18.834960  53.092770
180.000000  -39.583330 18.469190  54.144230
190.000000  -39.583330 15.458670  64.688640
200.000000  -39.583330 17.383710  57.525100
70.000000  -44.166670 10.547680  94.807560
80.000000  -44.166670 12911160  77.452400
90.000000  -44.166670  24.138410  41.427750
100.000000  -44.166670  21.866210  45.732650
110.000000  -44.166670  21.047070  47.512540
120.000000  -44.166670  22.781140  43.895950
130.000000  -44.166670 14.816490  67.492380
140.000000  -44.166670  29.294690  34.135880
150.000000  -44.166670  25.083790  39.866390
160.000000  -44.166670 17.408670  57.442630
170.000000  -44.166670  32.857240  30.434690
180.000000  -44.166670  33.732740  29.644790
190.000000  -44.166670  29.170330  34.281410
200.000000  -44.166670  32.494800  30.774160
70.000000  -48.750000 8.261855  121.038200

80.000000  -48.750000 4.057170  246.477200



Bowgs
-

90.000000  -48.750000 7.235385  138.209600
100.000000  -48.750000 8.974329  111.428900
110.000000  -48.750000 14.868320  67.257100
120.000000  -48.750000  22.241330  44.961330
130.000000  -48.750000 5.408521  184.893400
140.000000  -48.750000 9.517018  105.074900
150.000000  -48.750000 4.791453  208.705000
160.000000  -48.750000 14.411830  69.387420
170.000000  -48.750000  46.879520  21.331270
180.000000  -48.750000  48.996300  20.409700
190.000000  -48.750000  42.882000  23.319810

200.000000  -48.750000  47.605880  21.005810

AR



Abstract

Pollution associated with the waste materials produced by Alborz Sharghi coal washing
plant has created many environmental problems. When pyrite in the waste materials is
exposed to the atmosphere and moisture produces acid mine drainage (AMD). Pyrite
oxidation causes change in the conductivity of surrounding rocks and groundwater, so
the electromagnetc and electrical geophysical methods could be effectively used to map
the polluted zones. Very low frequency electromagnetic (VLF-EM) method was carried
out on 11 parallel profiles at approximate direction of east-west and on 2 profiles at
approximate direction of north-south in downstream of the waste dump to detect likely
polluted zones and their distribution in groundwater aquifer. Qualitative interpretation
was performed on raw VLF data using the Fraser and the Karous-Hjelt filters.
Quantitative interpretation was then performed with inversion of the tipper data. The
results obtained from the interpretation of VLF-EM method indicate likely
contaminated zones with a resistivity value lower than 25 Q-m at intermediate depths
and at depths below 40 m, especially in the east of the profiles. An electromagnetic
survey was also conducted using EM34-3 system on 7 profiles at a approximate
direction of east-west and match with VLF profiles. The two-dimensional (2D) and
quasi-three-dimensional inversion modeling of EM34-3 data have been performed. In
addition, two resistivity profiles at same direction of EM34-3 profiles were conducted.
2D modeles of EM34-3 methods related to some profiles indicate likely polluted zones
at the depths below 45 m with a resistivity value lower than 25 Q-m and more
extension to the east, which have good agreement with the result of quasi-three-
dimensional model. The modeling results from three methods indicate the contaminated
zones at different locations with a resistivity value lower than 50 Q-m, especially at the
depths below 30 m in downstream of the waste dump. In general, we can conclude that
with going far from the waste dump, from north to south (direction of groundwater
flow), the pollution load reduces. The results obtained from this work have good
agreement with the previous geochemical, hydrogeochemical and geophysical studies in
the study area.

Key Words: Environmental pollution, Acid mine drainage (AMD), Waste dump,
Alborz Sharghi coal washing plant, VLF-EM method, EM34-3 method, Inverse
modeling.
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