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1991).
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Figure 2: Location of the study area on the map of Kermanshah Province and Iran.

Width of the crest 10 meters

Height of the dam 58 meters

1547 meters (above sea

Dam crest level
level)

1542 meters (above sea

Normal water level
level)

1546.7 meters (above

Maximum water level
sea level)

23.1 million cubic
meters

Reservoir total
volume

Reservoir surface at

normal water level 1.3 square kilometers

Title Specifications

River name Zemkan

Catchment area 352 square kilometers
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Table 1: Technical specifications of the Zemkan Dam

Title

Specifications
River name Zemkan
Catchment area 352 square kilometers

Average annual 30.2 million cubic

recharge meters
Earth dam with clay
Dam type core
Length of the crest 278 meters
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Figure S: View of the Kashkan Formation in the north of
the Zemkan Dam.
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Figure 3: Sinkhole-shaped subsidence downstream of the
grouting borehole and the induced cracks.
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Table 2: Velocity of tracer movement along leakage
springs 1 to 18.

Spring Real Distance First Apparent
name  velocity  to Ting presence velocity
(m/h) (m) of dye (m/h)
(h)
Sp1 59 997 246 4.1
Sp2 5.7 999 258 3.9
Sp3 5.7 1006 258 3.9
Sp 4 5.7 1008 258 3.9
Sp 5 5.8 1010 258 3.9
Sp 6 5.8 1015 258 3.9
Sp7 5.8 1018 258 3.9
Sp 8 5.8 1020 258 3.9
Sp9 6.3 1062 246 43
Sp 10 6.1 1076 258 4.2
Sp 11 6.2 1085 258 42
Sp 12 7.6 1089 210 52
Sp 13 6.3 1105 258 438
Sp 14 6.3 1107 258 43
Sp 15 6.4 1116 258 43
Sp 16 6.5 1139 258 44
Sp 17 6.5 1141 258 44
Sp 18 6.5 1145 258 44
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Sp18

Figure 9: Breakthrough curves of tracer at springs Sp1
to Sp18.
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Figure 10: Breakthrough curves of tracer at springs S1
to S7.
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Figure 6: Location of tracer injection point and
sampling points.

5o obo, eole cdale wlpss o e Vo B Y o S

AMS‘SA)J}»AJAJ‘) L{bu‘ oJ...?v.u

100

Time (Day)

sl 55 ol sole clile cla o ¥ JSb

Figure 7: Concentration curves of tracer in boreholes.
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Table 3: Results of tracer recovery calculations at discharge points

Row Location Amount of Tracer Recovery Recovery
Discharged Percentage in Group
Total

leakage

1 Leakage 1 51.5 0.5 Recovery

=18.9%

(1.89 kg)
2 Leakage 2 118.1 1.2
3 Leakage 3 20.6 0.2
4 Leakage 4 3.5 0.04
5 Leakage 5 33 0.03
6 Leakage 6 36.9 0.4
7 Leakage 7 17.6 0.2
8 Leakage 8 16.2 0.2
9 Leakage 9 237.8 2.4
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10 Leakage 10 377.4 3.8

11 Leakage 11 134.5 1.3

12 Leakage 12 60.8 0.6

13 Leakage 13 255 2.6

14 Leakage 14 47.2 0.5

15 Leakage 15 351.7 3.5

16 Leakage 16 71.9 0.7

17 Leakage 17 63.4 0.6

18 Leakage 18 13 0.1

19 S1 24.9 0.2 Total S=1

20 S2 3.1 0.03 or

21 S3 26.7 0.3

22 S4 4.9 0.05

23 S5 4.1 0.04

24 S6 20.2 0.2

25 S7 23.9 0.2

26 Nazari spring 405.9 4.1 4.1
Total rcovered tracer (2.4 kg) 24
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Figure 11: Location of executed grout curtain and proposed curtain.
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Figure 12: Path and extent of tracer movement (blue

lines) from injection point and yellow line (probable
paths) toward downstream.
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Figure 13: Location of proposed options for completing the sealing of the Zemkan Dam reservoir.
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Figure 14: Geometry of Balool anticline in the leakage area and dip of layers.
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