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rock specimens or massive in
situ rock with few widely spaced
discontinuities
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7| BLOCKY - well interlocked un-
| disturbed rock mass consisting

“| of cubical blocks formed by three
/| intersecting discontinuity sets

7| VERY BLOCKY- interlocked,

7| partially disturbed mass with

/| multi-faceted angular blocks
| formed by 4 or more joint sets

7] BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting

| discontinuity sets. Persistence
— of bedding planes or schistosity

/71| DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
(=2 5| with mixture of angular and

£i4%| rounded rock pieces
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(/

70

| BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
"/| intersecting discontinuity sets

7| VERY BLOCKY- interlocked,
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formed by many intersecting
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5| locked, heavily broken rock mass

% with mixture of angular and

£ rounded rock pieces
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situ rock with few widely spaced
discontinuities
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BLOCKY - well interlocked un-
disturbed rock mass consisting

‘| of cubical blocks formed by three
intersecting discontinuity sets

/< VERY BLOCKY- interlocked,
"7 partially disturbed mass with

T L multi-faceted angular blocks

’| formed by 4 or more joint sets

1 BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting

4| discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

<—= DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED - Lack
of blockiness due to close spacing
of weak schistosity or shear planes
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NO Date(yyyy/mm/dd) | Time(UTC) | Latitude | Longitude | Depth | Magnitude
1 1900/2/24 30:00.0 38.45 44.87 Ms:5.4
2 1907/4/12 01:10.0 39.2 45.4 20 Ms:4.2
3 1907/12/23 25:00.0 38.7 46 21 Ms:4.3
4 1909/1/26 56:00.0 39.1 45.5 33 Ms:4.9
5 1909/12/30 15:00.0 38.9 46.3 15 M:4
6 1913/11/12 28:56.0 38.8 45.8 25 Ms:5
7 1914/11/1 53:26.0 38.4 45.4 33 Ms:4.4
8 1929/11/5 06:04.0 375 455 33 Ms:4.4
9 1930/5/6 03:22.0 38.15 44.75 33 mb:5.5

10 1930/5/6 34:00.0 38.24 44.6 Ms:7.2

11 1930/5/7 29:37.0 37.48 44.69 Ms:4.5

12 1930/5/7 47:48.0 37.5 45.5 33 Ms:4.9

13 1930/5/8 29:32.0 38.25 45.37 33 Ms:4.8

14 1930/5/8 23:30.0 37.7 45.5 33 Ms:5.1

15 1930/5/8 05:28.0 38.13 45.13 33 Ms:5.4

16 1930/5/8 35:28.0 38.41 45.07 33 Ms:6

17 1930/5/8 36:22.0 37.56 44.78 33 Ms:4.5

18 1930/5/9 00:00.0 375 45 33 Ms:4.4

19 1930/5/10 43:33.0 38.24 44.92 33 Ms:4.7

20 1930/5/23 48:23.0 38.09 45.18 33 Ms:5.2

21 1930/5/29 14:59.0 38.06 44.71 33 Ms:5.5

22 1930/6/4 28:08.0 38.17 45.13 33 Ms:5.3

23 1930/8/3 05:59.0 38.43 44.64 33 Ms:5

24 1930/8/21 55:29.0 38.4 45.02 33 Ms:4.7

25 1930/10/25 34:25.0 37.9 45.1 33 Ms:5

26 1931/5/8 06:03.0 39 46 33 Ms:4.3

27 1931/5/12 25:15.0 38.79 45.72 33 Ms:5.2

28 1931/7/4 00:50.0 38 45.6 33 Ms:4.8

29 1931/7/29 10:00.0 39 46 10 Ms:4.1

30 1931/10/7 58:00.0 39.3 46.2 15 Ms:4

31 1932/6/16 09:00.0 38.7 46.1 Ms:4.5

32 1932/8/10 00:00.0 38.3 46.3 33 Ms:4.4

33 1933/7/6 07:16.0 39.3 46.6 Ms:5.5

34 1933/9/6 00:00.0 39.3 46.6 33 Ms:5.5

35 1933/11/6 07:16.0 39.3 46.6 33 Ms:5.5

36 1934/2/22 07:15.0 38.23 45.04 mb:6.1

37 1937/317 10:56.0 38.77 45.4 33 Ms:4.6

38 1950/5/1 15:02.0 38.88 45.21 51 Ms:4.8

39 1952/4/18 26:03.0 385 45 M:4

40 1953/2/1 36:36.0 38.4 45.1 33 Ms:4.6
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NO

Date(yyyy/mm/dd) | Time(UTC) | Latitude | Longitude | Depth | Magnitude

41 1953/6/21 25:09.0 37.9 47.1 20 M:4

42 1954/10/22 47:34.0 38.78 45.78 26 M:4.8
43 1955/1/11 06:18.0 38.1 47.9 M:4

44 1957/5/29 03:13.0 38.63 45.84 21 M:4.6
45 1957/7/21 08:33.0 39.14 46.05 37 M:4.2
46 1960/3/20 25:18.0 38.25 46 M:5.2
47 1960/3/20 32:30.0 38.25 46 M:4.7
48 1961/4/19 20:06.0 38.3 44.9 20 Ms:4.3
49 1962/11/24 14:26.0 38.5 47.7 M:4.5
50 1962/12/24 14:26.0 385 47.5 15 M:4

51 1963/12/21 18:07.0 38.7 45.4 mb:4.8
52 1963/12/31 18:08.0 38.4 45.3 mb:4.5
53 1965/2/10 09:54.0 37.66 47.09 45 mb:5

54 1965/2/13 57:08.0 38.23 45.74 88 M:4

55 1967/7/11 25:50.0 38.2 47.8 20 M:4.3
56 1968/6/9 56:30.0 39.1 46.06 5 mb:5

57 1968/6/9 38:22.0 39.24 46.23 28 mb:4.2
58 1968/7/26 22:40.0 39.2 46.1 16 M:4

59 1968/9/1 39:45.0 39.09 46.13 15 mb:5

60 1968/9/16 10:07.0 39.3 46.3 44 mb:4.4
61 1968/10/1 16:03.0 39.19 46.21 10 mb:4.6
62 1969/2/5 23:54.0 38.6 45.7 39 mb:4.4
63 1970/3/14 51:45.0 38.59 4477 15 mb:5.2
64 1970/6/26 56:16.0 38.7 45.1 65 mb:4.5
65 1970/10/29 49:32.0 38.43 45.47 59 mb:4.5
66 1971/2/11 41:30.0 38.35 47.12 59 M:4.5
67 1971/8/10 52:33.0 38.42 47.75 33 M:4.3
68 1973/1/6 39:35.0 37.95 46.67 65 mb:4.3
69 1973/6/27 24:48.0 38.39 46.7 40 mb:4

70 1975/3/11 32:01.0 37.83 47.32 52 M:4.1
71 1975/7/18 45:02.0 38.98 45.71 62 mb:4.1
72 1978/9/16 21:34.0 38.58 47.58 33 mb:4.1
73 1979/11/21 36:05.0 38.19 47.23 41 mb:4.6
74 1980/3/25 57:30.0 39.03 45.58 55 mb:4.4
75 1980/3/25 25:25.0 38.93 45.73 72 mb:4.5
76 1980/5/16 05:38.0 38.77 45,93 33 mb:4.3
77 1980/5/16 50:14.0 38.86 45.88 15 mb:4.5
78 1980/10/10 09:53.0 38.4 45,91 47 mb:4.8
79 1980/12/29 53:07.0 38.55 44,98 66 mb:4.6
80 1981/1/4 19:45.0 38.47 44.85 15 mb:4.6
81 1981/4/29 48:49.0 37.35 44.89 mb:4.4
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NO

Date(yyyy/mm/dd) | Time(UTC) | Latitude | Longitude | Depth | Magnitude

82 1981/5/24 12:23.0 38.6 45.41 15 mb:4.5
83 1981/5/24 07:06.0 38.42 45.41 10 mb:4.5
84 1981/7/23 05:30.0 37.08 45.2 15 Mw:5.9
85 1981/7/23 07:17.0 37.27 45.44 79 mb:4.6
86 1981/9/14 03:44.0 37.06 45.25 15 mb:4.6
87 1982/4/27 16:27.0 39.12 46.32 23 mb:4.2
88 1982/11/4 04:49.0 38.5 45.57 33 mb:4.2
89 1982/11/4 45:50.0 38.58 45.45 33 mb:4.1
90 1984/3/25 44:58.0 38.25 45.28 33 mb:4.6
91 1984/6/29 55:16.0 38.38 45.17 15 mb:4.6
92 1984/8/24 31:41.0 38.5 45.95 10 mb:5.1
93 1984/10/28 03:59.0 37.03 45.29 33 mb:4.6
94 1985/4/9 31:06.0 39.32 46.6 33 mb:4.2
95 1986/5/11 29:14.0 36.97 45.28 43 mb:4.7
96 1986/7/10 57:16.0 38.33 45.14 15 mb:4.6
97 1986/7/12 00:52.0 38.4 45.17 15 mb:4.8
98 1986/7/17 11:59.0 38.43 45.18 10 mb:4.3
99 1987/7/22 05:07.0 37.88 46.82 10 mb:4.2
100 1988/1/7 59:38.0 38.41 45.43 15 mb:4.8
101 1988/4/7 18:12.0 38.86 45.29 33 mb:4

102 1988/6/4 09:00.0 36.96 45.3 15 mb:5

103 1988/7/22 49:33.0 38.92 45.46 33 mb:4

104 1988/10/16 35:24.0 38.01 44.76 33 mb:4.5
105 1989/12/2 51:59.0 38.45 45,43 20 mb:4.5
106 1989/12/3 39:10.0 38.4 45,37 15 mb:4.8
107 1991/11/12 36:04.0 38.97 45.06 33 mb:4.3
108 1992/3/5 30:16.0 38.36 45.02 15 mb:4.4
109 1992/4/26 15:51.0 37.87 47.33 33 mb:4

110 1992/11/6 28:46.0 38.04 47.78 33 mb:4

111 1993/3/15 32:42.0 38.23 45.85 21 mb:4.7
112 1993/3/17 59:15.0 38.25 44.86 26 mb:4.4
113 1993/3/30 25:21.0 38.3 44.83 15 mb:4.5
114 1993/5/25 38:25.0 37.56 46.07 33 mb:4.3
115 1995/2/22 29:42.0 38.58 44.86 10 mb:4.2
116 1995/5/18 52:06.0 38.38 45.65 89 mb:4.2
117 1996/6/18 11:05.0 39.08 45.75 30 mb:4.8
118 1996/6/19 08:01.0 38.9 45.86 53 mb:4.1
119 1997/2/28 55:14.0 38.09 47.92 41 mb:4.2
120 1997/3/2 29:45.0 37.99 47.89 15 Mw:5.3
121 1997/3/21 00:42.0 38 47.86 15 mb:4.4
122 1998/11/9 36:44.0 38.08 45.15 33 mb:4
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NO

Date(yyyy/mm/dd) | Time(UTC) | Latitude | Longitude | Depth | Magnitude
123 1998/11/18 37:21.0 38.41 45.28 23 mb:4.7
124 1998/11/23 11:39.0 38.33 45.15 18 mb:4.5
125 1999/8/19 33:14.0 38.41 46.42 10 mb:4.5
126 2000/2/26 18:37.0 37.37 44.77 15 mb:4.6
127 2001/6/12 46:49.0 39.1 47.28 15 mb:4.6
128 2001/6/17 22:15.0 39.04 45.81 33 mb:4.1
129 2002/3/5 54:26.0 38.33 45.24 52 mb:4.3
130 2002/417 50:29.0 38.4 45.24 15 mb:4.5
131 2002/6/20 55:02.0 38.64 45 10 MD:4.1
132 2003/2/20 23:06.0 38.35 45.01 65 mb:4.2
133 2003/6/5 14:05.0 38.56 45.05 69 mb:4.2
134 2003/8/11 12:06.0 38.72 44,92 8 mb:4.7
135 2004/1/24 40:42.0 38.29 44.8 4 mb:4.2
136 2005/6/7 51:16.2 37.99 46.84 18 ML:4
137 2006/5/26 59:31.5 38.57 45.18 14 ML:4
138 2006/12/2 39:40.5 38.77 45.18 15 ML:4
139 2007/11/9 08:51.3 37.53 44.67 14 ML:4.2
140 2007/12/1 45:09.7 38.23 46.48 14 ML:4.4
141 2008/2/16 04:37.8 38.48 45.23 14 ML:4
142 2008/9/2 00:51.9 38.99 45.92 18 ML:4.9
143 2008/10/3 41:52.0 38.06 44,58 18 ML:4.1
144 2010/2/2 16:29.2 37.92 46.98 14 ML:4.3
145 855-01-01 38.1 46.3 5.3
146 585-01-01 38.1 46.3 6
147 89-01-06 37.7 47.5 7.7
148 1042-11-04 38.1 46.3 7.6
149 1273-01-18 38.13 46.28 6.5
150 1304-11-07 38.5 45.5 6.7
151 1593-01-01 37.8 47.5 6.1
152 1641-02-05 37.9 46.1 6.8
153 1717-03-12 38.1 46.3 5.9
154 1721-04-26 37.9 46.7 7.7
155 1780-01-08 38.2 46 7.7
156 1786-10-00 38.3 45.6 6.3
157 1807-07-11 38.34 453 55
158 1837-06-00 38.12 44.69 6
159 1843-04-18 38.7 44.9 5.9
160 1844-05-13 37.6 47.8 6.9
161 1857-09-06 38.36 45.35 5.5
162 1862-12-19 39.3 47.8 6.1
163 1879-03-22 37.8 47.8 6.7
164 1883-05-03 37.9 47.2 6.2
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Abstract:

Our country, Iran due to special geological, topography and climate conditions are suffered
significant economic lost due to occurrence of landslides annually. In recent decades, the
growth of population and requirements to food supply and water management lead to
increase constructing of new engineering projects, so we are seeing increasing intense the
rate of landslides and its related damages.

The Vanyar reservoir dam is located in 5 kilometers northeast of Tabriz in the
downward of Vanyar village over the Ajechi river. The dam type is earth dam with an
impervious clay core and the height and crest width of dam are 83 and 10 meters,
respectively. The area and volume of reservoir are km? 34.7 and km? 361.2.

The construction and water reserving in the vicinity of unstable or slopes with potential
of instability will be affecting the stability of hills and results to new slide. In this research,
the instability of slopes in margin of Vaniyar reservoir after the dam operation and their

environmental effects are investigated. For this, engineering geology map and slope
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classification map are prepared. Landslide inventory map and the characteristics of rock
outcrops and alluvial in reservoir area were provided based on the field survey and
exploration boreholes. Then, the safety factors of 750 of slopes in margin and over the
reservoir were estimated by the Slide 5.0 software in condition of dam operation and
design earthquake and finally the hazard zoning map of reservoir provided.

The results shown that about 0.5% of slops are classified in unstable category, about
19.5% in partially unstable and 80% in stable group. The occurrence of landslides in dam
reservoir will have negative environmental effects such as soil and plant destruction,
increase rate of erosion, turbulence of water, decrease of reservoir water quality, increase
of reservoir sediment and finally impair to dam and its accessory. In this study, about 18
old slides landslides have been recognized that 4 of them are deep and reactivation of these
slides could be results to 1407000m? sediments in reservoir or which is 0.4% of reservoir
volume. Unstability and slides of all unstable and partially unstable slopes and old slides
can inter about 14280100m?3 sediments into dam reservoir which is relatively high volume.

Keywords: Landslide hazard zoning, Vanyar dam, Slope stability, environmental impacts
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