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6.1 @36sOmo 1 - 39HyHmeo 39MEO™dOL YMMOOL sbsM0T0.
Slope stability analysis

Input data

Project

Task : Mtkvari
Customer : MTKVARI HPP
Date : 3/27/2017
Settings

(input for current task)
Stability analysis

Earthquake analysis : Standard
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor : SFg = 1.50 [-]
Interface
No. . Coordinates of interface points [m]

X 4 X 4 X

1 0.00 2.13 9.78 -1.82 12.77
/: 14.99 0.25 19.21 0.47 21.60
’/>/ 30.00 2.03

2 19.21 0.47 30.00 0.22

3 0.00 -4.23 13.09 -3.77 21.74
//: 30.00 -0.94

-1.77
2.65

-2.13
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Soil parameters - effective stress state

36ML 16360 $8IB0
GROSS ENERG’Y GROUP

6GEG

No. Name Pattern Ut <G ¥
[°] [kPa] [kN/m3]
oy T s
. Vs /// 7
1 SoilN.1 S S, 15.00 5.00 19.00
s
2,0, S
! _I !
| R
2 SoilN.2 vy 19.00 15.00 19.00
Soil parameters - uplift
No. Name Pattern U L .
[KN/m3] [KN/m3] -]
‘O N/
) ///// A4
1  SoilN.1 B 19.00
LSS s
2, Sar S
! _I !
R
2 SoilN.2 vy 19.00
Soil parameters
Soil N.1
Unit weight : y = 19.00 kN/m3
Stress-state : effective
Angle of internal friction : eef = 15.00°
Cohesion of sail : Cef = 5.00 kPa
Saturated unit weight : Ysat = 19.00 kN/m3
Soil N.2
Unit weight : = 19.00 kN/m3
Stress-state : effective
Angle of internal friction : Qef = 19.00°
Cohesion of soil : Cef = 15.00 kPa
Saturated unit weight : Ysat = 19.00 kN/m3
Assigning and surfaces
No. Sy - Coordinates of surface points [m] A55|g.ned
X z X z soil
1 30.00 0.22 30.00 203 _ .
\ Soil N.1
21.60 2.65 19.21 0.47
A4 /
/9 ///C{//é////,
7 /O// S /S
PGP A
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” Coordinates of surface points [m] Assigned
No. Surface position .
X z X z soil
2 13.09 -3.77 21.74 213 _ .
Soil N.1
///: 30.00 -0.94 30.00 0.22
19.21 0.47 14.99 025 7 7 7
-—//)/ 12.77 1.77 9.78 182 7 //O///{’///
: -1. : - LSS
0.00 -2.13 0.00 428 & 570 8 s oy
3 21.74 -2.13 13.09 377 .
Soil N.2
0.00 -4.23 0.00 -9.23
30.00 -9.23 30.00 -0.94 A S e
[ o ]
RERER R
A A A A
Water
Water type : No water
Tensile crack
Tensile crack not input.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent
Results (Stage of construction 1)
Analysis 1 (stage 1)
Circular slip surface
Slip surface parameters
X = 15.27 [m] o1 = -13.61 [
Center : Angles :
zZ= 8.60 [m] op = 54.95 [°]
Radius : R=  10.67 [m] |
The slip surface after optimization.
Slope stability verification (Morgenstern-Price)
Factor of safety = 1.36 < 1.50
Slope stability NOT ACCEPTABLE
Optimization of circular slip surface (Morgenstern-Price)
g
No. center adius FS Verification
X [m] z[m] R [m]
1 15.69 7.00 10.02 1.42 NOT ACCEPTABLE
2 15.69 7.00 10.02 1.42 NOT ACCEPTABLE
3 15.69 7.00 10.02 1.42 NOT ACCEPTABLE
4 12.43 30.69 33.50 1.93 ACCEPTABLE
5 15.07 14.35 19.19 2.75 ACCEPTABLE
6 22.76 4.64 7.50 5.14 ACCEPTABLE
7 16.65 4.64 13.41 3.78 ACCEPTABLE
8 9.94 10.23 13.17 3.04 ACCEPTABLE
9 11.57 0.73 7.12 5.88 ACCEPTABLE
10 13.21 25.87 29.03 1.87 ACCEPTABLE
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11 -37.45 258.59 264.84 2.42 ACCEPTABLE
12 15.69 7.00 10.02 1.42 NOT ACCEPTABLE
13 13.60 22.28 25.09 1.73 ACCEPTABLE
14 15.28 13.32 17.36 2.38 ACCEPTABLE
15 20.85 5.60 8.45 3.31 ACCEPTABLE
16 16.75 5.47 12.27 3.15 ACCEPTABLE
17 11.70 7.74 10.75 2.35 ACCEPTABLE
18 12.84 3.52 8.01 3.34 ACCEPTABLE
19 14.15 19.33 22.43 1.70 ACCEPTABLE
20 21.12 4.12 7.70 3.96 ACCEPTABLE
21 15.69 7.00 10.02 1.42 NOT ACCEPTABLE
22 19.64 341 7.68 3.38 ACCEPTABLE
23 16.21 4.05 5.94 1.73 ACCEPTABLE
24 -10.71 131.81 135.02 2.56 ACCEPTABLE
25 10.95 37.64 38.98 1.93 ACCEPTABLE
26 14.25 16.37 19.19 1.58 ACCEPTABLE
27 15.37 11.19 14.86 2.12 ACCEPTABLE
28 18.88 6.42 9.35 2.38 ACCEPTABLE
29 16.55 5.75 11.25 2.72 ACCEPTABLE
30 9.93 16.22 18.16 3.09 ACCEPTABLE
31 12.21 12.78 14.09 2.68 ACCEPTABLE
32 12.97 6.96 10.00 1.77 ACCEPTABLE
33 13.71 4.70 8.52 2.27 ACCEPTABLE
34 14.67 14.44 17.52 1.57 ACCEPTABLE
35 18.83 6.61 9.48 2.32 ACCEPTABLE
36 15.69 7.00 10.02 1.42 NOT ACCEPTABLE
37 17.35 7.51 10.41 1.80 ACCEPTABLE
38 15.28 6.22 8.41 1.41 NOT ACCEPTABLE
39 18.72 3.52 5.99 1.85 ACCEPTABLE
40 16.50 3.74 4.86 2.63 ACCEPTABLE
41 -3.24 68.31 71.53 2.38 ACCEPTABLE
42 15.19 15.23 15.89 1.80 ACCEPTABLE
43 13.50 14.08 16.09 1.45 NOT ACCEPTABLE
44 15.23 8.50 11.17 1.39 NOT ACCEPTABLE
45 16.57 10.17 12.57 1.48 NOT ACCEPTABLE
46 14.57 7.91 9.86 1.42 NOT ACCEPTABLE
a7 6.86 45,54 47.44 1.85 ACCEPTABLE
48 11.12 28.50 30.31 1.60 ACCEPTABLE
49 14.00 15.86 18.35 1.52 ACCEPTABLE
50 18.42 3.95 8.12 2.72 ACCEPTABLE
51 15.05 11.51 14.59 1.49 NOT ACCEPTABLE
52 17.04 8.59 11.25 1.51 ACCEPTABLE
53 16.13 7.02 11.27 2.28 ACCEPTABLE
54 15.68 5.29 7.68 1.43 NOT ACCEPTABLE
55 11.06 15.76 17.70 2.01 ACCEPTABLE
56 11.59 14.91 16.72 1.67 ACCEPTABLE
57 13.41 8.43 11.12 1.53 ACCEPTABLE
58 14.68 4.49 8.40 2.17 ACCEPTABLE
59 16.56 3.22 6.33 1.87 ACCEPTABLE
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60 15.10 3.17 7.78 2.59 ACCEPTABLE
61 14.00 6.59 9.72 1.52 ACCEPTABLE
62 16.00 4.53 7.13 1.47 NOT ACCEPTABLE
63 14.46 13.92 16.63 1.50 ACCEPTABLE
64 16.64 9.91 12.35 1.49 NOT ACCEPTABLE
65 -54.20 201.17 213.16 2.94 ACCEPTABLE
66 -69.20 321.37 332.95 2.66 ACCEPTABLE
67 15.23 8.50 11.17 1.39 NOT ACCEPTABLE
68 15.96 10.14 12.54 1.43 NOT ACCEPTABLE
69 14.67 8.54 10.64 1.38 NOT ACCEPTABLE
70 15.64 10.17 11.85 1.44 NOT ACCEPTABLE
71 14.65 7.53 9.08 1.67 ACCEPTABLE
72 7.78 32.63 34.58 1.78 ACCEPTABLE
73 12.76 18.62 20.06 1.59 ACCEPTABLE
74 13.29 14.80 16.77 1.47 NOT ACCEPTABLE
75 17.55 4.57 7.38 1.67 ACCEPTABLE
76 14.68 10.28 12.66 1.39 NOT ACCEPTABLE
77 16.43 7.85 9.81 1.44 NOT ACCEPTABLE
78 15.71 6.97 9.99 1.42 NOT ACCEPTABLE
79 15.38 591 7.64 1.60 ACCEPTABLE
80 11.48 13.59 15.40 1.95 ACCEPTABLE
81 12.81 11.64 13.09 2.03 ACCEPTABLE
82 13.47 8.46 10.58 1.62 ACCEPTABLE
83 15.94 3.29 6.37 1.62 ACCEPTABLE
84 14.79 5.05 7.87 1.52 ACCEPTABLE
85 16.29 3.87 6.12 1.63 ACCEPTABLE
86 15.25 3.87 7.13 1.71 ACCEPTABLE
87 14.14 6.72 9.11 1.53 ACCEPTABLE
88 15.80 4.96 6.88 1.59 ACCEPTABLE
89 14.01 12.47 14.60 1.42 NOT ACCEPTABLE
90 15.99 9.14 10.92 1.43 NOT ACCEPTABLE
91 -56.58 218.73 230.63 2.58 ACCEPTABLE
92 -66.59 298.81 310.43 2.83 ACCEPTABLE
93 14.67 8.54 10.64 1.38 NOT ACCEPTABLE
94 14.73 10.77 12.62 1.39 NOT ACCEPTABLE
95 14.26 8.47 10.27 1.49 NOT ACCEPTABLE
96 11.58 19.11 20.91 1.51 ACCEPTABLE
97 13.35 14.53 16.24 1.45 NOT ACCEPTABLE
98 13.76 12.49 14.49 1.43 NOT ACCEPTABLE
99 16.49 5.98 8.49 1.43 NOT ACCEPTABLE
100 14.68 9.69 11.97 1.38 NOT ACCEPTABLE
101 14.80 11.86 13.91 1.40 NOT ACCEPTABLE
102 14.09 10.06 12.01 1.41 NOT ACCEPTABLE
103 12.04 19.98 21.84 1.59 ACCEPTABLE
104 13.47 15.98 17.82 1.46 NOT ACCEPTABLE
105 13.92 13.52 15.70 1.44 NOT ACCEPTABLE
106 16.35 7.06 9.82 1.42 NOT ACCEPTABLE
107 14.64 11.02 13.47 1.41 NOT ACCEPTABLE
108 15.48 9.75 12.02 1.39 NOT ACCEPTABLE
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109 15.39 8.44 11.34 1.41 NOT ACCEPTABLE
110 14.73 8.37 10.49 1.38 NOT ACCEPTABLE
111 12.71 13.10 15.07 1.56 ACCEPTABLE
112 13.28 12.22 14.05 1.47 NOT ACCEPTABLE
113 13.88 9.63 11.92 1.43 NOT ACCEPTABLE
114 15.56 5.46 8.41 1.43 NOT ACCEPTABLE
115 16.03 4.95 7.80 1.44 NOT ACCEPTABLE
116 14.61 7.43 10.10 141 NOT ACCEPTABLE
117 15.44 6.51 8.94 1.38 NOT ACCEPTABLE
118 15.10 5.96 9.02 1.43 NOT ACCEPTABLE
119 14.24 8.54 10.99 1.41 NOT ACCEPTABLE
120 15.08 7.46 9.71 1.37 NOT ACCEPTABLE
121 15.39 8.99 10.98 1.38 NOT ACCEPTABLE
122 14.79 7.26 9.16 1.46 NOT ACCEPTABLE
123 12.66 15.82 17.67 1.52 ACCEPTABLE
124 14.28 12.02 13.79 1.40 NOT ACCEPTABLE
125 14.32 10.78 12.93 1.39 NOT ACCEPTABLE
126 16.77 5.23 7.95 1.47 NOT ACCEPTABLE
127 15.04 8.59 11.04 1.37 NOT ACCEPTABLE
128 16.00 7.35 9.57 1.39 NOT ACCEPTABLE
129 15.71 6.57 9.45 1.40 NOT ACCEPTABLE
130 15.27 6.16 8.21 1.45 NOT ACCEPTABLE
131 13.30 9.97 11.93 1.57 ACCEPTABLE
132 14.04 8.98 10.73 1.52 ACCEPTABLE
133 14.28 7.42 9.68 1.46 NOT ACCEPTABLE
134 15.89 4.01 6.92 1.52 ACCEPTABLE
135 16.43 3.50 6.29 1.59 ACCEPTABLE
136 15.01 5.52 8.19 1.45 NOT ACCEPTABLE
137 15.91 4.69 7.07 1.48 NOT ACCEPTABLE
138 15.43 4.44 7.47 1.50 NOT ACCEPTABLE
139 14.64 6.48 8.92 1.45 NOT ACCEPTABLE
140 15.58 5.45 7.64 1.46 NOT ACCEPTABLE
141 14.68 9.70 11.97 1.38 NOT ACCEPTABLE
142 15.68 8.21 10.29 1.38 NOT ACCEPTABLE
143 -48.75 163.14 175.78 3.01 ACCEPTABLE
144 -55.15 207.39 219.71 2.69 ACCEPTABLE
145 15.08 7.46 9.71 1.37 NOT ACCEPTABLE
146 15.16 8.71 10.78 1.36 NOT ACCEPTABLE
147 15.71 9.39 11.18 1.42 NOT ACCEPTABLE
148 15.29 8.21 9.94 1.43 NOT ACCEPTABLE
149 13.39 14.71 16.54 1.44 NOT ACCEPTABLE
150 15.06 11.25 12.89 1.44 NOT ACCEPTABLE
151 14.54 11.33 13.33 1.39 NOT ACCEPTABLE
152 16.73 6.46 8.72 1.45 NOT ACCEPTABLE
153 15.17 9.48 11.66 1.37 NOT ACCEPTABLE
154 16.16 8.09 10.05 1.42 NOT ACCEPTABLE
155 15.75 7.79 10.23 1.38 NOT ACCEPTABLE
156 15.67 7.24 9.10 1.42 NOT ACCEPTABLE
157 13.83 10.76 12.65 1.43 NOT ACCEPTABLE
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158 14.87 9.27 10.91 1.45 NOT ACCEPTABLE
159 14.63 8.67 10.75 1.38 NOT ACCEPTABLE
160 15.94 5.65 8.12 1.40 NOT ACCEPTABLE
161 16.55 4.97 7.31 1.48 NOT ACCEPTABLE
162 15.24 7.06 9.37 1.38 NOT ACCEPTABLE
163 16.13 6.06 8.12 1.44 NOT ACCEPTABLE
164 15.65 5.97 8.52 1.39 NOT ACCEPTABLE
165 14.94 7.85 10.04 1.37 NOT ACCEPTABLE
166 15.89 6.66 8.60 1.43 NOT ACCEPTABLE
167 14.86 10.39 12.47 1.38 NOT ACCEPTABLE
168 15.94 8.75 10.62 1.42 NOT ACCEPTABLE
169 -49.72 169.64 182.23 2.71 ACCEPTABLE
170 -53.98 199.10 211.47 2.19 ACCEPTABLE
171 -49.20 169.64 182.23 2.22 ACCEPTABLE
172 15.16 8.71 10.78 1.36 NOT ACCEPTABLE
173 15.43 9.34 11.23 1.39 NOT ACCEPTABLE
174 15.18 8.47 10.33 1.40 NOT ACCEPTABLE
175 14.10 12.25 14.15 1.40 NOT ACCEPTABLE
176 15.06 10.38 12.18 1.40 NOT ACCEPTABLE
177 14.75 10.41 12.43 1.37 NOT ACCEPTABLE
178 16.20 7.20 9.39 1.41 NOT ACCEPTABLE
179 15.17 9.22 11.37 1.37 NOT ACCEPTABLE
180 15.79 8.36 10.36 1.39 NOT ACCEPTABLE
181 15.58 8.05 10.36 1.37 NOT ACCEPTABLE
182 15.44 7.81 9.74 1.39 NOT ACCEPTABLE
183 14.29 10.03 11.98 1.39 NOT ACCEPTABLE
184 14.92 9.15 10.94 1.40 NOT ACCEPTABLE
185 14.80 8.68 10.76 1.37 NOT ACCEPTABLE
186 15.73 6.50 8.83 1.38 NOT ACCEPTABLE
187 16.13 6.03 8.27 1.42 NOT ACCEPTABLE
188 15.22 7.60 9.82 1.37 NOT ACCEPTABLE
189 15.79 6.90 8.97 1.40 NOT ACCEPTABLE
190 15.54 6.73 9.11 1.38 NOT ACCEPTABLE
191 15.01 8.14 10.28 1.37 NOT ACCEPTABLE
192 15.62 7.35 9.35 1.39 NOT ACCEPTABLE
193 14.96 9.81 11.89 1.37 NOT ACCEPTABLE
194 15.61 8.85 10.79 1.39 NOT ACCEPTABLE
195 15.16 8.71 10.78 1.36 NOT ACCEPTABLE
196 15.27 9.25 11.21 1.38 NOT ACCEPTABLE
197 15.11 8.64 10.58 1.38 NOT ACCEPTABLE
198 14.50 10.91 12.85 1.38 NOT ACCEPTABLE
199 15.04 9.87 11.77 1.38 NOT ACCEPTABLE
200 14.89 9.82 11.86 1.37 NOT ACCEPTABLE
201 15.82 7.74 9.89 1.38 NOT ACCEPTABLE
202 15.17 9.05 11.17 1.36 NOT ACCEPTABLE
203 15.53 8.54 10.58 1.38 NOT ACCEPTABLE
204 15.45 8.25 10.48 1.36 NOT ACCEPTABLE
205 15.29 8.19 10.18 1.38 NOT ACCEPTABLE
206 14.59 9.57 11.56 1.38 NOT ACCEPTABLE
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207 14.95 9.07 10.97 1.38 NOT ACCEPTABLE
208 14.92 8.69 10.77 1.37 NOT ACCEPTABLE
209 15.57 7.15 9.39 1.37 NOT ACCEPTABLE
210 15.80 6.86 9.05 1.38 NOT ACCEPTABLE
211 15.20 7.96 10.13 1.36 NOT ACCEPTABLE
212 15.55 7.52 9.60 1.38 NOT ACCEPTABLE
213 15.45 7.31 9.58 1.37 NOT ACCEPTABLE
214 15.06 8.33 10.44 1.37 NOT ACCEPTABLE
215 15.42 7.85 9.88 1.38 NOT ACCEPTABLE
216 15.03 9.43 11.51 1.37 NOT ACCEPTABLE
217 15.40 8.89 10.89 1.38 NOT ACCEPTABLE
218 15.16 8.71 10.78 1.36 NOT ACCEPTABLE
219 15.17 9.16 11.17 1.37 NOT ACCEPTABLE
220 15.07 8.75 10.74 1.37 NOT ACCEPTABLE
221 14.74 10.11 12.09 1.37 NOT ACCEPTABLE
222 15.03 9.54 11.51 1.37 NOT ACCEPTABLE
223 14.98 9.44 11.49 1.37 NOT ACCEPTABLE
224 15.56 8.12 10.25 1.37 NOT ACCEPTABLE
225 15.17 8.93 11.04 1.36 NOT ACCEPTABLE
226 15.35 8.67 10.73 1.37 NOT ACCEPTABLE
227 15.36 8.39 10.57 1.36 NOT ACCEPTABLE
228 15.19 8.44 10.47 1.37 NOT ACCEPTABLE
229 14.78 9.28 11.29 1.37 NOT ACCEPTABLE
230 14.96 9.03 10.99 1.37 NOT ACCEPTABLE
231 15.00 8.70 10.77 1.36 NOT ACCEPTABLE
232 15.45 7.63 9.81 1.36 NOT ACCEPTABLE
233 15.56 7.48 9.64 1.37 NOT ACCEPTABLE
234 15.19 8.21 10.34 1.36 NOT ACCEPTABLE
235 15.37 7.97 10.05 1.37 NOT ACCEPTABLE
236 15.36 7.73 9.93 1.36 NOT ACCEPTABLE
237 15.09 8.45 10.55 1.36 NOT ACCEPTABLE
238 15.28 8.20 10.26 1.37 NOT ACCEPTABLE
239 15.07 9.19 11.26 1.36 NOT ACCEPTABLE
240 15.26 8.92 10.95 1.37 NOT ACCEPTABLE
241 -49.60 178.47 190.69 2.07 ACCEPTABLE
242 -49.45 178.47 190.69 2.00 ACCEPTABLE
243 15.16 8.71 10.78 1.36 NOT ACCEPTABLE
244 15.14 9.05 11.08 1.36 NOT ACCEPTABLE
245 15.08 8.77 10.79 1.36 NOT ACCEPTABLE
246 14.89 9.61 11.63 1.37 NOT ACCEPTABLE
247 15.05 9.29 11.30 1.36 NOT ACCEPTABLE
248 15.04 9.20 11.25 1.36 NOT ACCEPTABLE
249 15.40 8.35 10.46 1.36 NOT ACCEPTABLE
250 15.16 8.86 10.95 1.36 NOT ACCEPTABLE
251 15.27 8.72 10.79 1.36 NOT ACCEPTABLE
252 15.36 8.91 10.92 1.37 NOT ACCEPTABLE
253 15.29 8.64 10.64 1.37 NOT ACCEPTABLE
254 15.00 9.63 11.64 1.37 NOT ACCEPTABLE
255 15.27 9.15 11.13 1.37 NOT ACCEPTABLE
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256 15.15 9.21 11.26 1.36 NOT ACCEPTABLE
257 15.61 8.22 10.32 1.37 NOT ACCEPTABLE
258 15.27 8.87 10.96 1.36 NOT ACCEPTABLE
259 15.47 8.59 10.64 1.37 NOT ACCEPTABLE
260 15.41 8.50 10.64 1.36 NOT ACCEPTABLE
261 15.37 8.43 10.46 1.37 NOT ACCEPTABLE
262 15.02 9.10 11.13 1.36 NOT ACCEPTABLE
263 15.22 8.81 10.79 1.37 NOT ACCEPTABLE
264 15.16 8.71 10.78 1.36 NOT ACCEPTABLE
265 15.47 7.98 10.12 1.36 NOT ACCEPTABLE
266 15.61 7.79 9.90 1.37 NOT ACCEPTABLE
267 15.29 8.39 10.50 1.36 NOT ACCEPTABLE
268 15.48 8.12 10.19 1.37 NOT ACCEPTABLE
269 15.41 8.05 10.20 1.36 NOT ACCEPTABLE
270 15.23 8.55 10.64 1.36 NOT ACCEPTABLE
271 15.22 8.88 10.93 1.36 NOT ACCEPTABLE
272 15.15 8.60 10.65 1.36 NOT ACCEPTABLE
273 14.96 9.43 11.46 1.36 NOT ACCEPTABLE
274 15.13 9.11 11.14 1.36 NOT ACCEPTABLE
275 15.11 9.02 11.10 1.36 NOT ACCEPTABLE
276 15.47 8.20 10.33 1.36 NOT ACCEPTABLE
277 15.23 8.70 10.81 1.36 NOT ACCEPTABLE
278 15.34 8.56 10.65 1.36 NOT ACCEPTABLE
279 15.36 8.34 10.50 1.36 NOT ACCEPTABLE
280 15.23 8.40 10.47 1.36 NOT ACCEPTABLE
281 14.98 8.92 10.96 1.36 NOT ACCEPTABLE
282 15.08 8.78 10.80 1.36 NOT ACCEPTABLE
283 15.12 8.54 10.63 1.36 NOT ACCEPTABLE
284 15.42 7.83 9.99 1.36 NOT ACCEPTABLE
285 15.47 7.76 9.91 1.36 NOT ACCEPTABLE
286 15.24 8.23 10.36 1.36 NOT ACCEPTABLE
287 15.35 8.09 10.20 1.36 NOT ACCEPTABLE
288 15.37 7.90 10.08 1.36 NOT ACCEPTABLE
289 15.18 8.38 10.50 1.36 NOT ACCEPTABLE
290 15.29 8.24 10.33 1.36 NOT ACCEPTABLE
291 15.17 8.86 10.96 1.36 NOT ACCEPTABLE
292 15.28 8.72 10.79 1.36 NOT ACCEPTABLE
293 -49.81 179.91 192.11 2.07 ACCEPTABLE
294 -49.70 179.91 192.11 2.02 ACCEPTABLE
295 15.23 8.55 10.64 1.36 NOT ACCEPTABLE
296 15.22 8.77 10.83 1.36 NOT ACCEPTABLE
297 15.25 8.94 10.96 1.37 NOT ACCEPTABLE
298 15.21 8.75 10.77 1.37 NOT ACCEPTABLE
299 15.04 9.37 11.39 1.36 NOT ACCEPTABLE
300 15.19 9.09 11.10 1.37 NOT ACCEPTABLE
301 15.14 9.10 11.15 1.36 NOT ACCEPTABLE
302 15.42 8.47 10.55 1.37 NOT ACCEPTABLE
303 15.22 8.87 10.94 1.36 NOT ACCEPTABLE
304 15.33 8.72 10.77 1.37 NOT ACCEPTABLE
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305 15.32 8.62 10.72 1.36 NOT ACCEPTABLE
306 15.26 8.61 10.65 1.36 NOT ACCEPTABLE
307 15.05 9.02 11.05 1.36 NOT ACCEPTABLE
308 15.16 8.87 10.88 1.37 NOT ACCEPTABLE
309 15.15 8.76 10.83 1.36 NOT ACCEPTABLE
310 15.36 8.26 10.37 1.36 NOT ACCEPTABLE
311 15.43 8.16 10.25 1.37 NOT ACCEPTABLE
312 15.23 8.54 10.63 1.36 NOT ACCEPTABLE
313 15.34 8.40 10.46 1.37 NOT ACCEPTABLE
314 15.32 8.31 10.42 1.36 NOT ACCEPTABLE
315 15.19 8.65 10.73 1.36 NOT ACCEPTABLE
316 15.30 8.50 10.55 1.37 NOT ACCEPTABLE
317 15.18 8.98 11.04 1.36 NOT ACCEPTABLE
318 15.29 8.83 10.87 1.37 NOT ACCEPTABLE
319 -49.95 181.02 193.21 2.05 ACCEPTABLE
320 -49.88 181.02 193.21 2.02 ACCEPTABLE
321 15.22 8.77 10.83 1.36 NOT ACCEPTABLE
322 15.22 8.91 10.95 1.36 NOT ACCEPTABLE
323 15.19 8.78 10.82 1.36 NOT ACCEPTABLE
324 15.10 9.16 11.20 1.36 NOT ACCEPTABLE
325 15.19 9.01 11.04 1.36 NOT ACCEPTABLE
326 15.17 8.99 11.04 1.36 NOT ACCEPTABLE
327 15.34 8.59 10.67 1.36 NOT ACCEPTABLE
328 15.22 8.84 10.91 1.36 NOT ACCEPTABLE
329 15.28 8.76 10.81 1.36 NOT ACCEPTABLE
330 15.28 8.67 10.76 1.36 NOT ACCEPTABLE
331 15.23 8.69 10.74 1.36 NOT ACCEPTABLE
332 15.11 8.94 10.98 1.36 NOT ACCEPTABLE
333 15.16 8.86 10.89 1.36 NOT ACCEPTABLE
334 15.17 8.77 10.83 1.36 NOT ACCEPTABLE
335 15.31 8.43 10.52 1.36 NOT ACCEPTABLE
336 15.32 8.55 10.62 1.36 NOT ACCEPTABLE
337 15.29 8.43 10.50 1.36 NOT ACCEPTABLE
338 15.20 8.81 10.87 1.36 NOT ACCEPTABLE
339 15.28 8.65 10.70 1.36 NOT ACCEPTABLE
340 15.26 8.64 10.72 1.36 NOT ACCEPTABLE
341 15.43 8.25 10.36 1.36 NOT ACCEPTABLE
342 15.31 8.50 10.60 1.36 NOT ACCEPTABLE
343 15.37 8.41 10.50 1.36 NOT ACCEPTABLE
344 15.37 8.34 10.46 1.36 NOT ACCEPTABLE
345 15.33 8.34 10.42 1.36 NOT ACCEPTABLE
346 15.20 8.59 10.66 1.36 NOT ACCEPTABLE
347 15.26 8.50 10.56 1.36 NOT ACCEPTABLE
348 15.26 8.43 10.52 1.36 NOT ACCEPTABLE
349 15.25 8.57 10.65 1.36 NOT ACCEPTABLE
350 15.22 8.45 10.52 1.36 NOT ACCEPTABLE
351 15.14 8.81 10.87 1.36 NOT ACCEPTABLE
352 15.22 8.67 10.73 1.36 NOT ACCEPTABLE
353 15.24 8.78 10.82 1.36 NOT ACCEPTABLE
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354 15.21 8.66 10.70 1.36 NOT ACCEPTABLE
355 15.10 9.06 11.09 1.36 NOT ACCEPTABLE
356 15.20 8.88 10.91 1.36 NOT ACCEPTABLE
357 15.17 8.88 10.94 1.36 NOT ACCEPTABLE
358 15.35 8.47 10.55 1.36 NOT ACCEPTABLE
359 15.22 8.74 10.81 1.36 NOT ACCEPTABLE
360 15.29 8.64 10.69 1.36 NOT ACCEPTABLE
361 15.28 8.57 10.66 1.36 NOT ACCEPTABLE
362 15.24 8.57 10.61 1.36 NOT ACCEPTABLE
363 15.11 8.84 10.88 1.36 NOT ACCEPTABLE
364 15.18 8.74 10.76 1.37 NOT ACCEPTABLE
365 15.17 8.67 10.73 1.36 NOT ACCEPTABLE
366 15.31 8.33 10.42 1.36 NOT ACCEPTABLE
367 15.36 8.27 10.35 1.36 NOT ACCEPTABLE
368 15.23 8.52 10.60 1.36 NOT ACCEPTABLE
369 15.30 8.42 10.49 1.36 NOT ACCEPTABLE
370 15.29 8.36 10.46 1.36 NOT ACCEPTABLE
371 15.20 8.59 10.66 1.36 NOT ACCEPTABLE
372 15.27 8.50 10.55 1.36 NOT ACCEPTABLE
373 15.19 8.81 10.87 1.36 NOT ACCEPTABLE
374 15.26 8.71 10.76 1.36 NOT ACCEPTABLE
375 15.22 8.67 10.73 1.36 NOT ACCEPTABLE
376 15.22 8.76 10.81 1.36 NOT ACCEPTABLE
377 15.20 8.68 10.73 1.36 NOT ACCEPTABLE
378 15.14 8.93 10.97 1.36 NOT ACCEPTABLE
379 15.20 8.83 10.87 1.36 NOT ACCEPTABLE
380 15.18 8.81 10.87 1.36 NOT ACCEPTABLE
381 15.30 8.55 10.62 1.36 NOT ACCEPTABLE
382 15.22 8.71 10.78 1.36 NOT ACCEPTABLE
383 15.26 8.66 10.72 1.36 NOT ACCEPTABLE
384 15.26 8.60 10.68 1.36 NOT ACCEPTABLE
385 15.22 8.62 10.67 1.36 NOT ACCEPTABLE
386 15.15 8.78 10.83 1.36 NOT ACCEPTABLE
387 15.18 8.73 10.77 1.36 NOT ACCEPTABLE
388 15.19 8.67 10.73 1.36 NOT ACCEPTABLE
389 15.28 8.44 10.52 1.36 NOT ACCEPTABLE
390 15.30 8.41 10.49 1.36 NOT ACCEPTABLE
391 15.23 8.57 10.64 1.36 NOT ACCEPTABLE
392 15.26 8.52 10.58 1.36 NOT ACCEPTABLE
393 15.27 8.46 10.55 1.36 NOT ACCEPTABLE
394 15.21 8.62 10.68 1.36 NOT ACCEPTABLE
395 15.24 8.57 10.63 1.36 NOT ACCEPTABLE
396 15.20 8.76 10.82 1.36 NOT ACCEPTABLE
397 15.24 8.71 10.77 1.36 NOT ACCEPTABLE
398 -49.62 179.79 191.98 2.00 ACCEPTABLE
399 -49.59 179.79 191.98 1.99 ACCEPTABLE
400 15.22 8.67 10.73 1.36 NOT ACCEPTABLE
401 15.22 8.74 10.79 1.36 NOT ACCEPTABLE
402 15.20 8.68 10.73 1.36 NOT ACCEPTABLE
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403 15.17 8.84 10.89 1.36 NOT ACCEPTABLE
404 15.20 8.78 10.83 1.36 NOT ACCEPTABLE
405 15.20 8.77 10.82 1.36 NOT ACCEPTABLE
406 15.27 8.60 10.67 1.36 NOT ACCEPTABLE
407 15.28 8.65 10.71 1.36 NOT ACCEPTABLE
408 15.26 8.60 10.65 1.36 NOT ACCEPTABLE
409 15.22 8.77 10.83 1.36 NOT ACCEPTABLE
410 15.26 8.69 10.75 1.36 NOT ACCEPTABLE
411 15.25 8.69 10.76 1.36 NOT ACCEPTABLE
412 15.33 8.51 10.59 1.36 NOT ACCEPTABLE
413 15.27 8.63 10.70 1.36 NOT ACCEPTABLE
414 15.30 8.59 10.65 1.36 NOT ACCEPTABLE
415 15.30 8.56 10.64 1.36 NOT ACCEPTABLE
416 15.28 8.56 10.62 1.36 NOT ACCEPTABLE
417 15.22 8.67 10.73 1.36 NOT ACCEPTABLE
418 15.25 8.63 10.68 1.36 NOT ACCEPTABLE
419 15.25 8.60 10.67 1.36 NOT ACCEPTABLE
420 15.31 8.45 10.53 1.36 NOT ACCEPTABLE
421 15.33 8.42 10.50 1.36 NOT ACCEPTABLE
422 15.27 8.53 10.61 1.36 NOT ACCEPTABLE
423 15.30 8.49 10.56 1.36 NOT ACCEPTABLE
424 15.30 8.46 10.55 1.36 NOT ACCEPTABLE
425 15.26 8.57 10.64 1.36 NOT ACCEPTABLE
426 15.29 8.52 10.59 1.36 NOT ACCEPTABLE
427 15.26 8.66 10.73 1.36 NOT ACCEPTABLE
428 15.29 8.62 10.68 1.36 NOT ACCEPTABLE
429 -49.66 180.08 192.26 2.01 ACCEPTABLE
430 -49.64 180.08 192.26 2.00 ACCEPTABLE
431 15.27 8.60 10.67 1.36 NOT ACCEPTABLE
Input data (Stage of construction 2)
Assigning and surfaces
o Coordinates of surface points [m] Assigned
No. Surface position .
X z X z soil
1 30.00 0.22 30.00 2.03 .
[ 21.60 265 1921 0.47 SOIN-L
SISV
PGP A
2 13.09 -3.77 21.74 2.13 .
Soil N.1
///: 30.00 -0.94 30.00 0.22
/ 19.21 0.47 14.99 025 st Ly
12.77 -1.77 9.78 -1.82 7,7, /C}/// O////
0.00 -2.13 0.00 423 & 50 8 A,
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. Coordinates of surface points [m] Assigned
No. Surface position .
X z X z soil
3 21.74 -2.13 13.09 -3.77 .
Soil N.2
0.00 -4.23 0.00 -9.23
30.00 -9.23 30.00 -0.94 AN\

A AN N A

Anti-Slide piles

%?Icti;e Point Length spi!?ng Cross-section Pile bearing capacity
No. Distribut | Max.
vew | x| Zm UM bIm GO Pene Cradien Pessiefore
the pile = Vy [kN]
1 Yes 15.18 -0.22 6.00 2.00 d=0.40 constant 80.00 ff;?lee”dicu'ar
Water
Water type : No water
Tensile crack
Tensile crack not input.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent
Results (Stage of construction 2)
Analysis 1 (stage 2)
Circular slip surface
Slip surface parameters
X = 15.69 [m] o1=  -28.55 [
Center : Angles :
z= 7.00 [m] oy = 62.85 [°]
Radius : R=  10.02 [m] |
Analysis of the slip surface without optimization.

The forces acting on the pile
Anti-Slide Pile No. 1 (15.18; -0.22 [m])

Horizontal active force: 71.31 kKN/m
Horizontal passive force: 61.21 kN/m
Depth of slip surface: 278 m

The length of pile below terrain:  6.00 m

Slope stability verification (Morgenstern-Price)
Factor of safety = 1.86 > 1.50
Slope stability ACCEPTABLE

Piles verification 1 (stage 2)
Anti-Slide pile : Anti-Slide Pile No. 1 (15.18; -0.22 [m])
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Analysis :
Method :

Calculation 1 (slip surface circular)
Morgenstern-Price

Slope stability analysis

Input data

Project

Task : Mtkvari
Customer : MTKVARI HPP
Date : 3/27/2017
Settings

(input for current task)
Stability analysis

Earthquake analysis : Standard
Verification methodology : Safety factors (ASD)

3600 I6I6H0 38380
@ G E G GROSS ENERGY GROUP

Safety factors
Permanent design situation

=

Safety factor : SF¢ = 1.50 [-]
Interface
: Coordinates of interface points [m]
No. Interface location
X z X z X z
1 0.00 -2.13 9.78 -1.82 12.77 -1.77
/: 14.99 -0.25 19.21 0.47 21.60 2.65
/>/ 30.00 2.03
2 19.21 0.47 30.00 0.22
0.00 -4.23 13.09 -3.77 21.74 -2.13
30.00 -0.94
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Soil parameters - effective stress state

36ML 16360 $8IB0
GROSS ENERG’Y GROUP

6GEG

No. Name Pattern Ut <G ¥
[°] [kPa] [KN/m3]
0 [ Sy
) ///// A4
1 SoilN.1 S BS 32.00 12.00 19.00
S
VAV S {
! _I !
| R
2 SoilN2 vy 32.00 12.00 19.00
Soil parameters - uplift
No. Name Pattern U L .
[KN/m3] [KN/m3] -]
‘O N/
) ///// A4
1  SoilN.1 B 20.00
S
S s S
! _I !
R
2 SoilN.2 vy 19.00
Soil parameters
Soil N.1
Unit weight : y = 19.00 kN/m3
Stress-state : effective
Angle of internal friction : Qef = 32.00°
Cohesion of sail : Cef = 12.00 kPa
Saturated unit weight : Ysat = 20.00 kN/m3
Soil N.2
Unit weight : = 19.00 kN/m3
Stress-state : effective
Angle of internal friction : Qef = 32.00°
Cohesion of soil : Cef = 12.00 kPa
Saturated unit weight : Ysat = 19.00 kN/m3
Assigning and surfaces
No. Sy - Coordinates of surface points [m] A55|g.ned
X z X z soil
1 30.00 0.22 30.00 203 _ .
\ Soil N.1
21.60 2.65 19.21 0.47
A4 /
/9 ///C{//é////,
Z /O// S /S
PGP A
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” Coordinates of surface points [m] Assigned
No. Surface position .
X z X z soil
2 13.09 -3.77 21.74 213 .
Soil N.1
i 30.00 -0.94 30.00 0.22
19.21 0.47 14.99 025 s s S
-—//)/ 12.77 -1.77 9.78 -1.82 ,////;/C}/// O////
0.00 -2.13 0.00 428 & 570 8 s oy
3 21.74 -2.13 13.09 3.77 _ .
Soil N.2
0.00 -4.23 0.00 -9.23
30.00 -9.23 30.00 -0.94 A S e
[ - Y
EERERREE
A A A A
Water
Water type : No water
Tensile crack
Tensile crack not input.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent
Results (Stage of construction 1)
Analysis 1 (stage 1)
Circular slip surface
Slip surface parameters
X = 15.27 [m] o1 = -13.61 [
Center : Angles :
zZ= 8.60 [m] op = 54.95 [°]
Radius : R=  10.67 [m] |
The slip surface after optimization.
Slope stability verification (Morgenstern-Price)
Factor of safety = 3.21 > 1.50
Slope stability ACCEPTABLE
Optimization of circular slip surface (Morgenstern-Price)
g
No. center adius FS Verification
X [m] z[m] R [m]
1 15.27 8.60 10.67 3.21 ACCEPTABLE
2 15.27 8.60 10.67 3.21 ACCEPTABLE
3 15.27 8.60 10.67 3.21 ACCEPTABLE
4 5.48 74.52 76.45 5.11 ACCEPTABLE
5 15.22 18.03 21.64 4.20 ACCEPTABLE
6 23.61 5.40 7.04 12.50 ACCEPTABLE
7 17.43 5.20 12.76 5.51 ACCEPTABLE
8 8.72 20.82 22.74 5.53 ACCEPTABLE
9 8.48 19.60 21.58 14.50 ACCEPTABLE
10 11.51 39.56 41.74 4.79 ACCEPTABLE
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e h A

= ~ i .

R

Center Radius L

No. FS Verification
x [m] z[m] R [m]

11 15.27 8.60 10.67 3.21 ACCEPTABLE
12 9.76 41.09 42.95 4.20 ACCEPTABLE
13 15.27 14.94 17.99 3.78 ACCEPTABLE
14 21.44 5.78 7.44 5.86 ACCEPTABLE
15 17.22 5.67 11.28 4.50 ACCEPTABLE
16 11.02 12.10 14.13 76.88 ACCEPTABLE
17 13.47 3.20 6.87 5.07 ACCEPTABLE
18 12.88 26.28 28.42 4.09 ACCEPTABLE
19 21.85 3.60 6.26 7.11 ACCEPTABLE
20 15.27 8.60 10.67 3.21 ACCEPTABLE
21 17.73 2.62 3.65 5.40 ACCEPTABLE
22 11.90 26.38 28.25 4.00 ACCEPTABLE
23 15.30 12.68 15.39 3.52 ACCEPTABLE
24 19.94 5.96 7.64 4.59 ACCEPTABLE
25 16.93 6.09 10.43 3.91 ACCEPTABLE
26 -3.68 51.41 55.00 53.18 ACCEPTABLE
27 12.55 8.76 10.85 5.33 ACCEPTABLE
28 14.09 4.69 7.62 4.18 ACCEPTABLE
29 13.73 18.99 21.11 3.68 ACCEPTABLE
30 20.00 5.66 7.44 4.65 ACCEPTABLE
31 15.27 8.60 10.67 3.21 ACCEPTABLE
32 18.88 5.71 7.66 4.15 ACCEPTABLE
33 16.61 5.33 6.26 4.37 ACCEPTABLE
34 -48.16 237.29 246.30 6.22 ACCEPTABLE
35 14.27 23.47 24.05 4.82 ACCEPTABLE
36 13.10 19.08 20.98 3.62 ACCEPTABLE
37 19.70 2.56 6.06 5.68 ACCEPTABLE
38 15.30 11.26 13.75 3.37 ACCEPTABLE
39 18.70 6.42 8.15 4.05 ACCEPTABLE
40 16.62 6.54 10.05 3.57 ACCEPTABLE
41 17.56 3.00 4.70 4.40 ACCEPTABLE
42 9.69 18.13 19.97 5.42 ACCEPTABLE
43 14.40 10.70 11.28 4.50 ACCEPTABLE
44 13.47 8.48 10.57 3.85 ACCEPTABLE
45 15.46 3.38 6.83 3.86 ACCEPTABLE
46 14.50 5.85 8.41 3.58 ACCEPTABLE
a7 17.55 3.04 4.72 4.38 ACCEPTABLE
48 14.26 14.97 17.08 3.46 ACCEPTABLE
49 18.57 6.90 8.51 4.01 ACCEPTABLE
50 -42.87 135.44 148.06 7.80 ACCEPTABLE
51 15.27 8.60 10.67 3.21 ACCEPTABLE
52 17.36 8.04 9.65 3.66 ACCEPTABLE
53 16.02 6.73 7.99 3.78 ACCEPTABLE
54 7.93 34.29 36.26 4.07 ACCEPTABLE
55 15.21 15.23 16.26 3.91 ACCEPTABLE
56 13.85 15.03 16.97 3.42 ACCEPTABLE
57 18.55 4.05 6.83 4.27 ACCEPTABLE
58 15.29 10.35 12.69 3.29 ACCEPTABLE
59 17.67 7.00 8.81 3.71 ACCEPTABLE

42 |Page




MTKVAR' CA G E G 36GML I63GIN 33IB0D
GROSS ENERGY GROUP

e h A

= ~ i .

R

Center Radius L

No. FS Verification
X [m] z [m] R [m]

60 16.33 6.98 9.97 3.39 ACCEPTABLE
61 16.75 4.89 6.51 3.73 ACCEPTABLE
62 12.00 13.85 15.65 4.14 ACCEPTABLE
63 14.91 9.53 10.55 4.20 ACCEPTABLE
64 14.07 8.52 10.60 3.44 ACCEPTABLE
65 16.56 3.27 6.31 3.79 ACCEPTABLE
66 15.41 5.03 7.82 3.42 ACCEPTABLE
67 17.28 3.56 5.64 3.97 ACCEPTABLE
68 15.87 3.84 7.08 3.62 ACCEPTABLE
69 14.76 6.73 9.09 3.35 ACCEPTABLE
70 16.96 4.38 6.16 3.78 ACCEPTABLE
71 14.60 12.61 14.71 3.34 ACCEPTABLE
72 17.44 7.78 9.43 3.67 ACCEPTABLE
73 -45.10 149.74 162.18 5.95 ACCEPTABLE
74 15.27 8.60 10.67 3.21 ACCEPTABLE
75 16.48 8.82 10.49 3.48 ACCEPTABLE
76 15.72 7.48 8.99 3.53 ACCEPTABLE
77 12.05 19.62 21.40 3.61 ACCEPTABLE
78 15.36 12.26 13.63 3.57 ACCEPTABLE
79 14.34 12.65 14.62 3.32 ACCEPTABLE
80 17.63 5.28 7.71 3.72 ACCEPTABLE
81 15.29 9.75 12.00 3.25 ACCEPTABLE
82 16.92 7.47 9.35 3.51 ACCEPTABLE
83 16.07 7.37 10.02 3.30 ACCEPTABLE
84 16.24 6.13 7.86 3.50 ACCEPTABLE
85 13.22 11.79 13.63 3.54 ACCEPTABLE
86 15.09 9.10 10.46 3.63 ACCEPTABLE
87 14.47 8.55 10.62 3.31 ACCEPTABLE
88 16.29 4.52 7.21 3.46 ACCEPTABLE
89 17.23 3.59 6.08 3.88 ACCEPTABLE
90 15.38 6.18 8.66 3.29 ACCEPTABLE
91 16.75 4.83 6.87 3.59 ACCEPTABLE
92 15.84 4.96 7.77 3.39 ACCEPTABLE
93 14.93 7.34 9.59 3.27 ACCEPTABLE
94 16.48 5.53 7.38 3.53 ACCEPTABLE
95 14.82 11.17 13.26 3.27 ACCEPTABLE
96 16.68 8.21 9.96 3.49 ACCEPTABLE
97 15.27 8.60 10.67 3.21 ACCEPTABLE
98 15.99 8.99 10.76 3.38 ACCEPTABLE
99 15.54 7.91 9.61 3.39 ACCEPTABLE
100 13.51 14.53 16.36 3.39 ACCEPTABLE
101 15.37 10.81 12.41 3.42 ACCEPTABLE
102 14.65 11.20 13.20 3.26 ACCEPTABLE
103 16.94 6.24 8.49 3.48 ACCEPTABLE
104 15.28 9.36 11.55 3.23 ACCEPTABLE
105 16.40 7.82 9.75 3.39 ACCEPTABLE
106 15.86 7.70 10.14 3.25 ACCEPTABLE
107 15.91 6.96 8.78 3.39 ACCEPTABLE
108 13.95 10.62 12.51 3.35 ACCEPTABLE
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NN

Center Radius L

No. FS Verification
x [m] z[m] R [m]

109 15.16 8.90 10.49 3.44 ACCEPTABLE
110 14.74 8.56 10.64 3.25 ACCEPTABLE
111 16.05 5.57 8.04 3.32 ACCEPTABLE
112 16.74 4.81 7.13 3.54 ACCEPTABLE
113 15.35 6.96 9.28 3.24 ACCEPTABLE
114 16.33 5.87 7.90 3.42 ACCEPTABLE
115 15.75 5.89 8.44 3.29 ACCEPTABLE
116 15.04 7.75 9.94 3.24 ACCEPTABLE
117 16.12 6.42 8.34 3.40 ACCEPTABLE
118 14.97 10.27 12.35 3.24 ACCEPTABLE
119 16.19 8.42 10.26 3.38 ACCEPTABLE
120 -47.65 166.64 178.91 5.12 ACCEPTABLE
121 15.27 8.60 10.67 3.21 ACCEPTABLE
122 15.71 8.97 10.82 3.32 ACCEPTABLE
123 15.44 8.17 9.99 3.32 ACCEPTABLE
124 14.22 12.11 14.00 3.29 ACCEPTABLE
125 15.35 9.99 11.75 3.33 ACCEPTABLE
126 14.86 10.29 12.31 3.24 ACCEPTABLE
127 16.42 6.96 9.12 3.36 ACCEPTABLE
128 15.28 9.11 11.25 3.22 ACCEPTABLE
129 16.03 8.07 10.04 3.33 ACCEPTABLE
130 15.69 7.95 10.27 3.23 ACCEPTABLE
131 15.69 7.51 9.41 3.32 ACCEPTABLE
132 14.41 9.90 11.85 3.27 ACCEPTABLE
133 15.20 8.79 10.54 3.34 ACCEPTABLE
134 14.91 8.58 10.65 3.23 ACCEPTABLE
135 15.84 6.42 8.75 3.26 ACCEPTABLE
136 16.33 5.83 8.05 3.38 ACCEPTABLE
137 15.32 7.50 9.72 3.22 ACCEPTABLE
138 16.01 6.67 8.71 3.34 ACCEPTABLE
139 15.65 6.64 9.02 3.25 ACCEPTABLE
140 15.12 8.03 10.17 3.22 ACCEPTABLE
141 15.85 7.09 9.06 3.32 ACCEPTABLE
142 15.07 9.69 11.77 3.23 ACCEPTABLE
143 15.87 8.52 10.43 3.32 ACCEPTABLE
144 15.27 8.60 10.67 3.21 ACCEPTABLE
145 15.54 8.89 10.82 3.28 ACCEPTABLE
146 15.37 8.33 10.23 3.28 ACCEPTABLE
147 14.61 10.77 12.72 3.25 ACCEPTABLE
148 15.32 9.50 11.36 3.29 ACCEPTABLE
149 15.00 9.71 11.74 3.22 ACCEPTABLE
150 16.06 7.47 9.60 3.30 ACCEPTABLE
151 15.28 8.94 11.06 3.22 ACCEPTABLE
152 15.78 8.24 10.25 3.28 ACCEPTABLE
153 15.56 8.15 10.37 3.22 ACCEPTABLE
154 15.55 7.88 9.84 3.28 ACCEPTABLE
155 14.70 9.45 11.43 3.24 ACCEPTABLE
156 15.22 8.73 10.59 3.29 ACCEPTABLE
157 15.03 8.58 10.66 3.22 ACCEPTABLE
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Center Radius L

No. FS Verification
x [m] z[m] R [m]

158 15.68 7.06 9.30 3.23 ACCEPTABLE
159 16.02 6.63 8.79 3.31 ACCEPTABLE
160 15.31 7.86 10.03 3.22 ACCEPTABLE
161 15.78 7.26 9.31 3.29 ACCEPTABLE
162 15.55 7.21 9.48 3.23 ACCEPTABLE
163 15.17 8.22 10.34 3.22 ACCEPTABLE
164 15.66 7.57 9.57 3.28 ACCEPTABLE
165 15.14 9.32 11.40 3.22 ACCEPTABLE
166 15.66 8.57 10.53 3.28 ACCEPTABLE
167 15.27 8.60 10.67 3.21 ACCEPTABLE
168 15.44 8.82 10.79 3.26 ACCEPTABLE
169 15.33 8.43 10.39 3.26 ACCEPTABLE
170 14.85 9.98 11.97 3.23 ACCEPTABLE
171 15.30 9.19 11.12 3.26 ACCEPTABLE
172 15.09 9.33 11.38 3.22 ACCEPTABLE
173 15.80 7.84 9.94 3.26 ACCEPTABLE
174 15.27 8.82 10.93 3.21 ACCEPTABLE
175 15.61 8.37 10.39 3.26 ACCEPTABLE
176 15.47 8.29 10.46 3.22 ACCEPTABLE
177 15.45 8.13 10.12 3.26 ACCEPTABLE
178 14.90 9.16 11.17 3.22 ACCEPTABLE
179 15.23 8.69 10.62 3.26 ACCEPTABLE
180 15.11 8.59 10.66 3.22 ACCEPTABLE
181 15.55 7.53 9.71 3.22 ACCEPTABLE
182 15.79 7.23 9.35 3.27 ACCEPTABLE
183 15.29 8.10 10.24 3.21 ACCEPTABLE
184 15.61 7.69 9.74 3.26 ACCEPTABLE
185 15.47 7.64 9.84 3.22 ACCEPTABLE
186 15.20 8.35 10.45 3.21 ACCEPTABLE
187 15.53 7.91 9.93 3.26 ACCEPTABLE
188 15.18 9.07 11.15 3.22 ACCEPTABLE
189 15.52 8.59 10.59 3.26 ACCEPTABLE
190 15.27 8.60 10.67 3.21 ACCEPTABLE
191 15.38 8.76 10.77 3.24 ACCEPTABLE
192 15.31 8.50 10.49 3.24 ACCEPTABLE
193 15.00 9.50 11.51 3.22 ACCEPTABLE
194 15.29 8.99 10.97 3.24 ACCEPTABLE
195 15.15 9.08 11.14 3.21 ACCEPTABLE
196 15.62 8.09 10.18 3.24 ACCEPTABLE
197 15.27 8.75 10.84 3.21 ACCEPTABLE
198 15.49 8.45 10.49 3.24 ACCEPTABLE
199 15.41 8.39 10.52 3.21 ACCEPTABLE
200 15.38 8.29 10.31 3.24 ACCEPTABLE
201 15.02 8.97 11.00 3.22 ACCEPTABLE
202 15.24 8.67 10.64 3.24 ACCEPTABLE
203 15.16 8.59 10.66 3.21 ACCEPTABLE
204 15.47 7.87 10.01 3.22 ACCEPTABLE
205 15.62 7.66 9.77 3.24 ACCEPTABLE
206 15.29 8.27 10.38 3.21 ACCEPTABLE
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No. FS Verification
x [m] z[m] R [m]

207 15.50 7.99 10.05 3.24 ACCEPTABLE
208 15.41 7.94 10.09 3.21 ACCEPTABLE
209 15.23 8.43 10.52 3.21 ACCEPTABLE
210 15.44 8.14 10.18 3.24 ACCEPTABLE
211 15.21 8.91 10.99 3.21 ACCEPTABLE
212 15.43 8.60 10.63 3.24 ACCEPTABLE
213 -49.32 178.04 190.22 4.82 ACCEPTABLE
214 -49.21 178.04 190.22 4.70 ACCEPTABLE
215 15.27 8.60 10.67 3.21 ACCEPTABLE
216 15.33 8.72 10.74 3.23 ACCEPTABLE
217 15.29 8.54 10.56 3.23 ACCEPTABLE
218 15.09 9.19 11.22 3.22 ACCEPTABLE
219 15.28 8.87 10.88 3.23 ACCEPTABLE
220 15.19 8.92 10.98 3.21 ACCEPTABLE
221 15.50 8.26 10.35 3.23 ACCEPTABLE
222 15.27 8.70 10.78 3.21 ACCEPTABLE
223 15.41 8.51 10.56 3.23 ACCEPTABLE
224 15.36 8.46 10.57 3.21 ACCEPTABLE
225 15.34 8.40 10.44 3.23 ACCEPTABLE
226 15.10 8.85 10.89 3.21 ACCEPTABLE
227 15.25 8.65 10.66 3.23 ACCEPTABLE
228 15.20 8.60 10.67 3.21 ACCEPTABLE
229 15.40 8.10 10.22 3.21 ACCEPTABLE
230 15.51 7.96 10.06 3.23 ACCEPTABLE
231 15.28 8.38 10.48 3.21 ACCEPTABLE
232 15.42 8.19 10.26 3.23 ACCEPTABLE
233 15.37 8.15 10.28 3.21 ACCEPTABLE
234 15.24 8.49 10.57 3.21 ACCEPTABLE
235 15.38 8.30 10.35 3.23 ACCEPTABLE
236 15.23 8.81 10.88 3.21 ACCEPTABLE
237 15.37 8.61 10.65 3.23 ACCEPTABLE
238 -49.46 178.99 191.17 4.78 ACCEPTABLE
239 -49.39 178.99 191.17 4.71 ACCEPTABLE
240 15.27 8.60 10.67 3.21 ACCEPTABLE
241 15.31 8.69 10.73 3.22 ACCEPTABLE
242 15.28 8.57 10.61 3.22 ACCEPTABLE
243 15.15 8.99 11.03 3.21 ACCEPTABLE
244 15.27 8.78 10.82 3.22 ACCEPTABLE
245 15.22 8.81 10.88 3.21 ACCEPTABLE
246 15.42 8.38 10.46 3.22 ACCEPTABLE
247 15.27 8.67 10.75 3.21 ACCEPTABLE
248 15.36 8.54 10.60 3.22 ACCEPTABLE
249 15.33 8.50 10.60 3.21 ACCEPTABLE
250 15.31 8.47 10.52 3.22 ACCEPTABLE
251 15.16 8.76 10.81 3.21 ACCEPTABLE
252 15.25 8.64 10.67 3.22 ACCEPTABLE
253 15.22 8.60 10.67 3.21 ACCEPTABLE
254 15.36 8.26 10.37 3.21 ACCEPTABLE
255 15.42 8.18 10.26 3.22 ACCEPTABLE
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256 15.28 8.45 10.54 3.21 ACCEPTABLE
257 15.37 8.33 10.40 3.22 ACCEPTABLE
258 15.34 8.30 10.40 3.21 ACCEPTABLE
259 15.25 8.52 10.60 3.21 ACCEPTABLE
260 15.34 8.40 10.46 3.22 ACCEPTABLE
261 15.24 8.74 10.81 3.21 ACCEPTABLE
262 15.33 8.61 10.67 3.22 ACCEPTABLE
263 -49.55 179.63 191.80 4.78 ACCEPTABLE
264 -49.50 179.63 191.80 4.73 ACCEPTABLE
265 15.27 8.60 10.67 3.21 ACCEPTABLE
266 15.29 8.66 10.72 3.22 ACCEPTABLE
267 15.27 8.58 10.63 3.22 ACCEPTABLE
268 15.19 8.86 10.91 3.21 ACCEPTABLE
269 15.27 8.73 10.77 3.22 ACCEPTABLE
270 15.23 8.74 10.81 3.21 ACCEPTABLE
271 15.37 8.46 10.54 3.22 ACCEPTABLE
272 15.27 8.64 10.72 3.21 ACCEPTABLE
273 15.33 8.57 10.63 3.22 ACCEPTABLE
274 15.31 8.53 10.62 3.21 ACCEPTABLE
275 15.29 8.52 10.58 3.22 ACCEPTABLE
276 15.20 8.71 10.77 3.21 ACCEPTABLE
277 15.25 8.63 10.68 3.22 ACCEPTABLE
278 15.24 8.60 10.67 3.21 ACCEPTABLE
279 15.33 8.37 10.47 3.21 ACCEPTABLE
280 15.37 8.32 10.40 3.22 ACCEPTABLE
281 15.28 8.50 10.58 3.21 ACCEPTABLE
282 15.33 8.43 10.50 3.22 ACCEPTABLE
283 15.32 8.39 10.49 3.21 ACCEPTABLE
284 15.26 8.55 10.63 3.21 ACCEPTABLE
285 15.31 8.48 10.54 3.22 ACCEPTABLE
286 15.25 8.69 10.76 3.21 ACCEPTABLE
287 15.31 8.62 10.68 3.22 ACCEPTABLE
288 -49.61 180.06 192.23 4.76 ACCEPTABLE
289 -49.58 180.06 192.23 4.73 ACCEPTABLE
290 15.27 8.60 10.67 3.21 ACCEPTABLE
291 15.28 8.65 10.71 3.21 ACCEPTABLE
292 15.26 8.60 10.65 3.22 ACCEPTABLE
293 15.22 8.77 10.83 3.21 ACCEPTABLE
294 15.26 8.69 10.75 3.21 ACCEPTABLE
295 15.25 8.69 10.76 3.21 ACCEPTABLE
296 15.33 8.51 10.59 3.21 ACCEPTABLE
297 15.27 8.63 10.70 3.21 ACCEPTABLE
298 15.30 8.59 10.65 3.22 ACCEPTABLE
299 15.30 8.56 10.64 3.21 ACCEPTABLE
300 15.28 8.56 10.62 3.22 ACCEPTABLE
301 15.22 8.67 10.73 3.21 ACCEPTABLE
302 15.25 8.63 10.68 3.22 ACCEPTABLE
303 15.25 8.60 10.67 3.21 ACCEPTABLE
304 15.31 8.45 10.53 3.21 ACCEPTABLE
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Center Radius L
No. FS Verification
x [m] z [m] R [m]
305 15.33 8.42 10.50 3.21 ACCEPTABLE
306 15.27 8.53 10.61 3.21 ACCEPTABLE
307 15.30 8.49 10.56 3.21 ACCEPTABLE
308 15.30 8.46 10.55 3.21 ACCEPTABLE
309 15.26 8.57 10.64 3.21 ACCEPTABLE
310 15.29 8.52 10.59 3.21 ACCEPTABLE
311 15.26 8.66 10.73 3.21 ACCEPTABLE
312 15.29 8.62 10.68 3.22 ACCEPTABLE
313 -49.65 180.34 192.51 4.75 ACCEPTABLE
314 -49.63 180.34 192.51 4.73 ACCEPTABLE
315 15.27 8.60 10.67 3.21 ACCEPTABLE
Input data (Stage of construction 2)
Assigning and surfaces
i f surf i Assi
No. eSS Coordinates of surface points [m] 55|g.ned
X z X z soil
1 30.00 0.22 30.00 2.03 .
A Soil N.1
21.60 2.65 19.21 0.47
s /
/ VIV
07 /S Y
s /O// s s
’({/// /// p////O/
2 13.09 -3.77 21.74 -2.13 .
Soil N.1
i 30.00 -0.94 30.00 0.22
19.21 0.47 14.99 -0.25 2 s /
12.77 -1.77 9.78 -1.82 7 ///// 7/
0.00 -2.13 0.00 423 & T S8 S oy
3 21.74 -2.13 13.09 -3.77 .
Soil N.2
0.00 -4.23 0.00 -9.23
30.00 -9.23 30.00 -0.94 A N S W
[ o ]
RN
YA A A A
Anti-Slide piles
Anti- Pile
Slide Point Length ; Cross-section Pile bearing capacity
pile spacing
No. Distribut ~ Max.
ion bearing Gradient Passive force
new 2l Z ] e bifmy ] along | capacity K [-] direction
the pile = Vy [kN]
1 Yes 15.18 -0.22 6.00 2.00 d=0.40 constant 80.00 f:gi’g”d'cu'ar
Water

Water type : No water
Tensile crack
Tensile crack not input.
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Earthquake

Earthquake not included.

Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 2)
Analysis 1 (stage 2)
Circular slip surface

36:0L J6GIN 36380
<6 G E G GROSS ENERGY GROUP

Slip surface parameters

X = 15.69 [m] o1 = -28.55 [’]
Center : Angles :
z= 7.00 [m] ap = 62.85 [°]
Radius : R=  10.02 [m] |
Analysis of the slip surface without optimization.
The forces acting on the pile
Anti-Slide Pile No. 1 (15.18; -0.22 [m])
Horizontal active force: 64.02 kN/m
Horizontal passive force: 64.02 kN/m
Depth of slip surface: 278 m
The length of pile below terrain:  6.00 m
Slope stability verification (Morgenstern-Price)
Factor of safety = 4.39 > 1.50
Slope stability ACCEPTABLE
Piles verification 1 (stage 2)
Anti-Slide pile : Anti-Slide Pile No. 1 (15.18; -0.22 [m])
Analysis : Calculation 1 (slip surface circular)
Method : Morgenstern-Price
Input data (Stage of construction 3)
Assigning and surfaces
No. Sy - Coordinates of surface points [m] Assig.ned
X z X z soil
1 30.00 0.22 30.00 2.03 _ .
\ Soil N.1
21.60 2.65 19.21 0.47
ST y
/9 ///O///{)///.
204 O// s s
’({/// /// )ﬁ //,/O/
2 13.09 -3.77 21.74 213 .
Soil N.1
///: 30.00 -0.94 30.00 0.22
19.21 0.47 14.99 025 Lo s s S
—/// 12.77 -1.77 9.78 -1.82 9// S
S
0.00 -2.13 0.00 423 S 0 S S 2y
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. Coordinates of surface points [m] Assigned
No. Surface position .
X z X z soil
3 21.74 -2.13 13.09 -3.77 .
Soil N.2
0.00 -4.23 0.00 -9.23
30.00 -9.23 30.00 -0.94 AN\

A AN N A

Anti-Slide piles

Anti- :
Slide Point Length P”? Cross-section Pile bearing capacity
p“e spacing
No. Distribut | Max.
ion bearing | Gradient  Passive force
new <l g il Bl il along | capacity = K[-] direction
the pile = Vy [kN]
1 No 15.18 -0.22 6.00 2.00 d=0.40 constant 80.00 ff;?lee”dicu'ar
Water
Water type : No water
Tensile crack
Tensile crack not input.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent
Results (Stage of construction 3)
Analysis 1 (stage 3)
Circular slip surface
Slip surface parameters
X=  19.46 [m] og = -4.40 [°]
Center : Angles :
z= 3.74 [m] o = 69.32 [°]
Radius : R= 3.28 [m] |
The slip surface after optimization.
The forces acting on the pile
Anti-Slide Pile No. 1 (15.18; -0.22 [m])
The pile do not intersect slip surface, forces acting on pile cannot be computed.
Slope stability verification (Morgenstern-Price)
Factor of safety = 3.12 > 1.50
Slope stability ACCEPTABLE
Optimization of circular slip surface (Morgenstern-Price)
No. center Radius FS Verification
x [m] z [m] R [m]
1 19.46 3.72 3.26 3.12 ACCEPTABLE
2 19.46 3.72 3.26 3.12 ACCEPTABLE
3 19.46 3.72 3.26 3.12 ACCEPTABLE
4 20.22 3.10 8.27 7.69 ACCEPTABLE
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Center Radius L

No. FS Verification

x [m] z[m] R [m]

5 -1.81 113.47 114.94 7.85 ACCEPTABLE
6 19.46 3.72 3.26 3.12 ACCEPTABLE
7 19.18 8.58 9.62 4.32 ACCEPTABLE
8 20.46 2.84 6.03 5.98 ACCEPTABLE
9 7.16 62.55 63.27 7.14 ACCEPTABLE
10 19.46 3.72 3.26 3.12 ACCEPTABLE
11 19.35 6.68 7.22 3.89 ACCEPTABLE
12 20.39 2.90 4.78 4.91 ACCEPTABLE
13 14.54 24.08 24.15 5.42 ACCEPTABLE
14 19.46 3.72 3.26 3.12 ACCEPTABLE
15 19.44 5.57 5.75 3.60 ACCEPTABLE
16 20.30 2.99 4.00 4.19 ACCEPTABLE
17 16.91 13.11 12.95 4.42 ACCEPTABLE
18 8.36 10.07 14.49 14.65 ACCEPTABLE
19 10.11 10.07 14.49 7.12 ACCEPTABLE
20 19.46 3.72 3.26 3.12 ACCEPTABLE
21 15.85 23.30 22.23 7.90 ACCEPTABLE
22 10.73 27.08 27.79 4.46 ACCEPTABLE
23 19.48 4.88 4.83 3.41 ACCEPTABLE
24 21.86 2.59 1.82 11.18 ACCEPTABLE
25 20.19 3.09 3.54 3.74 ACCEPTABLE
26 14.06 9.47 10.14 70.15 ACCEPTABLE
27 17.65 4.49 4.23 7.85 ACCEPTABLE
28 17.99 8.67 8.40 3.84 ACCEPTABLE
29 9.17 12.77 15.88 28.44 ACCEPTABLE
30 10.34 12.77 15.88 8.41 ACCEPTABLE
31 19.46 3.72 3.26 3.12 ACCEPTABLE
32 19.51 7.09 5.93 4.81 ACCEPTABLE
33 16.36 11.45 11.30 3.74 ACCEPTABLE
34 19.50 4.46 4.26 3.30 ACCEPTABLE
35 21.26 2.80 2.06 5.76 ACCEPTABLE
36 20.07 3.20 3.30 3.48 ACCEPTABLE
37 19.48 3.57 2.44 5.44 ACCEPTABLE
38 18.34 3.99 3.65 4.82 ACCEPTABLE
39 19.26 2.66 2.47 3.76 ACCEPTABLE
40 18.56 6.54 6.21 3.52 ACCEPTABLE
41 21.26 2.79 2.05 5.76 ACCEPTABLE
42 9.18 15.04 17.69 61.65 ACCEPTABLE
43 9.95 15.04 17.69 11.90 ACCEPTABLE
44 19.46 3.72 3.26 3.12 ACCEPTABLE
45 20.67 3.21 2.46 4.12 ACCEPTABLE
46 12.08 19.12 19.87 4.23 ACCEPTABLE
47 19.66 5.30 4.35 3.93 ACCEPTABLE
48 17.86 7.49 7.16 3.68 ACCEPTABLE
49 19.50 4.19 3.90 3.23 ACCEPTABLE
50 20.77 3.01 2.31 4.28 ACCEPTABLE
51 19.95 3.30 3.18 3.33 ACCEPTABLE
52 18.10 4.80 4.46 3.79 ACCEPTABLE
53 19.52 3.59 2.65 3.97 ACCEPTABLE
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R

Center Radius L

No. FS Verification
X [m] z [m] R [m]

54 18.72 3.89 3.51 3.71 ACCEPTABLE
55 19.34 2.98 2.68 3.39 ACCEPTABLE
56 18.89 5.42 5.04 3.34 ACCEPTABLE
57 20.65 3.26 2.49 4.10 ACCEPTABLE
58 9.57 16.76 19.20 17.72 ACCEPTABLE
59 19.46 3.72 3.26 3.12 ACCEPTABLE
60 20.06 3.81 3.07 3.54 ACCEPTABLE
61 19.97 2.98 2.23 3.53 ACCEPTABLE
62 17.12 8.45 8.22 3.57 ACCEPTABLE
63 19.63 4.61 3.83 3.54 ACCEPTABLE
64 18.53 5.83 5.43 3.39 ACCEPTABLE
65 19.50 4.02 3.67 3.19 ACCEPTABLE
66 20.39 3.19 2.55 3.70 ACCEPTABLE
67 19.83 3.40 3.14 3.23 ACCEPTABLE
68 20.05 2.86 2.13 3.57 ACCEPTABLE
69 18.54 4.49 4.09 3.58 ACCEPTABLE
70 19.52 3.63 2.84 3.55 ACCEPTABLE
71 18.97 3.83 3.42 3.37 ACCEPTABLE
72 19.70 2.73 2.47 3.33 ACCEPTABLE
73 19.38 3.21 2.85 3.26 ACCEPTABLE
74 19.10 4.77 4.37 3.24 ACCEPTABLE
75 20.22 3.51 2.80 3.59 ACCEPTABLE
76 9.27 18.01 20.33 29.16 ACCEPTABLE
77 19.46 3.72 3.26 3.12 ACCEPTABLE
78 19.77 3.94 3.27 3.37 ACCEPTABLE
79 19.79 3.22 2.57 3.35 ACCEPTABLE
80 18.29 6.04 5.65 3.40 ACCEPTABLE
81 19.59 4.26 3.59 3.36 ACCEPTABLE
82 18.89 4.99 4.56 3.26 ACCEPTABLE
83 20.37 2.90 2.40 3.65 ACCEPTABLE
84 19.49 3.91 3.52 3.16 ACCEPTABLE
85 20.11 3.34 2.75 3.43 ACCEPTABLE
86 19.74 3.48 3.15 3.19 ACCEPTABLE
87 19.84 3.16 2.51 3.37 ACCEPTABLE
88 18.84 4.25 3.82 3.33 ACCEPTABLE
89 19.50 3.65 2.98 3.35 ACCEPTABLE
90 19.14 3.79 3.37 3.24 ACCEPTABLE
91 19.93 2.71 2.35 3.31 ACCEPTABLE
92 19.64 3.03 2.68 3.22 ACCEPTABLE
93 20.15 2.69 2.14 3.54 ACCEPTABLE
94 19.78 2.82 2.52 3.27 ACCEPTABLE
95 19.41 3.38 2.98 3.19 ACCEPTABLE
96 20.00 2.92 2.31 3.43 ACCEPTABLE
97 19.22 4.39 3.97 3.19 ACCEPTABLE
98 19.95 3.62 2.99 3.38 ACCEPTABLE
99 9.06 18.88 21.14 46.92 ACCEPTABLE
100 19.46 3.72 3.26 3.12 ACCEPTABLE
101 19.63 3.92 3.32 3.27 ACCEPTABLE
102 19.68 3.39 2.80 3.26 ACCEPTABLE
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R

Center Radius L

No. FS Verification
X [m] z [m] R [m]

103 18.79 5.03 4.60 3.27 ACCEPTABLE
104 19.55 4.06 3.46 3.26 ACCEPTABLE
105 19.10 4.51 4.07 3.19 ACCEPTABLE
106 20.09 3.15 2.64 3.38 ACCEPTABLE
107 19.49 3.85 3.43 3.15 ACCEPTABLE
108 19.91 3.46 2.90 3.30 ACCEPTABLE
109 19.66 3.55 3.17 3.16 ACCEPTABLE
110 19.70 3.35 2.76 3.27 ACCEPTABLE
111 19.04 4.08 3.63 3.21 ACCEPTABLE
112 19.49 3.68 3.07 3.27 ACCEPTABLE
113 19.24 3.77 3.33 3.18 ACCEPTABLE
114 19.81 2.98 2.58 3.21 ACCEPTABLE
115 20.09 2.76 2.28 3.44 ACCEPTABLE
116 19.59 3.24 2.85 3.17 ACCEPTABLE
117 19.96 2.97 2.43 3.35 ACCEPTABLE
118 19.71 3.06 2.69 3.20 ACCEPTABLE
119 19.43 3.49 3.07 3.16 ACCEPTABLE
120 19.84 3.15 2.58 3.30 ACCEPTABLE
121 19.30 4.15 3.72 3.16 ACCEPTABLE
122 19.78 3.68 3.09 3.28 ACCEPTABLE
123 8.91 19.48 21.70 89.59 ACCEPTABLE
124 19.46 3.72 3.26 3.12 ACCEPTABLE
125 19.56 3.88 3.32 3.22 ACCEPTABLE
126 19.60 3.50 2.95 3.21 ACCEPTABLE
127 19.05 4.52 4.06 3.17 ACCEPTABLE
128 19.52 3.94 3.39 3.21 ACCEPTABLE
129 19.22 4.22 3.77 3.16 ACCEPTABLE
130 19.89 3.33 2.83 3.26 ACCEPTABLE
131 19.48 3.80 3.37 3.14 ACCEPTABLE
132 19.77 3.54 3.01 3.23 ACCEPTABLE
133 19.60 3.60 3.19 3.15 ACCEPTABLE
134 19.62 3.48 2.93 3.22 ACCEPTABLE
135 19.18 3.96 3.51 3.17 ACCEPTABLE
136 19.48 3.69 3.13 3.21 ACCEPTABLE
137 19.32 3.75 3.31 3.16 ACCEPTABLE
138 19.71 3.19 2.77 3.16 ACCEPTABLE
139 19.91 3.03 2.54 3.29 ACCEPTABLE
140 19.55 3.39 2.97 3.15 ACCEPTABLE
141 19.81 3.18 2.67 3.24 ACCEPTABLE
142 19.64 3.24 2.84 3.16 ACCEPTABLE
143 19.44 3.56 3.13 3.15 ACCEPTABLE
144 19.72 3.32 2.79 3.22 ACCEPTABLE
145 19.36 4.00 3.56 3.14 ACCEPTABLE
146 19.67 3.70 3.16 3.21 ACCEPTABLE
147 8.48 21.59 23.68 4.42 ACCEPTABLE
148 19.46 3.72 3.26 3.12 ACCEPTABLE
149 19.52 3.83 3.31 3.18 ACCEPTABLE
150 19.56 3.57 3.05 3.18 ACCEPTABLE
151 19.20 4.22 3.76 3.15 ACCEPTABLE
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R

Center Radius L

No. FS Verification
X [m] z [m] R [m]

152 19.50 3.87 3.34 3.18 ACCEPTABLE
153 19.31 4.05 3.59 3.13 ACCEPTABLE
154 19.75 3.46 2.97 3.20 ACCEPTABLE
155 19.47 3.77 3.33 3.13 ACCEPTABLE
156 19.67 3.60 3.09 3.19 ACCEPTABLE
157 19.56 3.64 3.21 3.14 ACCEPTABLE
158 19.56 3.56 3.04 3.18 ACCEPTABLE
159 19.27 3.88 3.43 3.15 ACCEPTABLE
160 19.47 3.70 3.18 3.17 ACCEPTABLE
161 19.36 3.74 3.29 3.14 ACCEPTABLE
162 19.64 3.35 2.91 3.14 ACCEPTABLE
163 19.78 3.23 2.75 3.21 ACCEPTABLE
164 19.52 3.50 3.06 3.14 ACCEPTABLE
165 19.70 3.34 2.85 3.19 ACCEPTABLE
166 19.59 3.39 2.96 3.14 ACCEPTABLE
167 19.45 3.61 3.17 3.14 ACCEPTABLE
168 19.64 3.45 2.94 3.19 ACCEPTABLE
169 19.39 3.91 3.46 3.13 ACCEPTABLE
170 19.60 3.71 3.20 3.18 ACCEPTABLE
171 19.46 3.72 3.26 3.12 ACCEPTABLE
172 19.50 3.80 3.30 3.16 ACCEPTABLE
173 19.52 3.62 3.12 3.16 ACCEPTABLE
174 19.29 4.04 3.58 3.14 ACCEPTABLE
175 19.49 3.82 3.31 3.16 ACCEPTABLE
176 19.36 3.93 3.48 3.14 ACCEPTABLE
177 19.66 3.54 3.06 3.17 ACCEPTABLE
178 19.47 3.76 3.31 3.13 ACCEPTABLE
179 19.60 3.64 3.15 3.16 ACCEPTABLE
180 19.53 3.66 3.22 3.13 ACCEPTABLE
181 19.53 3.61 3.12 3.15 ACCEPTABLE
182 19.34 3.83 3.37 3.13 ACCEPTABLE
183 19.47 3.71 3.21 3.15 ACCEPTABLE
184 19.40 3.73 3.28 3.13 ACCEPTABLE
185 19.58 3.46 3.02 3.13 ACCEPTABLE
186 19.68 3.38 2.90 3.17 ACCEPTABLE
187 19.50 3.57 3.13 3.13 ACCEPTABLE
188 19.63 3.46 2.98 3.16 ACCEPTABLE
189 19.55 3.49 3.05 3.13 ACCEPTABLE
190 19.45 3.65 3.20 3.13 ACCEPTABLE
191 19.58 3.54 3.04 3.17 ACCEPTABLE
192 19.42 3.84 3.39 3.13 ACCEPTABLE
193 19.55 3.72 3.22 3.16 ACCEPTABLE
194 8.64 20.35 22.51 4.59 ACCEPTABLE
195 19.46 3.72 3.26 3.12 ACCEPTABLE
196 19.48 3.78 3.29 3.15 ACCEPTABLE
197 19.50 3.66 3.17 3.15 ACCEPTABLE
198 19.35 3.93 3.47 3.13 ACCEPTABLE
199 19.48 3.78 3.30 3.14 ACCEPTABLE
200 19.39 3.86 3.40 3.12 ACCEPTABLE
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R

Center Radius L

No. FS Verification
X [m] z [m] R [m]

201 19.59 3.60 3.13 3.14 ACCEPTABLE
202 19.47 3.74 3.29 3.13 ACCEPTABLE
203 19.55 3.67 3.18 3.15 ACCEPTABLE
204 19.50 3.68 3.23 3.13 ACCEPTABLE
205 19.50 3.65 3.17 3.14 ACCEPTABLE
206 19.38 3.79 3.33 3.13 ACCEPTABLE
207 19.46 3.71 3.22 3.15 ACCEPTABLE
208 19.42 3.73 3.27 3.12 ACCEPTABLE
209 19.54 3.55 3.09 3.13 ACCEPTABLE
210 19.61 3.49 3.01 3.16 ACCEPTABLE
211 19.49 3.62 3.17 3.13 ACCEPTABLE
212 19.57 3.54 3.07 3.14 ACCEPTABLE
213 19.53 3.56 3.12 3.13 ACCEPTABLE
214 19.45 3.67 3.22 3.13 ACCEPTABLE
215 19.54 3.60 3.12 3.14 ACCEPTABLE
216 19.43 3.80 3.35 3.13 ACCEPTABLE
217 19.52 3.72 3.24 3.14 ACCEPTABLE
218 19.46 3.72 3.26 3.12 ACCEPTABLE
219 19.47 3.76 3.28 3.14 ACCEPTABLE
220 19.49 3.68 3.20 3.14 ACCEPTABLE
221 19.39 3.86 3.40 3.12 ACCEPTABLE
222 19.47 3.76 3.29 3.13 ACCEPTABLE
223 19.42 3.81 3.35 3.12 ACCEPTABLE
224 19.55 3.64 3.17 3.14 ACCEPTABLE
225 19.46 3.74 3.28 3.12 ACCEPTABLE
226 19.47 3.78 3.30 3.14 ACCEPTABLE
227 19.49 3.70 3.22 3.14 ACCEPTABLE
228 19.39 3.88 3.42 3.12 ACCEPTABLE
229 19.47 3.78 3.31 3.13 ACCEPTABLE
230 19.42 3.83 3.37 3.12 ACCEPTABLE
231 19.55 3.66 3.19 3.14 ACCEPTABLE
232 19.46 3.76 3.30 3.12 ACCEPTABLE
233 19.52 3.70 3.23 3.13 ACCEPTABLE
234 19.49 3.71 3.26 3.13 ACCEPTABLE
235 19.49 3.69 3.22 3.13 ACCEPTABLE
236 19.40 3.79 3.33 3.12 ACCEPTABLE
237 19.46 3.74 3.26 3.14 ACCEPTABLE
238 19.43 3.75 3.29 3.12 ACCEPTABLE
239 19.52 3.62 3.17 3.12 ACCEPTABLE
240 19.56 3.58 3.11 3.14 ACCEPTABLE
241 19.48 3.67 3.22 3.13 ACCEPTABLE
242 19.53 3.62 3.15 3.13 ACCEPTABLE
243 19.50 3.63 3.18 3.13 ACCEPTABLE
244 19.46 3.71 3.25 3.12 ACCEPTABLE
245 19.51 3.66 3.18 3.14 ACCEPTABLE
246 19.44 3.79 3.34 3.13 ACCEPTABLE
247 19.50 3.74 3.27 3.13 ACCEPTABLE
248 19.46 3.74 3.28 3.12 ACCEPTABLE
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Piles verification 1 (stage 3)

Anti-Slide pile : Anti-Slide Pile No. 1 (15.18; -0.22 [m])
Analysis : Calculation 1 (slip surface circular)
Method : Morgenstern-Price
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'Stage - analysis : 3-1
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Name : Stage - analysis : 3-1

The slip surface after optimization.
Slope stability verification (Morgenstern-Price)

Factor of safety = 3.12 > 1.50
Slope stability ACCEPTABLE
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Loe®dg, 3 H X
(ep]
£ 2 o 3
\8 <Q c C R o] @) o% \8
c > € & 3 & S 2 L e &
. S g |& |5 | & % > |9a |2 |2 |5 |%8s
Z & £ .| & S S 3 ¥ ) & g R
2 Q = SRS & w c C 2 c A & S8 ™
c o) c A &3 S e, O 8 <y % c O <
= | ¥ V| Ea |25 |£ |2 |BE_| 22 |2 |38 |2 |€82
2 o} Pe) B & B 2 E€H £ M C8 — O a [SE=] C O @ M o D @ 'é) [ AR U
C S o o S 3 g/ A H < - -5 — ) = & © % Q. - o N S W g € ™
x| & 3 & Q © B s g ) 2 B o o 5 c ED) 5 <5<;>"_" L
g @ 8( S €2 2] ~ Q o ™ s8] g/ Q c S do 7 €
PN 3 2 & < & c g & ¢ & ¥ 5 2 2 &8
S| B e 2 g ) & & & € & S & ¢ c & R
| A A S pA oy > & € <) R A 2 §J 2 2 o
S, g 2 2 3 R e | | & € 8 58 g
£ 3 3 & & < ¢ S = O 73
2 [op) ”» & e > o) () S
S O > 58} 2
o) >
D)
1 1 3,2 3,4 31,78 | 46,06 | 25,95 20,11 0,29 1,70 1,29 2,71 1,10 0,41 0,78 9,7
2 2 5,2 5,4 18,75 | 35,50 17,29 18,21 0,08 1,71 1,44 2,75 0,91 0,33 0,57 12,6
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1. INTRODUCTION

In order to gain a better understanding of a geo-hazard site in the project area DMT GmbH
& Co. KG (in the following DMT) were commissioned by Gross Energy Group (in the follow-
ing GEG) to assist in an investigation of a landslide area, especially during a geoelectrical
and engineering geological survey.

GEG has done limited drilling work and provided an investigation report of the Aspindza
landslide site near the HPP Mtkvari and other relevant information.

During the visit lasting two days DMT has assisted GEG in the execution of a geoelectrical
survey of the Aspindza site. The final day was spent in head office of GEG, where work was
summarized and discussed. Back in Germany, DMT processed the geophysical data and
interpreted the pseudo-section using available data.

2. LANDSLIDES IN GEORGIA

Landslides and related hazards are widespread in Georgia and cause substantial damage
annually. The steep hillslopes, active geology and wet or even subtropical climatic condi-
tions in Georgia are important factors that contribute to the high landslide susceptibility
there. Over 5700 landslides have been identified, ranging from small-scale slumps to large-
scale mass wasting of entire hillsides. Approximately 700 of those landslides have been
identified through year-long mapping and fieldwork activities. A Recent landslide suscepti-
bility analysis based on geology, slope classification and land cover mapping suggested
that approximately 17 % of Georgia is located in high hazards zones, and another 38% is
located in moderate-hazards zones.

In the region of Samtskhe-Javakheti, with its geographic location, geo-morphological and
geological complexity, together with the steep topography and wet climate, tectonics can
be a significant trigger of landslide. This is determined by natural and historical factors alt-
hough due to the historical and political conditions this region was one of the undeveloped
agrarian regions in the country until XXI century.
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Figure 1:

Samtskhe-Javakheti Region (Georgia)

Legend
s State Border
‘ Munic. Border
Elevation ——— Pipeline (Oil)
I 10-1,000 ==== Pipeline (Gas)
% :,(S)gg-;,g% Settlement
D2:000:2:500 ===~ Railway
[ 2,500-3,000 == Rosd
B >3,000 ——— River
' Lake

Map of Samtskhe Javakheti Region with elevation

Figure 2:

Zoning of the territory of Georgia
in level of risk and degree of influence of mud flows

Map of Georgia showing the risk of landslides. (Source: Ministry of

Environment Protection and Natural Resources of Georgia.
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3. WORK PERFORMED BY DMT

DMT executed the following work:
1. Assistance and supervision of geoelectrical survey
2. Processing of data
3. Interpretation of geophysical data using available data sets
4. Review of drilling results, engineering geological and mapping reports
5. Reporting.

DMT was not involved in the planning and in the selection of the lines geophysically inves-
tigated.

4. NATURE & CLIMATE

A major part of the territory of Georgia has a subtropical climate. In the flat part, the average
temperature in January fluctuates from +3°C (in Colchis) to -2°C (in the Kartli plain), and in
July it varies from +26°C to +27°C.In the mountains the temperature falls to -18°C in Janu-
ary and rises to +12°C. The average precipitation varies from 300 mm in the east 2800 mm
in the west. The western part of the country and the high mountains seem to have a ten-
dency toward warming, but it is overshadowed by the influence of the Black Sea. In the east
of Georgia there appears to be a steady increase in temperature, on the average in the
order of 0.006°C per year, and some reduction (12-15%) in the quantity of Precipitation
which drop out during the summer period.

The area exhibits a very diverse landscape including mountainous terrains. Several high-
land volcanic plateaus, mountain steppes with alpine and sub-alpine vegetation, deep can-
yons, rivers, large and small lakes, as well as wetland marshes are present. During the
summer most of the region is cool (<+15 +20°C), precipitation is low (600-700 mm annually)
and cloudy days are few. Mountainous conditions in other seasons include passing rains,
with cold and snowy winters. In fact, the Javakheti Plateau is known for its inclement win-
ters, remaining snow-covered for up to four months (December through March) with snow
often 15-20 cm deep, and 40-50 cm in the alpine areas.

GEOPHYSICAL SECTION MARCH 2017
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5. LOCATION OF THE SURVEY AREA

The total area of the Samtskhe Javakheti region is 641000 km2. To the East it is surrounded
by the Javakheti range and Abulsamsari range borders on Kvemo Kartli. To the west it is
surrounded by Arsiani range borders on Adjara autonomous republic. To the North it is
surrounded be the Achara — Imereti range and Trialeti range borders on Shida Kartli,Imereti
and Guria. The South border of the region is the national frontier with Armenia and Turkey.

There are six administrative units (municipalities) in the region, namely: Adigeni,
Akhaltsikhe, Aspindza, Borjomi, Akhalkalaki, Ninotsminda municipalities. The project is lo-
cated in the Aspindza municipality, and it is located near Mtkvari dam which is being con-
structed. The construction of the dam has environmental and social impacts within this mu-
nicipality. The area of influence of the project within the borders of the entire territory of
Georgia is shown in chapter 1 on Figure 1, and the area of influence of the project within
the borders of the autonomous republic of Samtskhe Javakhetis shown Figure 3.

yKabardino-Balkanient

e T
8 a8

8
£Pagestan
Georgien

C

' !3\ Aspindza*

8/
(Ardahan’ ~¢

b4

Figure 3: Location of area investigated within the territory of Georgia. (Source:
Ministry of Environment Protection and Natural Resources of Geor-
gia).
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6. REGIONAL GEOLOGY

The Caucasus represents a Phanerozoic collisional orogeny formed along the Eurasian,
shown in Figure 5. North continental margin and stretched on 1200 km, from the Caspian
to Black sea. Currently, it is an expression of continental collision between the Arabian and
Eurasian plates. Three major units are distinguished in the Caucasus: the Greater and
Lesser Caucasian mobile belts and Transcaucasus microplate (Okrostsvaridze & Tormay,
2013), shown in Figure 4.

Samtskhe-Javakheti volcanic highland (1300-2800 m asl) was formed at Late Cenozoic in
the central part of the Lesser Caucasus mobile belt and it has an area more than 4500 km2,
however its large part is located in the South in Turkey and Armenia territories (Fig. 2). In
the formation of the highland three big magmatic activity should be marked: 1. Early Plio-
cene — when dacite-andesitic volcanic tuffs of 700 -1100 m thickness (s.c. Goderdzi suite)
were formed, 2. Late Pliocene-Early Pleistocene - when continental of flood basalts of 100-
250 m thickness were formed and 3. Mid Pleistocene-Holocene volcanic activity, when
Abul-Samsari linear volcanic ridge was formed to the south of continental flood basalts.

N L
N?

“‘\‘.__“.’ o o
/N |

Figure 4. Physical map of the Caucasus, with megavulcano area (Source:
IAVCEL).
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Figure 5: Schematic tectonic map of the Eastern Mediterranean.

7. METHOD OF GEOPHYSICAL INVESTIGATION

From 05.03.17 to 07.03.17 DMT was involved in a geophysical survey. In order to define
the engineering-geological conditions a geoelectric method, namely resistivity and elec-
trode Control System (RESECS) shown in Figure 6, was used. RESECS is a PC controlled
DC resistivity-meter system for high-resolution surveying, tomography and monitoring ap-
plications (up to 960 address-able electrodes are connected via one single seven-core ca-
ble. Any pair of electrodes might be selected as current injector and other two electrodes
has a potential. The software controls fast switching of electrodes according to the given
array. This results in a high data acquisition, up to a few thousand data points per hour can
be collected with that system. A Wenner array was used with the smallest electrode spacing
of 5 m and largest electrode spacing of 75 m (Figure 7)
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Figure 6: Example of a RECECS system. Please note that for this this project a
newer Version was used.
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Figure 7: Multi electrode Wenner array

8. BOREHOLE & GEOPHYSICAL DATABASE

In the survey area there are 13 boreholes available. Borehole Drill 10 and borehole Drill 11
are located close to geoelectric Line 1 in the western area. In the eastern part, for geoelec-
tric Line 2, borehole Drill 2 is available.

A more detailed information (Well Section with lithologies) about the boreholes can be found
in Appendix Al and A2 at the end of this report.

GEOPHYSICAL SECTION MARCH 2017
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Table 1 Borehole database
Name |Surface X |Surface Y |Elevation |TD (TVDSS) | TD (MD)
Drill 1 349700| 4606607 1043.7 -1038.5 5.2
Drill 2 349512 | 4606960 1075 -1069.9 5.1
Drill 3 349117 | 4606746 1066.9 -1060.4 6.5
Drill 4 348971 | 4606689 1082.2 -1072.5 9.7
Drill 5 348697 | 4606640 1089.1 -1079.4 9.7
Drill 6 348412 | 4606465 1085.8 -1080.8 5
Drill 7 347879 | 4606336 1057.3 -1046.5 10.8
Drill 8 347616 | 4606323 1029.7 -1020 9.7
Drill 9 346990 | 4606527 1057.6 -1049.1 8.5
Drill 10 345637 | 4607431 1020.7 -1017.4 3.3
Drill 11 345996 | 4607174 1072.4 -1054.4 18
Drill 12 346434.5|4606817.5 1080.5 -1055.5 25
Drill 13 346561.7 | 4606736.1 1066.8 -1041.8 25

The measured geoelectric Line 1 is located in the western part of the study area and has a
length of 400 m. The geolectric Line 2 is located in the eastern part of the study area and
has a length of 240 m (Figure 8).

The basemap in Figure 8 shows the positions of the geoelectric Lines (or profiles) and the
borehole positions.

4607200 4608000

4606400

e

4605600

Figure 8:

344800

345600

345600

346400

346400

347200

347200

—Line:2 Line 1 @ Boreholes

344800

348000

348000

348800

348800

349600

349600

351200

351200

Basemap of survey area with borehole positions and geoelectric sur-

vey profiles (Source: Landsat)
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Figure 9 View from above, the green arrow shows north direction. All 13 bore-
holes and the two geoelectric profiles are shown (Line 1 in the west;
Line2 in the east)

9. INTERPRETATION

For the Interpretation all available data was loaded to the modeling software Petrel (Schlum-
berger). In the following chapter the interpretation of the geophysical and borehole data is
presented, this includes 3D-Views, 2-D Profile Views, Depth Maps and Thickness Maps.
The interpretation of the geoelectric profile is shown in several figures in the following sub-
chapter (Line 1). For interpretation of Line 1 there are two boreholes nearby available.

At the beginning of the chapter the interpretation of the surrounding tectonic setting for Line
1 is estimated by satellite images and SRTM data. This can only be considered as an ap-
proximation, which should help to gain a better understanding of the performed interpreta-
tion of Line 1. The interpretation of these tectonic features is based on satellite image and
elevation data and on the conception of DMT geologists, it cannot replace geological field
data. Line 1 is located in the western part of the survey area and is probably crossing a
debris flow fan (Figure 10) which builds two small incised valleys caused by small streams.
Probably these streams follow linear surface features built by faults. The debris flow builds
a track in a depression, which is built between a downslided block in the west and the re-
sulting slope (hang) in the east.

GEOPHYSICAL SECTION MARCH 2017
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Debris Flow
Track

Debris Fan
Deposit

Figure 10: Position of Profile 1 with assumed Debris Flow extent in blue.

Figure 11:  Assumed local tectonic setting at Profile 1.
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The measured geoelectric values of Line 1 match the assumed interpretation of the local
tectonic setting. In the eastern part of Line 1 the resistivity is much lower than in the western
part. This confirms the assumption of a large fault which crosses Line 1 in the western part
almost perpendicularly. Also the high values of resistivity at the western incised valley up to
surface, indicate some kind of solid rock near surface. This can be explained by the western
flank of the downslided block, which can be elongated below the debris flow to the south.

LINE 1

In the following figures the resistivity of Line 1 is shown in a 3D-Model from different direc-
tions. Borehole Drill 11 is located on the most eastern end of Line 1, Drill 10 is located
approximately 40 southwest to the geoelectric profile Line 1. Borehole Drill 10 has only a
total depth of 3.3 meters and did not reach a Sandstone below the quaternary clays. There-
fore a correlation of Drill 10 with the profile was not possible.

N I N ] [ (] .
1.37 2.58 4.85 9.12 17.2 32.3 60.8
Resistivity in ohm.m

Figure 12: Line 1, 3D view from NE of resistivity profile with topographic elevation.
Drill 11is located at the most eastern point of the Line. Drill 10is located
40 m SW of the profile.
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’9 Drill 10

Figure 13: Line 1, 3D view from NNW with topographic elevation. The position of
nearby borehole Drill 10 is shown. The approximate distance from drill
number 10 to geoelectrical array (Line Nr. 1) is about 40 m.
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Figure 14: Possible interpretation (Version 1) of top presumable bedrock (see
text for explanation). In Version 1 the interpreted Sandstone (orange)
is ending on the blue fault plane (caused by an assumed throw of the
fault).

In Version 1 of the Line 1 interpretation the interpreted Sandstone (bedrock) is ending at
the fault plane. According to the conception explained at the beginning of this chapter
(Figure 10 & Figure 11) a big landslide or fault is crossing Line 1 in the western part at
location of the blue fault plane in Figure 14. The fault or landslide and its corresponding
slope is covered by debris flow fan deposits. It is only visible through small depression at
the surface. In this scenario the bedrock interpretation in the eastern part of Line 1, which
is correlated to lithological information of Drill 11, is not related to the bedrock in the western
part of Line 1.

In Version 2 of the Line 1 interpretation the Sandstone (bedrock) is going through the fault
plane. The low resistivity zone around the blue fault is still interpreted as a fractured fault
zone, but the Sandstone (bedrock) interpretation in the western part of Line 1 is directly
correlated with the Sandstone (bedrock) interpretation of eastern part (depending on Drill
11) of Line 1. For better understanding see also 2D-Profile section of Line 1 in Figure 20.
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Figure 15: Possible interpretation (Version 2) of top presumable bedrock (see
text for explanation). In Version 2 the interpreted sandstone is going
through the blue fault plane. Even without a throw of the fault the low
resistivity indicates a fracture zone.
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Figure 16: Line 1, 3 D view from SW from below surface with topographic eleva-
tion. The high resistivity values (red) in the western part can be re-
lated to parts of the downslided block mentioned at the beginning of
the chapter. The low resistivity values (green) could result from a fault
zone.
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Figure 17:  Interpretation Version 1. In this Version the interpreted Sandstone is

ending at the most southern fault plane. Line 1, depth to light weath-
ered Sandstone (Bedrock). Thickness between presumed bedrock and
topographic elevation. Depth of bedrock. The Thickness Map is only
reliable directly at the Line progression, adjacent thicknesses result
from extrapolation. The assumed fault positions (black) result from
conception explained at the beginning of the chapter.
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Figure 18: Interpretation Version 2. In this Version the interpreted Sandstone is
going through the most southern fault plane. Line 1, depth to light
weathered Sandstone (Bedrock). Thickness between presumed bed-
rock and topographic elevation (Depth of bedrock). The Thickness
Map is only reliable directly at the Line progression, adjacent thick-
nesses result from extrapolation.

The ohm.m values of the two geoelctrical profiles differ in their minimum and maximum
values. Therefore the color scales in Line 1 and Line 2 were adapted to match a comparable
color scheme in the 3D-Model and the 2d-Profile Views. In average the resistivity values of
Line 1 are much higher than in Line 2. The lower values in Line 2 indicate a higher water
saturation in the area of Line 2, especially in the second lithological unit (strong weathered
Sandstone).
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Figure 19: Result of Line-1 (West side, running west-east). Profile view.
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Figure 20:  Interpretation of Line 1. The Resistivity scale range from 1 to 120 ohm.m. Fault interpretations are shown by dashed
lines (black)
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LINE 2

For Line 2 the measured average resistivity is much lower than in Line 1. This indicates a
higher water saturation, especially the second lithological unit (strong weathered Sand-
stone) correlated to Drill 2 shows very low resistivity values. For this geoelectric profile also
three layers were interpreted. At surface the quaternary clays with gypsum substitutes. The
second lithological layer is the strong weathered Sandstone and the third lithological unit
according to the available borehole information is the light weathered, fissured Sandstone.
Borehole Drill 2, with a total depth of 5.1 m, allows a correlation to the Top of the strong
weathered Sandstone (second unit). The third unit is recognisable with higher resistivity
values starting below the very low resistivity values of unit 2.

[ [ I ] [ D . ..
9. .8

12 17.2 32.3 60
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114

Figure 21: Line 2, 3D view from SSW of resistivity with SRTM topographic eleva-
tion. Top and Base surface of weathered Sandstone is shown.
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Figure 22: Line 2, 3 D view from SW from below surface with SRTM topographic
elevation.
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Figure 23: Line 2, Depth to weathered Sandstone.Thickness between Top strong
weathered Sandstone and SRTM topographic elevation. The Thickness
Map is only reliable directly at the Line progression, adjacent thick-
nesses result from extrapolation.
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Figure 24: Line 2, thickness of strong weathered sandstone. Thickness map along
Profile Line 2 between Top and Base weathered Sandstone. The Thick-
ness Map is only reliable directly at the Line progression, adjacent
thicknesses result from extrapolation.
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Figure 25:  Result of Line-2 (East side, running east- west). Profile view.
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Figure 26:  Interpretation of Line 2. The Resistivity scale ranges from 0.5 to 18 ohm.m. Borehole Drill 2 is shown, it was used for
correlation of Top strong weathered Sandstone.
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10. CONCLUSIONS & RECOMMENDATIONS

For Line 1 there are two possible interpretations for the presumed bedrock layer. In inter-
pretation Version 1 we assume that the presumable bed rock is ending on the most eastern
interpreted fault in Line 1 (Fault position is shown in Figure 17 and Figure 18 or Figure 20).
This can be explained through a fault displacement or a land slide at this position (Assumed
fault positions are shown below in Figure 27).

In Interpretation Version 2 for Line 1 the bedrock layer is going through the low resistivity
zone in the eastern part of line 1 and is directly related to the interpreted bedrock layer
correlated from Drill 11. Nevertheless we assume in this low resistivity zone a highly frac-
tured or weathered fault zone.

Figure 27:  Possible Fault positions or landslides at Line 1.

For Line 2 the average resistivity is much lower than in Line 1. A higher water saturation,
especially in the second lithological unit (strong weathered Sandstone), can be responsible
for lower resistivities. For this geoelectric profile also three layers were interpreted. At the
surface the quaternary clays with gypsum substitutes. The strong weathered Sandstone
builds the underlying bed and below the third lithological unit according to the average avail-
able lithological borehole information is the light weathered, fissured Sandstone. Borehole
Drill 2, with a total depth of 5.1 m, allows a correlation to the Top of the strong weathered
Sandstone (second unit). The third unit is recognisable with higher resistivity values starting
below the very low resistivity values of unit 2.
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The survey area is located in regions of landslides. A detailed history of the landslides is
not available. Geological maps were not available. The landslide bodies are inhomogene-
ous in composition and most are possibly of Quaternary age. Hazardous materials, which
can slide, are both sliding off clayey material that includes rock fragments, and sudden
rockslides of bigger blocks from the steeper rock faces. All possible factors like geological,
climatic and anthropogenic do effect the landslide dynamics.

We recommend to inspect slopes at risk during future site visits. Their stabilities have to be
assessed by visually inspecting fractures and other important indicators of instability. Based
on these observations together with available geological data further conclusions and rec-
ommendations can be made.

DMT recommends a more detailed study of slope stabilities. More high resolution topogra-
phy data, e.g. LIDAR, can be very useful. For Line 2 only SRTM data was used. For a better
understanding of the area we recommend more geological/geotechnical mapping of out-
crops, monitoring of movements and a detailed study of the fault/joint/fracture systems.

Future drilling programs should be performed with deeper total depths (at least down to
bedrock). For a better correlation of lithologies and geophysical data surface positions of
boreholes should be planned closer to existing geophysical profiles.

For further or future investigations the following procedures are recommended:

= Itis advisable to perform a photographic documentation of drill cores or samples.

= A detailed description of the drilling rig/equipment.

m For future stability prognosis, geotechnical logging procedures are advised. Includ-
ing a characterization of discontinuities of the layering sequence. A measurement of
dip direction, joints, veins and faults in drill cores or a measurement within the bore-
hole by a borehole televiewer or an acoustic log.

m Determination of shear parameters through geomechanical laboratory tests (unif/tri-
axial tests).

= A rock mass classification based on RQD.
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APPENDIX A2

Name |Surface X|Surface Y [Latitude Longitude Elevation |TD (TVDSS) [TD (MD)
Drill 1 349700 4606607(41°35'49.3025"N |43°11'47.5384"E 1043.7 -1038.5 5.2
Drill 2 349512 4606960(41°36'0.6158"N |43°11'39.1023"E 1075 -1069.9 5.1
Drill 3 349117 4606746|41°35'53.4118"N |43°11'22.2409"E 1066.9 -1060.4 6.5
Drill 4 348971 4606689(41°35'51.4650"N |43°11'15.9888"E 1082.2 -1072.5 9.7
Drill 5 348697 4606640[41°35'49.6902"N |43°11'4.2030"E 1089.1 -1079.4 9.7
Drill 6 348412) 4606465(41°35'43.8239"N (43°10'52.0572"E 1085.8 -1080.8 5
Drill 7 347879 4606336(41°35'39.2783"N |43°10'29.1629"E 1057.3 -1046.5 10.8
Drill 8 347616 4606323|41°35'38.6765"N |43°10'17.8202"E 1029.7 -1020 9.7
Drill 9 346990 4606527(41°35'44.8572"N |143°09'50.6062"E 1057.6 -1049.1 8.5
Drill 10 345637 4607431|41°36'13.2179"N |43°08'51.3534"E 1020.7 -1017.4 3.3
Drill 11 345996 4607174]41°36'5.1383"N 43°09'7.0926"E 1072.4 -1054.4 18
Drill 12| 346434.5| 4606817.5|41°35'53.8883"N [43°09'26.3549"E 1080.5 -1055.5 25
Drill 13| 346561.7| 4606736.1{41°35'51.3382"N |43°09'31.9219"E 1066.8 -1041.8 25

GEOPHYSICAL SECTION APRIL 2017

GROSS ENERGY GROUP, GEORGIA PAGE 32




	Mtkvari Road Project_Geological Report
	მტკვარი ჰესი #1-5
	მტკვარი ჰესი #1.pdf (p.1)
	Model

	მტკვარი ჰესი #2.pdf (p.2)
	Model

	მტკვარი ჰესი #3.pdf (p.3)
	Model

	მტკვარი ჰესი #4.pdf (p.4)
	Model

	მტკვარი ჰესი #5.pdf (p.5)
	Model


	ჭაბურღილი #2-13
	ჭაბურღილი #2.pdf (p.1)
	Model

	ჭაბურღილი #3.pdf (p.2)
	Model

	ჭაბურღილი #5.pdf (p.3)
	Model

	ჭაბურღილი #6.pdf (p.4)
	Model

	ჭაბურღილი #7.pdf (p.5)
	Model

	ჭაბურღილი #8.pdf (p.6)
	Model

	ჭაბურღილი #9.pdf (p.7)
	Model

	ჭაბურღილი #10.pdf (p.8)
	Model

	ჭაბურღილი #10-.pdf (p.9)
	Model

	ჭაბურღილი #11.pdf (p.10)
	Model

	ჭაბურღილი #13.pdf (p.11)
	Model


	Mtkvari HPP Road Project_Geophisical Report 21.02.2017

