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REFERENCE

This report is to be referred to in bibliographies as:

Department of Water and Sanitation (2014). Feasibility Study for the Mzimvubu Water Project:
Geotechnical Investigations: Lalini Dam and Hydropower Scheme: Appendices

DWS Report No: P WMA 12/T30/00/5212/10
Prepared for: Directorate — Options Analysis

Prepared by: Jeffares & Green (Pty) Ltd, P O Box 794, Hilton, 3245

Tel: 033 343 6700, Fax: 033 3436701
Contact: Mr A Pepperell
Email: pepperella@jgi.co.za

Note on Departmental Name Change:

In 2014, the Department of Water Affairs changed its name to the Department of Water and
Sanitation, which happened during the course of this study. In some cases this was after some of
the study reports had been finalized. The reader should therefore kindly note that references to the
Department of Water Affairs and the Department of Water and Sanitation herein should be
considered to be one and the same.

Note on Spelling of Laleni:
The settlement named Laleni on maps issued by the Surveyor General is locally known as Lalini and
both names therefore refer to the same settlement.
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HOLE No: BH D1 1 Department of Water Affairs i HOLE No: BH D17
Sheet 10f 2 Laleni Dam and Hydroscheme Sheet 1 of 2
leffares & Green
JOB NUMBER: 2819 e JOB NUMBER: 2819
Scale 327 0.00 7 z
49MR 175 l b Dark brown to black, sandy CLAY: Colluvial.
PG 92NR 1 4 Reddish brown, clayey medium to coarse grained SAND with gravel. Residual
1 e )
100MR 2
259
3 Olive grey-bi , medium b ing slightly weathered, fine to coarse grained, massive, very soft
109MR . 9 rock, broken to very broken core, SANDSTONE.
L L Completely weathered, clayey Sand with gravel, remnants of rock structure present.
36 10 4
80MR
NWD4
£ES
93MR 6
7
97 0 6
7 8 a8
lugeons Olive grey-brown, slightly weathered, fine grained, massive, medium hard to hard rock, solid to
a7 a8 8 48 broken core, SANDSTONE. Coarse vein-like section noted. Alteration zone (200mm approx.) on
£E9 bottom contact.
10
50
104 83 5 1
12
50 [ 13
90 72 4
14
15
91 52 7 80
ORIL % RGO FEAG Daere o WATER | DEPTH GONTRACTOR : Weppelmann Geotech. Drill. cc incLinaTion : Vertical ELEVATION :
METE i % R Beoine | o MACHNE - Tone Tazz oA : N-size X-COORD: 31d15'42.0"S
- = e DRILLED BY : Amos DATE : 25 June - 01 July 2014 Y-COORD : 28d55'20.2"E
PROFILED BY : T Hayes DATE : July 2014 HOLE No BH D1
TYPE SET BY : T Hayes DATE : 07/10/2014 10:29
SETUF FILE : BH-JG-A3.SET TEXT : .. BI9\8HFINALI2619BHD1. TXT
00s5C JGI dotPLOT 7013 PBp7

Fig B-1.1: Borehole D1 - Log

B-2
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HOLE No: BH D1 Department of Water Affairs ‘ HOLE No: BH D1
Sheet 2 of 2 Laleni Dam and Hydroscheme Sheet2af 2
Jeffares & Green
JOB NUMBER: 2819 | o | Josnumeer 2819 |
£16 16.00m ¥
: i LR 16.50
T Dark grey, slightly weathered to unweathered, fine to coarse grained, massive, hard to very hard
L 17 u:u:i rock, solid core, DOLERITE. Generally medium to coarse grained with fine grained sections.
EREE S
x x
106 74 4 47 t X
nn
tag it
i e
8 i u”u,,& 1675
lugeons I B ":"g 3 Dark grey, unweathered, medium to coarse grained, massive, hard to very hard rock, solid core,
i e DOLERITE.
o
99 99 2 : 1 .;,;,
L
t x W
t e
X %
& o
| i
54 90 L2 FE
: o x
X x
t -»;*w
84 81 1 i 1
4 ] o
LN
lugeons = R
e
| i
138 100 0 25 e
t A
! XXX 2539
NOTES
1) End of Hole at 25.38m.
2) Casing Oto 8.0m.
3) Water rest level - 16.00m
4) Cut-off level at 8.08m.
DRILL % RQD FRAC OMR Gt WATER DEPTH CONTRACTOR : Weppelmann Geotech. Drill. ¢c CLINATION - Vertical ELEVATION -
METH ‘;%'EE % FREQ PRE%‘#“ S"‘;‘; MACHINE : Tone Tazz DIAM : N-size X-C00RD - 31d15'42.0°S
- 2 DRILLED BY : AMOS DATE : 25 June - 01 July 2014 Y-COORD : 28d55°20.2°E
PROFILED BY : T Hayes DATE : July 2014 HOLE No-BH D1
TYPE SET BY : T Hayes DATE : 07/102014 10:2%
SETUP FILE : BH~JG-A3 SET TEXT : . B19BHFINALI28198HD1. TXT
DOGC JGI 00tPLOT 7013 PBOT

Fig B-1.2: Borehole D1 - Log

B-3
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EFFARES & GREEN : -
L ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

Borehole No:

EEEEED
HEEE =m

I
12384 | A EEEEE EAEES
oepr e 0.00 TrleEs.2o [ni (MR il
Pz JUNE / AUG 2014

Lt e il o2 SO e i it e i <o i | N e i it

Fe——————— ]

BOX 4 OF 4
Fig B-2: Borehole D1 — Box 1 to 4 Dry
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Guage Pressure due Pressure dye Test . .
Pressure to Guage to water height Pressure Duration Injected Bottom Length of timein litres / Lugeon
(Bars) Height (Bars) above water (Bars) (Seconds) Volume | Top Level Level hole minutes metre Units
A B tableéBars) A+B+C () /minute
WPT 10 - 16.3m
1.5 0 0 15 600 82 10 16.3 6.3 10 1.3016 9
2.6 0 0 2.6 600 120 10 16.3 6.3 10 1.9048 7
3.75 0 0 3.75 600 122.9 10 16.3 6.3 10 1.9508 5
2.6 0 0 2.6 600 125.2 10 16.3 6.3 10 1.9873 8
1.5 0 0 15 600 70 10 16.3 6.3 10 1.1111 7
WPT 16.3- 21.46m
1.95 0 0 1.95 600 83.5 16.3 21.46 5.16 10 1.6182 8
3.4 0 0 3.4 600 96.4 16.3 21.46 5.16 10 1.8682 5
4.85 0 0 4.85 600 183.7 16.3 21.46 5.16 10 3.5601 7
3.4 0 0 3.4 600 154.8 16.3 21.46 5.16 10 3 9
1.95 0 0 1.95 600 90.5 16.3 21.46 5.16 10 1.7539 9
WPT 21.46 — 25.39m
2.25 0 0 2.25 600 64.6 21.46 25.39 3.93 10 1.6438 7
3.95 0 0 3.95 600 76.3 21.46 25.39 3.93 10 1.9415 5
5.65 0 0 5.65 600 98.2 21.46 25.39 3.93 10 2.4987 4
3.95 0 0 3.95 600 73.6 21.46 25.39 3.93 10 1.8728 5
2.25 0 0 2.25 600 52.4 21.46 25.39 3.93 10 1.3333 6
Mzimvubu Input Data Depth from top of embankment to water table (m) 0
Borehole No D1 Height of guage above top of embankment (m)
Table B-1:  Water Pressure Tests — Borehole D1
B-5
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HOLE No: BH D2 Department of Water Affairs HOLE No: BH D2
Sheet 102 Laleni Dam and Hydroscheme Sheet 10f 2

Jeffares & Green
JOB NUMEER: 2819 e i I JOB NUMBER: 2819
(26) & il 09 Red-brown, slightly sandy, CLAY: Colluvial.
NXC E 088
(113) N/A N/A E Red-brown, mottied dark grey, sandy, gravelly CLAY, with highly weathered dolerite gravel:
E Residual.
:—’ 211
NWD4 88 9 0 Red-brown blotched light green, completely weathered, very fine to fine grained, massive, very soft
£ rock, DOLERITE: Intrusive.
3 | 269
: Light brown stained red-brown, completely to highly weathered, very fine to fine grained, massive,
3 very soft to soft rock, DOLERITE: Intrusive.
88 >20 0 E
]
It 446 _
B Dark grey speckled white, slighlty weathered, fine grained, massive, hard to very hard rock,
109 5 12 = DOLERITE, fractured and veined at 7.56-7.91m, brownish red and white increased feldspar
E mineralisation. Core left behind at 12,00m run, retrieved with 12.25m run: Intrusive.
-6
98 4 6 :
4
]
97 14 36 F
fo
100 9 49 3
10
30 4 6 2
12
61 4 I 31 ] 3
E13
93 5 76 -4
™NW :
E15
z‘m: i ST ?7‘7 Ego DEPTH  CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : Vertical ELEVATION :
a7 i =y 4 S MACHINE : oian : N-gize X-COORD : 31d1542.9°S
- DRILLED BY : DATE: 18-21 June 2014 Y-COORD : 28d55'17.9"E
PROFILED BY - L. Parfitt DATE : 26 June 2014
HOLE No: BH D2
TYPE SET BY : M. Richards DATE : 07/10/2014 10:29
SETUP FILE : BH~JG-AS. SET TEXT : . 819\BHFINAL\26198HD2. TXT
DosC 46! datPLOT 7013 PBp7

Fig B-3.1: Borehole D2 - Log
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HOLE No: BH D2
Sheet 2 0f 2

Department of Water Affairs
Laleni Dam and Hydroscheme

HOLE No: BH D2
Sheet 2 0f 2

| soBnumesr 2819 | | sosnumsER: 2819 |
[ 16 xox] 1
|4 l<x’k
I o
E n’-"x:*;x
107 9 76 E x
et
E s
F 18 ::u
X N X
E o
I P
£ G
LR
| 22
100 11 49 Eoag :'fg, Light red-brown speckled white streaked dark grey, slightly weathered, fine grained, massive, hard
13 .;,9;,; rock, DOLERITE feldspar rich zone: Intrugive.
E * X %]
F n:x:x Dark grey speckled white and black, Unweathered, fine to medium grained, massive, hard ta very
21 XXX hard rock, DOLERITE: Intrusive.
F 'x'ix'
E lgi”x
14 X % %
22 Lo
s Reddish dark grey, ;EEd('ed white, slightly weathered, very fine to fine grained, massive, hard rock,
[ x:::: solid core, DOLERITE: Intrusive.
F x
o5 4 ) £ 23 X
: -*i*u.
|3 I"X"l
X K X
o
l*ﬂ”ﬂ'
» X - <
3 Reddish brown laminations dark grey, slightly weathered, fine to medium grained, laminated,
108 6 50 E intensely spaced, hard rock, solid core, SANDSTONE horizontal laminations: Adelaide Subgroup.
i Reddish stained, grey to dark grey, slightly weathered, fine grained, massive, hard to very hard
rock, solid core, DOLERITE: Intrusive.
NOTES
1) End of hole at 25.82m.
2) No samples taken.
ORILL % SPTN FRAG RaD bEPTH CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : Vertical ELEVATION :
MET e 9 % Sone DM : N-size X-COORD : 31d15'42.9°S
i DATE : 18-21 June 2014 Y-COORD : 28d55'17.9"E

PROFILED BY : L. Parfitt DATE : 26 June 2014

TYPE SET BY ' M. Richards OATE : 0771072014 10:29
SETUP FILE : BH-JG-A3.SET

1
HOLE No: BH D2
TEXT : ..819\BHFINALI26198HD2. TXT -

DOEC JGI

Fig B-3.2: Borehole D2 - Log

aIPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
L ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

pz___| i
X TR
0cpt Rarge ] 0,00 [ Jl25 52 [ i Ul
b

B

o
ke S

BOX4OF 4

Fig B-4: Borehole D2 — Box 1 to 4 Dry
B-8
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Pressure due
Guage Pressure due . Test . .
to water height . Injected . . litres /
Pressure to Guage Pressure Duration Bottom Length of timein Lugeon
. above water Volume | Top Level : metre .
(Bars) Height (Bars) (Bars) (Seconds) Level hole minutes : Units
table (Bars) () /minute
A B c A+B+C
WPT 7.0 - 12.0m

1.1 0 0 11 600 6 7 12 5 10 0.12

1.9 0 0 1.9 600 11 7 12 5 10 0.22

2 0 0 2 600 25 7 12 5 10 0.5
1.9 0 0 1.9 600 116.2 7 12 5 10 2.324 12
11 0 0 1.1 600 124.8 7 12 5 10 2.496 23

WPT 12.0- 18.35m
1.65 0 0 1.65 600 9.1 12 18.35 6.35 10 0.1433 1
2.85 0 0 2.85 600 48.2 12 18.35 6.35 10 0.7591 3
4.05 0 0 4.05 600 42.4 12 18.35 6.35 10 0.6677 2
2.85 0 0 2.85 600 35.1 12 18.35 6.35 10 0.5528 2
1.65 0 0 1.65 600 25.6 12 18.35 6.35 10 0.4031 2
WPT 18.5 - 25.82m
14 0 0 14 600 114.8 18.5 25.82 7.32 10 1.5683 11
0 0 0 600 18.5 25.82 7.32 10 0 0
0 0 0 600 18.5 25.82 7.32 10 0 0
0 0 0 600 18.5 25.82 7.32 10 0 0
0 0 0 600 18.5 25.82 7.32 10 0 0
Mzimvubu Depth from top of embankment to water table (m)
Input Data i
Borehole No D2 Height of guage above top of embankment (m)
Table B-2:  Water Pressure Tests — Borehole D2
B-9
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH D3 v Department of Water Affairs HOLE No: BH D3
Sheet 10f 2 Laleni Dam and Hydroscheme Sheet 10f 2
Jeffares & Green ]
| w2 | — | womneeroste |
900 7 Z - 7
(6) N/A NA s Dark red-brown, silty, slightly sandy CLAY with rootlets: Colluvial.
NXC : - e ———— - ——
(48) N/A N/A 44 Dark grey blotched reddishb rown, COBBLES of mudstone/sandstene with silty clay: Colluvial.
— e Y 1
L (130) ~» NA NA ,;  Dark brown, sy, siightl gravelly CLAY with mudstone fragments: Colluvial.
LK
104 20 ) Medium grey, slightly weathered, fine grained, massive, hard rock, solid to broken core in places,
- DOLERITE: Intruive.
NWD4 Grey, speckied, white, stained red-brown, highly weathered, fine to medium grained, massive, soft
3 to medium hard rock, solid to broken core, highly weathered SANDSTONE: Adelaide Subgroup.

97 13 22 Grey, speckied white, banded dark brown, moderately weathered, fine to medium grained, bedded,
very thinly spaced, medium hard to hard rock, solid core, SANDSTONE, with very fine grained
mudstone inclusions at 5.21 - 5.36m: Adelaide Subgroup.

83 [} 30

100 9 60

635
Grey, banded dark grey in places, slightly to moderately weathered, very fine to fine grained,

94 9 69 massive to banded, thinly spaced, hard to very hard rock, solid to broken core in places,
DOLERITE: Intrusive,

8 7 80

51 7 980

190 ‘ 10 80 288
Dark grey, speckled black and white, slightly weathered, fine to medium grained, massive, hard to
very hard rock, salid core, DOLERITE: Intrusive.

10.83

96 11 38 Dark grey, hered to slightly d, very fine to fine grained, massive, hard to very hard
rock, solid core, DOLERITE: Intrusive.

100 4 55

13.52
Reddish brown speckled black, unweathered to slightly weathered, massive, hard to very hard rock,
95 3 51 SANDSTONE: Adelaide Subgroup.
TNW 14,49
Dark grey, unweathered, very fine to fine grained, massive, hard to very hard rock, solid to broken
core at end of run, DOLERITE unfractured: Intrusive
DRILL % SPT(M FRAG RaD Del CONTRACTOR : Weppelmann Geotech. Drill. cc incLinaTion : Vertical ELEVATION :
MEIH: o i * S MACHINE : oim - N-size XCOORD + 31d15'44.4°S
R DRILLEDBY : DATE : 12 June 2014 Y-COORD : 28d5512.1°E
PROFILED BY : L. Parfitt DATE : 15 June 2014
HOLE No: BH D3
TYPE SET BY : M. Richards DATE ; 07/10/2014 10:28
SETUP FILE : BH~JG-A3.SET TEXT ;.. 819BHFINALI2879BHD3. TXT
DOSC JG! dotPLOT 7013 PBp7

Fig B-5.1: Borehole D3 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Department of Water Affairs HOLE No: BH D3
Laleni Dam and Hydroscheme Sheet 2 0f 2
Jeffares & Green - ——
[ —————— JO8 NUMBER: 2819 I
- 98 0 o4 e
L16
gz 16.93
100 2 75 I Reddish grey s d white and d dark grey, unweath to slightly weathered, fine to
i medium grained, banded, very thinly to thinly spaced, solid core, SANDSTONE 18.21 - 18.96m
E g laminated, very closely to closely spaced, narrow to wide separation, filled dark grey.
99 3 83 -
t20
97 0 97 £ 2081
: Dark grey, unweathered to slightly weathered, very fine to fine grained, massive, hard to very hard
—-2 o rock, solid 'eore, DOLERITE: Intrusive. :
T Reddish grey, speckled white and banded dark grey, unweathered, fine to medium grained, banded,
97 4 54 22 intensely to very thinly spaced, hard rock, solid core, SANDSTONE banding herizontal unfractured:
Adelaide Subgroup.
: Dark grey, unweathered, very fine to fine grained, massive, hard to very hard rock, DOLERITE:
23 Intrusive.
94 2 80 i Dark red-brown speckled white, slightly weathered, fine to medium grained, laminated, intensely to
E o very thinly spaced, hard rock, feldspathic SANDSTONE laminations at +-10 deg: Adelaide
3 Subgroup.
NOTES
1) End of hole at 24.20m.
2) Samples taken at 3.61--3.75m, 3.8--3.98m..
DRILL % SPT N FRAC RaD DEPTH CONTRACTOR : Wei i Verti ;
:Weppelmann Geotech. Drill. cc meouUnATION : Vertical ELEVATION
METH ODRE RREQ * it MACHINE : DiaM : N-size X-CO0RD : 31d15'44.4"S
: DRILLED BY ; DATE : 12 June 2014 Y-COORD : 28d55'12.1"E
PROFILED BY : L. Parfitt pATE : 15 June 2014
HOLE No: BH D3
TYPE SET BY : M. Richards DATE : 07/10/2014 10:29
SETUP FILE : BH-JG-A3.SET TEXT : ..819\BHFINALI28198HD3. IXT
DO6C  JGI dotPLOT 7013 PBp7

Fig B-5.2: Borehole D3 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

Berehole No
Box Number: 1,2,3&4 ) ' f |
),0 0,3

epirers=] 0,00 [ IEze.20 |
m UNE / AUG 2014

_ m——

b e

A e

BOX 4 OF 4

Fig B-6: Borehole D3 — Box 1 to 4 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Guage Pressure due Pressure dye Test . .
Pressure to Guage to water height Pressure Duration Injected Bottom Length of timein litres / Lugeon
(Bars) Height (Bars) above water (Bars) (Seconds) Volume | Top Level Level hole minutes metre Units
A B tableéBars) A+B+C () /minute
WPT 3.5 -7.22m
0.3 0 0 0.3 600 62 35 7.22 3.72 10 1.6667 56
0.55 0 0 0.55 600 49 35 7.22 3.72 10 1.3172 24
0.8 0 0 0.8 600 515 35 7.22 3.72 10 1.3844 17
0.55 0 0 0.55 600 43.4 3.5 7.22 3.72 10 1.1667 21
0.3 0 0 0.3 600 34 3.5 7.22 3.72 10 0.914 30
WPT 7.5 -13.5m
1.2 0 0 1.2 600 90.9 7.5 13.5 6 10 1515 13
2.15 0 0 2.15 600 92.4 7.5 135 6 10 1.54 7
3.05 0 0 3.05 600 83.2 7.5 135 6 10 1.3867 5
2.15 0 0 2.15 600 58.2 7.5 135 6 10 0.97 5
1.2 0 0 1.2 600 9.4 7.5 135 6 10 0.1567 1
WPT 13.5 - 24.2m
2.15 0 0 2.15 600 0 135 24.2 10.7 10 0 0
3.8 0 0 3.8 600 88.1 135 24.2 10.7 10 0.8234 2
5.45 0 0 5.45 600 53.3 135 24.2 10.7 10 0.4981 1
3.8 0 0 3.8 600 86.7 135 24.2 10.7 10 0.8103 2
2.15 0 0 2.15 600 11.5 135 24.2 10.7 10 0.1075 0
Mzimvubu Input Data Depth from top of embankment to water table (m) 0
Borehole No D3 Height of guage above top of embankment (m)
Table B-3:  Water Pressure Tests — Borehole D3
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLENo BH 04 Department of Water Affairs [ meNmBH 04
Sheat10f2 Laleni Dam and Hydroscheme Sheet 10f 2
Jeffares & Green
| JOB NUMBER: 2819 | rerre———— JOB NUMBER: 2819 I
_— el 9% Dark grey, BOULDERS of dolerite. Boulders exhibit slight to moderate weathering.:Residual
NXC o oo
103MR NIA N/A 2
9AMR |
87MR
£2 212
TNW Light brown to medium grey, highly weathered becoming moderately weathered, fine grained,
54 0 15 massive, medium hard to hard rock, broken core, SANDSTONE.
3 =
= 313
x:':?‘.. Medium grey, moderately weathered, fine grained, massive, hard rock, broken core, DOLERITE.
NWDA4 68 0 15 by ] :;r :&-
XA K]
.
%
TNW [ 93 T 0 Tz — s
[ NWD4 100 0 T 5 P
f + " X X
TNW 7 0 6 o
h \ ' * K
P o
NWD4 79 0 15 e
Pl
W 83 8 a R
X
]
NWD4 90 42 7 i 748
8 e Dark grey, slightly weathered, fine to very fine grained, massive, hard to very hard rock, solide to
XX broken core, DOLERITE. Weathered feldspathic inclusions noted.
= & ¢ o
)
9 X x
B
97 68 4 X%
x 3
10 E v
x
88 31 1 3
11 S
95 81 1 X
X
12 : ?
82 28 2 2
x
x
94 0 10 s +
x
) q!‘
97 0 10 1% %
o
]
5 By,
97 79 2 R
e
= ':"k: 4
LN
Ml
DRILL % RQD FRAG DR G/ WATER DEPTH = CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : Vertical ELEVATION :
MET) iy % BEQ PREoE | MACHINE - D4 it - N-size X-COORD * 31d15'44.7°S
- — 2 DRILLED BY:?!ack Label DATE : 23 - 30 June 2014 ¥-CO0RD : 28d55'11.1"E
PROFILED BY : T Hayes DATE : July 2014 e mm
TYPE SETBY : T Hayes DATE : 07/10/2014 10:28
SETUP FILE : BH-G-AZ SET TEXT : . 819\8HFINAL\2819BHOS. TXT
oosC JGI GotPLOT 7013 PEpT

Fig B-7.1: Borehole D4 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH D4 - Department of Water Affairs HOLE No: BH D4
Sheet 2 of 2 Laleni Dam and Hydroscheme Sheet 20f2
— Jeffares & Green —
I JOB NUMBER: 2819 e i e [ JOB NUMBER: 2819
16 X ox
‘ fos
TNW e
99 6 2 X
17 o
% %
[ o
W
18 X %oN
99 % 2 o
X oMK
xoh
‘ [19 B
e
86 m 3 R
P20 20.00m W x>
v
XXX
l:l:l
Ear i
104 20 5 '::::
X x
2 -::i;a
X XX
o
o
= £ c 1. x 28 S N - il
F E "g";“ Dark to medium grey, unweathered, very fine to fine grained, massive, hard to very hard rock, solid
o core, DOLERITE.
i
XXX
97 97 0 E2 R
XXX
onn
Mt 2481
NOTES
1) End of Hole at 24.81m.
2) Casing 0 to 5.50m.
3) Water rest level - 20.00m
4) Three main orthogonal joint sets
5) Sample taken at 6.67-6.8m.
bRILL | % RQD FRAC DMR esl WATER DEPTH CONTRACTOR : Weppelmann Geotech. Drill. cc micLinaTIon : Vertical ELEVATION
METH iy » el FESHIE | S MACHINE : D45 DM : N-size X-COORD : 31d1544.7°S
DRILLED BY : Black Label DATE :23 - 30 June 2014 ¥-COORD : 28d55'11.1°E
PROFILED 8Y : T Hayes DATE : July 2014 HOLENa-BH D4
TYPE SET8Y : T Hayes DATE : 07/102014 10:29
SETUP FILE : BH~/G-A3 SET TEXT : ..819'BHFINAL\2819BHDA.TXT !
DO6C JGI GotPLOT 7013 PBp7

Fig B-7.2: Borehole D4 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
L ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Drilling CC

EASTERN CAPE
be |
2550
ST G0 O ZEmG

" e S R

BOX 2 OF 4

BOX 3 OF 4

BOX 4 OF 4
Fig B-8: Borehole D4 — Box 1 to 4 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Pressure due
Guage Pressure due . Test . .
to water height . Injected . . litres /
Pressure to Guage Pressure Duration Bottom Length of timein Lugeon
. above water Volume | Top Level : metre .
(Bars) Height (Bars) (Bars) (Seconds) Level hole minutes : Units
table (Bars) () /minute
A B c A+B+C
WPT 15.0 - 20.5m

1.35 0 0 1.35 600 148.4 15 20.5 55 10 2.6982 20
2.4 0 0 2.4 600 169 15 20.5 5.5 10 3.0727 13

2.4 0 0 2.4 600 92.8 15 20.5 5.5 10 1.6873

2.4 0 0 2.4 600 15 20.5 5.5 10 0
1.35 0 0 1.35 600 150.7 15 20.5 5.5 10 2.74 20
WPT 20.5 - 24.81m
15 0 0 15 600 194.5 20.5 24.81 4.31 10 45128 30
0 0 0 600 20.5 24.81 4.31 10 0 0
0 0 0 600 20.5 24.81 4.31 10 0 0
0 0 0 600 20.5 24.81 4.31 10 0 0
0 0 0 600 20.5 24.81 4.31 10 0 0
Mzimvubu Inout Dat Depth from top of embankment to water table (m) 0
nput Data
Borehole No D4 P Height of guage above top of embankment (m) 0
Table B-4:  Water Pressure Tests — Borehole D4
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

APPENDIX C

QUARRY BOREHOLE LOGS AND
PHOTOGRAPHS

c-1
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Fig C-1:

HOLE o' BH Q1 — Department of Water Affairs HOLE No: BH Q1
Sheel 1 of 1 Laleni Dam and Hydroscheme Sheet fof 1
Jeffares & Green
) JOB NUMBER: 2819 e | 408 NUMBER: 2819 |
o sf; 2 790 Tan brown, clayey. gravelly SAND :Residual
NXC 4 AR o1
107MR NIA N/A olo Reddish tan brown, clayey, sandy GRAVEL :Residual
o 0 781
53MR 2 :l:;' Dark grey with red brown, cumplexely to highly weathered, medium grained, massive, very soft to
b T soft rock, very broken core, DOLERITE.
e
88 15 0 R
NWD4 2 e e
e Dark grey, shgmy weathered to moderately weathered in places, medium grained, massive, hard to
n:‘ very hard rock, soloid core, DOLERITE. Alteration of felspar noted,
97 3 92 4 o
— l’
: o ¥ o
91 2 91 o
x
6 s
l! ‘
xt
111 0 11 . )
.I
ol
l.
8 5
e
e 870
X :
% 0 v ¢ :"' Dark grey, hered to slightly d, medium grained, , hard to very hard rock,
o solid core, DOLERITE.
2
5
™W 10 .~
=
5
i s
102 5 92 s
xoR) _ qtes
- :? : Dark grey with brown, highly weathered, medium grained, massive, soft to medium hard rock.
87 7 0 ., broken to very broken core, DOLERITE. Appears to be condut for water, significant weathering in
2 comparison to surrounding rock.
o 1242
3 E Dark grey, slightly weathered to unweathered, medium grained, massive, hard to very hard rock,
e solid core, DOLERITE.
. 1512
92 1 90 i P
o NOTES
%
-: 1) End of Hole at 15.12m.
£ 15 R kst
L 2) Casing 0 to 3.00m.
3) Water rest level - 5m
4) Three main orthogonal joint sets:
DRILL % RQD FRAC WATER DEPTH "
CONTRACTOR : Weppelmann Geotech, Drill. cc mcuNAnow Vertical ELEVATION
i %%Rcs i e PRErésgl;RE sf;‘a MACHINE : Tone Tazz AM : N-size X-COORD - deg 8
49 DRILLED 8Y  Amos mrc 08 July 2014 v-COORD - deg E
PROFILED 8Y : T Hayes DATE : July 2014 po-BH Q1
TYPE SET BY - T Hayes DATE : 07/1072014 10r30
SETUP FILE : BH-JG-A3.SET TEXT : .. B19\BHFINALI28798HQ1. TXT
DOSC JGI dotPLOT 7013 PBoT

Borehole Quarry 1 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN : "
Weppelmann Geotechnical Driling CC

o 1.2 &3
oeptmarse] 0,00 NN 15.12 |
b= WUUNE/AUG 2014

I
N T

A A

Fig C-2: Borehole Quarry 1 —Box 1to 3 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH Q2 Department of Water Affairs HOLE No: BH Q2
Shest 1 of 1 Laleni Dam and Hydroscheme Sheet 1 of 1
Jeffares & Green
JOBNUMBER:2819 RS - JOB NUMBER: 2818
S;,’,': g 0% pagk grey speckled white and stained red-brown, moderately to highly weathered, fine to medium
4TMR e grained, hard to medium hard rock, fractured COBBLES and BOULDERS of dolerite, with red
NXC 1 clayey sand along fractures and gravelly sections. Residual.
47TMR
{2
90MR
TNW
N/A NIA £E3
107MR
L4
86MR
5 500m Y
NWD4 78MR 13
5 D BILggm x ;" s p . " " "
105 105 0 Bo3-padm g .’:’;(:‘ Dark %rey speckled white, slightly weathered, fine to medium grained, massive, solid core, feldspar
M rich DOLERITE with minor textural variations: Intrusive.
2 i
L S
o
| o
4 -‘x-”xl-
% 9 2 £ s
St
f %]
. E
2
x
£ Kok
i o
3 T
o]
TNW 99 96 4 " R .yg
.
oy
12 xo
e
;. !'il“‘)%
(13 o
: lz”x
ot 15.40
x ]
99 9 5 £ E ool NOTES
X
-:a “x 1) End of Hole at 15.40m.
E15 o i
o] 2) Casing 0 to 2.50m.
3) Water rest level - 5.00m
4) Samples taken at 5.89--6.09m, 6.09-6.24m, 6.24--6.36m.
DRILL % RGO FRAC sl WATER DEPTH CONTRACTOR : Weppelmann Geotech. Drill. cc incLivATION : Vertical ELEVATION
o %%T:E > i Pﬁsrégtrm sf;’; MACHINE : Tone Tazz DifM : N-size X-COORD : 31d16'57.7"8
. DRILLED 8Y : AMOS DATE : 18 July 2014 Y-COORD : 28d56'37.5"E
PROFILED BY - L. PARFITT DATE : July 2014
HOLE No: BH Q2
TYPE SETBY : L PARFITT DATE : 07/40/2014 10:30
SETUP FILE : BHAIGA3 SET TEXT : B19\8HFINAL28198HQ2. TXT
Do JGt GOPLOT 7013 P87
Fig C-3: Borehole Quarry 2 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN
LALENI DAM & HYDROPOWER SCHEME

A
et varse] 0,00 [

QUMB
Q2 |
12 83 |
0 B0

UNE / AUG 2014

1

Weppelmann Geotechnical Driling CC

EEEEEE
ENEE =N
EEEEE ENEEN

EEEE  EAN
EEEE 'THEN
. in

Fig C-4: Borehole Quarry 2 —Box 1to 3 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH Q3 ‘ Department of Water Affairs HOLE No: BH Q3
Sheet 1| ‘ Laleni Dam and Hydroscheme Sheet 1 of 1
JOB NUMBER: 2819 | JOB NUMBER: 2819
°,.,'= 299 Dark grey speckled white BOULDER of slightly weathered dolerite: Colluvial.
81MR S 40 013
NXC 1 Red-brown, clayey, sandy GRAVEL: Residual.
16MR
N/A NIA 174
F2 Whitish grey stained red-brown, COBBLES and BOULDERS of highly weathered dolerite with minor
clayey, sandy gravel: Residual.
19MR
L3 ]
NWD4 341
| F Grer-brown speckled white, moderately to r.\lj%hly weathered, fine to medium grained, massive,
¥ ium hard to hard rock, solid core, DOLERITE: Intrusive.
- = - il Ked white, slightly weathered, med d hard id
ark grey speckled white, slightly weathered, medium grained, massive, hard rock, solid core
5 P, .l DOLERITE with textural vanations in places. Intrusive.
53m ¥_
110 110 3
L6 =
L7
100 92 8 Fs E
X
x %
o 865-009m .]. %
10
TNW
99 99 2 L4 E
12 E
E 12 3
1528
99 99 3 14
NOTES
1) End of Hole at 15.28m.
15
2 2) Casing 0 to m.
3) Water rest level - 5.3m
4) Samples taken at 4.49-4.86m, 8.65--2.09m.
DRILL % RQD FRAC DMR Gs! WATER DEPTH CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : Vertical ELEVATION :
e CF“OE';E * i PRET?;!){RE 31‘,7": MACHINE : Tone Tazz DIAM ; X-CO0RD : 31d14'16.8"S
DRILLED BY : Amos DATE : 15 July 2014 Y-COORD : 28d56'31.6"E
PROFILED 8Y : L PARFITT DATE : July 2014
HOLE No: BH Q3
TYPE SET BY : L PARFITT DATE ! 07/102014 10:30
SETUP FILE : BH-JG-A3.SET TEXT : .B19\8HFINALI2B19BHQ3. TXT
D0SC JGI dotPLOT 7013 PBO7
Fig C-5: Borehole Quarry 3 - Log

C-6

DIRECTORATE: OPTIONS ANALYSIS

OCTOBER 2014



FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
LALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

oeomrars=] 0,00 R 525 |
b-e WUUNE/AUG 2014 |

BOX 2 OF 2

Fig C-6: Borehole Quarry 3—Box 1to 2 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLENoBHQ4 | Department of Water Affairs HOLEN:BHQ4 |
Sheet 10f 2 Laleni Dam and Hydroscheme Sheet 1 of 2

_— Jeffares &Gteen
JOB NUMBER: 2819 e v———— JOB NUMBER: 2819
i g s,“T’; BUR ; % " Reddish brown, gravelly clayey SAND: Residual,
74 202 i .
NXC 1 o %0l Dark olive-brown, clayey sandy GRAVEL: Residual.
)
58 059
! | 5.2 163
o | Dark grey, dolerite COBBLES: Residual.
NWD4 36 ‘ NIA NA H go 8 L 78 grey.
4 e L Dark olive-brown, clayey sandy GRAVEL: Residual.
108 X XX 230
mww = 4 Dark greyish brown, completely weathered, medium to coarse grained, massive, very soft rock, very
25 : broken core, completely weathered DOLERITE, minor remnant rock structure: Intrusive.
_ Nwps 37 | ¢ . 394
£ 75 7 | 28 ] X Dark grey, highly to moderately weathered, medium grained, massive, medium hard to hard rock,
X solid to broken core, DOLERITE, becoming completely weathered along fractres at 5.09m: Intrusive.
XX Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 4.12m, 15deg.
63 10 27 5 :: F&lsre Widely spaced, slightly rough to smooth, narrow separation, stained, fractured at 4.48m,
x Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 4.73m, SOGeg
6 Fracture: Medium spacing. slightly rough. narrow separation, stained. fractured at 4.85
158 5 110 3 Vein: Very widely spaced, wide separation, quartzite, veined at 4.87m, two veins mwsrsect S5deg
I and 70deg at 1054deg.
Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 4.83m, 30deg.
7 Fracture: Closely spaced, slightly rough, narrow separation, stained, fractured at 4.98m, 30deg.
05 1" 70 o Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 5.17m, 45deg.
Dark grey, d y to slightly thered, medium grained, massive, hard rock, solid to broken
Lo core in places, DOLERITE, vein of fine grained dolerite at 5.37m, €0deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 5.88m, 75deg.
Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 6.00m, 35deg.
5 Fracture: Closely spaced., slightly rough, narrow separation, stained, fractured at 6.05m, 80deg.
£ Fracture: Closely spaced. slightly rough, narrow separation, stained, fractured at 6.06m, 40deg.
TNW 104 6 93 Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 6.30m, 40deg.
Fracture. Medium spacing, slightly rough, narrow separation, stained, fractured at 6.50m, 60deg,
10 Vein: Very widely spaced, narrow separation, quartzite, veined at 6.45m, 80deg.
Vein: Widely spaced, narow separation, quartzite, veined at 6.83m, 45deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 6.88m, 30deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 7.10m, 65deg.
2 Fracture: Close’y spaced, slightly rough, narrow separation, stained, fractured at 7.20m, 40deg.
Fracture: Closely spaced. slightly rough, narrow separation, stained, fractured at 7.30m, 40deg.
Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 7.43m, 40deg.
12 Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 7.60m, 30deg.
95 6 78 3 Fracture: Closely spaced, slightly rough, narrow separation, stained, fractured at 7.63m, 35deg
Fracture: Medium spacing. slightly rough. narrow separation, stained. fractured at 7.90m, 20deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 8.58m, 35deg.
13 Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 8.98m, 25deg.
P Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 9.10m 7029
L 14
98 3 56
DRI 3 RGD FRAC TR 5] WATER | DePTH CONTRACTOR : We :Vert :
:Weppelmann Geotech. Drill, c¢ inouwaTiON - Vertical ELEVATION :
METH. oy * e Ty e MACHINE * i - N-size X-COORD : 00d00'00.0'S
. - ; DRILLEDBY: DATE: 10-12 July 2014 Y-COORD : 00d0000.0°E
PROFILED BY : L. Parfitt DATE : 12 July 2014 iz
HOLE No: BH Q4
TYPE SET BY * M. Richards DATE : 07102014 10:30
SETUP FILE : BH-JG-A3.SET TEXT : ..819'8HFINALI2B1FBHQS. TXT
DosC JGI GotPLOT 7015 PEp?

Fig C-7-1: Borehole Quarry 4 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Shest 202 Laleni Dam and Hydroscheme Sheet 2 of 2

Jeffares & Green —
JOB NUMAaER: 2819 ST ———— JoB NuMBER: 2819

Dark grey, slightly weathered, medium grained, massive, hard to very hard rock, solid core,
DOLERITE, 6.64-10.05m, fine grained (to very fine) section contacts near horizon?? and at 11.99m,
fine grained. Intrusive.

Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 9.39m, 15deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 9.93m, 60deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained to filled quartz, fractured at
10.39m, 60deg.

Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at10.70m, 70deg.
Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 10.94m, 70deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 11.94m, 85deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained, fractured at 12.74m, 30deg.
Fracture: Medium spacing, slightly rough, narrow separation, stained to filled, fractured at 13.51m,
65deg.

Fracture: Medium spacing, slightly rough, narrow separation, stained, fractured at 13.73m, 85deg.
Fracture: Medium specir?. slightly rough, narrow separation, stained, fractured at 13.97, 25deg.
Fracture: Widely spaced, slightly rough, narrow separation, stained to filled, fractured at 14.44m,
70deg, green mineral along fracture.

’ HOLE No: BH Q4 va Department of Water Affairs HOLE No: BH Q4

14.75

NOTES
1) End of hole at 14.75m.

2) No samples taken.

T % RQD FRAG DR Gal “WATER | DEPTH 7 i ? =
> CONTRACTOR : Weppelmann Geotech. Drill. cc ivcLvanion : Vertical ELEVATION

MEH i bad FREQ PESSTE. | BN MACHINE : DuAw : N-size X-COORD : 00d00'00.0"S

= DRILLEDBY : DATE:10-12 July 2014 Y-COORD : 00d00'00.0"E
PROFILED BY : L. Parfitt DATE: 12 July 2014 I e ]

HOLE No: BH Q4
TYPE SET BY : J4. Richards DATE : 071102014 10:30

SETUP FILE : BH-JG-A3.SET TEXT : . BISBHEINALZG198HQ4. TXT _
DISC JG! GoiPLOT 7013 PRpT

Fig C-7-2: Borehole Quarry 4 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

S i
LALENI (QUMBU) EASTERN cAPE

Q4 |

0,00 [miEto 14 75 |

pate |

BOX20F2

Fig C-8: Borehole Quarry 4 —Box 1to 2 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH Q5 Department of Water Affairs HOLE No: BH Q5
Shoot 1 of1 Laleni Dam and Hydroscheme Sheet 1 of 1
Jeffares & Green
: = [ oamnmen 2019
_— E brerk o 260 Reddish brown, silty, clayey, fine grained SAND: Colluvial.
C1
NXC 39MR N/A N/A £
t2 ]
35MR E
257
66 0 9 £a Brownish grey, PEBBLES of dolerite with gravelly, fine grained sand: Colluvial,
3 Greenish grey stained red-brown, highly to completely weathered, fine to medium grained, massive,
£ very soft to soft rock, solid to broken core DOLERITE highly fractured in places: Intrusive
]
35 0 5 3
TNW E
L5
o7 12 22 E
Eg
57 20 9 3
NWD4 36 0 5 -
E 717
73 0 12 Grey speckled white and stained red-brown, moderately weathered, medium grained, massive,
o £ medium hard to hard rock, solid to broken core DOLERITE with highly fractured broken sections at
106 56 16 [e 7.17 t0 7.72m and 8.47 to 10.02m: Intrusive.
TNW 118 0 11 [
Ee
25 0 10 E
) 10.02
NOTES
1) End of Hole at 10.02m.
2) Casing 0to 4.00m.
3) No samples taken.
DRRL % RQD FRAG DUR Gsi WATER DEPTH CONTRACTOR : Weppelmann Geotech, Drill. cc INCLINATION : Vertical ELEVATION
METH con * Frea P Rf_gg'fs ok MACHINE : Tone Tazz DIAM 2 X-COORD : 31d14'15.0"S
- = DRILLED BY : Amos DATE : 23 July 2014 Y-COORD : 28d56'32.5"E
PROFILED BY : L PARFITT DATE - July 2014
HOLE No: BH Q5
TYPE SET BY : L PARFITT DATE : 07/10/2014 10:30
SETUP FILE : BHJG-A3 SET TEXT : . 19\BHFINALI2619BHQS TXT
DO6C JBI GotPLOT 7013 PBp7
Fig C-8: Borehole Quarry 5 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
LALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

Location:|| ALENI (QUMBU) eAsTERN CAP
[m [ to

)
Q5 | , “EEEm mm
10F1 | SEEEN anlun
Deptn Range § 0,00 | 10,2 | ; -
UNE / AUG 2014

i A =
- A £/ g i .- fiin

H

Fig C-9: Borehole Quarry 5 —-Box 1 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH Q6 Department of Water Affairs HOLE No: BH Q6
Sheet 10f 1 Laleni Dam and Hydroscheme Sheet 10f 1

Jeffares & Green

JOB NUMBER: 2819 e v /08 NUMBER: 2819
- Sealo ] o gi‘?’ Greyish dark brown, silty, clayey, gravelly SAND with dolerite pebbles and rootlets: Colluvial.
NXC NIA NIA B = ] s ey stained red-brown, BOULDER of moderately to highly weathered dolerie: Collvial.
54 e Tan brown, sitty, clayey, gravelly, fine grained SAND: Residual.
F2 Grey stained red-brown, COBBLES and PEBBLES of dolerite: Residual.
50 0 7
253
3 Grey speckled white, moderately weathered, fine to medium grained, massive, hard rock, solid to
2 broken core DOLERITE: Intrusive.
92 0 14
TNW
4
926 62 13
Whitish grey stained yellowish red-brown, y to highly d, medium grained,
5 massive, hard rock to medium hard rack in places, broken to solid core in places DOLERITE with
73 0 17 highly fractured broken zone at 4.90 - 6.26m: Intrusive.
6
91 0 17
7
NG 61 23 16 Y s
Grey speckied white and stained red-brown, slightly to moderately weathered, medium grained,
massive, hard rock, solid to broken core in places DOLERITE with highly fractured broken zone at
9.04t09.72m.
94 48 >20 9
972
NOTES
1) End of Hole at 9.72m.
2) Casing Otom.
3) Water rest level - dry
4) No samples taken.
DRI % RaD FRAC VR G DEPTH CONTRAGTOR : Wepgelmann Geotech, Drill. cc INcLINATION : Vertical ELEVATION :
METH ‘;%ZE % FREQ ”ﬁgg‘,{"f 51“;"5’ MACHINE : Tone Tazz DIAM ; X-COORD : deg S
- — DRILLED BY : Amos DATE : 25 July 2014 Y-COORD : deg E
PROFILED BY : L PARFITT DATE - July 2014
HOLE No: BH Q6
TYPE SET BY : L PARFITT DATE : 07/102014 10:30
SETUP FILE : BH-JG-A3.SET TEXT : .819:BHFINAL\26198HQ6. TXT
DOSC JGI dotPLOT 7013 PBpT

Fig C-10: Borehole Quarry 6 - Log
C-13
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

LFEI:JIAI?AEMS &&HslﬁiE()EgWER SCHEME
A LUIVB A RN CAP

Borehole No: m

Box Number: m

0,00 [njggge

o & e - "
) " A q
3 A ) ° i

EEEEE ENEEN
EEEE  EAN

ENEE IHEN
=n T

[BOX 2 OF 2

Fig C-11: Borehole Quarry 6 —Box 1 and 2 Dry
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

APPENDIX D

TUNNEL BOREHOLE LOGS, PHOTOGRAPHS
AND WATER PRESSURE TESTS

D-1
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T1 v Department of Water Affairs HOLE Mo BH T1
Sheet 10f 2 Laleni Dam and Hydroscheme Sheet 10t 2
— leffares & Green E—
JOB NUMSER: 2819 == - JO8 NUMBER: 2819
} Saate |0 @ o 0.09 Dieel
IBMR 175 |0 Tan brown, clayey, sandy GRAVEL :Residual
NXC £ ©
£t Jo
3TMR £ o
: .50
sy Reddish tan brown, completely weathered, medium to coarse grained, massive, very soft rock,
E E broken to solid core, DOLERITE.
S4MR ¢ X
K‘. 5
S
5 X
s x X -
NWD4 e
i e,
S1IMR N/A N/A ] X 400
: E%re_ly moderately weathered, medium to coarse grained, massive, hard rock. solid core,
DOL ITE. Possible corestone.
TNW 43MR
ig
2 6.20
Reddish tan brown, completaly weathered, medium to coarse grained, massive, very soft rock,
t broken to solid core, DOLERITE with clayey sandy gravel.
83MR =7
| [
E 812
E Dark grey with reddish tan brown, moderately weathered with completely weathered sections,
NwWD4 88 7 54 i medium to coarse grained, massive, hard to soft in places, solid core, DOLERITE.
Ee Fracture 8.11m . slightly rough to smooth, narow separation, stained to filed, 5deg.
S % Fracture 8.24m : slightly rough, narrow separation, stained, 10deg.
P Fracture 8.28m : slightly rough, narrow separation, stained, 5deg,
Fracture 8.77m : slightly rough, narrow separation, stained, Sdeg.
2 Fracture 8.98m : slightly rough, narrow separation, stained, 5deg.
85 1 7 21’ #4i Fracture 9.10m . slightly rough, narrow separation, stained, 10deg.
— b3 Dark grey, slightly weathered to unweathered, fine to medium grained, massive, hard to very hard
1
BE S0 Y ABET £t rack, solid core, DOLERITE.
| 100 | 0 jil 0 | Fractute 9.28m : slightly rough. narrow separation, stained, 10deg.
Fracture 9.46m : slightly rough, narrow separation, stained, 10deg.
o 0 o 12
{ i
100 0 100 | E13
100 0 100 | £
| E
96 0 96 £
£ 1412
101 0 101 L 18
TNW
DRILL % FHAG RGO PLS| MR Gy ves OEPTH ] CONTRACFOR'Weppelmann Geotech. Drill. cc INCLINATION - Vertical ELEVATION : 740m
ET fope TR % s S MACHINE : D4 DiAM - N-size XCOORD: 31d 15' 50.5" S
- DRILLED BY : Black Label DATE ; 05 to 09 July 2014 Y-COORD : 28d 55° 14.6"E
PROFILED 8Y : T Hayes DATE : July 2014 HOLE Mo BH T1
TYPE SET 8Y : T Hayes DATE : G7/10:2014 10:30
SETUP FILE : BHAJG-A3.SET TEXT ! B1QBHEINAL2G19BHTS TXT
Do6C JGI dOPLOT 7015 PBDT

Fig D-1.1: Borehole Tunnel 1 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE Mo BH T1
. Sesdealy

JOB NUMSER: 2819

Fig D-1.2: Borehole Tunnel 1 - Log

| tia
99 0 99 v
_ 17
| :
% 1 % L1
| £
100 7 80 ‘
| fz0
‘ ;
DRILL % FRAC RQD PLSI RMS] GS!I ucs DEPTH
METH CORE FREQ % Is{50) Scsle
REC | 176
DO6C  JGi

Vi

Jeffares & Green

Fracture 12.80m

NOTES

1) End of Hole at 20.18m.
2) Casing 0 to 5.00m.

3) Water rest level -
4) Three main orthogonal joint sets

5) Total water loss at 6.8m

CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : Vertical ELEVATION : T40m
D45R

IAACHINE :
DRILLED BY : Black Label
PROFILED BY : T Hayes

TYPE SET BY : T Hayes
SETUP FILE : BH-JG-A3 SET

Dark grey, unweathered fo slightly weathered, medium to coarse grained, massive, hard to very
hard rock. solid core, DOLERITE.

Vein 15.47m : narrow separation, quartz, 75deg.

Vein 15.56m : narrow separation, quartz. 75deg.

Fracture 18.87m:
Fracture 19.53m ;
Fracture 16.55m ;
Fracture 16.62m :
: slightly rough, narrow separation, stained, 40deg.
Fracture 18.85m:
Fracture 19.88m .

Department of Water Affairs HOLE No: BH T1
Laleni Dam and Hydroscheme Sheet 20t 2

slightly rough, narrow separation, clean to stained, 10deg.
slightly rough, narrow separation, stained, Sdeg.

slightly rough, narrow separation, stained, 35deg.

smooth to slightly rough, narrow separation, stained, 30deg.

slightly rough, narrow separation, stained, 40deg.
smooth Lo slightly rough, narrow separation, stained, 35deg.

om

DiAM : N-size X-COORD : 31d 15" 58.5" S
DATE : 05 to 09 July 2014
DATE : July 2014

DATE : GI/1G:2014 10:30
TEXT: 819BHFINALZBTIBHT TXT

Y-COORD - 28d 55 14.6" E
HOLE No: BH T1

dolPLOT 7015 P8p7

D-3
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN
LENI DAM & HYDROPOWER SCHEME

Location]| ALENI (QUMBU) easTeRN CAPE
Borehole No: T1

Box Number: 12&3
Depth Range:l 0,00 |m toB8120,18 |m
Date: UNE / AUG 2014

I O TTH Y

i
A

TS

EmEEEN
HEEEE =m
HENEEN ENEEN

NEE EAE
EEEE EEN
(1] ]

X2 OF

Weppelmann Geotechnical Driling CC

BOX 1 OF 3

BOX 3 OF 3

Fig D-2: Borehole Tunnel 1 -Box 1to 3
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T2 Department of Water Affairs HOLE No: BH T2
Sheet 10f & Laleni Dam and Hydroscheme Sheet 1076
E— Jeffares & Green — —
JOB NUMSER: 2819 T JO8 NUMBER: 2819

: sf,'g = | g‘:; Tan-brown and black, gravelly clayey SAND: Residual.
100 N/A N/A T . 2
NXC £ 4 Tan-brown, highly to completely weathered BOULDERS with gravelly clayey sand:
! } : Residual.
108 NA N/A - os8 -
= = 3 Light to dark grey, highly to mod y d d BOULDERS with gravelly clayey
L2 i sand: Residual.
WA & B e i Light to medium grey. moderately weathered to highly weathered in places, fine grained, massive
P with laminations in sections, hard rock, solid to broked core in places SANDSTONE laminated in
o places at 10deg, at 5.40m-5.97m inclusion present; Adelaide Subgroup.
Fracture 1.95m : slightly rough, narrow separation, stained, Sdeg.
145 3 127 Fracture 1.98m : slightly rough, narrow separation, stained, 5deg.
Fractura 2.22m : slightly rough, narrow separation, stained, 80deg.
Fracture 2.95m : slightly rough, narrow separation, stained, 10deg.
96 2 o4 Fracture 2.99m : slightly rough, narrow separation, stained, 10deg.
Fracture 3.04m : smooth, namow, separation, stained, 10deg.
L8 Fracture 3,63m . slightly rough, narrow separation, filled, 10dcge highly weathered +-5cm,
Fracture 3.83m : slightly rough, closed separation, stained, 80
Fracture 4.73m : slightly rough, narrow separation, stained, Sdeg
£ Fracture 4.75m : slightly rough, narrow separation, stained, 10deg.
= Fracture 5.39m : slightly rough, narrow separation, filled and stained quartz, 5.35m, Sdeg.
3 Fracture 5.60m : slightly rough, narrow separation, stained, Sdeg.
9 4 82 . Fracture 5.80m : slightly rough, narrow separation, stained, 15deg.
£ nghl gray slightly weathered, fine grained, massive, hard rock, solid core, SANDSTONE: Adelaide
roup.
Fracture 6.85 : slightly rough, narrow separation, stained, fractured at 6.95m, 5deg.
L6
867
Light grey, slightly hered, fine grained, laminated to massive in places, intensely to very thinly
spaced, hard rock, solid core SANDSTONE, lami at 10deq: Adelaids group
100 1 99 Fracture 8.61m : sll hily rough, narrow separation, stained, 5d
Fracture 11.26m: sllgh rough, narow separation, stained, 1 eg
10 Fracture 11.31m : slightly rough, narrow separation, stained, 10deg.
Vein 14.70m : clozed, quartz, 75deg.
£11
12
100 2 98 72 70
13
L 14
L 14.81
100 1 100
onat ] LIAR D | DIAMCIRALT AW bt ot s DEPTH " CONTRAGTOR Weppelmann Geotech. Drill. cc mcuwmav 85 deg / 306 deg ELEVATION :
MR | o | RG] ¥ N ik S MACHINE : DZK #:NQ X-COORD: 31d1637.0'S
DRILLED BY : DATE June/duly 2014 Y-COORD : 28d57'08.9"E
PROFILED BY : T HAYES DATE : July 2014 [
HOLE No: BH T2
TYPE SET 8Y : M Richards DATE : O7/16:2014 10:30
SETUP FILE : BH-JG-A3 SET TEXT : _819BHFINALI2RTOBHT TXT _
DAGC JGH aoPLOT 7015 PBp?

Fig D-3.1: Borehole Tunnel 2 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T2
| Shegol |

JOB NUMSER: 2819

a7

102

102

100

100

100

100

]

5.0MPa

Department of Water Affairs HOLE No: BH T2
Laleni Dam and Hydroscheme Sheet 2016

Jeffares & Green

P JOB NUMBER: 2819

Medium to dark grey, slightly weathered, very fine to fine grained, massive, hard rock, solid core,
SANDSTONE: Adelaiude Subgroup.
Vein 15.40m : closed, quartz, 55deg.
Vein 15.43m  closed, quartz, 30deg.
Fracture 15.62m : slightly rough, narrow separation, stained, 55deg.
Vein 17.51m : closed, quartz, 7
Fracture 17.91m : slightly rough, narrow separation, stained, 15deg.
17.98

R —

i

f23
)

25

54

Lz

L3

ORILL
METH

DIAMETRAL AXIAL
pPLSI PLSI

Is(50} 15(50)

Do6C JGH

RUR

GS!

Fig D-3.2: Borehole Tunnel 2 - Log

DEPTH
175

Light grey with red intercalations becorm greenish grey in sections, slightly weathered to
unweathered in places, very fine to fine grained, laminated becoming massive in places, intensely to
very intensely spaced, hard rock, solid core SANDSTONE, laminated at 5 to 10deg: Adelaide
Subgroup.

Fracgure 20.30m : slightly rough, narrow separation, stained, 15deg.

Vein 20.49m : ciosed, quartz, 10deg, +-8cm thick vein.

Fracture 23.06m : slightly mu? narrow separation, stained to filled quartz, Sdeg.

Vein 22.61m : closed, quartz, 75deg.

Vein 24.51m : closed, quartz, 85deg.

Vein 28.70m : closed, quartz, 80deg.

Vein 28.24m : closed, quartz, 10deg.

Vein 31.04m : closed, quartz, 85deg.

Vein 31.38m : closed, quartz, 75deg.

Fracture 32.25m : slightly rough to rough, narrow separation, stained, 15deg.

Vein 32,33m . closed, quarlz, 85deg.

Fracture 37.87m : slightly rough, narrow separation, stained, 10deg.

Fracture 38.38m : slightly rough, narrow separation, stained, 5deg.

Vein 38.11m : closed, quartz, 75deg.

Fracture 40.30m : slightly rough, narrow separation, stained, 5deg.

Fracture 41.91m : slightly rough, narrow separation, filled to stained quartz, 8Cdeg.

Fracture 43.43m : slightly rough, narrow separation, filled to stained quartz, 80deg.

CONTRACTOR : Weppelmann Geotech. Drill. cc iNCLINATION : 85 deg / 306 deg ELEVATION :
JACHINE : D2K DiAM :NQ X-COORD: 31d16'37.0"S
DRILLED BY - DATE : JunelJuly 2014 Y-COORD : 28d57'09.9°E
PROFILED BY : T HAYES DATE : July 2014 HOLE No: BH T2

TYPE SET BY : M Rchirds DATE : Q7/16/2014 10:30
SETUP FILE : BH-JG-A3. SET TEXT: B190BHFINALIZGTIBHT2 TXT

aIPLOT 7015 PBp7

D-6
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No- BH T2
| eaNorR: |

Department of Water Affairs
Laleni Dam and Hydroscheme

HOLE No: BH T2
| Seaiorg.

Fig D-3.3: Borehole Tunnel 2 - Log

L
33
100 1 100 £
T84
38
99 1 99 t
74
38
Lsg
99 1 98 t
t 40
Lar
NQ
4
100 2 78
L 43
44
| 45
o8 0 98 :
b a6
f 47
ORILL % FRAC RQD DIAMETRAL AXIAL RMR | GS! Ucs DEPTH
METH CORE FREQ % PLS) PLSI Scale
REC. '51502 /stSDP | 175
Do6C  JGi

CONTRACTOR : Weppelmann Geotech. Drill. cc incLiNATION : 85 deg / 306 deg
D2K A4 ;N

IAACHINE :
DRILLED BY -
PROFILED BY : T HAYES

TYPE SET BY : M Richivds
SETUP FILE : BH-JG-A3.SET

DATE - June/July 2014
DATE : July 2014

DATE : O7/1G:2014 10:30
TEXT:  B19BHEINALIZBTIBHT2 TXT

ELEVATION :
X-COORD : 31d16'37.0"8
Y-COORD : 28d57'09.8"E

HOLE No: BH T2

dotPLOT 7015 P8p7

D-7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE Nor BH T2 v Department of Water Affairs HOLE No: BH T2
Sheet 4 of Laleni Dam and Hydroscheme Sheet 4 of &
08 Numser 2819 s e 2819 |
; Light grey, slightly weathered to unweathered, medium grained to fine grained in places, laminated,
intensely to very thinly spaced, hard rock, solid core SANDSTONE laminated in Sdeg in 140deg
£ directon: Adelaide Subgroup.
Fracture 47.42m : slightly rough, narrow to wide separation, filled to stained quartz, 80deg, filled
100 3 76 H with quartz and soft white mineral - calcite
a8 Fracture 47.89m : smooth to slightly rough, narrow to wide se;:sration, stained, 10deg.
¢ Fracture 48.27m : slightly rough, narrow separation, stained, 70deg.
Fracture 48.34m : slightly rough, narrow separation, stained, 60deg.
Fracture 48.35m : slightly rough, narrow to wide separation, filed to stained, 80deg, filled with
50 quartz soft white mineral - caicite
50.08-50.31m. @) Vein 48.90m . narrow to wide separation, quartz, B0deg.
| 6.3MPa | - Vein 50.18m : narrow separation, quartz, 80deg.
\T3T2WPa 50.63-50.93m g 50.54
EAWPa L ' 1 Dark grey, SSR%:I% weathered to unweathered, fine to medium grained in places, massive, hard rock,
[LO.4Ma § solid core TONE with minor laminaticns at 5deg: Adelaide Subgroup.
99 0 101 t
7] Dark grey-black, slightly to unweathered, fine to medium grained, massive, hard to very hard rock.
F salid cora DOLERITE with medium grained mica: Intrusive,
Light grey to dark ?rey slightly weathered to unweathered, fine te medium grained, laminated,
- 83 intensely to very thinty spaced, hard rock, solid core SANDSTONE laminations at 5deg in 120deg
t directon, Adelaide Subgroup.
: Vein 52,01m : narrow separation, quartz, 10deg.
7 Vein 53.59m . narrow separation, quartz and mica, 5deg.
: Dark grey, d, fine grained, ive, hard rock, solid core, DOLERITE: Intrusive.
100 0 100
s Dark grey with green-grey intercalations, slightly weathered to unweathered, fine to medium
grained, massive to laminated, intensely to very thinly spaced, hard rock, solid core SANDSTONE
with |aminations at 5deg: Adelaide Subgroup.
Vein 55,89m : very wide separation, quartz and mica, 30deg, +-12.00cm thick.
Vein 56.63m : narrow separation, quartz, 85deg.
Vein 57.13m : narrow separation, quartz. 85deg.
| 16.9MPa | o e 3 ) 57.29
) 0 09 3 y 306.6MPa| i e Dark grey, unweathered to slightly weathered, medium to coarse grained in places, massive, hard
50 to very hard rock, solid core DOLERITE with textural variations, feldspar rich (medium to coarse
13 E grained) coarse elongated mica crystals at 63.58m, minor fine grained section at 63.82m.
Vein 59.56m : narrow separation, quartz, 75deg.
i Vein 72.54m : very wide separation, quartz and feldspar and mica, cm.
- 69 3
60
100 0 99 £
L6t
t 62
DRILL % FRAG RGO | DWWETRAL XL | AR st ues DEPTH : CONTRAGTOR : Weppelmann Geotech. Drill. cc ivcLiaTiON : 85 deg / 306 deg ELEVATION :
- * o B | o MACHINE : D2K DiAk N X-COORD: 31d16:37.0'S
50| Is(50) DRILLED BY - DATE - June/July 2014 V-COORD : 28d57'09.8"E
PROFILED B8Y : T HAYES DATE : July 2014 [
HOLE No: BH T2
TYPE SET BY : M Richirds DATE : 07/16:2014 10:30
SETUP FILE : BHAIG-A3.SET TEXT : _BI9BHFINAL\2819BHY2 TXT
DG JGI aPLOT 7015 FBp7

Fig D-3.4: Borehole Tunnel 2 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T2 Department of Water Affairs HOLE No. BH T2
Sheei S ol & Laleni Dam and Hydroscheme Sheet 5ot 6
Jeffares & Green
JOB NUMSER: 2819 e JOB NUMBER: 2819
: 63 ;
99 0 9 £
i 64
! 65
L 66 E
100 0 89 ¢
L 67 E
Lao |
£ o9 .
99 0 ) i
70
| el
72
100 0 100
L 73 R
£
{1462MPaf] [ r05-7i2m @
£ .
75
101 0 101
76
| i
78
100 0 100
Qags. ] £RA0) R [BSMEIRAL]  WOAL 2o T ues DEPTH = CONTRACTOR : Weppelmann Geotech. Drill, cc INCLINATION : 85 deg / 306 deg ELEVATION :
MET | OO | AR * s et ol MACHINE : D2K DiArd:NQ X-COORD - 31d16'37.0"S
‘ SO0 | Is(50) DRILLED BY - DATE - June/July 2014 YCO0RD - 28d5709.9'E
PROFILED BY : T HAYES DATE : July 2014
HOLE No: BH T2
TYPE SET BY : M Richards DATE : 67/162014 10:30
SETUP FILE : BH-JG-A3.SET TEXT: _S1MBHFINALL2G19BHT2 TXT
DoSC JGH GOIPLOT 7013 PEpT

Fig D-3.5: Borehole Tunnel 2 - Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T2 v Department of Water Affairs HOLE No. BH T2
Sheet 6ol 6 Laleni Dam and Hydroscheme Sheet 6 of 6
L Jeffares & Greel
| JoBNuMsER: 2819 S 08 NUMBER: 2819
[ i
i 50 79
NOTES
1) End of hole at 76.69m.
2) Samples taken between 50.09-50.31m, 50.63--50.93m, 57.32--57.58m and 74.05--74.22m,
3) Total water loss at 32.15m
4) Core orientation at 35.14m, 47.12m, 53.06m
DRAL | % ERAC FOD | DAMETRAL  AXAL | RWR | G5 TCs DEPTH ”
CONTRACTOR : Weppelmann Geotech. Drill. cc ncLiNATION : 85 deg / 306 deg ELEVATION
METH: | o0 | R * = i ‘ iod HACHINE - D2K DiAN: X-CO0RD: 31d1637.0"S
(S0 | Is50) DRILLED BY - DATE - JunelJuly 2014 Y-COORD : 28d5709.9"E
PROFILED BY : T HAYES DATE : July 2014
HOLE Ho: BH T2
TYPE SET 8Y : M Ruhards DATE : 07/30:2014 10:30
SETUP FILE : BH-IG-A2.SET TEXT : _8198HEINALI2R1SBHT2 TXT
Do6C JGI doPLOT 7015 Pp?

Fig D-3.6: Borehole Tunnel 2 - Log
D-10
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN - -
ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Drilling CC

Locator|L A QUMS
e W
o (SO
e w000 GRER o I2

Fig D-4: Borehole Tunnel 1-Box 1to 5
D-11
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN : -
ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Drilling CC

LALENI (QUMBU) eastern cap
o
asie
oo e 0.00 CREN I
oat:  JUUNE / AUG 2014

e S B T S

m.r-:-, TSt T )

O

[Ury =
JUEDR WP LRI N
"

[T
BOX 10 OF 10

Fig D-4: Borehole Tunnel 1 - Box 6 to 10
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T3 Department of Water Affairs HOLE No. BH T3
Sheet 1 af 8 Laleni Dam and Hydroscheme Sheet 1 of 6
leffares & Green . -
JOB NUMSER: 2819 et JOB NUMBER: 2819
el 4205 799 COBBLES and BOULDERS of fine grained sandstone: Residual.
: 066
NXC ™ 6 37 1) g g weathered, fine grained, massive, hard rock, solid to
: ot bmken oore, ANDSTON Adelavde Subgmu
f Grey speckled white with dark grey lami slightt h fine grained, laminated,
£2 intensely to very intensely spaced, hard rock, solid core SANDSTONE laminations at approximately
101 2 o7 ¢ 15deg: Adelaide Subgroup.
TNW
L 3
97 3 0
f4
103 1 79 !
L s
i6
100 1 95 £y
L8
)
100 3 85 10
Loy
12
100 9 67
13
L4
1456
15 Dark grey, unweathered to slightly weathered, fine grained, massive, hard to very hard rock, solid
core, DOLERITE: Intrusive.
L1493
100 2 94
DRI | % ERAG Ky OCIRAL]  AXAL ] oSt ws DEPTH CONTRACTOR : Weppelmann Geotech. Drill. cc incLiNaTION : B5deg at 109deg. ELEVATION ;
el | ooee | AFEER * s i Sile MACHRE - D2K DiAk:NQ X-COORD - 31d16'57.7'S
! S0 1550 DRILLED BY - DATE: Yv-COORD - 28d56'37.5'E
PROFILED BY : T HAYES DATE : June 2014 HOLENo:BH T3
TYPE SET BY : M RICHARDS DATE : 07102014 10:31
SETUP FILE : BHAIG-A3.SET TEXT : _G19BHEINALI2R1BHT TXT
Do6C JGI

Fig D-5.1: Borehole Tunnel 3-Log

dotPLOT 7015 Pp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T3
...

JOB NUMSER: 2819

v Department of Water Affairs HOLE No: BH T3
Laleni Dam and Hydroscheme Sheet 20f 6

leffares & Green
e —— 108 NUMBER: 2819
E :'\" Light grey, unweathered to slightly weathered, fine grained, massive, hard rock, solid core,
s SANDSTONE: Adelaide Subgroup

Dark grey, unweathered to slightly weathered, very fine to fine grained, massive, hard to very hard
rock, solid core, DOLERITE: Intrusive.

Reddish grey-brown streaked dark grey, unweathered to slightly weathered, fine grained, laminated,

intensely spaced, hard rock, solid core, SANDSTONE: Adelaide Subgroup.

Il:rem grey, unweathered, very fine to fine grained, massive, hard to very hard rock, DOLERITE:
ntrusive,

| (]
a7
13
102 1 79
T 19
t20
Ear
101 0 101 £
i 22
i 23
Lz
100 3 86 i
25
L
Lar
103 0 103 Lo
sz
a0
a7 0 a7 £
L3
DRILL B3 ERAC RQD | DIAMETRAL  AXIAL RUR GST TCS DEPTH
METH CORE FREQ % PLS) PLSI Scale
REC 1550, 15(50) 175
oo6C JGt

Fig D-5.2: Borehole Tunnel 3-Log

Reddish grey-brown, unweathered, fine grained, laminated, very thinly spaced, hard rock,
SANDSTONE: Adelaide Subgroup.

Dark grey. d, fine grained, ive, hard to very hard rock. DOLERITE: Intrusive.

Light grey speckled white, unwealhered to slightly weathered, fine grained, massive, hard rock,
solid core, feldspathic SANDSTONE: Adelaide Subgroup.

Grey speckled black, unweathered, fine grained, massive, hard to very hard rock, solid core, fine
grained, chill zene DOLERITE, unfractured: Intrusive.

Dark grey, unweathered, medium to coarse grained, massive, hard to very hard rock, solid core,
DOLERITE with minor textural variations, feldspar rich sections: Intrusive.

CONTRACTOR : Weppelmann Geotech. Drill. cc incLivaTION : B5deg at 109deg. ELEVATION !
MACHINE : D2K DiAK - NQ X-COORD : 31d16'57.7"8
DRILLED BY DATE ; Y-COORD : 28d56'37.5"E
PROFILED BY : T HAYES DATE : June 2014 o BH T3
TYPE SET BY : M RICHARDS DATE : 07162014 10:31
SETUP FILE : BH-IG-A3 SET TEXT : 8198HFINALI2RIOBHT TXT

aIPLOT 7015 P87

D-14
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T3
! Sheet Jaf6

JOB NUMSER: 2819

3z
|33
100 0 100 £
34
[ ss
i 3
100 0 100 :
4
L 50
E s
100 a 100 t
i 40
Car
NQ 15
tan
99 0 99
¢ 43
L
Las
100 1 ] ¢
P46
3 47
|~ DRI % FRAC RQD | DIAMETRAL  AXIAL RUAR GSI TCS DEPTH
METH CORE FREQ % pLSI PLSI Scale
REC. Is{50) 1s(50) 1:75
DOGC JGI

Fig D-5.3: Borehole Tunnel 3-Log

L

X K X K K X K K K K K K K K X

Vi

CONTRACTOR
HACHINE :

DRILLED BY :

PROFILED BY

TYPE SET BY
SETUP FILE

:THAYES

: M RICHARDS
: BH-JG-A3SET

Department of Water Affairs
Laleni Dam and Hydrescheme

: Weppelmann Geotech. Drill. cc INCLINATION - B5deg at 109deg.
D2K DiAM :NQ

DATE ;

DATE : June 2014

DATE : G7/1G:2014 10:31

TEXT : B19BHEINAL\2819BHTS TXT

HOLE o BH T3
i Stwct vard 4

OB NUMBER: 2819

ELEVATION :
X-COORD: 31d16'57.7"S
Y-COORD : 28d56'37.5"E

HOLE No: BH T3

dotPLOT 7015 P8p7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

’ HOLE No: BH T3

Sheei 4 of

| o8 nuMsER: 2819

48

o )

=1

£ 52

54

[ s

i st

L5
60
L a1

i 62

DIAMETRAL  AXIAL

PLSI PLSI
Is{50} Is{50)

98 1 87

102 4] 102

98 1 97

98 2 20

100 3 86

DRILL % FRAC RQD

METH CORE FREQ %
| _Rec
DOGC JGi

RUR

GS!

Fig D-5.4: Borehole Tunnel 3-Log

DEPTH

175

Vi

Jeffares & Green

CONTRAGTOR
DRILLED BY
PROFILED BY

TYPE SET BY
SETUPFILE

=T HAYES

: M RICHARDS
: BH-JG-A3.SET

Department of Water Affairs
Laleni Dam and Hydroscheme

:Weppelmann Geotech. Drill. cc ivcLiNaTiON : 85deg at 109deg.
HACHINE : DZK DiAM :NQ

DATE:
DATE : June 2014

DATE : GU/1G:2014 10:31
TEXT : B19BHFINALIZGISBHTI TXT

HOLE o, BH T3
i

JOB NUMBER: 2819

ELEVATION !
X-COORD : 31d16'57.7"S
Y-COORD : 28d56'37.5"E

HOLE No: BH T3

dntPLOT 7015 PBpT
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T3
| Sestare

JOB NUMSER: 2819

63
100 0 100
s 64
65
66
100 il 100 I
L 67
‘ L6
L 69
100 0 100
70
L tor
)
101 2 79
L
P4
75
% o oo || 265KkN d i ;
i, Gt n
'—'J] 7})MPa t
i
L 7a
101 0 101
ORILL % FRAC RQD DIAMETRAL AXIAL RUR GS/ ucs DEPTH
METH CORE FREQ % PLSI PLSI Scale
REC. 15(50; I5(50) 1:75
Do6C JGi

Fig D-5.5:

Borehole Tunnel 3-Log

Vi

leffares & Green

Department of Water Affairs
Laleni Dam and Hydroscheme

CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : 85deg at 109deg.
:NQ

JAACHINE :

D2ZK

DRILLED BY :

PROFILED BY

TYPE SET BY
SETUPFILE

T HAYES

: M RICHARDS
: BHJG-A3SET

DIAM
DATE ;
DATE : June 2014

DATE : Q7/1G/2014 10:31
TEXT : 81DMBHFINALI2GTIBHTS TXT

HOLE No: BH T3
Stedfioft |

108 NUMBER: 2819

ELEVATION !
X-COORD : 31d16'57.7"S
¥-COORD : 28d56'37.5"E

HOLE No: BH T3

dotPLOT 7015 PBp?
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

’ HOLE No: BH T3

Sheet ol 6

| JosnuMsER: 2819

‘v Department of Water Affairs
Laleni Dam and Hydroscheme
Jeffares & Green

HOLE No. BH T3
| Soetonia

JOB NUMBER: 2819

NOTES
1) End of hole at 80.01m.

2) No samples taken,

ERAC
FREQ

RQD
%

DIAMETRAL  AXIAL
PLSI P |

i) lats) |

ORILL | W
METH CORE
REC.
ooeC  JGi

RUR

GS/

ucs

Fig D-5.6: Borehole Tunnel 3-Log

s CONTRAGTOR : Weppelmann Geotech. Drill. cc INGLINATION - B5deg at 109deg.
o MACHINE - DZK DiAK :NQ
DRILLED BY - DATE :
PROFILED BY : T HAYES DATE : June 2014
TYPE SET BY : M RICHARDS DATE : 07162014 10:31
SETUP FILE : BHAIG-A3SET TEXT : B 9BHFINALL813BHTA TXT

ELEVATION *
X-COORD: 31d16'57.7"S
Y-COORD : 28d56'37.5"E

HOLE No: BH T3

aotPLOT 7015 P8p7

D-18
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN : -
L ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Drilling CC
L]

EEEEEN
[T}

A AST
Borehole No: T3

Box Number 1-5 OF 10

[0.00 [FIEMzo.01 [n

UNE / AUG 2014

M I AR TSRS ANAG S
R -

<N

L —————— e

T T U 5 T SN

AN AT NN D

BOX50F10
D-19

Fig D-6: Borehole Tunnel 3—-Box 1to 4
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

ocation: A QUMB A
Borehole No: 3

Degtn Range Jf 0,00 [ toflla0.01 |
ate_|

A

-

e

e ——
BOXBOF10____

o
S S et 5 TEE S WAL [0 S omnr o
'm-n PLIMEIMIIE VY Sy samEms

BOX 10 OF 10

Fig D-6: Borehole Tunnel 3-Box 5to 10
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4
| Sheet 1078

JOB NUMSER: 2819

NXC

NWD4

87

99

35

98

96

>20

47

99

20

61

101

100

Scale :,

Jeffares & Green

f=

Z

Vi

009

S —

T

01t
l 046

‘_..078

L_243

L2729

L 15

ORILL
METH

REC.

ERAC

DIAMETRAL  AXIAL
PLSI PLSI

1s(50) 15(50)

RUR

Ucs

0o6C  JGI

Fig D-7.1: Borehole Tunnel 4 — Log

DEPTH

175

6.18

L9878

1064

CONTRACTOR

DRILLED BY

Department of Water Affairs
Laleni Dam and Hydroscheme

Greyish brown, dense to very dense, sandy CALCRETE: Pedogenic.
red-brown mottled light brown, sandy CLAY: Colluvial.
Tan-brown, silty, fine grained SAND: Colluvial.

Light grey speckled white, moderately to highly weathered, fine to medium grained, massive,
medium hard to very hard rock, solid core, feldspathic SANDSTONE: Adelaide Subgroup.

Fracture 0.78m : rough, narrow separation, clean, Odeg.

Fracture 1,19m : medium rough, narrow separation, stained, Odeg.

Fracture 1.30m . rough, narrow separation, clean, Odeg.

Fracture 1.36m : rough, narrow separation, clean, 20deg.

Fracture 1.37m . reugh, narrow separation, clean, 20deg.

HOLE o BH T4
Sheet 1 0f 8

108 NUMBER: 2819

Light reddish brown, completely to highly weathered, fine to medium grained, massive, soft to
medium hard rock, solid core, SANDSTONE: Adelade Subgroup.

Fracture 2.43m : slightly mugh narrow separation, clean, Sdeg.

Fracture 2.50m : slightly rough, narrow separation, clean, 20deg.

Fracture 2.54m : slightly rough, narrow separation, clean, 20deg.

Fracture 2.58m : slightly rough, narrow separation, clean, 10deg.

Fracture 2,67m : slightly rough, narrow separation, clean, 5deg.

Light grey speckled white and stained red-brown, slight weathered to highly weathered in places,
fine grained, massive to laminated in places, very thinly spaced hard rack to soft rock in places,
solid core SANDSTONE with horizontal lamis . Adelaide S

Fracture 2,72m : slightly rough, narrow separation, stained, 15d:
Fracture 2.78m : slightly rough, wide separation, filled clayey, 50
Fracture 2.85m : slightly rough, narrow separation, stained, 5deg.
Fracture 2.96m : slightly rough, narrow separation, stained, Odeg.
Fracture 3.13m : slightly rough, very wide separation, filled clay, 45deg.
Fracture 3.20m : slightly rough, narrow separation, stained, Sdeg.
Fracture 3.53m : slightly rough, very wide separation, filled clay, Odeg.
Fracture 3.72m : slightly rough. very wide separation, filled clay, 10deg.
Fracture 3.85m : slightly rough, very wide separation, filled clay, Sdeg.
Fracture 3.90m : slightly rough, very wide separation, filled clay, Sdeg.
Fracture 3.97m . medium rough, very wide separation, filled clay, ?deg.
Fracture 4,11m : medium rough, narrow separation, stained, 7deg.
Fracture 4.20m : medium rough, narrow separation, stained, Odeg.
Fracture 4.22m : medium rough, narrow separation, stained, Odeg.
Fracture 4.57m : medium rough, narrow separation, stained, Odeg.
Fracture 4.58m . medium rough, narrow separation, stained, Odeg.
Fracture 4.73m : medium rough, narrow separation, stained, Odeg.
Fracture 5.67m . medium rough, narrow separation, stained, Odeg.
Fracture 5.68m : medium rough, narrow separation, stained, Odeg.
Fracture 5.89m : medium rough, narrow separation, stained, 80deg.
Fracture 6.18m : medium rough, narrow separation, clean, Odeg.

Dark red-brown banded g highly to d, very fine to fine grained,
laminated, thinly spaced, “medium hard rock, SOlld core SANDSTONE laminations sub-horizontal:
Adelaide Subgroup.

Fracture 9.61m : slightly rough, narrow separation, stained, 80deg.

Fracture 9.65m : slightly rough, narrow separation, stained, 30deg,

Greenish grey speckled white, slightly weathered, fine grained, massive, hard rock, solid core,
feldspathic SANDSTONE: Adelaide Subgroup.
Fracture 10.18m : slightly rough, narrow separation, filled with clayey material, 80deg.

:Weppelmann Geotech. Drill. cc INCLINATION : B5deg at 109deg ELEVATION : BOOm
MACHINE : D2K DiAM : N

-Justin DATE : 07 to 13 July 2014
PROFILED BY :

TYPESETBY :
SETUPFILE :

X-COORD: 31d17'07.8"S
Y-COORD : 28d57'38.8"E

L Parfitt DOATE : July 2014 HOLE No: BH T4

L Parfitt DATE : 07/1G:2014 10:31
BH-JG-A3 SET TEXT : _819NBHFINALI2BIGBHTL TXT

dotPLOT 7015 P8p?
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4 Department of Water Affairs HOLE No: BH T4
Sheet 207 8 Laleni Dam and Hydroscheme Sheet 20f 8

Jeffares & Green

JOB NUMSER: 2819 e 108 NUMBER: 2819

Dark red-brown, slightly weathered, very fine to fine grained, laminated, very thinly spaced, medium
hard to hard rock, solid core. sub-horizontal laminations SANDSTONE: Adelaide Subgroup.
Fracture 10.99-11.14m ; slightly rough, narow separation, clean, Odeg, fractures along laminations.

.23
Grey speckled white and streaked dark grey, slightly weathered, fine grained, massive to laminated.,
intensely to very thinly spaced, hard rock, selid core SANDSTONE, mederately weathered upper
contact and laminations at appmimatety 10deg: Adelaide Subgroup.
Fracture 11.23m ; medium rough, wide separation, filled red-b , 90deg.
Vein 11.48m : closed, quartz, 90dag
Fracture 14,02m : medium rough, narrow separation, stained, 10deg.

99 ] 9 14,12

greg slightly weathered, very fine to fine grained, massive, hard rock, solid core
SAND NE: Adelaide Subgroup.

Fracture 14.12m : medium rough, narrow separation, clean, Odeg.

Fracture 14.13m : medium rough, narrow separation, clean, 0deg.

Fracture 14.14m : medium rough, narrow separation, clean, Odeg.

Vein 15.42m : closed, quartz, 70deg.

15.98

3 Light grey laminated dark grey, slighly weathered, fine to medium grained, lami

very thinly spaced, hard rock, solid core SANDSTONE laminations at appmxumate!y 10deg:
Adelaide Subgroup.

Vein 7?m : closed, quaruﬂ‘?de%

Fracture 17.44m : medium rough, narrow separation, clean, 10deg.

Fracture 17.67m - medium rou?h narrow separation, clean, 10deg.

Vein 17.92m : closed, quartz,

Fracture 18.75m : medium rough, narrow separation, clean, 5deg.

Fracture 18.82m : medium rough, narrow separation, clean, 10deg.

Reddish brown, slightly weathered, fine grained, massive, hard rock, solid corea SANDSTONE:
Adelaide Subgroup.

Vein 20.14m . closed, quartz, 70deg.

Vein 20.54m : closed, quartz, 80deg.

Greenish grey banded red-brown, slightly weathered, fine grained, massive to laminated, thinly to
medium spaced, hard rock, solid core SANDSTONE: Adelaide Subgroup.

Fracture 20.72m : slightly rough, wide separation, quartz, Odeg

Vein 20.59m : closed, quartz, 80deg.

Fracture 21.37m : slightly rough, narrow separation, clean, Odeg.

Fracture 22.20m : slightly rough, narrow separation, clean, Odeg.

Fracture 22.21m : slightly rough, narrow separation, clean, Odeg.

Fracture 22.66m : slightly rough, narrow separation, clean, Odeg.

99 5 99 ¢
22

{23
: 19.82

r24

98 2 94

25

L2
r | 2267

| Light grey laminated dark grey, slightly weathered, fine to medium grained, I d, i ly to
very thicky spaced, hard rock, solid core SANDSTONE with i laminations: i
Subgroup.

Fracture 22.8m : slightly rough, narrow separation, clean, Odeg.

98 4 97

L2g

24.65

102 3 101 :
a1

pRiL ] FRAG HQD [DIAMEIRAL| ANIAL R Gl ws oErTH CONTRAGTOR : Weppelmann Geotech. Drill. cc icLivATION - B5deg at 109deg ELEVATION : BOOM
MeTH: Soee R % e pio Seme MACHINE : D2K DA :NQ X-COORD: 31d17°07.8"S
50 | u{50) DRILLED BY - Justin DATE -07 to 13 July 2014 Y-COORD : 28d57'38.8"E
PROFILED BY : L Parfitt DATE : July 2014 HOLE No: BH T4

TYPE SET BY : L Parfiit DATE : Q71062014 10:31
SETUP FILE : BH-JG-A3SET TEXT: B19BHFINAL\ZGTIBHTL TXT -

006C  JGi dotPLOT 7015 PBp7

Fig D-7.2: Borehole Tunnel 4 — Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4 Department of Water Affairs HOLE to: BH T4
Laleni Dam and Hydroscheme Sheet 308
— = Jeffares & Green —
e ————— JO8 NUMBER: 2819

Greenish grey banded red-brown, slightly weathered, fine grained, massive to laminated, medium to
thickly spaced, hard rock. solid core SANDSTONE: Adelaide Subgroup.

Fracture 25.34m : slightly rough, narrow separation, clean, Odeg.

Fracture 26.53m : slightly rough, narrow separation, clean, 15deg.

Vein 26.73m - closed, quartz, 80deg.

Vein 27.18m : closed, quartz, 70deg.

Fracture 27.71m : slightly rough, narrow separation, clean, 5deg.

Vein 27.71m : slightly rough, wide separation, quartz, S0deg.

Vein 27.74m : siightly rough, wide separation, quartz, 5deg.

Fracture 27.95m : slightly rough, narrow separation, clean, 15deg.

LAz

33

101 2 101

P84

Light grey laminated dark grey, slighty weathered, fine to medium grained, laminated, intensely
sépaced. hard rock, solid core, unfractured SANDSTONE with sub-horizontal laminations: Adelaide
ubgroup.

Greenish grey banded red-brown, slightly weathered, fine to medium grained, massive, solid core
SANDSTONE coarse grained in places. Adelaide Subgroup.

Vein 28.13m : closed, quartz, 70deg.

Fracture 29.47m : slightly rough, narrow separation, ciean, Odeg.

[ 35

L2878

101 2 100

Light grey laminated dark grey, slightly weathered, fine to medium grained,
very thinly i aced, hard rock, solid core SANDSTONE low angle laminations atappmxxrnakely
5deg: Adelai Subgruup

Greenish grey mottled red-brown, slightty weathered, fine grained, massive, hard rock, solid core
SANDSTONE: Adelaide Subgroup.

Vein 31.06m : closed, quartz, 7?deg.

Fracture 32.74m . medium rough, narrow separation, clean, 5deg.

Fracture 33.87m : medium rough, narrow separation, clean, Odeg.

Fracture 34.37m : medium rough, narrow separation, clean, Odeg.

Fracture 34.52m : medium rough, wide separation, clean, Odeg.

98 6 a7

L0

Light grey laminated dark grey. slightly weathered, fine to medil d ly to
very tinly spaced, hard rock, solid core SANDSTONE: Adelaide Subgroup
Vein 36.59m . closed, quartz, 70deg.

Loar

Greenish grey mottled red-brown in places, slightly hered, fine dil rained,
laminated in places, intensely to very thinly spaced, hard rock, solud core SANDSTONE: Adelaude
Subgroup.

Fracture 37.84m : rough, narrow separation, clean, Odeg.

Fracture 37.95m : rough, narrow separation, clean, Odeg.

Fracture 38.34m : slightly rough, narrow separation, clean, 20deg.

Fracture 38.65m : slightly rough, narrow separation, clean, Odeg.

Fracture 38.78m : medium rough, narrow separation, clean, 5deg.

Fracture 39.03m : medium rough, narrow separation, clean, 20deg.

Fracture 39.85m : medium rough, narrow separation, clean, 5deg.

Fracture 40.55m : medium rough, wide separation, clean, Odeg.

Fracture 44.05m : medium rough, narrow separation, clean, 65deg.

Fracture 45.53m : medium rough, narrow separation, clean, Sdeg.

Fracture 45.93m ; medium rough, narrow separation, clean, 5deg.

Fracture 46.78m : medium rough, narrow separation, clean, Sdeg.

42

98 1 98
L3

Lag

L 45

100 3 98 67 70 ¢
L]

T ar

DRULL | % FRAC ROD | DIAMETRAL  AXAL AR GSt TCs DEFTH ‘ ;
CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : 85deg at 109deg ELEVATION : BOOM
MERR | oosE FRED % N FLA o MACHINE - DZK DiAN - NQ X-COORD - 31d1707.8'S

E= e LY 13(50 % DRILLED BY - Justin DATE - 07 to 13 July 2014 Y-COORD - 28d57'38.8'E
PROFILED BY : L Parfitt DATE : July 2014
HOLE No: BH T4

TYPE SET BY : L Parfitt DATE : 07162014 10:31
SETUP FILE : BH-JG-A3.SET TEXT : B1NBHFINAL\2GISBHTL TXT

DoeC  JGi dotPLOT 7015 P8p?

Fig D-7.3: Borehole Tunnel 4 — Log

D-23

DIRECTORATE: OPTIONS ANALYSIS OCTOBER 2014



FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4 v Department of Water Affairs HOLE No: BH T4
Sheet 4 of Laleni Dam and Hydroscheme Sheet 4 of 8
— S Jeffares & Green — — —
JOBNUMSER:2B19 | e ~ 108 NUMBER: 2819
; 47.67
48 Light grey laminated dark grey, slightly weathered, fine to medium grained, laminated to massive in
i places, very thinly to thinly spaced, hard rock, solid core SANDSTONE laminations at approximately
101 0 101 £ : Adelaide Subgroup.
i Vein 48.46m : ciosed, quartz, 70deg.
2 Vein 50.32m . closed, quartz, 50deg.
t Fracture 50.68m : medium rough, narrow separation, clean, 15deg.
i Fracture 50.82m : medium rough, narrow separation, clean, 10deg.
! 50 Vein 50.90m : closed, quartz, 70deg.
f Fracture 50.98m : medium rough, narrow separation, clean, 5deg.
Fracture 51.56m : slightly rough, narrow separation, clean, Odeg.
i Fracture 51.68m : slightly rough, narrow separation, clean, 5deg.
11
98 5 97 ¢
tgp 5188
3 Light grey, slightly weathered, fine to medium grained, massive, hard rock, solid core SANDSTONE:
Adelaide Subgroup.
Fracture 54.61m : medium rough, narrow separation, clean, 5deg.
53 Fracture 54.83m : medium rough, narrow separation, clean, 15deg.
L5
101 2 101
55
! s
£ 5678
57
98 1 98 i
L 58
s
60
101 6 95 £
L a1
7]
NQ
QAL ¥ ERAD 90 [DIAMETRAE] AL AR | o9 s BEPTH CONTRACTOR : Weppelmann Geotech. Drill. cc INCLIATION - 85deg at 109deg ELEVATION : BOOM
METH: o FREQ % e e ‘ Se MACHINE : DZK -NQ X-COORD : 31d17'07.8'S
DRILLED BY - Justin DATE - 07 to 13 July 2014 Y-COORD : 28d57'38.8'E
PROFILED BY : L Parfitt DATE : July 2014
HOLE io: BH T4
TYPE SET BY : L Parfitt DATE : G7/1G2014 10:31
SETUP FILE * BHJG-A3SET TEXT . 81MBHFINAL\2819BHTS TXT
DO6C JGI dolPLOT 7015 Pép?

Fig D-7.4: Borehole Tunnel 4 — Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4 v Department of Water Affairs HOLE No: BH T4
Sheet 5 of 8 Laleni Dam and Hydroscheme Sheet 5 of 8
— - leffares & Green
JOB NUMSER: 2819 oo OB NUMBER: 2819

Greenish grey mottled red-brown in places, slightly hered, fine to medium grained, ive to
laminated in places, very thinly to thinly spaced, hard rock, solid core SANDSTONE with horizontal
laminations: Adelaide Subgroup.

Vein 58.67m : rough, closed, quartz, Odeg.

Fracture 56.83m : medium rough, narrow separation, clean, Odeg.
Fracture 60.72m : medium rough, wide separation, clean, 0deg.
Fracture 61,00m : slightly rough, narrow separation, clean, Odeg.
Fracture 61.10m : medium rough, narrow separation, clean, 5deg.
Fracture 61.12m : medium rough, narrow separation, clean, Odeg.
Fracture 61.51m . medium rough, narrow separation, clean, Odeg.
Fracture 64.86m . slightly rough, narrow separation, clean, Odeg.
Fracture 64.94m : slightly rough, narrow separation, clean, Odeg.
Fracture 85.78m . slightly rough, narrow separation, clean, 5deg.
Fracture 66.98m : slightly rough, narrow saparation, clean, Odag.
Fracture 67.14m : slightly rough, narrow separation, clean, Odeg.
Fracture 67.42m : medium rough, narrow separation, clean, Odeg.
Vein 67.42m : closed, quariz and feldspar, Odeg.

Fracture 69.58m : slightly rough, narrow separation, clean, Odeg.
Fracture 70.66m : slightly rough, narrow separation, clean, Sdeg.
Fracture 71.42m : slightly rough, narrow separation, clean, 10deg.
Fracture 71.76m : slightly rough, narrow separation, clean, 80deg.
Fracture 72.42m : medium rough, narrow separation, clean, 5deg.
Fracture 72.81m : medium rough, narrow separation, clean, Odeg.
Fracture 73.08m : medium rough, narrow separation, clean, Odeg.

o8 2 96

L 60

101 4 100

9 2 29

| 70

100 6 97

Light grey laminated dark grey, slighty weathered, fine to medium grained, laminated to massive in
places, intensely to very thinly spaced, hard rock, solid core SANDSTONE with horizontal to 5deg
laminations: Adelaide Subgroup.

Fracture 73,82m : slightly rough, narrow separation, clean, Odeg.

Fracture 74.30m ; slightly rough, narrow separation, clean, Sdeg.

Fracture 74.53m : slightly rough, narrow separation, clean, 5deg.

Vein 74.53m : closed, quartz, 70deg.

Fracture 74.75m : medium rough, narrow separation, clean, Odeg.

Fracture 74.97m : slightly rough, narrow separation, clean, 5 deg.

Fracture 75.07m : slightly rough, narrow separation, clean, Odeg.

Fracture 75.16m : slightly rough, narrow separation, clean, 15deg.

Fracture 75.31m : slightly rough, narrow separation, clean, 15deg.

Fracture 76.06m : slightly rough, narrow separation, clean, 15deg.

75

101 8 92

i 76

4

L7

99 1 99

anii: * AL, 190; " [DIAMETRAL]  AMIAL e 2 s REETH;  CONTRAGTOR Weppelmann Geotech. Drill. cc IncLiNATION - 85deg at 109deg ELEVATION : B00m
Ve | S | e % = i ‘ S MACHINE : D2K DiAN - N X-COORD: 31d17'07.8'S
00 | uing) DRILLED 8Y - Justin DATE -07 to 13 July 2014 V-COORD - 28d57'38 8"E
PROFILED BY : L Parfitt DATE : Jul 14 e
2 lifg:20 HOLE No: BH T4
TYPE SET BY - L Parfitt DATE : Q/1G:2014 10:31
SETUP FILE : BH-JG-A3 SET TEXT: 8198HFINALI2RTOBHTL TXT
DosC Jet dotPLOT 7015 PBp?

Fig D-7.5: Borehole Tunnel 4 — Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4
Swetgara

JOB NUMSER: 2819

101 0

101

101 Rl

100 8

100 8

99 7

79

- 81
82
_83

L 64

T as

igr

Vi

Jeffares & Green

83.26

Light grey streaked dark grey, slightly weathered, fine to medium grained, massive to laminated in
places, very thinly to thinly spaced, hard rock, solid core SANDSTONE: Adelaide Subgroup.
medium rough, narrow separation, clean, 5deg.

medium rough, narrow separation, stained, Odeg.

medium rough, narrow separation, clean, Odeg.

medium rough, narrow separation, clean, &deg.

medium rough, narrow separation, clean, 80deg.

medium rough, narrow separation, stained red-brown, Odeg.

medium rough, narrow separation, stained red-brown, Odeg.

medium rough, narrow separahon stained red-brown, Odeg.

Fracture 78.27m :
Fracture 84.06m :
Fracture 84.30m .
Fracture 84.92m :
Fracture 85,38m :
Fracture 86.84m :
Fracture 86.98m :
Fracture 87.21m :

Department of Water Affairs
Laleni Dam and Hydroscheme

Vein 88.24m : rough, wide separation, filled quartz, 7

HOLE Mo BH T4
Sheet 6 of

JOB NUMBER: 2819

{2
L83

s o4

8104

ORILL k3 FRAC
METH CORE FREQ
REC.

RQD
%

DIAMETRAL  AXIAL
PLSI PLSI

IﬂSO! !slwf

DOGC JGI

RAUR

GS!

ucs

Fig D-7.6: Borehole Tunnel 4 — Log

DEPTH

175

Light grey laminated dark grey, slightly weathered, fine grained, laminated, intensely to very thinly

spaced, hard rock, solid core SANDSTONE: Adelaide Subgroup.

Fracture 88.68m :

Fracture 88.96m :

‘medium rough, narrow separation, clean, 0deg.
medium rough, narrow separation, clean. Odeg.

Vein 89.10m . closed, quartz, 60deg.

Fracture 87.17m :
Fracture 89.33m :

medium rough, narrow separation, clean, Odeg.
medium rough, narrow separation, clean, 0deg.

Vein 89.33m . closed, quartz, 70deg.

Fracture 89.48m

Fracture 90.68m :
Fracture 90.67m :
Fracture 80.76m :

Fracture 80.91m

: slightly rough, narrow separation, clean, Odeg.
medium rough, narrow separation, clean, Odeg.
medium rough, narrow separation, clean, Odeg.
medium rough, narrow separation, clean, 5deg.
: slightly rough, narrow separation, ciean, Odeg.

CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : 85deg at 109deg
D2ZK DiAM - NQ

HACHINE :

DRILLED BY : Justin

PROFILED BY :

L Parfitt

TYPE SET BY : L Parfitt
SETUP FILE : BH-JG-A3 SET

DATE :07 to 13 July 2014
DATE : July 2014

DATE : 071072014 10:31

ELEVATION : BOOm

X-COORD: 31d17'07.8"S
Y-COORD : 28d5738.8"E

HOLE No: BH T4

TEXT : 81 9MBHFINAL

GIPLOT 7015 P87
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4
Sheet 7 of 8

JOB NUMSER: 2819

Vi

8.2MPa |
|_4.3MPa | 106.2MPal
101 2 100
L4154 U £ 97.10-97.31m g
95
98
] 9668
100 0 100
100
" 8.2MPa | 101
[ 9.7MPa |
L 102 E
98 0 99
103
E 104 <
105
100 0 100
L 108 R
1z z | f o
I 9.5MPa 1{ 10.0MPa (G6.4MPa [ 10700~107.20m g
L fo8
it} 0 99
- 109 E
L 110
DRILL % FRAC RQD | DIAMETRAL  AXIAL | RUR GSI UCsS DEPTH i
METH CORE FREQ % PLSI pLs | Scale cmmg;loNg
REC Is(50) is(50) | 175 CRittEn ey
PROFILED BY
TYPE SET BY
SETUP FILE
DoSC JG1

Fig D-7.7:

Borehole Tunnel 4 — Log

Department of Water Affairs HOLE No. BH T4
Laleni Dam and Hydroscheme Sheet 7ot 8

108 NUMBER: 2819

Light grey. slightly weathered, fine grained, massive, hard rock, solid core SANDSTONE: Adelaide
Subgroup.

Fragure 91.88m : medium rough, narrow separation, clean, 60deg.
Fracture 92.40m : medium rough, narrow separation, clean, 5deg.
Fracture 92.47m : medium rough, narrow separation, clean, 5deg.
Fracture 92.78m : medium rough, narrow separation, clean, Odeg.
Vein 63.59m - medium rough, narrow separation, quartz, 60deg.
Fracture 94.12m : medium rough, narrow separation, clean, 5deg.
Fracture 94.26m : rough. narrow separation, clean, Odeg.

Fracture 94.27m : medium rough, narrow separation, clean, Odeg.
Vein 94.41m . medium rough, nanmow separation, quartz, 60deg.

Light grey speckled white, slightly weathered, fine to medium Emined. massive to laminated places,
very thinly to thinly spaced, hard rock, solid core SANDSTONE "baked" zone on dolerite boundary:
Adelaide Subgroup.

Vein 85.23m - medium rough, narrow separation, quartz, 10deg.

Fracture 95.24m : medium rough, narrow separation, clean, 10deg.

Dark grey speckled white, slightly weathered, fine to medium grained, massive, hard to very hard
rock, solid core DOLERITE: Intrusive.
Vein 114.16 0 115.71m: closed, quartz, 77deg.

ELEVATION : BOOm

:Weppelmann Geotech. Drill. cc incLiNATION : 85deg at 109deg
:D2K DiAM :NQ X-COORD : 31d17'07.8"8

- Justin DATE : 07 to 13 July 2014 Y-COORD : 28d57'38.8"E
: L Parfitt DATE : July 2014
HOLE No: BH T4
- L Paritt DATE : G/1G2014 10:31
: BHAIG-A3.SET TEXT: BNBHFINALL2RTIOBHTE TXT —

dtPLOT 7015 P8pT
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T4
i Sheet ol @

— ————
| o8 NUMSER: 2819

Fig D-7.1: Borehole Tunnel 4 — Log

_ 111 3
100 0 100 | B.0MPa
L2 E
r 113
Fot14
100 0 100
Lrs
[10.8MPa || 7.3MPa _ {415 76-116.05m g £
T t
99 0 99 [145MPat
© 118
[11.2MPa |{ 10.4MPa
L 119 R
98 0 99 £
120
—omLL | % ERAC RQD | DIAMETRAL  AXIAL FR 55 TCs DEPTH
METH coRE FREQ % PLS PLSI Scale
REC. 15{50 1(50) 175
D06C JGI

v Department of Water Affairs HOLE No: BH T4
Laleni Dam and Hydroscheme Sheet 3 of 8

Jeffares & Green
rae————" JOB NUMBER: 2819

12026
NOTES
1) End of hole at 120.26m.
2) Samples taken between 96.04-96.27m, 97.10--87.31m, 107.08-107.29m and 115.76--116.06m.
3) Water sample retrieved
4) Core orientation at 41.05m, 59.09m, 68.07m, 77.04m, 86.07m

CONTRACTOR : Weppelmann Geotech. Drill. cc ivcLiNATION : 85deg at 109deg ELEVATION : BOOM
MACHINE : D2K DiAM:N X-COORD: 31d17'07.8"8
DRILLED BY - Justin DATE - 07 to 13 July 2014 Y-COORD : 28d57'38.8'E
PROFILED BY : L Parfitt DATE : July 2014
HOLE No: BH T4
TYPE SET BY - L Parfitt DATE : 07/162014 10:31
SETUP FILE * BH-JG-A3.SET TEXT ; B19BHFINALIZGTOBHTL TXT

antPLOT 7015 P8p?
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN ; -
LENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

ocation: N M EASTERN CAP!
Borehole No: T4

Box Number, 1-50F 15

Depth Range | 0,00 [m to 120,26 |m
Date UNE / AUG 2014

BOX 1 OF 15

BOX 5 OF 15

Fig D-8: Borehole Tunnel 4 —-Box 1to 5
D-29
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
ALEN| DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

ocaon:|| A

NI (QUMBU) ea
Borehole No: T4
6 - 10 OF 15
Destr Range J 0,00 [millo i 2026 o)
UNE / AUG 2014

== = » e

- >

BOX 10 OF 15

D-30

Borehole Tunnel 4 —Box 6 to 10
OCTOBER 2014

Fig D-8:
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN ; i
ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Drilling CC

EEEEEN
bl |

ocation J|_A QUMB

Borehole No T4

Box Number 11-15 OF 15

oo e 0 00 R s [o

o= UUNE / AUG 2014
- . SO AT AL b Be i S

e ————

BOX 15 OF 15

Fig D-8: Borehole Tunnel 4 — Box 11 to 15
D-31
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No:BH TS v Department of Water Affairs HOLE No: BH T5
Sheet 1 of 10 Laleni Dam and Hydroscheme Sheet 7 of 10
Jeffares & Green -
JOB NUMSER: 2819 v ——— JOB NUMBER: 2819

Soale .’_‘;\;‘ 200 Grey-brown and light grey, PEBBLES and COBBLES of sandstone with silty, fine grained sand and
B %% rootiets: Colluvial.

NXC 76 5 18 1068

Grey to brownish grey stained red-brown, slightly to moderately weathered, fine grained, massive to
laminated in places, intensely to very thinly spaced, hard to medium hard rock, solid to broken core
SANDSTONE with highly fractured and broken zones: Adelaide Subgroup.
Fracture 0.79m : slightly rough, narrow separation, stained red-brown, 15deg,
Broken Core 0.79 - 0.88m.

Fracture 0.88m : slightly rough, wide separation, clean, Od

Fracture 1.07m : medium rough, narrow separation, clean, :

Fracture 1.60m . slightly rough, narrow separation, stained red-brown, 80deg.
Fracture 1.63m : slightly rough, narrow separation, stained red-brown, 30deg.
Fracture 1.69m . slightly rough, narrow separation, stained red-brown, 15deg,
Fracture 1.76m : slightly rough, narrow separation, stained red-brown, 30deg.
Broken Core 1.76 - 1.90m.

Fracture 1.90m : slightly rough, narrow separation, stained. 90deg.

Fracture 2.02m : slightly rough, narrow separation, clean, Odeg.

Fracture 2.04m : slightly rough, narrow separation, clean, 1 R

Fracture 2.23m : slightly rough, narrow separation, stained, 45deg.

Fracture 2.35m : slightly rough, narrow separation, stained, 30deg.

Fracture 2.36m : slightly rough, narrow separation, stained, 5deg.

Fracture 2.50m ; slightly rough, narrow separation, stained, 10deg.

Fracture 2.51m : slightly rough, narrow separation, stained, 60deg.

Fracture 2.59m : slightly rough, narrow separation, stained, 30deg.

Fracture 2.70m : slightly rough, narrow separation, clean, Odeg.

Fracture 2.78m : slightly rough, narrow separation, stained, 45deg.

Fracture 3.05m : slightly rough, narrow separation, stained, 70deg.

Fracture 3.10m : medium rough, narrow separation, clean, 20deg.

Fracture 3,13m : medium rough, narrow separation, clean, 45deg.

Broken Core 3.13 - 3.25m.

Fracture 3.25m : slightly rough, narrow separation, stained, 45deg.

Fracture 3.32m . slightly rough, narrow separation, clean, 45deg.

Fracture 3.39m : medium rough, narrow separation, clean, 35deg.

Fracture 3.45m . slightly rough, narrow separation, stained, 70deg.

Fracture 3.50m : slightly rough. narrow separation, stained, 65deg.

Fracture 3,94m : slightly rough, narrow separation, stained, 45deg.

Fracture 4.26m : slightly rough. narrow separation, stained, 90deg.

Fracture 4.33m : slightly rough, narrow separation, stained, 60deg.

Fracture 4.88m : slightly rough, narrow separation, stained, 70deg.

Fracture 5.10m : slightly rough, narrow separation, stained, 5deg.

Highly Fractured Zone 5.10 - £.73m : - 23 fractures and broken core 45deg - 70deg.
Fracture 7.28m : slightly rough, narrow separation, stained, 60deg.

Fracture 7.39m : slightly rough, narrow separation, stained, 70deg.

Fracture 7.66m : slightly rough, narrow separation, stained, 10deg.

Fracture 7.83m : slightly rough, narrow separation, stained, 60deg.

Fracture 8.03m . slightly rough, narrow separation, stained, 30deg.

Fracture 8.04m : medium rough, narrow separation, clean, 50deg.

Broken Core 8.32 - 8.36m.

Fracture 8.42m : slightly rough, narrow separation, stained, 60deg.

Fracture 8.52m : slightly rough, narrow separation, stained, 10deg.

Fracture 8.58m . medium rough, narrow separatian, clean, 55deg.

Fracture 8.91m : slightly rough, narrow separation, stained, Odeg.

Fracture 8.94m . slightly rough, narrow separation, stained, Odeg.

Fracture 9.02m : slightly rough, narrow separation, stained, 70deg.

Fracture 9.45m : slightly rough, narrow separation, stained, 30deg.

Fracture 9.54m : slightly rough, narrow separation, stained, 30deg.

NWD4

101 6 47
| 3.7MPa

100 19 14

[ 3.0MPa |

98 El 58

102 2 82

98 15 67

0.4MPa

o

98 >20 34

964

fpr— =
DRILL % FRAC RQD | DIAMETRAL  AXIAL RIR as! ucs DEPTH CONTRACTOR : Weppelmann Geotech. Drill. cc IncLINATION - 85deg at 126deg ELEVATION : B14m
METH CORE FREQ % PLS) PLSI Scale MACHINE : DZK DIAN - NI X-COORD : 31d17'29.6"S

REC, Is(o0) | Is{o0) 14 DRILLED 8Y - Justin DATE - 16 to 29 July 2014 Y-COORD : 28d58'31.5"E
PROFILED BY : L Parfitt DATE : July 2014 e

TYPE SET BY : L Parfitt DATE : G7/1G:2014 10:31
SETUP FILE : BH-JG-A3SET TEXT:

oosC JG1 GOIPLOT 7015 P87

Fig D-9.1: Borehole Tunnel 5-Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH TS
Sheet 2 of 10
JOi NumgER: 2819

[ 104 15 47

97 9 74

100 6 39

101 6 56

99 3 99

1 3.0MPa || 51HPa
T02MPa |

29 a 29

1

1.7MPa

Cepartment of Water Affairs HOLE iio: BH TS
Laleni Dam and Hydroscheme Sheet 2 of 10

Jeffares & Green

P JOB NUKBER: 2819

12.06

1313

DRILL % FRAG ROD DIAMETRAL | AXAL
METH CORE FREQ % PLET PLSI

REC Is{50} Is{50)

RN

GSi

[

DEFPTH
Saeie
175

CONTRACTOR

MACHIE :

CRILLED 8Y
PROFILED 8Y

TYPESETBY:L

SETUR FILE

Greenish grey stained red-brown, slightly to moderately weathered, fine to medium grained,
massive, hard rock, solid to broken core SANDSTONE: Adelaide Subgroup.
Fracture 9.91m : slightly rough, narrow separation, stained, 15deg.
Fracture 10.00m : slightly rough, narmow separation, stained, 80deq.
Fracture 10.08m : slightly rough, narmow separation, stained, 65deg.
Fracture 10.11m : slightly rough, narrow separation, stained, 65deg.
Fracture 10.99m ; slightly rough. wide separation, stained, 15deg.

Fracture 11.08m : slightly rough, narrow separation, stained, 10deg.
Fracture 11.45m : slightly rough, narmow separation, stained, 45deg.
Broken Core 11.67 - 11.81m.

Fracture 11.86m ; slightly rough, narrow separation, stained. 80deg.
Fracture 11.97m : slightly rough. narrow separation, stained. 80deg.

Brownish grey stained red-brown, slightly to moderately weathersd, medium grained, massive, hard
rock, selid to breken core SANDSTONE with sharp lower contact, 8t 12,13 to 12.26m fractured
broken core, at 13.52 to 13.64m fractured broken core, at 15.51 to 15.67m fractured broken core
and at 16.95 to 16.99m fractured broken core : Adelaide Subgroup.

Broken Core 1213 - 12.26m.

Fracture 12.32m : medium rough, narrow separation, clean, {deg.

Fracture 12.37m : medium rough, narrow separation, clean, {deg.

Fracture 12.40m . siightly rough, wide separatien, stained, Odeg.

Fracture 12.50m . slightly rough, wide separation, stained, 35deg.

Fracture 12.54m ; slightly rough. wide separation, stained, 35deg.

Fracture 12.71m : medium rough, narrow separation, clean, Cdeg.

Fracture 12.76m : medium rough, narrow separation, clean, deg.

Fracture 12.80m . slightly rough, narrew separation, stained, 5deg.

Fracture 12.91m : medium rough, narrow separation, clean, 15deg.

Fracture 13.11m : slightly rough, narrow separation, clean, 80deg.

Fracture 13.40m : medium-rough, narrow separation, ciean, 10deg.

Fracture 13.52m : rough, narrow separation, stained, 35deg.

Broken Core 13.52 - 13.64m.

Fracture 13.64m : rough, wide separation, stained, 30deg.

Fracture 13.74m : medium-rough, narrew separation, clean, 45deg.

Fracture 13.89m : medium-rough, narrow separation, stined, Sdeg.

Fracture 13.90m : slightly rough, narmow separation, stained, 45deg.

Fracture 14.40m ; slightly rough. narrow separation, stained, 60deg.

Fracture 14.56m : slightly rough, narrow separation, stained. 80deg.

Fracture 14.72m : slightly rough, narrow separation, stained, 10deg.

Fracture 14.77m . slightly rough. narrew separation, stained, 10deg.

Fracture 15.13m . slightly rough. narrow separation, stained, 80deg.

Broken Core 15.51 - 15.67m.

Fracture 15.86m : slightly rough, wide separation, filled with clayey material, 85deq.
Fracture 15.95m : slightly rough. narrow separation, stained, 5deg.

Fracture 16.51m . medium rough, wide separation, stained, Sdeg.

Fracture 16.76m : medium rough, narrow separation, stained, 5deg.

Fracture 16.77m : medium rough, narmw separation, stained, 5deg.

Broken Core 18.95 - 16.99m.

Vein 17.37m : sligntly rough, namow separation, quartz filled, 65deg.

Fracture 17.75m : slightly rough, narrow separation, stained, 60deg.

Fracture 17.83m : slightly rough, namow separation, stained, 60deg.

Fracture 17.96m : medium rough, narow separation, stained, 15deg.

Fracture 17.99m : slightly rough, namow separation, stained, 65deg.

Fracture 18.10m : slightly rough, wide separation, ciean, 10deg.

:Weppelmann Geatech. Drill. o ivconanon : B5deg at 128deg ELEVATION : B14m

D2 Dight - NQ X-COORD : 31d17'28.6"8
:Justin OATE : 16 to 29 July 2014 V-COORD : 2Bd5831.5"E
:L Parfit OATE - July 2014 HOLE tio: BH T5
Parfit DATE : 07102614 10:21
» BHAIG-AS SET TEXT . BITANFINALIZEI9RNTE TXT

DC JG!

Fig D-9.2: Borehole Tunnel 5-Log

AtPLOT 7015 Fap?
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH TS v Department of Water Affairs HOLE Mo BH T5
Sheet 3 of 10 Laleni Dam and Hydroscheme Sheet 3 of 10
Jeffares & Green
JOB NUMSER: 2819 e JOB NUMBER: 2819
: Light grey speckled white, slightly weathered, fine to medium grained, massive, hard rock, solid
paz core SANDSTONE with a sharp lower contact: Adelaide Subgroup.
S Fracture 19.43m : slightly rough, wide separation, filled red brown clayey sand, 70deg.
33 Brownish grey stained red-brown, slight weathered to mod: t d, fine grained, i
: medium hard to hard rock, solid core SANDSTONE with a sharp lower contact: Adelaide Subgroup.
Vein 20.49m : closed separation, quartz filled, 65deg.
Fracture 20,65m : slightly rough, narrow separation. stained yellow red, 15deg.
100 3 99 ] Fractura 20.83m : medium rough, narrow separation, clean, 10deg.
Fracture 20.89 - 21.71m : slightly rough, narrow separation, stained, 85deg.
Fracture 22.24m : medium rough, narrow separation, clean, 20deg.
i Fracture 22.56m : medium rough, narrow separation, clean, 10deg.
s Fracture 22,68 - 23.22m : shghllY rough, narrow segaration, snamed 80deg,
Frac:ure 23.26 - 23.90m : slightly rough, narrow separation, filled with red-orown sandy clay, 85deg
F racture 24.00m : slightly rough, narrow separation, stained white, 55deg.
Fracture 24.42m : slightly rough, narrow separation, stained, 80deg.
i Fracture 24.56m : slightly rough, narrow separation, stained, 70deg.
t Fracture 24.61m : slightly rough, narrow separation, stained, 20deg.
98 4 95 Lar Fracture 24.67m : medium rough, wide separation, clean, Odeg.
¢ Fracture 24.72m : slightly rough, narrow separation, stained, 15deg.
Fracture 24.95m : slightly rough, narrow separation, filled with clayey material, 70deg.
- Fracture 26.56m : slightly rough, narrow separation, clean, 10deg.
b Fracture 27.17m : slightly rough, narrow separation, filled with clayey material, 5deg.
1 i Fraciure 28.12m : slightly rough, narrow separation, stained, Odeg.
[ a9 Variegated whmsh arey and grey streaked dark grey, slightly weathered, fine to medium grained,
£ massive to | d in miner lhlmy to di spaced hard rock. solid core, feldspathic
£ SANDSTONE lami at i Adelaids
t Fracture 32.71m : medium rough narrow separahon stained dark brown. 15deg.
101 6 97 T 40 ] Fracture 32.72m : medium rough, narrow separation, stained dark brown, 15deg,
Fracture 33.77m : rough, narrow separation, clean, Odeg.
Vein 37.41m . rough, narrow separation, quartz filled, 65deg.
Vein 34.69m . rough, wide separation, quartz filled, 65deg.
Fracture 37.72m : slightly rough, wide separation, filled with clayey material, 85deg.
Fracture 37.90m : medium, narrow separation, clean, 10deg.
t . Fracture 38,17m : slightly rough, narrow separation, filled with white clayey material, 10deg.
ta2 ;
96 17 74 L 43
L 44 4385-44.15m g
t 5.0MPa - _5.1MPa t i
45
74 4 7" ]
I 47
—_———
DRILL % FRAC RQD | DIAMETRAL | AXIAL RMR est uGs DEPTH CONTRACTOR - Weppelmann Geotech. Drill. cc incLINATION - B5deg at 126deg ELEVATION : B14m
METH cose TR % o e e MACHINE : DZK DiAn :NQ X-COORD : 31d1728.6'S
DRILLED BY : Justin DATE : 16 to 29 July 2014 Y-COO0RD: 28d58'31.5°E
PROFILED BY : L Parfitt DATE : July 2014
HOLE No: BH T5
TYPE SET BY - L Parfitt DATE : 07/16:2014 10:31
SETUP FILE : BH-IG-A3 SET TEXT ! BIMBHEINAL2BIOBHTS TXT
Do6C  JGI dIPLOT 7015 P87

Fig D-9.3: Borehole Tunnel 5-Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T5
| St |

JOB NUMSER: 2819

; 48

&

r 83

55

: 56

E 57

_ 50

70 70 *i__},,

: 60

61

: 62

DIAMETRAL AXIAL RAR Gs/ ucs DEPTH
PLSI PLSI Scale
!5[502 Is‘SOD 1:75

141 2 141
102 0 102
82 8 62
100 10 83
100 1 100
101 0 101
DRILL i3 FRAC ROD
METH core FREQ %
REC
DO6C JGI

Fig D-9.4: Borehole Tunnel 5-Log

Vi

Department of Water Affairs
Laleni Dam and Hydroscheme

HOLE Mo BH T5
| Seedali); |

leffares & Green

e — 108 NUMBER: 2819

CONTRACTOR

SAACHINE :
DRILLED BY -
PROFILED BY :

TYPESETBY:
SETUPFILE :

Light grey banded brownish grey in places, slightly weathered, fine to medium grained, massive to
laminated in minor sections, hard rock, sofid to broken core SANDSTONE with a gradational lower
contact: Adelaide Subgroup.

Fracture 39.91m : slightly rough, narrow separation, filled with whitish brown clayey material, 50deg.
Fracture 40.35m : medium, narrow separation, clean, 70deg.

Fracture 40.38m : medium rough, narrow separation, clean, 15deg.

Fracture 40.41m : medium, narrow separation, clean, 25deq.

Fracture 40.75m : slightly rough, narrow separation, stained brown, 20deg.

Broken Core 41.19 - 41.22m.

Vein 41.22m . medium, narrow separation, quanz filled, 90deg.

Fracture 41.50m . slightly rough, narrow separation, clay filed, Odeg.

Fracture 41,63m : medium, narrow separation, clean, Odeg.

Fracture 41.66m . medium, narrow separation, clean, Sdeg.

Vein 41.86m : closed separation, quartz filled, 70deg.

Fracture 42.07m : medium, narrow separation, clean, Oceg.

Fractured Broken Core 42.64 - 42.95m.

Fracture 42.95m : slightly rough, wide separation, filled white clay, 80deg.

Fracture 43.05m : slightly rough, narrow separation, clean, 5deg.

Vein 43.18m : closed separation, quartz filled, 65deg.

Fracture 43.42 - 43.51 ; slightly rough, narrow separation, clean, 8 trenches, 30deg.
Fracture 43.74m : siightly rough, narrow separation, clean, 10deg.

Fracture 46.90m : slightly rough, narrow separation, stained brown, Odeg.

Fracture 46.94m : slightly rough, wide separation, clean, 10deg.

Fracture 47.00m : slightly rough, wide separation, clean, 10deg.

Fracture 47 27m : slightly rough, narrow separation, clean. 15

Fracture 48.26m : medium, wide separation, clean, 20deg.

Fracture 48.48m : slightly ruugh wide separation, stained, 20deg.

Vein 48,75m : slightly rough, wide separation, 70deg.

Vein 49.05m : closed separation, calcite, 70deg.

Vein 48.43m : closed separation, calcite, 70deg.

Fracture 50.86m : slightly rough, narrow separation, clean, 45deg.

Fracture 51.42m . medium, narrow separation, clean, 45deg.

Fracture 52.21m : slightly rough, narrow separation, stained, 60deg.

Fracture 52.26m : slightly rough, narrow separation, stained, 60deg.

Broken Core 52.31 - 52.43m.

Fracture 52.43m : slightly rough, narrow separation, stained, 65deg.

Fracture 52.53m : slightly rough, wide separation, filled stained clay, 30deg.

Fracture 52.67m : medium, wide separation, filled stained clay, 45deg.

Fracture 52.75m . slightly rough, narrow separation, filled stained clay, 30deg.

Highly Fractured Brol aen Core 52.80 - 53.54m : core loss.

Fracture 53.54m : slightly rough, wide separation, stained red-brown, 50deg.

Fracture 53.68m : slightly rough, wide separation, stained red-brown, 5ddeg.

Fracture 53.76m : slightly rough, narrow separation, stained yellow-brown, %Odeg‘
Fracture 53.89m : slightly rough, narrow separation, stained red-brown, 70deg.
Fracture 55.02m : slightly rough, narrow separation, stained red-brown, 45deg/279deg.
Fracture 55.20m : slightly rough, narrow separation, stained red brown, 45deg/279deg.
Fracture 56.93m : slightly rough, wide separation, clean, Odeg.

Grey speckled white, slightly weathered, fine to medium grained, massive, hard rock, solid core,
feldspathic SANDSTONE unfractured.sharp lower contact: Adelaide Subgroup.

:Weppelmann Geotech. Drill. cc INCLINATION : 85deg at 126deg ELEVATION : B14m
D2K DiAK :NQ X-COORD: 31d17'28.6"S
Justin DATE : 16 to 29 July 2014 ¥-COORD : 28d58'31.5'E
L Parfitt DATE : July 2014 r
HOLE No: BH TS
L Pariitt DATE : 07102014 10:31
BHJG-AISET TEXT ! GINBHEINALI2819BHYS TXT

aOIPLOT 7015 PBp7
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HOLE No: BH TS
L

JOB NUMSER: 2819

100 3 99

100 4 99
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[24MPa | [ 6.7MPa |

101 2 98

98 0 98

NQ
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Vi

leffares & Green

83.16

HOLE No: BH T5

Department of Water Affairs
Laleni Dam and Hydroscheme Sheet 5 of 10
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66
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L 78

DRILL | W FRAC RQO DIAMETRAL AXIAL
METH CORE FREQ % PLSI PLSI

REC. Is{50) 15{50)

RUR

ucs

DX6C  JGI

Fig D-9.5: Borehole Tunnel 5-Log

DEPTH

1:75

CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : B5deg at 126deg
HAACHINE : D2K A NQ
DRILLED 8Y - Justin DATE : 16 to 29 July 2014

PROFILED BY :

Dark grey, slightly weathered, fina grained, massive, hard rock, solid core SANDSTONE fairly sharp
lower contact: Adelaide Subgroup.

Fracture 64.92m : slightly rough, narrow separation, clean, 15deg.

Fracture 64.94m : slightly rough, wide separation, narrow separation, clean, 10deg.

Light grey banded brown-grey in places, slightly weathered, fine to medium grained, massive to
laminated in places, intensely to very thinly spaced, hard rock, solid core SANDSTCNE: Adeiaide
Subgroup.

Fra(gwe%szem - slightly rough, narrow separation, clean, 10deg.
Fracture 66.68m : slightly rough, narrow separation, clean, Odeg.
Fracture 66.68m : slightly rough, wide separation, clean, Odeg.
Fracture 66.70m : slightly rough, wide separation, clean, 25deg.
Fracture 67.27m : medium, narrow separation, clean, 45deg.
Fracture 70.16m : medium, wide separation, clean, Sdeg.

Fracture 70.74m : medium, wide separation, clean, 60deg.

Fracture 71.08m : slightly rough, wide separation, clean, 10deg.
Fracture 72.36m : medium, narrow separation, clean, 25deg.
Fracture 72.43m : slightly rough, narrow separation, clean, 15deg.
Fracture 77.86m : slightly rough, narrow separation, clean, 5deg.
Fracture 77.96m : closed separation, quartz filled, 70deg.

Fracture 80.08m : closed separation, quartz filled, 80deg.

Vein 80.71m . closed separation, quartz filied, 75deg.

Vein 83.50m : closed separation, quartz filled, 55deg/189deq.

Vein 84.68m . closed separation, quartz filied, 70deg/279deg.
Fracture 85.64m : slightly rough, narrow saparation, clean, 5deg.
Fracture 86.38m : rough, wide separation, clean, 10deg.

Vein 87.16m : close separation, calcite quartz, 45deg.

Vein 87.41m : slightly rough, narrow separation, quartz filled, 80deg.
Vein 87 41m : closed separation, quartz filied, 80deg.

Fracture 88.65m : medium, narrow separation, clean filled, 25deg.

ELEVATION : B14m
X-COORD : 31d17'28.6"S
Y-COORD : 28d5831.5"E

L Parfitt DATE : July 2014 No:BH 15

TYPE SET BY : L Parfitt DATE : G//102014 10:31
SETUP FILE : BH-JG-A3SET TEXT : _B198HFINALIZBIIBHTS TXT

dotPLOT 7015 P8p7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH TS
Sheet 6 of 10

JOB NUMSER: 2819

Vi

Jeffares & Green

Department of Water Affairs HOLE o BH T5
Laleni Dam and Hydroscheme Sheet f of 10

JOB NUMBER: 2819

101 1 101 P
- g1
101 0 101
L83
[ a4
100 1 100 s
£ g6
fgr
98 B 89 t 5o
.89 83.99
£ Brownish grey, slighly weathered, fine grained, massive to laminated, intensely to very thinly
spaced, hard rock, solid core SANDSTONE gradational lower contact: Adelaide Subgroup,
%0 Vein 89.00m : close separation, closed separation, filled chlorite quartz, 30deg.
¢ Fracture 89.03m : slightly rough, narrow separation, clean, Odeg.
i Fracture 88.47m : medium, narrow separation, clean, Sdeg.
b Vein 89.47m : closed separation, quartz chlorite, 30deg.
102 5 68 Lar Fracture 88.75m : slightly rough, narrow separation, clean, 10deg.
t ik Fracture 80.63m : slightly rough, narrow separation, stained brown, 10deg.
Loz
9 3 99
oriLL % FRAC RQD | DIAMETRAL|  AXIAL AR e/ ves BEPTH " CONTRAGTOR - Weppelmann Geotech. Drill. cc INGLINATION - 85deg at 126deg ELEVATION : B14m
MEIL iy FREQ % o i S MACHINE  D2K DiAN :NQ X-COORD: 31d1729.6"S
B0 | o) DRILLED 8Y : Justin DATE - 16 to 29 July 2014 v-COORD : 28d58°31.5'E
PROFILED BY : L Parfitt DATE : July 2014 HOLE No: BH T
TYPE SET BY : L Parftt DATE : 071162014 10:3
SETUP FILE : BH-JG-A3.SET TEXT : _B19BHFINALI2RISBHTS TXT
DO6C JGH dIPLOT 7015 P8pT

Fig D-9.6: Borehole Tunnel 5-Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH TS Department of Water Affairs HOLE No: BH T5
Sheet 7 of 10 Laleni Dam and Hydroscheme Sheet 7 of 10
— leffares & Green ————
J0B NUMSER: 2819 S — JOB NUMBER: 2819

Light grey banded brownish grey, slightly weathered, fine to medium grained, massive to laminated
in places, verg thinly to thinly sEaced. hard rocx, solid core SANDSTONE: Adelaide Subgroup.
Fracture 81.15m : slightly rough, wide separation, clean, 30deg.

Vein 91.71m : medium, narrow separation, quartz filled, 80deg.

Vein 81.84m : closed separation, chiorite + quartz, 80deg.

Fracture 92.46m : slightly rough, narrow separation, clean, 25deg.

Fracture 94,68m : slightly rough, narfow separation, clean, 25deg.

Fracture 94.92m : slightly rough, wide separation, clean, 25deg.

o) 3 09 _ o7 Fracture 96.22m : slightly rough, narrow separation, clean, Odeg.
E Fracture 88.01m : slightly rough, narrow separation, clean, 5deg.
Fracture 98.28m . slightly rough, wide separation, clean, 10deg.

98

99 1 99 £ 100

100.14
Brownish grey streaked dark grey, siightly weathered, fine grained, massive, hard rock, solid core
: SANDSTO E with a sharp lower contact: Adelaide Subgroup,
107 Fracture 100.70m : slightly rough, narrow separation, clean, 35deg.
H 4.3MPa - \730.1MPal 101 17-101 4dm g

101.69

_ 102 Light grey spackled white, slightly weathered, fine to medium grainad, massive, hard rack, solid
t core SANDSTONE with a sharp lower contact: Adelaide Subgroup.
; ki Fracture 102.42m . medium rough, narrow separation, clean, Weglosedeg

101 1 101 2 Brownish grey, slightly weathered, fine grained, massive, hard rock, solid core, unfractured

SANDSTONE with a gradational lower contact: Adelaide Subgroup.

104.00

Light grey speckled white and streaked dark grey, slightly weathered, fine to medium grained,
massive to laminated in places, intensely to very thinly spaced, hard rock, solid core, feldspathic
SANDSTONE. Adelaide Subgroup.

Fig D-9.7:

Borehole Tunnel 5-Log

L Fracture 105.92m : medium, wide separation, clean, Odeg
i Fracture 110.45m : medium, wide separation, filled with white clayey material, 5deg.
i Fracture 111.81m : medium, narrow separation, clean, 45deg.
100 1 100 L 106 Fracture 114.24m . slightly rough, narrow separation, clean, 10deg.
Fracture 114.47m . slightly rough, narrow separation, clean, 10deg.
Fracture 117.50m : slightly rough, narrow separaton, clean, Odeg.
i Fracture 117.51m : slightly rough, narrow separation, clean, Odeg.
]
101 1 101 S 10
L 110
DHRd. % ERAC HQD; | DIANETRAL] — BXIAL AR ol oS ] CONTRACTOR : Weppelmann Geotech. Drill. cc INCLiATION - 85deg at 126deg ELEVATION : B14m
METH o FREQ % hiem it kot ACHINE : D2K DiAr NQ X-COORD : 31d1729.6'S
- DRILLED BY : Justin DATE : 16 to 29 July 2014 Y-COORD : 28d58'31.5"E
PROFILED 8Y - L Parfitt DATE : July 2014 [ No:BH 15
TYPE SET BY - L Parftt DATE : 07/16:2014 10:31
SETUP FILE : BHAIG-A3 SET TEXT :  G19BHEINALI2RIGBHTS TXT
DoC JGI

dotPLOT 7015 P8p?
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH TS
| SeatRodD; |

JOB NUMSER: 2819

Fig D-9.8:

Borehole Tunnel 5-Log

% 1 %
(67MPa 1| 7.8MPa |
100 2 100
100 5 o7
100 1 100 | 3WPa ] TazEpE|  © ess-ziam g
i 122
123
29 0 9 D124
128
ORILL % FRAC RQD DIAMETRAL AXIAL RAMR Gs! ucs DEPTH
METH CORE FREQ % PLSI PLSI Scale
REC. 1s(50, 15(50) | 175
DoeC JGt

Vi

leffares & Green

1754

Department of Water Affairs
Laleni Dam and Hydroscheme

Light grey banded brown-grey and streaked dark grey, slightly weathered, fine to medium grained,
massive to laminated in places, intensely to very thinly spaced, hard rack, solid core SANDSTONE
with a sharp lower contact: Adelaide Subgroup.

Fracture 117.57m : slightly rough, wide separation, clean, Odeg.
Fracture 118.32m : slightly rough, wide separation, clean, Odeg.
Fracture 122.30m . slightly mugh, narrow separaton, clean, 5deg.
Vein 123.97m : closed separation, quartz filled, 85deg.

Fracture 125.75m : medium, narrow separation, clean, 80deg.

CONTRACTOR : Weppelmann Geotech. Drill. cc incLiNATION : 85deg at 126deg
2K DiAM : N

MACHINE : D
DRILLED BY : Justin
PROFILED BY : L Parfitt
TYPE SET BY : L Parfitt
SETUP FILE : BH-JG-A3 SET

DATE - 16 to 29 July 2014
DATE : July 2014

DATE : G7/1G:2014 10:37
TEXT : B19NBHFINAL\ZE19BHTS TXT

HOLE No: BH T5
| SheafRoli,

JOB NUMBER: 2819

ELEVATION : B14m
X-COORD: 31d17'28.6"S
Y-COORD : 28d58'31.5"E

HOLE No: BH TS

dotPLOT 7015 P8p?
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH TS ‘v Department of Water Affairs HOLE No: BH TS
Sheet 9 of 10 Laleni Dam and Hydroscheme Sheet 2 of 10

leffares & Green
JOB NUMSER: 2819 S e JOB NUMBER: 2819

- 126

a9 1 o1 127
128
12840
t Brownish grey, slightly weathered, fine grained, massive to |aminated, intensely to very thinly
t 129 spaced, hard rock, solid core SANDSTONE with laminations at 5 to 10deg and a sharp lower
£ contact: Adelaide Subgroup.
: Fracture 128.87m : slightly rough, narrow separation, clean, 20deg.
101 1 101 E 130 Vein 128.95m : closed separation, quartz filled, 60deg.
Fracture 131.64m : medium, wide, clean, 0deg.
Fracture 132.29m : medium, wide, clean, 5deg.
: Fracture 133.28m : slightly rough, narrow separaton, clean, 10deg.
131 Fracture 133.40m : medium, narrow separation, clean, ZOde%
f Fracture 133.43m : slightly rough, narraw separation, clean, 20deg.
)
99 5 98 L1s
3 135.43
Light grey speckled white and banded brownish grey, slightly weathered, fine to medium grained,
L 134 massive o laminated in places, intensely to very thinly spaced, hard rock, solid core SANDSTCONE
| X 13 laminations horizontal: Adelaide Subgroup.
1 3.9MPa H 6.9MPa P134.45-13072 gy Fracture 124.85m . medium, narrow separation, clean, Odeg.
135 Vein 135.84m : closed separation, quant?z filled, 80deg.
f Fracture 136.80m : slightly rough, narrow separation, clean, Odeg.
Fracture 139.07m : slightly rough, narrow separation, clean, 15deg.
: Fracture 145.26m : slightly rough, narrow separaton, filled with clay, 10deg.
99 2 99 L 136

Lar

136

101 1 101 39
140
141
DRIL | ERAC RQD | DIAMETRAL  AXIAL o ) TCs DEPTH 2 " ?
CONTRACTOR - Weppelmann Geotech. Drill. cc iNcLINATION : 85deg at 126deg ELEVATION : B14m
METH: i e % = i S MACHINE : D2K DiAM : N X-COORD: 31d17'29.6"S
- DRILLED BY : Justin DATE : 16 to 29 July 2014 Y-COORD - 28d58'31.5"E
PROFILED BY - L Parfitt DATE : July 2014 HOLE No: BH T5
TYPE SET BY * L Parftt DATE : 07/16:2014 10:31
SETUP FILE : BHIG-A3.SET TEXT : B19BMEINALI28T9BHTS TXT
DT JGI aPLOT 7015 PBp?

Fig D-9.9: Borehole Tunnel 5-Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH TS
Sheet 100f 10

JOB NUMSER: 2819

| 5BmPa

142

143

v Department of Water Affairs HOLE No: BH T5
Laleni Dam and Hydroscheme Sheat 100f 10

Jeffares & Green
e OB NUMBER: 2819

145.20

L 146

147

148

Brownish grey streaked dark grey, slightly weathered, fine grained, laminated, intensely lo very
thinly spaced, hard rock, solid core SANDSTONE with horizontal laminations and a sharmp lower
contact: Adelaide Subgroup.

146.4-14657m gy

Fracture 147 57m : slightly rough, wide separation, clean, Odeg.
Fracture 147.67m : slightly rough, wide separation, clean, Odeg.

14840
Light grey streaked dark grey, slightly weathered, fine grained, lami d to massive, i
L 149 very thinly spaced, hard rock, solid core, unfractu'ed SANDSTONE with horizental lammaﬁons:
: Adelaide Subgroup.
| 150
50.30
NOTES

DIAMETRAL  AXIAL Gs! ucs DEPTH
PLSI PLSI Scale
Is(50) 1(50) 175

100 0 100
101 1 101
100 2 100
100 0 100
DRILL % FRAC RQD
METH CORE FREQ %
REC.
DO6C Gt

Fig D-9.10: Borehole Tunnel 5- Log

1) End of hole at 150.30m.

2}Samples taken between 6.95-7.1m, 10.58--10.83m, 29.37--29.7m, 43.85-44.15m, 71.58-71.8m,
1.17--101.44m, 112.77-113.22m, 120.96--121.31m, 134.45--134.72 and 146.4--146.57m.

3) Water sample retrieved

4) Grout and redrill fracture zones at 3.0-6.95m, 6.95-17.37m, 41-44m, 50-53m

5) Water Pressure Tests: problems were expereinced due to bottom packers becoming jammed at
50m (fracture zone) and 110m. Single packers test undertaken at 17-150.3m: OLugeons,
23-150.3m: OLugeans, 37.5-150.3m. seepage through top packer at pressure of 500kPa.

6) Core orientation: 56.41m, 65.38m, 74.37m, 83.35m, 92.36m, 101.41m, 110.41m, 119.41m.

CONTRACTOR * Weppelmann Geotech. Drill. cc wcu~A110N Bsdeg at 126deg ELEVATION : B14m
MACHINE : D2K NQ X-COORD: 31d17'28.6"S
DRILLED 8Y - Justin DATE 16 to 29 July 2014 Y-COORD : 28d58'31.5"'E
PROFILED Y : L Parfitt DATE : July 2014 HOLE No: BH T5
TYPE SET BY : L Parftt DATE : G7/16:2014 10:31
SETUP FILE : BHAIG-A3.SET TEXT : G1MBHEINALL2819BHTS TXT

aOIPLOT 7015 PBpT

D-41

DIRECTORATE: OPTIONS ANALYSIS

OCTOBER 2014



FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN - I

LENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC
ocabon: 51 AP
Borehole No: s '===';:
Box Number. 1-60F 19 T
Depth Range f§ 0,00 |m o 150,30 |m! O =l ':E.. v

e UNE / AUG 2014

X 1 OF 19

X 2 OF 19

X 3 OF 19

R e y——

BOX 6 OF 19

Fig D-11.1: Borehole Tunnel 5-Box 1to 6
D -42
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN

ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC
mEEEEE
4 et )

ocaton || AL ENI (QUMB STERN CAPE
_Box Number. 20F 10

Decth ange 0.00 [ 1o B 150.30 [m
pate_|

\ s

Pt mypas—g—p w— e
B

P

ety e B

BOX 7 OF 18

h‘

' @
u ‘

BOX 8 OF 19

' , ot
L ---;-u’,-l.u-m .I
-

NI R R RS T

s e ERE r-—T-WM
BOX 9 OF 19

BOX 10 OF 19
jlerin:

P
. ._Mm,,..”_—_-—‘
— _/
I S T .

| - '_ - - - K
(L AT oy : -
e s S U . % NI o 3

BOX 12 0F 19
Fig D-11.2: Borehole Tunnel 5 -Box 7 to 12
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN . -
ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Driling CC

ocation:

A LUMB
Borehole No: 5
Box Number: 13-17 OF 19
Deotn Range § 0,00 m N0 Jl 15030 [
UNE / AUG 2014

bor
t‘\ﬁ

P S — -

¥ = 3

— -
~z e e ———

BOX 15 OF 19

4

T

g

o017

. A g : :

AV 4 AFan

Fig D-11.3: Borehole Tunnel 5 - Box 13
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

EFFARES & GREEN

LALENI DAM & HYDROPOWER SCHEME

Focsoon LA

® A
Borehole No:

LU IVIB
Deon rarge 0,00 T

UNE / AUG 2014

BOX 18 OF 19

DAV 40 NAC 10

Fig D-11.4: Borehole Tunnel 5—-Box 18to 19

Weppelmann Geotechnical Driling CC

EEEEEE
EEEE =m
EEEEN EEEEN
HEET EAR
EEEE IEEE
- o |
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Pressure due
Guage Pressure due . Test . .
to water height . Injected . . litres /
Pressure to Guage Pressure Duration Bottom Length of timein Lugeon
. above water Volume | Top Level : metre .
(Bars) Height (Bars) (Bars) (Seconds) Level hole minutes : Units
table (Bars) () /minute
A B c A+B+C
WPT 17 — 150.3m
1.55 0 0 1.55 600 103.9 17 150.3 133.3 10 0.0779 1
2.7 0 0 2.7 600 136.3 17 150.3 133.3 10 0.1023 0
3.85 0 0 3.85 600 142.4 17 150.3 133.3 10 0.1068 0
2.7 0 0 2.7 600 122.2 17 150.3 133.3 10 0.0917 0
1.33 0 0 1.33 600 110.4 17 150.3 133.3 10 0.0828 1
WPT 23 - 150.3m
2.1 0 0 2.1 600 123.8 23 150.3 127.3 10 0.0973 0
3.65 0 0 3.65 600 181.6 23 150.3 127.3 10 0.1427 0
4 0 0 4 300 196.1 23 150.3 127.3 10 0.154 0
3.65 0 0 3.65 600 168 23 150.3 127.3 10 0.132 0
2.1 0 0 2.1 600 116.5 23 150.3 127.3 10 0.0915 0
WPT 37.5 - 150.3m
34 0 0 3.4 600 141.6 375 150.3 112.8 10 0.1255 0
0 0 5 600 194 375 150.3 112.8 10 0.172 0
0 0 5 300 110 375 150.3 112.8 10 0.0975 0
0 0 0 375 150.3 112.8 10 0 0
3.4 0 0 3.4 600 150.9 375 150.3 112.8 10 0.1338 0
Mzimvubu Depth from top of embankment to water table (m)
Input Data i
Borehole No T5 Height of guage above top of embankment (m)
Table D-1:  Water Pressure Tests — Borehole T5
D - 46
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: BH T6 v Department of Water Affairs HOLE No: BH T6
Sheet 1 0f & Laleni Dam and Hydroscheme Sheet 10t 6
S — Jeffares & Green = ===
JOBNUMSER:2819 | R e e OB NUMBER: 2819
am Beige speckled white, highly weathered, medium grained, thinly bedded, medium jointed with friable

zones, soft rock, SANDSTONE, Adelaide Subgroup. Joints and bedding wide, oxide stained and
filled with reddish brown clayey sand gouge, rough.

NWD4 84 >20 25

308 . . .
Light beige banded grey, medium weathered, medium grained, medium bedded, medium jointed
with zones of more intense fracturing, soft rock, SANDSTONE, Adelaide Subgroup, bedding narrow,
stained, smooth. Joints wide, reddish brown clayey sand gouge filled, slightly rough.

106 >20 0

40 = — 410

Light grey to grey-brown biotched and speckled white, medium weathered, medium grained,
medium bedded, medium jointed with zones of more intense fracturing, medium hard rock,
SANDSTONE, Adelaide Subgroup. Bedding wide to narow, stained with thin gouge coatings,
slightly rough. Joints wide, reddish brown clayey gouge filled and oxide stained, slightly rough to
rough.

40 ;

B15

Light grey with dark brownish grey bands, slighty weathered, medium grained, thickly bedded,
medium jeined with zenes of close jointing, hard rock, SANDSTONE, Adelaide Subgroup.

Bedding parting: narrow, calcite coated, slightly rough at 8.15m, 8.49m, 8.68m.

Joint, high angle: calcte healed at 8.68m.

Joint, high angle: narrow, calcite coated, slightly rough at 8.7m.

Joint, high angle: very narrow to partially healed, oxide stained, slightly rough at 8.84m,

Jaint, high angle. narrow, calcite coated, sli ghﬂy rough at 8.98m.

Bedding: narrow, stained, slightly rough at 9.14m.

Parallel high angle joints 30 - 40mm apart: narow to wide, calcite coated, oxide stained, rough at
9.16 - 10.85m.

Joint, moderate angle: narrow, oxide stained, rough at 10.81m, 10.85m.

Joint, high angle: calcite healed at 11.48m.

Parallel high angle joints 20 - 30mm apart: wide, calcite coated, oxide stained, rough at 12.43m.
Joint: caleite healed at 12.78m.

Bedding parting: namow, oxide stained, rough at 12.83m.

99 3 47

1 Light %reg unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine sity SANDSTONE.

ggatngrey unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated

99 3 95
50

DRILL % ERAG RQD | DIAMETRAL| ~ AXIAL AR Gs! ucs DEPTH " contracTor Weppelmann Geotech. Drill. cc wcumnow 85degl3066eg ELEVATION : 726m
e iy FREG X f;‘;‘) it ok MACHINE : D2K NQ X-COORD: 31d17'33.6" S
L L5(50) - DRILLED 8Y - Justin Weppelmann mrz - August 2014 YV-COORD - 28d58'38.2" E
PROFILED 8Y : T Speirs DATE ; August 2014 r HOLE No: BH T6
TYPE SETBY - DATE : G7/16/2014 10:31
SETUP FILE : BH-JG-A3.SET TEXT : B OBHEINALI2G19BHTS TXT

Do6C  JGI dotPLOT 7015 P8p7

Fig D-12.1: Borehole Tunnel 6 — Log
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GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No- BH T6
| SeeaDfe. |

JOB NUMSER: 2819

Vi

leffares & Green

\» EERES

| 1554

15.69

16.79

| 17.00

1754

79t

| 71822

16.64

L1e
55
77
102 2 101
1
20
100 2 85
Tt
t 2
99 2 98
t 2
{25
101 4 91
Lo
100 2 92
%
i
DRIL = FRAC RGO | DAMETRAL— AXIAL R 5] TS| DEPTH
METH | come FREQ % PLS) PLSI Seale
REC Is(50) 1s(50) 175
BO6C S

Fig D-12.2:

Borehole Tunnel 6 — Log

1919

1% 61

w2

19.88

CONTRACTOR !
IAACHINE : D2K

- Justin Weppelmann DATE : August 2014

=T Speirs DATE : August 2014

TYPESETBY:

SETUP FILE :

DRILLED BY
PROFILED BY

Department of Water Affairs
Laleni Dam and Hydroscheme

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

HOLE o BH T6
L Sheet 20t 6

JOB NUMBER: 2819

%rey unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium lo fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light gray unweamered medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDST!

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light gney unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

L:gm grey, unweather;dTnéa;um gramed, thvtkiy bedded mdely mnted hardrock Iammated
SANDSTONE.

Brawmsh grey, unweathered, medium o hne grained, medlumtomnmy bedded mednum jointed,
medium hard to hard rock, fine sity SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fing Egrained. medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine Ié;naiﬂed. medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey unweathered medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTO

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey. unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed.
medium hard to hard rock, fine silty SANDSTONE.

Weppelmann Geotech. Drill. cc INCLINATION : 85deg / 306deg ELEVATION : T26m
DiAM : NQ

HOLE No: BH T6
DATE : G7/16:2014 10:31
BHJG-A3SET TEXT : _8198HFINALIZBIGBHTS TXT

X-COORD:31d17'33.6" S
Y-COORD : 28d58'38.2" E

IPLOT 7015 FBpT
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GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No- BH T6
...
JOB NUMSER: 2819

86 2 23

103 1 96

NQ

a7 1 95

102 1 100

100 1 100

)
33
=]

[ ss

37

Vi

Jeffares & Green

2163

2202

2271

2279

2396

2311

2325

i 40

2414

a1

42

Department of Water Affairs
Laleni Dam and Hydroscheme

Light grey, unwemhered medium grained, thickly bedded, widely jointed, hard rock, laminated
SAND

HOLE No: BH T6
| Sedtlus |

JO8B NUMBER: 2819

Brownish grey, unweathered, medium to fine érained. medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered medium grained, thickly bedded, widely jeinted, hard rock, laminated
SANDSTI

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine é;rsined, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,

medium hard to hard rock, fine silty SANDSTONE.

ugm grey. unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

ight grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
S DSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light %rey unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
DSTONE.

7]

L 45

{46

[ a7

ORILL % FRAC RQD DIAMETRAL  AXIAL
METH CORE FREQ % PLSI PLSI
REC.

15(50) 1s(50)

GS!

DosC JGi

Fig D-12.4: Borehole Tunnel 6 — Log

DEPTH
175

CONTRAGTOR *
HACHINE : D)
DRILLED BY *
PROFILED BY :

TYPESETBY -
SETUP FILE :

Brownish grey, unweathered, medium to fine grained, medium te thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Ighl grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained. thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

ELEVATION : 726m
X-COORD: 31d17'33.6" S
Y-COORD : 28d58'38.2" E

HOLE No: BH T6

Weppelmann Geotech. Drill. cc vcLINATION : 85deg / 306deg
DiAM:NQ

Justnn Weppelmann DATE : August 2014
T Speirs DATE : August 2014

DATE : G7/1G:2014 10:31

BH-JG-A3SET TEXT : _81NBHFINAL® BIXT

dotPLOT 7015 PBp?
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HOLE No: BH TB
Sheetd ot

Vi

Department of Water Affairs
Laleni Dam and Hydroscherne

HOLE tio: BH T6
Sheetdoffi

Jeffares & Green
JOR NuMEER: 2818 P Trr——— Jof NukaeR: 2819
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
7 G medium hard to hard rock, fine sitty SANDSTONE.
Light grey, unweathered, medium grained. thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
= 57.69
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
= medium hard to hard rock, fine sifty SANDSTONE.
7.7
G | 50 Light grey, unweathered, medium grained. thickly bedded. widely jented. hard rock, laminated
1 1 100 SANDSTONE.
3B.58
L Brownish grey. unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
Lo a medium hard ta hard rock, fina ity SANDSTONE.
1
Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
& SANDSTONE.
58 60
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine sitty SANDSTONE.
53 8.
100 3 100 Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
39.62
- 54 Brownish grey, unweathered, medium to fine grained, medium to thinfy bedded, medium jointed,
S medium hard to hard rock, fine sitty SANDSTONE.
b ss Light grey, unweathered, medium grained. thickly bedded. widely jented. hard rock, laminated
SANDSTONE.
0.0
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
86 medium hard to hard rock, fine sitty SANDSTONE.
100 1 100 4025
Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
s SANDSTONE.
57 4050
Brownish grey, unweathered, medium to fine grained, medium fo thinly bedded, medium jointed,
G medium hard ta hard rock, fine sitty SANDSTONE.
0.6
58
Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
42.5¢
101 2 99 L 59 Brownish grey, unweathered, medium to fine grained, medium to thiny bedded, medium jointed,
P medium hard to hard rock, fine sitty SANDSTONE.
2.87 - _
& Light grey, unweathered, medium grained. thickly bedded, widely jeinted. hard rock, laminated
E SANDSTONE.
4262
Brownish grey, unweathered, medium Lo fine grained, medium to thiny bedded, medium jointed,
61 P medium hard to hard rock, fine sitty SANDSTONE,
Light grey, unweathered, medium grained, thickly bedded, widely jeinted, hard rock, laminated
SANDSTONE.
a8 1 97 62 4376
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard ta hard rock, fine sity SANDSTONE.
4419
DRILL % FRAG ROD DIAMETRAL | AXIAL G GSI UGS DEFTH DR it 3 ” . 726m
METH CORE REG % PLel el Cisks ccmzzlg;lz‘ré : \gzeygpelmann Geatech. Drill. ¢o mCUNATION : B5deg / 306deg Eig/&g%: : ;TgT‘ISS G
REC. Is(50 Is{50) 175 Ry 5 & Puppoll
— GRILED 8Y : Justin Weppelmann OATE : August 2014 V-LOORD : 28d58'38.2"E
PROFILED 8Y: T Speirs OATE : August 2014
HOLE tio: BH T6
TYPE SETBY: DATE * 07/10/2074 16:21
SETUP FILE  BHAIG-A5 SET TEXT :  BIR@NFINALIZEIREHTE TXT
DINC JG! POPLOT 7615 F8p7

Fig D-12.4: Borehole Tunnel 6 — Log
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No:BH T v Department of Water Affairs HOLE No: BH T6
Sheet 5 of 6 Laleni Dam and Hydroscheme Sheet 5 of 6
— - Jeffares & Green -
JOB NUMSER: 2819 v ——— OB NUMBER: 2819

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine é]nained. medium te thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely jeinted, hard rock, laminated
SANDSTONE.

101 1 o7 [ s

Brownish grey, unweathered, medium to fine !?rained. medium to thinly bedded, medium jointed,
o medium hard to hard rock, fine silty SANDSTONE.

99 1 99

Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
47.18
Brownish grey, unweathered, medium to fine Egrained, medium to thinly bedded, medium jointed,
e medium hard to hard rock, fine silty SANDSTONE.

00 0 100

£ Light grey unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
i SANDSTONE.

Brownish grey. unwea\hered. mﬁdlum to line grained, medium to thinry bedded. medium ioimed. .
medium hard to hard rock, fine sxlty SANDSTONE.

‘ ngm grey. unweathered mednum gramed. thickiy bedded widely Jowmed hard rock lamcnated i
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light %my« unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
DSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light %rey ténweamered. medium grained, thickly bedded, widely jointed, hard rock, laminated
IDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard to hard rock, fine silty SANDSTONE.

Light grey, unweathered, medium grained, thickly bedded, widely |ointed, hard rock, laminated
SANDSTONE.

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
medium hard te hard rack, fine silty SANDSTONE.

Light grey. unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated

19
SANDSTONE.
£337

— -
DRILL % FRAC RQD [ DIAMETRAL | AXIAL RMR | GSI w3 REPTH CONTRAGTOR : Weppelmann Geotech. Drill. cc INGLINATION 85deg 1306deg ELEVATION : 726m
METH CORE FREQ % PLS) PLSI Scale TACHINE - D2K. DiAM - NQ X-COORD:31d17'33.6" S

REC. IS(50) ___Is(50) ! 1Y DRILLED 8Y - Justin Weppelmann DATE - August 2014 Y¥-COORD - 28d58'38.2" E
PROFILED BY : T Speirs DATE : August 2014 Mo BHTE

TYPESETBY: DATE : G7/1G2014 10:31
SETUP FILE : BH-JG-A3SET TEXT: 5 TXT

oosC JGI aNPLOT 7015 PBp7

Fig D-12.5: Borehole Tunnel 6 — Log
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HOLE No: BH TG
Sheet § of 6

JOB NUMSER: 2819

v Department of Water Affairs HOLE Mo BH T6
Laleni Dam and Hydroscheme Sheet 6 of 6

leffares & Green

DIAMETRAL  AXIAL
PLSI PLSI

1s{50) 1s(50)

ORILL % FRAC
METH CORE FREQ
REC.

Do6C  JGi

RIR

Gs!

Fig D-12.6: Borehole Tunnel 6 — Log

Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
T medium hard to hard rock, fine silty SANDSTONE.
Light %rey. unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
| s460
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
Lo medium hard to hard rock, fine silty SANDSTCNE.
Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
_— SANDSTONE.
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
s medium hard to hard rock, fine silty SANDSTONE.
Light grey. unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
| sae0
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
5 medium hard to hard rock, fine silty SANDSTONE.
Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
60:53
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
s medium hard to hard rock, fine silty SANDSTONE.
I Light grey, unweathered, medium grained, thickly bedded, widely jointed, hard rock, laminated
SANDSTONE.
R = - = = —_—
Brownish grey, unweathered, medium to fine grained, medium to thinly bedded, medium jointed,
s medium hard to hard rock, fine silty SANDSTONE.
NOTES
1) End of hole at 70.03m.
°§£L" CONTRACTOR : Weppelmann Geotech. Drill. cc INCLINATION : 85deg / 306deg ELEVATION : 726m
75 MACHINE : D2K DiAM : NQ X-COORD:31d17'336" S
DRILLED BY : Justin Weppelmann DATE : August 2014 Y-COORD : 28d58'38.2" E
PROFILED BY : T Speirs DATE : August 2014
HOLE No: BH T6
TYPE SET BY - DATE : G7/1G/2014 10:31
SETUP FILE : BH-IG-A3.SET TEXT: ™r

dotPLOT 7015 P8p?
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EFFARES & GREEN : e
ALENI DAM & HYDROPOWER SCHEME Weppelmann Geotechnical Drilling CC

-\

QUMB :
Borehole No 6
o roee] 0,00 R o
Date:_|

BOX5OF 9

Fig D-13.1: Borehole Tunnel 6 -Box 1to 5
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EFFARES & GREEN
LENI DAM & HYDROPOWER SCHEME

EN . C A £ AD
6 SaEmn m=m
6-90F9 [ 1 | i lllll
- . iR
mm ol 70.03 | - ’ = m
Dt IUUNE / AUG 2014

-
EA IR IEATHE R R W

BOXQOF; a
Fig D-13.2: Borehole Tunnel 6 —Box 6to 9
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HOLE No: BH T7
Sheet 10f2

JOB NUMSER: 2819

Vi

leffares & Green

Department of Water Affairs
Laleni Dam and Hydroscheme

HOLE Mo BH T7
Sheet 1 0f 2

Fig D-14.1: Borehole Tunnel 7 — Log

S P X %% sandstone BOULDERS with interstitial dark reddish brown SANDY CLAY.
50 nla 0
NXC
1
o7 nia 23 i
Greenish grey with dark grey interlaminations, medium to slightly weathered, medium grained, thinly
TNW 83 2 57 to medium bedded, closely jointed with zones of medium and very close jointing, medium hard rock,
2 SANDSTONE. Adelaide Subgroup.
Bedding planes narrow, stained, slightly rough.
Joints wide, clay gouge filled, slightly rough.
Pronounced subvertical joint, high angle approx. 75-80 degrees and inclined joint approx 60
degrees.
94 14 0
L3
T4
NwWD4
55 9 2
5
43 >20 12 I
6
Lz
TNW 74 14 31 S
: - 771
‘g — Dari dgrey. medium weathered, fine grained, thinly bedded to very thinly bedded in places, medium
jointed, medium hard rock, SILTSTONE. Adelaide Subgroup.
Bedding planes wide, gouge coated, smooth to slightly rough.
= Joints narrow, stained, smooth, approx 50 degrees.
51 13 18 1
T g ==
i 927
Greenish grey, slightly to unweathered, medium grained, medium to widely jointed / thickly bedded
with thinly bedded zones (silty interlaminations), medium hard to hard rock SANDSTONE Adefaide
Subgroup.
10 Joints narrow, stained, slightly rough.
NWD4 1] 3 89 Bedded zone 12.08 - 12.22m, wide, stained with peripheral alteration,
DRILL % HG: RaD. PLS) oS Ve LepTH; &= CONTRAGTOR - Weppelmann Geotech. Drill. cc INGLINATION ELEVATION : 498m
METH ooRe FRED) % 1s{50) S MACHINE : D45R DiAM : NX X-COORD: 31d 17'50.3" 8
DRILLED BY : Black Label DATE : JulfAug 2014 Y-COORD : 28d 59° 10.4" E
PROFILED BY : T. Speirs DATE : August 2014 [ ”
HOLE No: BH T7
TYPE SETBY - 8. Newton DATE : 07/16:2014 10:31
SETUP FILE : BH-IG-A3.SET TEXT : B19BHFINAL2GIGBHTT TXT -
D06 JGI atPLOT 7015 FEp7
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HOLE No:BH T7 v Department of Water Affairs HOLE No: BH T7
Sheei 20/ 2 Laleni Dam and Hydroscheme Sheet 20f 2
——————— Jeffares & Green = -

JOB NUMSER: 2819 v e OB NUMBER: 2819
| : 17
76 5 62 ‘
L12
- : 1269
120 15 87 ISP AP Dark gray, slightly weathered, fine grained, medium bedded, medium to closely jointed, medium
F '3131 hard rock SILTSTONE with calcareous pebble inclusions Adelaide Subgroup.
313 Joints and hedding planes wide. gouge coated, rough.
o
o
TNW 92 12 32 0501
£ ‘D::_ ! .11
Greenish grey, slightly to unweathered, fine grained, medium to widely jointed / thickly bedded with
e thinly bedded zones (silty interlaminations), medium hard to hard rock SILTY SANDSTONE.
) o Adelaide Subgroup. )
78 >20 2 P o2 of | Bedding narrow, stained, slightly rough.
| 0750l o Joints narrow, stained, slightly rough.
23):3 Dark grey, sIT%hﬁé weathered, fine grained, medium bedded, medium to closely jointed, medium
[T 0o hard rock SILTSTONE with calcareous pebblé inclusions. Adelaide Subgroup.
gj‘l Joints and bedding planes wide, gouge coated, rough.
NWD4 85 16 33 1 1o
[0 50
0]
o
12 2] 16.69
47 Grey, slightly weathered, fine to medium grained, thinly bedded, closely jointed, medium hard to
TNW 106 >20 16 F rock, SANDSTONE. Adelaide Subgroup.
qums and bedding planes wide, oxide stained, slighty rough to rough.
‘ 7.61
Greenish grey slghtly to unweathered, medium grained, medium jointed, medium to thinly bedded.
L18 hard rack SA ONE. Adelaide Subgroup.
100 8 56 Joints and beddmg narrow to wide, thin oxide and calcite coatings, slightly rough.
NWD4 | 19
[ Grey with dark grey laminations, unweathered, fine to medium grained, thinly bedded, medium
I jointed, medium hard rock, SANDSTONE.
Joints and bedding narrow, oxide stained, slightly rough.
100 10 58 % 1
f NOTES
1) End of hole at 20.61m.
2) Borehole dry
| 3) Water loss below 14.56m
DRILL %» AL L [ ues DeEPtH CONTRACTOR * Weppelmann Geotech. Drill. cc INGLINATION ELEVATION : 498m
eI oo #E9 % o S MACHINE - D4 DI - NX X-COORD : 31d 17" 50.3" S
- - DRILLED 8Y : Black Label DATE : JuliAug 2014 Y-COORD : 28d 59" 10.4"E
PROFILED BY : T. Speirs DATE : August 2014 Mo BHT7
TYPE SET BY : B. Newfon DATE : 07/10:2014 10:31
SETUP FILE : BHAJG-A3 SET TEXT : _B198HEINALI2RTIBHTT TXT
Do6C JG! aPLOT 7015 P87

Fig D-14.2: Borehole Tunnel 7 — Log
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EFFARES & GREEN
LALENI DAM & HYDROPOWER SCHEME

Weppelmann Geotechnical Driling CC

Borehole No: wmmEEE |
(I | gEen oxaes
Depth Rangel 0,00 |m ol 20,61 [m U, U . =

Q

UNE / AUG 2014

BOX 2 OF 3
o $z &

£ £ S T N >
&
=i

IROX 2 OF 3

Fig D-14: Borehole Tunnel 6 —Box 1to 3
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

CONTEST

Concrete Technology Services

P O Box 1675, Hillcrest, 3650, South Africa. Tel (031) 700 9394 (031) 700 9342
E-mail : ukhonkolo@contest.co.za

This report shall not be reproduced, except in full, without the approval of Contest

Ref: CJ 14/08/1005 27 August, 2014
Client: Jaffares & Green
Project: 2819: Laleni Dam & Tunnel
Order: Not Given
LABORATORY REPORT

TESTING OF ROCK CORES

1. CLIENT

1.1 Jeffares & Green (Pty) Lid, PO Box 794, HILTON,
Pietermaritzburg, 3201.

2. BRIEF FROM CLIENT

2.1 Contest was requested to determine the compressive strength of
eleven rock cores received.

3. SAMPLES

3.1 Eleven rock cores, referenced Q2, 5.89 - 6.09 Dolarite, Q3,
4.49-4.63 Dolorite, D2, 4.51-4.76 Dolorite, D3, 3.80-3.98
Sandstone, D4, 6.67-6.80 Dolorite, T2 50,77-50.93 Sandstone,
T2, 50,32 Dolorite, T2, 74,05 Dolorite, T4, 96, 13 Sandstone,
74,97,10 Dolorite, T4, 107.09 Dolrite by the client and 1005/1,
1005/2, 1005/3, 1005/4, 1005/5, 1005/6, 1005/7, 1005/8,
1005/9, 1005/10 and 1005/11 by Contest, were received on
12.08.2014.

4. TESTING

4.1 Eleven cores were tested on 18.08.2014 in accordance with
SANS 5865:2006.

5. INFORMATION SUPPLIED BY THE CLIENT

4.1 Site : Laleni Dam and Tunnel
4.2 Location : Not Given
4.3  Drilling contractor : Not given

Adam Investments cc. Reg. No 1988/019362/23 tia CONTEST Concrete Technology Services
Managing Member: A J M Horton Pr Tech (Eng), Dip ACT, HND (Chem), HNC (Civ. Eng),FICT, MSA Corr |
Members: MT Clark, JS Dunnett, MC Mzobe, RJL Raw B Tech (Civil Eng)
Page 1 of 4

Testing, Training and Consulting in Concrete E-3
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CONTEST

Concrete Technology Services

This report shall not be reproduced, except in full, without the approval of Contest

Ref: CJ 14/08/1005 27 August, 2014
Client: Jaffares & Green

Project: 2819: Laleni Dam & Tunnel

Order: Not Given

6. CORE PREPARATION
6.1 Testing of cores were carried out by our laboratories in
Westmead

5.2 The cores were measured as received; any significant details
recarded and then marked up for trimming.

5.3 The cores were photographed in surface dry and wet states.

5.4  After trimming to length the cores were weighed in air and water,
in order to determine the density.

7. RESULTS

7.1 See appended Annexure A and photographs.

W P

RJL RAW B Tech (Civil Eng)

Page 2 of 4
E-4
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

CONTEST

Concrete Technology Services

This repor: and any Annexures shall not be reproduced, except in full, without the written approval of Contest

ANNEXURE A
Client Jeffares & Green
Project 2819: Laleni Dam & Tunnel
Job Number CJ 14/08/1005
Date Cast Not Given
Date Tested 18.08.2014
Age, Day Not Given
Date Received 12.08.2014
Direction of Dilling Not Given
Report date 27.08.2014
Client Reference 02589-6.09 | 034.49-463 | D2451-4.76 | D3380-3.98 | D46.67-6.80 | T250.77-50.93
Contest Reference 1005/1 1005/2 1005/3 1005/4 1005/5 1005/6
DIMENSIONS
Max length {mm) 204 140 275 195 128 175
Min length {mm) 201 139 250 180 127 160
Diameter (mm) 51.28 51.20 60.08 51.06 60.11 47.06
Trim Length  (mm) 51.25 51.20 60.07 51.08 60.09 47.05
Capped length (mm) 51.25 51.20 60.07 51.08 60.08 47.05
Trim length/diameter 1.00 1.00 1.00 1.00 1.00 1.00
Cap length/diameter 1.00 1.00 1.00 1.00 1.00 0.00
REINFORCEMENT
Steel 1 Steel 1 Steel 1 Steel 1 Steel 1 Steel 1
Dist. from end (mm) 0.0 0.0 0.0 0.0 0.0 0.0
Diameter {mm) 0.0 0.0 0.0 0.0 0.0 0.0
Mass (@) 0.0 0.0 0.0 0.0 0.0 0.0
Steel 2 Steel 2 Steel 2 Steel 2 Steel 2 Steel 2
Dist. from end (mm) 0.0 0.0 0.0 0.0 0.0 0.0
Diameter (mm) a.0 0.0 0.0 0.0 0.0 6.0
Mass () 0.0 0.0 0.0 0.0 0.0 0.0
DENSITY
Mass inair  (g) 322.50 3227.00 456.90 270.30 450.50 219.50
Density (kg/m3) 2986 1071 2655 2531 2638 2680
Air Voids % 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTIONS
Length 1.00 1.00 1.00 1.00 1.00 1.00
Steel reinforcement 1.00 1.00 1.00 1.00 1.00 1.00
Air voids 1.00 1.00 1.00 1.00 1.00 1.00
LOADING
Load at failure (kN) 390.4 351.3 544.3 227 1 411.9 228.2
Failure mode normal normal normal normal normal normal
STRENGTH (MPa)
Uncorrected Strength 189.0 1706 192.0 110.9 145.2 131.2
Length corrected 189.0 170.6 192.0 110.9 145.2 131.2
Length/Steel corrected 189.0 170.6 192.0 110.9 145.2 131.2
JLengihioids/Stesl corrected 189.0 170.6 192.0 110.9 145.2 131.2
SABS 0100-2, Clause 14 4.2, states that: "At least THREE representative
cores shall be taken from each member or predetermined volume of
concrete in locations that are considered potentially deficient.”
If the core strengths given in this report are to be used for acceptance
in accordance with SABS 0100-2 (or any other specification with similar
requirements to those of SABS 0100-2) then the requirements must be
|complled with otherwise, acceptance based on core strengths
using the results given in this report, cannot be made.

This annexure must be read in conjunction with the complete report as Indicated by the page number.

- —
Oy B TP
W = W

RJL RAW B Tech (Civil Eng) Pg3of4 E-5
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CONTEST

Concrete Technology Services

This report and any Arnexures shall not be reproduced, exceptin full, without the written approval of Contest

ANNEXURE A
Client Jeffares & Green
Project Laleni Dam & Tunnel
Job Number CJ 14/08/1005
Date Cast Not Given
Date Tested 18.08.2014
Age, Day Not Given
Date Received 12.08.2014
Direction of Drilling Not Given
Report date 27.08.2014
Client Reference T2,50.32 | T2,7405 | T496,13 | 74,97, 10 | T4, 107, 09
Contest Reference 1005/7 1005/8 1005/9 1005/10 1005/11
DIMENSIONS
Max length {mm) 190 165 140 133 205
Min length (mm) 189 163 139 132 204
Diameter (mm) 47.05 47.10 47.04 47.31 47.08
Trim Length ~ (mm) 47.05 47.06 47.04 47.04 47.07
Capped length (mm) 47.05 47.06 47.04 47.04 47.07
Trim lengthidiameter 1.00 1.00 1.00 1.01 1.00
Cap length/diameter 1.00 1.00 1.00 1.01 1.00
REINFORCEMENT
Steel 1 Steel 1 Steel 1 Steel 1 Steel 1
Dist. from end (mm) 0.0 0.0 0.0 0.0 0.0
Diameter {mm) 0.0 0.0 0.0 0.0 0.0
Mass (g) ¢.0 ¢.0 0.0 0.0 0.0
Steel 2 Steel 2 Steel 2 Steel 2 Steel 2
Dist. from end (mm) .0 6.0 0.0 0.0 0.0
Diameter (mm) ¢.0 a.0 0.0 0.0 0.0
Mass (g9) 0.0 0.0 0.0 0.0 0.0
DENSITY
Mass inair  (g) 241.50 240.30 218.20 238.10 237.90
Density {(kg/m3) 2931 2923 2704 2921 2933
Air Voids % 0.00 0.00 0.00 0.00 0.00
CORRECTIONS
Length 1.00 1.00 1.00 1.00 1.00
Steel reinforcement 1.00 1.00 1.00 1.00 1.00
Air voids 1.00 1.00 1.00 1.00 1.00
LOADING
Load at failure (kN) 533.1 2547 184.6 2024 156.8
Failure mode normal normal normal normal normal
STRENGTH (MPa)
Uncorrected Strength 306.6 146.2 106.2 115.1 90.1
Length corrected 3066 146.2 106.2 115.1 901
Length/Steel corrected 306.6 146.2 106.2 1156.1 90.1
Lengh/VoidsiStesl corrected 306.6 146.2 106.2 115.1 90.1
ISABS 0100-2, Clause 14.4.2, states that: "At least THREE representative
cores shall be taken from each member or predetermined volume of
concrete in locations that are considered potentially deficient.”
If the core strengths given in this report are to be used for acceptance
in accordance with SABS 0100-2 (or any other specification with similar
requirements to those of SABS 0100-2) then the requirements must be
complied with otherwise, acceptance based on core strengths
using the results given in this report, cannot be made.

/é/‘z APy
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATI

ONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

CONTEST

Concrete Technology Services

P O Box 1675, Hillcrest, 3650, South Africa. Tel (031) 700 9394 (031) 700 9342
E-mail : confest@contest.co.za wwiw.coniest.co.za

This report shall not be reproduced, except in full, without the approval of Contest
The results relate only 1o the items tested

Ref: CJ 14/081018 27 August 2014
Client: Jeffares and Green
Project: Not Given
Order No: Not Given
LABORATORY REPORT
TESTING OF ROCK CORES
1. CLIENT
1.1 Jaffares & Green (Pty) Ltd, PO Box 794, HILTON,
Pietermaritzburg, 3201
2. BRIEF FROM CLIENT
2.1  Contest was requested to determine the compressive strength of
three rock cores on 15.08.14. These were tested in accordance
with SANS 5865:2006 for concrete.
3. SAMPLES
3.1 Three cores referenced, BHTS 29.37m-29.70m, BHT5 101.17m-
101.41 and BHT5 120.99-121.31m by the client and 1018/1,
1018/2, 1018/3 and 1018/4 by Contest were received on
15.08.2014.
4. SAMPLE INFORMATION SUPPLIED BY THE CLIENT
41 Site : Not Given
4.2 Location : Not Given
5. TESTING
5.1 Three cores were tested on 23.08.2014 in accordance with
SANS 5865:2006.
6. CORE PREPARATION

6.1 Testing of cores were carried out by our laboratories in
Westmead

Adam Invesiments cc. Reg. No 1988/019362/23 tfa CONTEST Concrete Technology Services
Managing Member: RJL Raw B Tech (Civil Eng)
Members: MT Clark, JS Dunnett, MC Mzobe, VA Horlon
Consultant: A J M Horton Pr Tech (Eng), Dip ACT, HND (Chem), HNC (Civ. Eng),FICT, MSA Corr |

Page 1 of 4

Testing, Training and Consulting in Concrete
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This report shall not be reproduced, excspt in full, without the approval of Contest

The results relate only fo the items tested

Ref: CJ 14/081018 27 August 2014
Client: Jeffares and Green
Project: Not Given

Order No: Not Given

6.2 The cores were measured as received; any significant details
recorded and then marked up for trimming.

6.3 The cores were photographed in surface dry and wet states.

6.4  After timming to length the caores were weighed in air and water,
in arder to determine the density.

6.5 Finally the cores were capped using sulphur mortar and soaked
for 48 hours in water prior to testing for compressive strength.

7. RESULTS
7.1  See appended Annexure A and photographs.

8. INTERPRETATION OF CORE COMPRESSIVE STRENGTH

8.1

8.2

8.3

If the core strengths given in this report are to be used for
acceptance in accordance with SABS 0100-2 (or any other
specification with similar requirements to those of SABS 0100-2)
then the requirements must be complied with otherwise,
acceptance based on core strengths using the results given in
this report, cannot be made.

Results given in the attached core report have been adjusted to
allow for the presence of transverse reinforcing bars, for
length/diameter ratios that fall outside the prescribed ratio and
for excess voids, when necessary. Adjustments have been
made in accordance with the guidelines given in SANS
5865:2006.

The following extract from SABS 0100-2: Edition 2.2:2000
should be used when assessing the acceptability of concrete
based on the compressive strength of cores. The extract is
reproduced with the kind permission of the SABS.

14.4.2 CORE TESTS
At least three representative cores shall be taken from

each member or predetermined volume of concrete in
locations that are considered potentially deficient.

144.3 ACCEPTANCE OF CONCRETE ON THE BASIS OF
CORE STRENGTHS

Page 2 of 4
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Ref: CJ 14/081018 27 August 2014
Client: Jeffares and Green
Project: Not Given

Order No: Not Given

8.4

14.4.3.1 If the average core sirength is at least 80% of the
specified strength (see 14.3.3), and if no single core
strength is less than 70% of the specified strength, the
concrete shall be accepted.

14.4.3.2 If the concrete in a certain area fails to comply with
14.4.3.1 because a single core result falls below 70%
of the specified strength, a further set of three cares
may be taken from the same area, to determine the
extent of deficient concrete. If the new set of three
cores complies with the requirements of 14.4.3.1, the
area represented by this second set of cores shall be
considered acceptable. If the new set of cores fails to
comply with the requirements of 144.31, 14433
applies.

14.4.3.3 If the concrete does not meet the acceptance criteria of
14.4.3.1 or 14.4.3.2, the following should be considered
in relation to the deficient part of the structure:

a) strength requirements for the member(s);

b) performance of a full scale load test as in clause 15

¢) strengthening of the deficient part of the structure;
and

d) removal and replacement of the deficient part of
the structure

The acceptance criteria given above are based on internationally
accepted norms and make allowance for the fact that concrete is
specified on the compressive strength of cubes. Cubes give an
indication of the potential strength of concrete as mixed, made and
cured under standard conditions. The strength of a core is subject
to the practical differences associated with the achievement of the
cube strength under site conditions and hence the lower strength
limits allowed in paragraph 14.4.3 of SABS 0100-2: Edition
2.2:2000.

%/7272/;%—

RJL RAW

B Tech (Civil Eng)
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CONTEST

Concrete Technology Services

Tres report and sy Annexurss anal nol be reprocozed, exceol i ull, winold the wellen approval of Contest
ANNEXURE A
Client Jeffares & Green
Project Not Given
Job Number CJ 14/081018
Date Cast Not Given
Date Tested 23.08.2014
Age, Day Not Given
Date Received 15.08.2014
Direction of Drilling Not Given
Report date 27.08.2014
Client Reference BITS 20.37m-20.70m |BHT5 101171014 1] BHT5 120.00m-121.31n]
Contest Reference 1018/1 101842 1018/3
DIMENSIONS
Max length (mm) 340 250 330
Min length {mm) 336 245 328
Diameter {mm) 47.26 47.19 47.13
Trim Length  (mm) 47.25 47.19 47.12
Capped length (mm) 47.25 4719 4712
Trim length/diameter 1.00 1.00 1.00
Cap length/diameter 1.00 1.00 1.00
REINFORCEMENT
Steel 1 Steel 1 Steel 1
Dist. from end (mm) 0.0 0.0 0.0
Diameter {mm) 0.0 0.0 0.0
Mass {9) 0.0 0.0 0.0
Steel 2 Steel 2 Steel 2
Dist. from end (mm) 0.0 0.0 0.0
Diameter {(mm) 0.0 0.0 0.0
Mass {9) 0.0 0.0 0.0
DENSITY
Mass inair  {g) 208 225 217
Density (kg/m3) 2541 2745 2648
Air Voids % 0.00 0.00 0.00
CORRECTIONS
Length 1.00 1.00 1.00
Steel reinforcement 1.00 1.00 1.00
Air voids 1.00 1.00 1.00
LOADING
Load at failure (kN) 2136 2275 3184
Failure mode normal normal normal
STRENGTH {MPa)
Uncorrected Strength 121.7 130.1 182.5
Length corrected 121.7 130.1 182.5
Length/Steel corrected 121.7 130.1 182.5
Length/Voids/Steel corrected 121.7 130.1 182.5

SABS 0100-2, Clause 14.4.2, states that: "At least THREE representative
cores shall be taken from each member or predetermined volume of
concrete in locations that are considered potentially deficient.”

If the core strengths given in this report are to be used for acceptance
in accordance with SABS 0100-2 {or any other specification with similar
requirements to those of SABS 0100-2) then the requirements must be
complied with otherwise, acceptance based on core strengths

using the results given in this report, cannot be made.
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DIFFRACTION ANALYSES
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UNIVERSITEIT VAN PRETORIA

UNIVERSITY OF PRETORIA
‘ ' YUNIBESITHI YA PRETORIA

Faculty of Natural and Agricultural Sciences

Faculty of Natural &
Agricultural Sciences
XRD & XRF Facility

Department of Geology
Pretoria 0002, South Africa

Direct Telephone: [012) £20-2722
Direct "elefax: {012) 342 5219
E-Mail:  wiebke.grote@us.ac.za
ntto:ffwwaveup.ac zafacademic/scierce

CLIENT: Jeffares & Green (Pty) Ltd

DATE: 15 September 2014

SAMPLES: 8 Samples

YOUR REFERENCE: 2819: LALENI DAM &TUNNEL

ANALYSIS: XRD and petrographic investigation of 8 core samples

TEST CONDUCTED
8 x Thin sections, 8 x XRD

After crushing and sampling with a riffle splitter, the representative samples were milled in a
tungsten carbide vessel and prepared for XRD analysis using a back loading preparation method
for qualitative & quantitative XRD.

The samples were analyzed using a PANalytical X'Pert Pro powder diffractometer with X'Celerator
detector and variable divergence- and receiving slits with Fe filtered Co-Ka radiation. The phases
were identified using X'Pert Highscore plus software.

One thin section of each sample was prepared and investigated under the microscope.

MACROSCOPIC DESCRIPTION:

Q2 6.24-6.36; T2 57.5-57.58; T4 97.23-97.31 and T4 115.97-116.06. Massive and fine grained
medium grey intrusive igneous rock with a distinct dolerite/basalt texture.

D3 3.61-3.75; T2 50.63-50.77; T4 96.04-96.13 and T5 112.77-113.22. Dense, finely laminated,
and very fine grained, light grey meta-sedimentary rocks (weakly metamorphosed siltstone).
8
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MICROSCOPIC DESCRIPTION:

Thin Section Description:
Sample name: Q2 6.24-6.36
Constituents:

Fine grained euhedral lath-shaped plagioclase crystals (~56%) intergrown by
clinopyroxene/diopside (~31%). Lesser quartz (~5%), muscovite (~6%) and minor hornblende
{~2%) are present. Traces of opague minerals might be present.

Description:

The section is dominated by generally lath-shaped fine grained feldspar {plagioclase) showing
albite twinning, and subhedral to anhedral clinopyroxene (diopside). The laths of plagioclase are
randomly orientated and the clinopyroxenes (augite) occupy a more interstitial position to the
plagioclase. The degree of alteration is relatively low. Hornblende and mica (muscovite) might be
alteration products.

Grain size data: 100 - 800 micron

Photomicrograph Q2 6.24-6.36: Cross polarized | Photomicrograph Q2 6.24-6.36: Cross polarized
light. 10x Magnification. light. 10x Magnification.

Sample name: D3 3.61-3.75
Constituents:

Fine grained quartz (~48%), plagioclase (~22%), microcline (~8%), muscovite {~7%), chlorite
(~8%) and laumontite (~7%).

Description:

The section is dominated by angular to subrounded quartz, plagioclase and microcline embedded
in a fine groundmass. The presence of the zeolite laumontite seems to be diagenetic (low grade
metamorphism).

E-20
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Grain Size: 100 — 500 micron

Photomicrograph D3 3.61-3.75: Cross polarized
light. 10x Magnification.

Photomicrograph D3 3.61-3.75: Cross polarized
light. 10x Magnification.

Sample name: T2 50.63-50.77

Constituents:

Extremely fine grained quartz (~42%), plagioclase (~19%), muscovite {~17%), microcline (~9%)

chlorite (~8%) and laumontite {~4%).

Description:

The sample is extremely fine grained. Optical study is hampered by the fine grain and is difficult to

distinguish between the various minerals.

Grain Size: <100 micron

Photomicrograph T2 50.63-50.77: Cross polarized
light. 10x Magnification.

Photomicrograph T2 50.63-50.77: Cross polarized |
light. 10x Magnification.
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Sample name: T2 57.5-57.58
Constituents:

Fine grained euhedral lath-shaped plagioclase crystals (~49%) intergrown by
clinopyroxene/diopside (~18%) and enstatite/orthopyroxene (~13%). Lesser quartz (~7%),
orthoclase (~5%). hornblende (~5%) and minor muscovite/mica (~3%) are present. Traces of
opaque minerals might be present.

Description:

The section is dominated by generally lath-shaped fine grained feldspar (plagioclase) showing
albite twinning, and subhedral to anhedral clinopyroxene (diopside). The laths of plagioclase are
randomly orientated and the diopside occupies a more interstitial position to the plagioclase. The
amphibole/hornblende and mica might be alteration products.

Grain size data: 100 - 1000 micron

Photomicrograph T2 57.5-57.58: Cross polarized | Photomicrograph T2 §7.5-57.58: Cross polarized
light. 10x Magnification. light. 10x Magnification.

Sample name: T4 96.04-96.13
Constituents:

Very fine grained quartz {~36%), plagioclase (~19%), muscovite (~19%), microcline {(~9%), chlorite
{~11%) and laumontite {~5.5%)

Description:

The sample is very fine grained. Optical study is hampered by the fine grain and is difficult to
distinguish between the various minerals.

Grain size data: <200 micron
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Photomicrograph T4 96.04-96.13: Cross polarized | Photomicrograph T4 96.04-96.13: Cross polarized
light. 10x Magnification. light. 10x Magnification.

Sample name: T4 97.23 - 97.31
Constituents:

Fine grained euhedral lath-shaped plagioclase crystals (~33%) intergrown by
clinopyroxene/diopside (~31%). Lesser orthoclase (~12%), prehnite (~13%) quartz (~6%),
actinolite/famphibole (~4%) and minor epidote {~1%) are present. Traces of opague minerals might
be present.

Description:

The section is dominated by generally lath-shaped fine grained feldspar (plagioclase) showing
albite twinning, and subhedral to anhedral clinopyroxene (diopside). The laths of plagioclase are
randomly orientated and the clinopyroxenes (diopside) occupy a more interstitial position to the
plagioclase.

Grain size data: 100 - 1000 micron

Photomicrograph T4 97.23-9.31: Cross polarized | Photomicrograph T4 97.23-9.31: Cross polarized
light. 10x Magnification. light. 10x Magnification.
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Sample name: T4 115.97-116.06
Constituents:

Fine grained euhedral lath-shaped plagioclase crystals (~51%) intergrown by
clinopyroxene/diopside {~25%) and microcline (~9%). Lesser quartz {(~4%), muscovite (~5%),
hornblende (~4%) and about 2% opaqgue minerals (iimenite) is present.

Description:

The section is dominated by generally lath-shaped medium to fine grained feldspar (plagioclase)
showing albite twinning, and subhedral to anhedral clinopyroxene (augite). The laths of plagioclase
are randomly orientated and the diopside occupy a more interstitial position to the plagioclase. The
hornblende and muscovite {mica) might be alteration products. The degree of alteration is quite
low.

Grain size data: 100 - 1000 micron

Photomicrograph T4 115.87-116.06: Cross | Photomicrograph T4  115.97-116.06:  Cross
polarized light. 10x Magnification. polarized light. 10x Magnification.

Sample name: T5 112.77-113.22
Constituents:

Fine grained plagioclase crystals (~40%), quartz (~38%), microcline (~9%), muscovite (~7%) and
lesser chlorite (~6%).

Description:

The section is dominated by angular to subrounded quartz, plagioclase and microcline embedded
in a fine groundmass. No laumontite was detected in this sample.

QGrain size data: 100 — 300 micron
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Photomicrograph TS5  112.77-113.22:
polarized light. 10x Magnification.

Photomicrograph T5  112.77-113.22:
polarized light. 10x Magnification.

Cross

The overall bulk composition of the sample estimated by quantitative XRD analysis using the
Rietveld method is as follows (3 o error = standard deviation):

D3 _3.61- Q2_6.24- T2_50.63-
3.75 6.36 50.77
30 30 30
weight% | error weight% | error weight% | error
Chlorite 844 | 1.11 | Diopside 31.42| 0.95 | Chlorite 9.4 0.87
Laumontite 6.64 | 1.35 | Hornblende 1.84 0.9 | Laumontite 3.67 1.14
Microcline 7.98 | 1.11 | Muscovite 563 | 0.72 | Microcline 9.1 0.99
Muscovite 6.92 | 0.81 | Plagioclase 56.31 1.11 | Muscovite 17.35 0.87
Plagioclase 21.66 | 1.14 | Quartz 4.8| 0.33 | Plagioclase 18.95 1.21
Quartz 4836 | 144 Quartz 41.54 1.06
T2_57,5- T4_96.04- T4 _97.23-
57.58 96.13 97.31 |
30 30 30
weight% | error weight% | error | weight% | error
Diopside 18.22 0.2 | Chlorite 11.3| 1.02 | Actinolite 4.25 0.54
Enstatite 12.86 | 0.96 | Laumontite 5.49 1.04 | Diopside 30.81 0.93
Hornblende 5.35 0.6 | Microcline 8.92| 0.99 | Epidote 1.03 0.54
Muscovite 272 | 057 | Muscovite 1945 0.9 | Orthoclase | 11.9 | 09
Crthoclase 4.82| 0.75 | Plagioclase 19.16 1.2 | Plagioclase 32.92 1.08
Plagioclase 49.03| 1.02 | Quartz 3568 | 1.08 | Prehnite 12.64 0.81
Quartz 7| 0.36 Quartz 6.45 0.39
T4 115.97- T5 112.77-
116.06 113.22
30 30
weight% | error weight% | error

E -
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Diopside 25.07 1.29 Chlorite 559| 0.72|
Hornblende 3.92 1.05  Laumontite 0 ]
limenite 1.99 0.9 Microcline 898 | 0.99
Microcline 8.94 | 0.87 Muscovite 6.95| 072
Muscovite 4.63| 0.66 Plagioclase 4047 | 117
Plagioclase 51.11 1.62  Quartz 38| 0.96
Quartz 4.34| 0.39

Ideal Mineral Composition:

Actinolite Ca2(Mg,Fe)5Si8022(0OH)
Chlorite {Mg.Fe)5AI(AISi3010)(OH)8
Diopside CaMgSi206
Enstatite MgSiO3
Epidote Al2Ca2MnSi3012 (OH)
Hornblende Ca2(Fe Mg )4Al(Si7A)O22(0CH,F)2
limenite FeTiO3
Laumontite CaAl25i4012(H20)2
Microcline KAISI3 O8
Muscovite  KAI2({OH)2AISi3010)
Orthoclase KAISI3C8
Plagioclase (Na,Ca){Si,Al)408
Prehnite Ca2Al{AISI3010){OH)2
Quartz Si02

EXECUTIVE SUMMARY:

e Samples Q2 6.24-6.36; T2 57.5-57.58; T4 97.23-97.31 and T4 115.97-116.06 are dolerite
or basalts. No smectite {(swelling clays) was detected. The prehnite in sample T4 97.23-

97.31 might be secondary or a hydrothermal mineral.

* The dolerite/basalt samples appear holocrystalline, relatively fresh and fine grained with an
ophitic texture and these samples seems to be fairly similar.

e Samples D3 3.61-3.75; T2 50.63-50.77; T4 96.04-96.13 and T5 112.77-113.22, vary
between very fine grained to extremely fine grained. These seem to be meta-sedimentary

rocks, which have undergone low grade metamorphism.

If you have any questions, kindly contact the laboratory.

Analyst:

-

Wiebke Grote
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CONTEST

Concrete Technology Services

P O Box 1675, Hillcrest, 3650, South Africa. Tel (031) 700 9394 (031) 700 9342
E-mail : coniest@coniest.co.za Web Page: www.contest.co.za

This report shall not be reproduced, except in full, without the approval of Contest
Ref: CJ14/08/1004 18 September 2014
Client: Jeffares & Green
Subject: Aggregate Testing Report

Project: Tsitsa River

Testing Report
CLIENT:

Jeffares & Green (Pty) Ltd, P O Box 794, HILTON, 3245

SYNOPSIS:

Contest carried out aggregate testing on five aggregate samples received as per
the client’s request.

BRIEF FROM CLIENT:
Contest was requested to carry out the following test and report the results;

Chloride Content

Grading

Organic Impurities

pH

Soluble deleterious Impurities
Soluble Sulphates

SAMPLES:

The following sample was received on 12.08.2014.

e Sand (S1 — Tsitsa River) (our lab ref1004/1)
e Sand (S2 - Tsitsa River) (our lab ref 1004/2)
¢ Sand (S3 — Tsitsa River) (our lab ref 1004/3)
e Sand (S4 — Tsitsa River) (our lab ref 1004/4)
¢ Sand (combined S1 — S4) (our lab ref 1004/5)
TESTS:
Test Test Method
Chloride Content SM SABS 830:1994
Grading SM SABS 829:1994

Adam Investments cc. Reg. No 1988/019362/23 tfa CONTEST Concrete Technology Services
Managing Member: RJL Raw B Tech (Civil Eng)
Members: MT Clark, JS Dunnett, MC Mzobe
Consultant: A J M Horton Pr Tech (Eng), Dip ACT, HND {Chem), HNC (Civ. Eng),FICT, MSA Corr |

Testing, Training and Consulting in Concrete
Page 1 of 6
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

This report shall not be reproduced, except in full, without the approval of Contest
Ref: CJ14/08/1004 18 September 2014
Client: Jeffares & Green

Subject: Aggregate Testing Report

Project: Tsitsa River
Organic Impurities SM SABS 832:1976
pH TMH 1 Method A 20
Soluble Deleterious Impurities SABS SM 834:1996
Soluble Sulphates Gravimetric
RESULTS:

See attached Appendix A for results
COMMENT:
Chloride Content:

The test results of the sample tested meets the requirements of SANS 1083:2006
which are given below;

Chloride Content, ' Type of Concrete: SABS (mass BS (mass %,
expressed as CI', %, as CI') of as Cl) of
mass percentage, sand combinec
max. aggregate:
Concrete for pre-stressing: 0.01 0.01

Concrete made with
supersulphated and

sulphated resisting cement - 0.03
Normal reinforced 0.03 0.05
concrete: -
Non-reinforced concrete: 0.08

The SABS limits are based on the mass of sand used, the BS limit on the total
aggregate. The aggregate tested met the SABS requirements and would meet the
BS limits for most concrete mixes.

Organic Impurities:
The colour of the test solution made with the aggregate sample (1004/5) was similar

in colour than that of the colour depth comparator. The sample is therefore unlikely to
have a sufficient quantity of visible organic impurities to negatively affect concrete
setting times or compressive strength.

RH:
Typical values for aggregates are between 6.5 and 10. The aggregate tested met
these requirements.

Soluble Deleterious Impurities:

The test method used was SABS 834:1994 except that instead of testing cubes at 7
days only, additional cubes were made for 28d testing in case any results at 7d
proved to be suspect. Compressive strength of cubes at 24 hours and 3 days was
carried out to determine any early age effect on the concrete strength.

Page 2 of 6
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

This report shall not be reproduced, except in full, without the approval of Contest
The results relate only to the items tested
Ref: CJ14/08/1004 18 September 2014
Client: Jeffares & Green
Subject: Aggregate Testing Report

Project: Tsitsa River

SABS 1083 requires that the strength developed at 7 days by the cubes made with
the unwashed sand must be at least 85% of the cubes made with the washed
aggregate.

The test sample met this requirement, giving a result of 97.5 %.

Soluble Sulphates:
The commentary on SABS 1083:1994 states that it is difficult to define a limit to the

level of sulphate or sulphide that can be regarded as tolerable in aggregate.

SABS 0100-2:1990 limits the total water-soluble sulphate content of concrete to 4% of
the mass of cement.

The test results given above for the sample tested would be within this limit for most
concrete mixes.

The sand did not meet the grading requirements for SANS 1083:2006.

1083 =Sand (S1) Sieve Size | Cumulative % passing |
100 {mm) Limits Sample
90 67 | | 100
80 4.750 90 -100 100
0 o 2.360 100
60 .% 1.180 100
50 @ 0.600 100
40 & 0.300 99
30 =% 0.150 5-25 43
20 0.075 0-5* 9.5
10 * 0 - 10 crushed rock
75 150 4750 ’ RD 0.00
Sieves | LBD 0
— a= Lover = a= Upper CBD 0
w—— &0 ¥EM77 0.58
VOIDS #DIV/0!
Page 3 of 6
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

This report shall not be reproduced, except in full, without the approval of Contest

Ref: CJ14/08/1004

Client: Jeffares & Green

Subject: Aggregate Testing Report
Project: Tsitsa River

18 September 2014

The sand did not meet the grading requirements for SANS 1083:2006.

1083 - SAND (S2)

150
Sieves

- e Lower e @= Upper

—_—

4750

100

83388

e > B
o O O

% Passing

Sieve Size | Cumulative % passing |

{mm) Limits Sample
6.7 100

4.750 90 - 100 100
2.360 100
1.180 100
0.600 100
0.300 99
0.150 5-25 60
0.075 0-5* 16.9

*0 - 10 crushed rock

RD 0,00

LBD 0

CBD 0

FM 0.42

VOIDS #DIV/0!

The sand met the grading requirements for SANS 1083:2006, except for the 0.150mm

sieve size.

1083 - SAND (S3)

75

150 4750

Sieves

o= e Lower
gy S and

= @@= Upper

100

8888

O = A G
[~ S F - B - |

% Passing

Sieve Size Cumulative % passing |
{mm) Limits Sample
6.7 100

4.750 90 - 100 100
2.360 99
1.180 97
0.600 93
0.300 69
0.150 5-25 3
0.075 0-5* 0.2

*0 - 10 crushed rock

RD 0.00

LBD 0

CBD 0

FM 139

VOIDS #DIV/0!
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Ref:
Client:
Subject:

Project:

This report shall not be reproduced, except in full, without the approval of Contest

The results relate only to the items tested

CJ14/08/1004
Jeffares & Green
Aggregate Testing Report

Tsitsa River

18 September 2014

The sand did not meet the grading requirements for SANS 1083:2006.

1083 - SAND (S4)

100

cC2B8E&B8&:z828
% Passing

Sieves

- = Lower = M= Upper

g S and

Sieve Size Cumulative % passing
{mm) Limits Sample
6.7 100
4.750 90 - 100 100
2.360 100
1.180 100
0.600 100
0.300 100
0.150 5-25 68
0.075 0-5* 21.6

*0 - 10 crushed rock

RD 0.00
LBD 0
CBD 0
FM 0.32
VOIDS #DIV/0!

The sand did not meet the grading requirements for SANS 1083:2006.

1083 - COMBINED (51-54)

100
90
80
70
80
50
a0
30
20
10

assing

%

Sieve Size Cumulative % passing |
{mm) Limits Sample
6.7 100

4.750 90 - 100 100
2.360 100
1.180 99
0.600 99
0.300 93
0.150 5-25 46
0.075 0-5* 12:2

*0 - 10 crushed rock

RD 0.00

LBD 0

CBD 0

FM 0.63

VOIDS #DIV/O!

Page 5 of 6
E-32

DIRECTORATE: OPTIONS ANALYSIS

OCTOBER 2014



FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

This repoert shall not be reproduced, except in full, without the approval of Contest
Ref: CJ14/08/1004 18 September 2014
Client: Jeffares & Green
Subject: Aggregate Testing Report

Project: Tsitsa River

Y

R J L Raw
B Tech (Civil Eng)
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

CONTEST CONCRETE TECHNOLOGY SERVICES

CONTEST

Concrete Technology Services

APPENDIX A

RJLRAW
B Tech (Civil Eng)

Client: Jeffares & Green Sample number
1004/1 J 1004/2 1004/3 I 1004/4 l 1004/5 |
Job no. CJ14/08/1004
51 | 52 59 | e I COMBINED (S51 $¢) |
Tests Aggregates
Chloride content (%) = = - - 0.01
Grading See reporl See reporl See report See report See reporl
Qrganic impurities - - - - similar to reference
pH = - - = 7.86
Soluble deleterious impurities - - - - see below
Soluble sulphates (mgie) - - - - <10
Soluble deleterious impurities
Sample Age Unwashed Washed Unwashed as a % of
washed
24 hr 15 1.5 100
Combined Sand 3d 4.4 5.0 88
7d 7.8 8.0 97.5
28d
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GEOTECHNICAL INVESTIGATIONS : LALINI DAM AND HYDROPOWER SCHEME : APPENDICES

E4.

INDICATOR AND COMPACTION TESTING
— CORE AND SHELL MATERIALS
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Street, Booysens Reserve, Johannesburg 2091 (Sanas

| | |
PO Box 82223, Southdale 2135 . : Ia b

Tel: +27 (0)11 835 3117+«Fax: +27 (0)11 835 2503

E-mail: jhb@civilab.co.zasWebsite: www.civilab.co.za Civil Engineering Testing Laboratories
Client . JEFFARES & GREEN CONSULTING ENGINEERS Client Reference
Address : POBOX1109 Order No. : Jaco Oliver

: SUNNINGHILL

2157

Attention Date Received ;. 12/08/2014
Facsimile : 011807 1607 Date Tested : 12/08/2014 - current
E-mail . chettyn@jgi.co.za Date Reported o 22/09/2014
Project : Mzimvubu Water Project

Project No. : 2014-B-1687
Page : 1 of 14

Herewith please find the test report(s) pertaining to the above project. All tests were conducted in accordance with
prescribed test method(s). Information herein consists of the following:

Test(s) conducted / ltem(s) measured Qty. Test Method(s) Authorized By Page(s)
Atterberg Limits < 0.425mm 22.000 TMH1 A2, A3, A4 J Marques 212
Sieve Analysis 0.075mm (Mass Grading) | 22.000 TMH1 A1 J Marques 2-12
Hydrometer Analysis 22.000 ASTM D422 J Marques 2-12
MDD & OMC 2.000 TMH1 A7 J Marques 13-14

Any test results contained in this report and marked with * in the table above are "not SANAS accredited” and are not included in the schedule of
accreditation for this laboratory.

Any information contained in this test report pertain only to the areas and/or samples tested. Documents may only be reproduced or published in
their full context.

While every care is taken to ensure that all tests are camied out in accordance with recognised standards, neither Civilab (Proprietary) Limited nor
its employess shall be liable in any way whatsoever for any etror made in the execution or reporting of tests or any erronecus conclusions drawn
therefrom or for any consequences thereof.

All interpretations, Interpolations, Opinions andfor Classifications contained in this report falls outside our scope of accreditation.

The following parameters, where applicable, were excluded from the classification procedure: Chemical modifications, Additional fines, Fractured
Faces, Scluble Salts, pH, Conductivity, Coarse Sand Ratio, Durability (COLTO: G4-G39).

The following parameters, where applicable, were assumed: Rock types were assumed to be of an Arenaceous nature with Siliceous cementing
material.

Unless otherwise requested or stated, all samples will be discarded after a pericd of 3 months.

Deviations in Test Methods:

Civilab (Proprietary) Limited. Registration No: 1998/019071/07
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Street, Booysens Reserve, Johannesburg 2091 (Sanas

- -
PO Box 82223, Southdale 2135 —— c lVl Ia b

Tel: +27 (0)11 835 3117«Fax: +27 (0)11 835 2503

E-mail: jhb@civilab.co.zasWebsite: www.civilab.co.za Civil Engineering Testing Laboratories
Client : JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project ; Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. : 2 of 14

FOUNDATION INDICATOR
Laboratory Number 1 @ 2 =m
Eiald Number CTP 1 CTP 2 - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 11-2.4 1.0-1.9 . 50 "t
» ] / -+~
Position £ 450} ! > il I
X E’ Very High // T /
Coordinates v % 30
= High!—
o = 20
Description g Medium_ -
3 10
Aditional Information 0
Calcrete / Crushed 1} 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (%) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a)
75.0 mm 100 100 ol
= 63.0 mm 100 100 ¥ ao | A
= 53.0 mm 100 100 2 vl
= 37.5 mm 100 100 2 1 /
o 26.5 mm 100 100 g ¢ /
S 19.0 mm 100 100 8 5 | L] |
g =z i /
b 13.2 mm 100 100 1
g 4.75 mm 98 929 10 e
g 2.00 mm 97 95 /
0.425 mm 96 92 0
0.075 mm 81 74 0 10 20 30 40 50 60 70 80 90 100
Grading Modulus 0.26 0.39 Liquid Limit
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 78 71 |Laboratory Number | 1 <] 2 m]
ko) g’ 0.040 mm 74 65 Atterberg Limits - TMH1 Method A2, A3 & A4
§ g 0.020 mm 67 56 Liquid Limit % 50 36
ce 0.006 mm 58 41 Plasticity Index % 26 19
o 0.002 mm 55 34 Linear Shrinkage % 12.0 95
Gravel % 3 5 Overall Pl % 25 17
Sand % 19 24 Classlfications
Silt % 23 37 HRB A-7-6(20) A-6(12)
Clay % 55 34 Unified CH CL
Weston Swell @ 1 kPa
100 ., __,f:h:: — e w i
80 : - L@ T
o = L
é 60 P = -
& 40— o= H]] T ] — M —et
o
£ —-—2
o | | |
8 0 |
G
o 0001 0.01 0.1 1 10 100
o~ Fine Medium l Coarse Fine l Medium Coarse Fine l Medium I Coarse
33 Silt Sand Gravel
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Street, Booysens Reserve, Johannesburg 2091

PO Box 82223, Southdale 2135
Tel: +27 (0)11 835 3117+Fax: +27 (0)11 835 2503
E-mail: jhb@civilab.co.zasWebsite: www.civilab.co.za

fsanas

T0062

Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 221092014
Project No 2014-B-1687 Page No. 3 of 14

FOUNDATION INDICATOR

I';?et?grst’on?bz?mber CT?I; 2 L] CTA;3 3 __ & POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 1.9-2.8 0.825 . 50 ”d
= 8 / ]
osition £ 40 o L |
. % %‘ Very High // ‘///
Coordinates s 30
ok g High 7
E_ - g -
Description g Medium_ -
3 10 —
Aditional Information i
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
MOiStUre Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1{a) /
75.0 mm 100 100 i 7
& 63.0 mm 100 100 ¥ 49 | A
'~ 53.0 mm 100 100 T vl
a 375mm| 100 100 E P 4
o 26.5 mm 100 100 £ /
S 19.0 mm 100 100 8 5 r ]| |
£ 13.2 mm 100 100 o /
o] 4.75 mm 29 100 10 7/
3_‘: 2.00 mm 97 100 /
0.425 mm 94 100 0
0.075 mm 75 a0 0 10 20 30 40 50 60 70 80 S0 100
Grading Modulus 0.34 0.1 Liquid Limit
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 72 87 |Laboratory Number | 3 <] 4 m|
g = 0.040 mm 67 82 Atterberg Limits - TMH1 Method A2, A3 & A4
§ 2 0.020 mm 62 76 Liquid Limit % 47 52
s e 0.006 mm 53 59 Plasticity Index % 28 30
o 0.002 mm 48 51 Linear Shrinkage % 12.5 12.5
Gravel % 3 Overall Pl % 26 30
Sand % 25 13 Classifications
Silt % 24 36 HRB A-7-6(20) A-7-6(20)
Clay % 48 51 Unified Cl. CH
Weston Swell @ 1 kPa
100 Q T B = = - =
80 ,Jr”"/ o'/""ff- :
£ 60 | BE L I U o 4
@ &f-’f:“.a T
a 40 g
&
.'.g 20 —a—4
g 0
7
a  0.001 0.01 0.1 1 10 100
tan Fine I Medium I Coarse Fine ] Medium I Coarse Fine I Medium I Coarse
Ry Silt Sand Gravel
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Street, Booysens Reserve, Johannesburg 2091

PO Box 82223, Southdale 2135
Tel: +27 (0)11 835 3117«Fax: +27 (0)11 835 2503
E-mail: jhb@civilab.co.za«Website: www.civilab.co.za

fsanas

T0062

Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. 4 of 14

FOUNDATION INDICATOR

Laboratory Number 5 ® 6 m
Field Number cTP 4 CTP 4 - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 0.4-1.0 1.01.8 . 50 P
- 3 P
Position £ 40 ] i - |
X %‘ Very High // T /
Coordinates v £ 30
o %
L et 7’/ T
Description T Medium - i
3 10
Aditional Information 8
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a)
75.0 mm 100 100 o il ] 7
s 63.0 mm 100 100 ¥ a0 LA
c 53.0 mm 100 100 2 v
a 375mm| 100 100 B % yd
o 26.5 mm 100 100 8 - /
S 19.0 mm 100 100 8 o yﬁ
£ 13.2 mm 100 100 . 1
g 4.75 mm 99 100 10 e
8 2.00 mm 94 100 /
0.425 mm 91 99 0
0.075 mm 76 84 0 10 20 30 40 50 60 70 80 90 100
Grading Modulus 0.39 0.17 Liquid Limit
Hydrometer Analysis - ASTM Method D422
e 0.060 mm 73 81 |Laboratory Number | 5 <] 6 m|
g 0.040 mm 66 76 Atterberg Limits - TMH1 Method A2, A3 & A4
§ o 0.020 mm 56 69 Liquid Limit % 43 48
5 & 0.006 mm 46 58 Plasticity Index % 22 25
o 0.002 mm 41 55 Linear Shrinkage % 9.5 10.5
Gravel % 6 Overall Pl % 20 25
Sand % 21 19 Classifications
Silt % 32 26 HRB A-7-6(16) A-7-6(20)
Clay % 41 55 Unified CL CL
Weston Swell @ 1 kPa
100 — _’):—, T i = =
80 D e
o | 1A
£ 60 =TT —
8 4 +——1TH
g il
£ 2 —e—6
c
g 0
G
o 0.001 0.01 0.1 1 10 100
i Fine l Medium I Coarse Fine ] Medium I Coarse Fine I Medium I Coarse
= Silt Sand Gravel
E -39
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Street, Booysens Reserve, Johannesburg 2091 (Sanas

= =
PO Box 82223, Southdale 2135 c Ia b
T0062 IVI

Tel: +27 (0)11 835 3117+Fax: +27 (0)11 835 2503

E-mail: jhb@civilab.co.zasWebsite: www.civilab.co.za Civil Engineering Testing Laboratories
Client : JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project ; Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. : 5 of 14
FOUNDATION INDICATOR
Laboratory Number 7 @ 8 m
Field Number CTP 5 CTP 6 - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 1125 1027 . 50 P
- 3 - i
Position B=RT, Y N I | ) //,
%’ Very High — /
Coordinates v £ 30
o <
= - High
Description T Medium_ | -
3 10
Aditional Information o
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1{(a) [
75.0 mm 100 100 < il ] 7
23 63.0 mm 100 100 ¥ 4 | A
£ 53.0 mm 100 100 g |
2 37.5mm| 100 100 B P
o 26.5 mm 100 100 7 - /
S 19.0 mm 100 100 8 2 47¢_
£ 13.2 mm 100 100 - A
8 475 mm 100 100 10 v
g 2.00 mm 100 100 /
0.425 mm 100 100 0
0.075 mm 88 83 0 10 20 30 40 50 60 70 80 80 100
Grading Modulus 0.12 0.17 Liquid Limit
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 83 79 |Laboratory Number | 7 <] 8 mj
E¢) g 0.040 mm 73 72 Atterberg Limits - TMH1 Method A2, A3 & A4
§ @ 0.020 mm 66 67 Liquid Limit % 41 44
se 0.006 mm 53 59 Plasticity Index % 21 24
o 0.002 mm 43 41 Linear Shrinkage % 8.0 115
Gravel % Overall Pl % 21 24
Sand % 17 21 Classifications
Silt % 40 38 HRB A-7-6(19) A-7-6(20)
Clay % 43 41 Unified CL CL
Weston Swell @ 1 kPa
100 ) — » - -
80 e 2
- _,;F"‘/
£ 60 e —
= 40 & —e—7
o
£ 2 ——3
o | | |
g 0
E
o 0.001 0.01 0.1 1 10 100
i Fine I Medium I Coarse Fine Medium Coarse Fine ] Medium I Coarse
e Silt Sand Gravel
E - 40
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Street, Booysens Reserve, Johannesburg 2091

PO Box 82223, Southdale 2135
Tel: +27 (0)11 835 3117«Fax: +27 (0)11 835 2503
E-mail: jhb@civilab.co.za«Website: www.civilab.co.za

fsanas

T0062

Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. 6 of 14
FOUNDATION INDICATOR
Iﬁ?et:;grszon?bt;l?mber CTgP - - F.:S 1 _ - POTENTIAL EXPANSIVENESS
Client Reference /
Depth (m) 0.7-2.5 0.2-0.7 5 B0 >
O
Position = 40 }— | ///_
7 X ‘E Very High // AT L]
Coordinates v £ 30
] o
E - High =]
Description T Medium - o
3 10
Aditional Information § r
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizinwent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (%) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a)
75.0 mm 100 100 ol 7
s 63.0 mm 100 100 ¥ 4 | A
£ 53.0 mm 100 100 e |
2 37.5mm| 100 92 E %
a 26.5 mm 100 81 g * /
& 19.0 mm 100 69 8 5 7 |
g 132mm| 100 66 - = 7
8 475 mm 99 54 10 ,/
8 2.00 mm 97 45 /!
0.425 mm 94 38 0
0.075 mm 81 30 0 10 20 30 40 50 60 70 80 90 100
Grading Modulus 0.28 1.87 Liquid Limit
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 77 28 |Laboratory Number | 9 <] 10 = |
82 0.040 mm 70 25 Atterberg Limits - TMH1 Method A2, A3 & A4
§ @ 0.020 mm 63 21 Liquid Limit B % 47 37
sa 0.006 mm 55 19 Plasticity Index % 24 18
o 0.002 mm 42 11 Linear Shrinkage % 10.5 9.5
Gravel % 3 55 Overall Pl % 23 7
Sand % 20 17 Classifications
Silt % 35 17 HRB A-7-6(20) A-2-6(1)
Clay % 42 11 Unified CL GC
Weston Swell @ 1 kPa
100 T R remE — e b * * ﬁ/
80 "//4;—%"'——’_-‘-‘
2 & T =TT =
© L 1 |
t 40 O 1111 [ g
g 2 —— S aiad —a—10
r 0
G
o 0.001 0.01 0.1 1 10 100
G Fine l Medium I Coarse Fine ] Medium I Coarse Fine l Medium I Coarse
i Silt Sand Gravel
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES
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Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. 7 of 14
FOUNDATION INDICATOR
Laboratory Number 11 @ 12 =m
Field Number FTP 3 FTP 4 - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 1.0-1.6 0.2:0.9 y 5 >
Position T 14(
X 2 Very High // /
. Q
Coordinates v £ 30
o =
X 4 High{—
Description g Medium - s
3 10 .
Aditional Information g 5]
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a)
75.0 mm 100 100 ol L
& 63.0 mm 100 94 ¥ 40 | A
L 53.0 mm 98 20 E v
é 37.5mm| 93 81 o P i
%—) 26.5 mm 86 67 %
o 19.0 mm 77 54 8 g b e s
£ 13.2 mm 77 51 - //
g 4.75 mm 68 38 10
S 2.00 mm 61 33
0.425 mm 55 30 0 y
0.075 mm 49 16 0 10 20 30 40 50 60 70 80 890 100
Grading Modulus 1.35 2.21 L
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 41 15 |Laboratory Number | 11 O 12 m|
ke _g’ 0.040 mm 30 13 Atterberg Limits - TMH1 Method A2, A3 & A4
§ & 0.020 mm 26 11 Liquid Limit % 26 29
5 § 0.006 mm 20 9 Plasticity Index % 12 11
o 0.002 mm 14 6 Linear Shrinkage % 6.0 6.0
Gravel % 39 67 Overall Pl % 4 3
Sand % 20 18 Classifications
Silt % 27 9 HRB A-6(3) A-2-6(0)
Clay % 14 6 Unified GC GC
Weston Swell @ 1 kPa
100 [ —
| =
80 1 LI " / 1
> | ,Ar-'-"'f. /'
é 60 : T g
x40 ¥ Ek | |-
3 L S A =11 .
£ 2 o = T —a—12
§ 0 — T
& 0001 0.01 0.1 1 10 100
o Fine l Medium I Coarse Fine I Medium I Coarse Fine I Medium l Coarse
4 Silt Sand Gravel
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135
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T0062

Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. 8 of 14
FOUNDATION INDICATOR
Iﬁ?et?grstuor;ybt;lrumber F':g 6 - F'I‘!; 7 » - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 1.4-1.9 0.6-0.9 5 50 P
Position & gl ,4(
X oy Very High // P
Coordinates v 2 30
o o
E - High —
Description g Medium S
3 10 w4
Aditional Information b r
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (%) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a)
75.0 mm 100 100 i P
= 63.0 mm 100 100 ¥ 40 | A
e 53.0 mm 100 96 B |
g 37.5mm| 79 90 %5 P
o 26.5 mm 63 74 £ & /
S 19.0 mm 47 63 8 o a il [ ] |
£ 13.2 mm 44 60 - /
8 4.75 mm 32 49 10 ,/
o 2.00 mm 27 44 /
0.425 mm 24 41 0
0.075 mm 18 27 0 10 20 30 40 50 60 70 8 90 100
Grading Modulus 2.31 1.88 Liquid Limit
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 18 26 |Laboratory Number | 13 O 14 m |
a2 0.040 mm 17 25 Atterberg Limits - TMH1 Method A2, A3 & A4
§ 2 0.020 mm 14 23 Liquid Limit % 45 37
P & 0.006 mm 13 17 Plasticity Index % 26 22
o 0.002 mm 11 15 Linear Shrinkage % 12.0 10.0
Gravel % 73 56 Overall PI % 6 9
Sand % 9 18 Classifications
Silt % 7 11 HRB A-2-7(0) A-2-6(1)
Clay % 11 15 Unified GC GC
Weston Swell @ 1 kPa
100 ‘
: | e
v I (Vi
2 &0 | I
g } =TT
.‘;: 40 1 == LT - —+—13
- . 1T —
g;’ 20 ___:__?_._J__:’_ :‘_: T P = —s—14
s o '
o  0.001 0.01 0.1 1 10 100
i Fine I Medium I Coarse Fine I Medium I Coarse Fine I Medium I Coarse
i Silt Sand Gravel
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Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 221092014
Project No 2014-B-1687 Page No. 9 of 14

FOUNDATION INDICATOR

Laboratory Number 15 @ 16 =
Field Nu r:wyb — FTP O FTP 10 - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 0.4-0.6 0.2-0.6 x50 P
Position ) 1//‘{
X %’ Very High // T /
Coordinates v £ 30
m o
E - High —]
Description g Medium_ -
3 10 —
Aditional Information i s
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizingﬂent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a) /
75.0 mm 100 100 il P
=3 63.0 mm 92 100 E a0 | A
£ 53.0 mm 90 100 = v
@ 37.5mm| 79 86 % V.
o 26.5 mm 71 76 S /
S 19.0 mm 64 65 8 5 o
g 13.2 mm 58 62 5 = IV.d
o 4.75 mm 47 53 10 ,/
8 2.00 mm 39 49 /
0.425 mm 34 46 0
0.075 mm 24 26 0 10 20 30 40 50 60 70 80 80 100
Grading Modulus 2.03 1.79 Liquid Limit
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 23 25 |Laboratory Number | 15 @] 16 o |
@ ‘E” 0.040 mm 21 22 Atterberg Limits - TMH1 Method A2, A3 & A4
§ 2 0.020 mm 18 19 Liquid Limit % 36 32
5 & 0.006 mm 17 16 Plasticity Index % 18 15
o 0.002 mm 12 12 Linear Shrinkage % 9.5 7.5
Gravel % 61 51 Overall Pl % 6 7
Sand % 16 24 Classifications
Silt % 11 13 HRB A-2-6(1) A-2-6(1)
Clay % 12 12 Unified GC GC
Weston Swell @ 1 kPa
100 =
80 1/0
£ & | o P
8 P s 90 5
A ® — T — = 10
g 2 mipmmm = == —a—16
S 0
G
o 0.001 0.01 0.1 1 10 100
o Fine I Medium I Coarse Fine I Medium I Coarse Fine I Medium I Coarse
= Silt Sand Gravel
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PO Box 82223, Southdale 2135
Tel: +27 (0)11 835 3117«Fax: +27 (0)11 835 2503
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T0062

Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. 10 of 14

FOUNDATION INDICATOR

Laboratory Number 17 @ 18 ®m
Field Number FTP 11 FTP 12 - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 0.2-0.7 0.3-0.6 5 50 L~
Position & gl 14(
£ Very High / /
; X G /
Coordinates v % 30
o g
a - High —
Description g Medium_ i
3 10
Aditional Information g d
Calcrete / Crushed 4} 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
MOiSlure Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a)
75.0 mm 100 ol P
& 63.0 mm 96 ¥ 49 |
£ 53.0 mm 90 2 |
a 37.5 mm 77 5 % P4
o 26.5 mm 64 £ /
S 19.0 mm 51 Boogd L1111 1 Ll [ L L1
g £ =% /
£ 13.2 mm 50 7
g 475 mm 39 10
K 2.00 mm 29
0.425 mm 22 0 y
0.075 mm 17 0 10 20 30 40 50 60 70 80 S0 100
Grading Modulus 2.32 Liquid Limit
Hydrometer Analysis - ASTM Method D422
) 0.060 mm 17 |Laboratory Number | 17 @] 18 m |
=2 )
8 0.040 mm 16 Atterberg Limits - TMH1 Method A2, A3 & A4
§ a 0.020 mm 13 Liquid Limit % 29 37
s e 0.006 mm 10 Plasticity Index % 11 19
o 0.002 mm 8 Linear Shrinkage % 5.5 10.0
Gravel % 71 Overall Pl % 8 4
Sand % 12 Classifications
Silt % e} HRB A-2-6(0)
Clay % 8 Unified GC
Weston Swell @ 1 kPa
100 I
. e
2 60 =
1 o
4 11 Cat-T
E’ 0 N1 - = —e—17
g a0 — _.J—"Fji’"‘—_ )__r-.—H— —a—18
i [ |
@
o 0.001 0.01 0.1 1 10 100
oy Fine I Medium I Coarse Fine I Medium I Coarse Fine I Medium I Coarse
= Silt Sand Gravel
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Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS  Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. 11 of 14

FOUNDATION INDICATOR

Laboratory Number 19 @ 20 W
Field Number FTP 13 FIP 5 - POTENTIAL EXPANSIVENESS
Client Reference
Depth (m) 0.3-0.6 0.6-1.1 . 50 7
Positi 2 A
osition £ 4 |- 4//,
> X %’ Very High |- /
Coordinates £ 30
X a :
E’ - High =
Description g Medium - -
3 10 'S
Aditional Information g ﬂ
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizinwent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1{a)
75.0 mm 100 100 - P
s 63.0 mm 100 98 ¥ 4 | A
£ 53.0 mm 97 98 B vl
g 37.5mm| 86 88 B % P4
o 26.5 mm 77 73 S /
S 19.0 mm 65 65 8 o NP 4 ||
£ 13.2 mm 65 62 - /
@ 475 mm 53 55 10 _ 7/
gs 2.00 mm 47 47 7
0.425 mm 42 39 0
0.075 mm 26 22 0 10 20 30 40 50 60 70 80 90 100
Grading Modulus 1.85 1.92 ki Lt
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 25 20 |Laboratory Number | 19 | 20 m|
a2 0.040 mm 24 16 Atterberg Limits - TMH1 Method A2, A3 & A4
§ @ 0.020 mm 22 14 Liquid Limit % 35 28
Se 0.006 mm 17 11 Plasticity Index % 19 12
o 0.002 mm 15 9 Linear Shrinkage % 9.5 6.5
Gravel % 53 53 Overall Pl % 8 s
Sand % 22 27 Classifications
Silt % 10 11 HRB A-2-6(1) A-2-6(0)
Clay % 15 9 Unified GC GC
Weston Swell @ 1 kPa
100 7 G
o 80 ‘/!
£ 60 BN e
2 =87
o 40 e oo S o _—
g’ -9 :-“-"4:_/{‘ ®
,'..; 20 g N —— —a—20
g |
[
o 0.001 0.01 0.1 1 10 100
i Fine I Medium I Coarse Fine ] Medium I Coarse Fine l Medium I Coarse
o Silt Sand Gravel
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T0062

Civilab

Civil Engineering Testing Laboratories

Client JEFFARES & GREEN CONSULTING ENGINEERS Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No 2014-B-1687 Page No. 12 of 14
FOUNDATION INDICATOR
Laboratory Number 21 & 22 =m
Field Number CTP:Mix | FTP :Mix 86 T
Client Reference
Depth (m) x % "
Position S 1?(
X 2 Very High // P
Coordinates v £ 30
£ 4 High &
Description g WMedium - s
3 10
Aditional Information g .|
Calcrete / Crushed 0 10 20 30 40 50 60 70 80
Stabilizing Agent Clay Fraction of Whole Sample
Moisture Content & Relative Density-TMH1 Metod A12T
Moisture Content (0/0) PLASTICITY CHART
Relative Density (S.G.) 60
Sieve Analysis (Wet Preparation) - TMH1 Method A1(a)
75.0 mm 100 100 ol L
& 63.0 mm 100 100 ¥ 40 | A
L 53.0 mm 100 98 B v
é 37.5mm| 100 89 o P i
o 26.5 mm 100 77 £ *
S 19.0 mm 100 62 8 0 g ]
£ 13.2 mm 100 56 - m /
g 4.75 mm 99 40 10 ,/
g 2.00 mm 97 34 /
0.425 mm 93 29 0
0.075 mm 78 20 0 10 20 30 40 50 60 70 80 80 100
Grading Modulus 0.32 2.17 EXuis Lot
Hydrometer Analysis - ASTM Method D422
o 0.060 mm 75 19 |Laboratory Number | 21 O 22 m|
ke 2 0.040 mm 70 17 Atterberg Limits - TMH1 Method A2, A3 & A4
§ 2 0.020 mm 61 13 Liquid Limit % 47 33
5 & 0.006 mm 46 11 Plasticity Index % 25 16
o 0.002 mm 35 9 Linear Shrinkage % 10.5 8.5
Gravel % 3 66 Overall Pl % 23 5
Sand % 22 15 Classifications
Silt % 40 10 HRB A-7-6(20) A-2-6(0)
Clay % 35 9 Unified Gl GC
Weston Swell @ 1 kPa
100 T pameE - * * @
L ;_,JV‘:'H i Pl
g 60 = il ; =
@ 14 \ A
- ot [l I i e 21
g 2 = ——22
g o
o 0.001 0.01 0.1 1 10 100
" Fine l Medium I Coarse Fine I Medium I Coarse Fine I Medium l Coarse
i Silt Sand Gravel
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36 Fourth Street, Booysens Reserve, Johannesburg 2091 tsanas

) =
PO Box 82223, Southdale 2135 ' : Ia b
10062 IVI

Tel: +27 (0)11 835 3117«Fax: +27 (0)11 835 2503

E-mail: jhb@civilab.co.zasWebsite: www.civilab.co.za Civil Engineering Testing Laboratories
Client ; JEFFARES & GREEN CONSULTING EBN Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No: 2014-B-1687 Page No. 13 of 14

MOISTURE DENSITY RELATIONSHIP
Laboratory Number 21
Field Number CTP :Mix
Client Reference
Depth (m)
Position
Coordinates )Y(

Description

Additional Information

Calcrete / Crushed
Stabilizing Agent

Maximum Dry Density & Optimum Moisture Content - TMH1 Method A7

Compactive Effort: Standard Proctor
Dry Density kg/m? 1523 1561 1591 1570 1536
Moisture Content % 18.4 20.4 224 24 4 26.4
Max. Dry Density  kg/m? 1591
Optimum Moisture % 226
) e e e e e e
1590

1670 // \
1560 ‘\\\\
1650 | \
o / N

1530 — ——

Dry Density (kg/m?)

1520

1510

17 18 19 20 21 22 23 24 25 26 27

Moisture Content (%)
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36 Fourth Street, Booysens Reserve, Johannesburg 2091 ‘tsanas
PO Box 82223, Southdale 2135 = -
Tel: +27 (0)11 835 3117+Fax: +27 (0)11 835 2503

- Givilab

E-mail: jhb@civilab.co.zasWebsite: www.civilab.co.za Civil Engineering Testing Laboratories
Client 2 JEFFARES & GREEN CONSULTING EN Date Received: 12/08/2014
Project Mzimvubu Water Project Date Reported: 22/09/2014
Project No: 2014-B-1687 Page No. : 14 of 14

MOISTURE DENSITY RELATIONSHIP

Laboratory Number 22
Field Number FTP :Mix
Client Reference
Depth (m)
Position

X

Coordinates
Description
Additional Information

Calcrete / Crushed
Stabilizing Agent

Maximum Dry Density & Optimum Moisture Content - TMH1 Method A7

Compactive Effort: Standard Proctor

Dry Density kg/m?® 1802 1959 2028 1994 1917
Moisture Content % 6.1 8.1 10.1 121 14 .1

Max. Dry Density  kg/m?® 2030

Optimum Moisture % 10.5

2040

2020

2000 \

1980

1960

1940

Dry Density (kg/m®)

1920 11—

1900

1880 -

5 6 7 8 9 10 11 12 13 14

Moisture Content (%)

15
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36/38 Fourth Street, Booysens Reserve, Johannesburg 2091

PO Box 82223, Soulhdale 2135 Civil ab

Tel: +27 (0)11 8353117«Fax; +27 (0)11 835 2503

Email: jhb@civilab.co.za*Websile: www.civilab.co.za Civill Engineering Testing Laboratories
Analyses on Potentially Dispersive Soils

Project Name MZIMVUBU WATER PROJECT Lab. No. 1687-21

Job Number 2014-B-1687 Client/Field No. CTP : MIX

Date Received 20/10/2014 Depth (m) -

Pinhole Test in accordance with 6.2 of BS 1377:Part 5:1990

Parameters of Test Sample

Fraction tested Compacted ka/m® Bulk
Liquid Limit % Density |"9™ [ Dry
Plastic Limit % Moisture Content (%)
Plasticity Index % Hole size after test (mm)
Head (mm) 50 ‘ 180 380 . 1020
Time (min) 112 |3|4|5]|6|7|8|9[10]11/12|13]|14|15]|16|17|18[19[20|21|22|23|24|25
Flow Rate (ml/sec) ‘ ‘
Effluent Water - ‘
Symbol: | PC-Perfectly Clear | C-Clear | SD-Slightly Dark | MD-Moderately Dark | D-Dark VD-Very Dark
4 Dispersive Grade Versus Flow Rate
3
g
@
@
T 2
P
©
5 1
3 THInjl
[TH |
R S :
c 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Test Time (minutes)
Dispersive Grade Index Classification of test sample
Dispersive Intermediate Non-dispersive
B Di|— D2 Il ND455% ND3|%%% ND2|N"\ NDi Not tested

Crumb Test in accordance with 6.3 of BS 1377:Part 5:1990
[Reagent used | |

Dispersive Grade Index Classification of test sample
1Non-dvslpersnvc2 5 Dlspelrswe . Not tested
Double Hydrometer Test in accordance with 6.4 of BS 1377:Part 5:1990
| ---8--- Dispersed —e— Undispersed | Dispersive Grade Index
Exract from the U.S, Deparment ot Agricultur: Soil
100. Conservation service: Scil Mechanics Note No. 13 {1991)
o 9. 5 .
£ 5. |spfr510n Class
@ 70. = Yo
& 60 ] . ;
% 50: b 4'.«-" 1 <30 Non-Dnsperswg
e 40. ¥ Intermediate (additional
3 30. /"/ R tests recommended)
@ 20. 4
™ 10. v [ >60 Dispersive
0. r—
0.001 0.01 oA 1 Classification of test sample
Particle Size (mm) 18 (Non-Dispersive)

Remarks: These methods may not be suited to materials where the clay content < 10% and plasticity index < 4. Hydrometer tests are done in
accordance with ASTM D422 and interpreted according to BS 1377: Part 5.

Civilab (Praoprietary) Limited
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36/38 Fourth Street, Booysens Reserve, Johannesburg 2091 - -

P O Box 82223, Southdale 2135 clv.lab
Tel: +27 ()11 835-3117 » Fax: +27 (0)11 8352503

E-mail: jhb@civilab.co.za « Website: www.civilab.co.za Civil Engineering Testing Laboratories

Falling Head Permeability Test Results

Project: MZIMVUBU WATER PROJECT
Project No: 2014-B-1687 |Dale: 21/10/2014
Lab. Field Depth Moisture Contents | Dry density Kg/m® Coefficient of Permeability (m/s)
Sample Sample (m) Before | After [ | .. As Range P—
Reference Reference Test (%) | Test (%) tested | Minimum | Maximum
1687-21 CTP : MIX - 22.0 25.2 1567 1573 | 2.5E-08 | 3.0E-08 | 2.7E-08
Remarks: Sample remoulded to 98% Proctor.

Saturated and tested under a load of 100kPa.
Densities reported are under a load of 100kPa.

Civilab (Pty) Limited Reg'straten No: 1998/019071/07
BRANCHES: CENTURION « JOHANNESBURG « RUSTENBURG

FallingHead-2014-B-1687
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135 Civilab
Tel:+27 (0)11 835 3117

E-mail: jhb@civilab

s in Webaias R I a— Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  1687-21
Field Sample Number: CTP - Mix Depth (m): E
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,8
Remarks: A Consolidated Drained teston a remoulded sample tested saturated.
SATURATION DATA Test No. 1
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa):  50.70.100.100,100... Differential pressure (kPa): 10.0

Final cell pressure

(kPa): 353.0 Final back pressure (kPa): 343.0 Final B parameter: 0.99

CONSOLIDATION DATA

[Effective cons. Stress (kPa): 195.4 1100 (minutes): 16 Side drains fitted: Yes

| Height | Diameter | Area | Moisture DryDensity Void | Saturation| Specific
mm mm mm®  [Content % kg/m* Ratio % Gravity

INITIAL (Before saturation) | *100.81 *50.05 1967.42 242 1521 0.7742 84 _

CONSOLIDATED 99.15 49.22 1902.68 263 = 1600 = 0.6867 103 Determined

FINAL (After shear) 79.52 5417 2304.94 245 1646 0.6396 103

Initial pore pressure (kPa): 533.6 Final pore pressure (kPa): 348.9 PWP dissipation (%): 97

*. Measured dimensions; all other dimensions are calculated.

SHEAR DATA

Rate of strain (%/hour): 0.50

Initial pore pressure (kPa): 347.6 Initial effective stress (kPa): 195.4

Failure Criterion:

Parameters at failure:

Max. Deviator Stress

Axial strain (%): 17.19 Volumetric strain (%): 2.73

Deviator stress (kPa): 285.9 | Principle Stresses (kPa)

Excess pore pressure (kPa): 15.5 a1 ot a3 o3
Effective principle stress ratio: 2.590 481.3 465.8 195.4 179.8

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135 Civilab

Tel:+27 (0)11 835 3117
E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number. ~ 1687-21
Field Sample Number: CTP - Mix _Depth (m): -
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,8
Remarks: A Consolidated Drained teston a remoulded sample tested saturated.
SATURATION DATA Test No. 2
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa):  50,70,100,100,100... Differential pressure (kPa): 10.0
Final cell pressure (kPa). 353.0 Final back pressure (kPa): 343.0 Final B parameter: 0.99
CONSOLIDATION DATA
[Effective cons. Stress (kl-Da): 396.7 1100 (minutes): 324 Side drains fitted: Yes
I - Height | Diameter | Area Moisture Dry Density Void | Saturation| Specific
mm mm mm® |Content % kg/m® Ratio % Gravity
INITIAL (Before saturation) | *100.03 *50.03 1965.85 255 1519 0.7756 89 BB
CONSOLIDATED 9749 | 4874 1865.85 267 | 1645 0.6401 | 113 Ditanminad
FINAL (After shear) 84.32 51.50 2082.96 246 1701 0.5859 113
Initial pore pressure (kPa): 342.7 Final pore pressure (kPa): 345.8 PWP dissipation (%): 97
*: Measured dimensions; all other dimensions are calculated.
SHEAR DATA
Rate of strain (%/hour): 0.09
Initial pore pressure (kPa). 346.3 Initial effective stress (kPa): 396.7
Parameters at failure:
Failure Criterion: Max. Deviator Stress
Axial strain (%): 12.77 Volumetric strain (%): 3.37
Deviator stress (kPa): 585.0 [ Principle Stresses (kPa)
Excess pore pressure (kPa): -6.0 a1 o1 o3 o3
Effective principle stress ratio: 2.452 981.7 987.7 396.7 402.8

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135 Civilab

Tel:+27 (0)11 835 3117

E-mail: jb@civilab.co.za Website: www.civilab.co.za Civil Engineering Testi

ng Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number: 1687-21
Field Sample Number: CTP - Mix _ Depth (m): -
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,8
Remarks: A Consolidated Drained teston a remoulded sample tested saturated.
SATURATION DATA Test No. 3
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa).  50.70.100.100,100... Differential pressure (kPa): 10.0
Final cell pressure {(kPa). 353.0 Final back pressure (kPa): 343.0 Final B parameter: 0.97

CONSOLIDATION DATA

[Effective cons. Stress (kPa): 802.1 t100 (minutes): 400 Side drains fitted: Yes

i | Height | Diameter | Area | Moisture DryDensity Void | Saturation| Specific |
mm mm mm® _ |Content% _ kg/m® Ratio % Gravity

INITIAL (Before saturation) | *100.57 *50.03 1965.85 237 1534 0.6655 91 .

CONSOLIDATED 96.74 48.09 1816.28 225 | 1732 | 04754 121 Btatrvinii

FINAL (After shear) 86.64 50.07 1969.24 20.8 1778 0.4373 122

Initial pore pressure (kPa): 339.0 Final pore pressure (kPa): 345.0 PWP dissipation (%): 100

*. Measured dimensions; all other dimensions are calculated.

SHEAR DATA

Rate of strain (%/hour): 0.05

Initial pore pressure (kPa): 338.9 Initial effective stress (kPa): 802.1

Parameters at failure:

Failure Criterion: Max. Deviator Stress

Axial strain (%): 10.01 Volumetric strain (%): 2.85

Deviator stress (kPa): 1037.7 [ Principle Stresses (kPa)

Excess pore pressure (kPa): -1.1 o1 o1 a3 o3

Effective principle stress ratio: 2.292 1839.8 1840.9 802.1 803.2

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135
Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 _|Laboratory Number: 1687-21
Field Sample Reference: CTP - Mix Depth (m): -
Effective Shear Strength Parameters
Stresses Cohesion (kPa) Internal friction (Degrees)
Total 22.6 22.3
Effective 27.9 22.0
Effective Shear Strength - Mohr circles at failure
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091 = =
PO Box 82223,Southdale 2135 Civilab
Tel:+27 (0)11 835 3117

E-mail: jab@civilab.co.za Website: www.civilab.co.za Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number: 1687-21
Field Sample Reference: CTP - Mix Depth (m): -
Consolidation vs Square Root Time
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135 Civilab

Tel:+27 (0)11 835 3117
E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  B-1687-21
Field Sample Number: CTP - Mix N _ Depth (m): e
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,7
Remarks: A Consolidated Undrained test on a remoulded sample tested saturated.
SATURATION DATA Test No. 1
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa):  50.70.100,100,100... Differential pressure (kPa): 10.0
Final cell pressure {(kPa). 353.0 Final back pressure (kPa): 343.0 Final B parameter: 0.97

CONSOLIDATION DATA

[Effective cons. Stress (kPa): 199.6 1100 (minutes): 64 Side drains fitted: Yes

[ | Height | Diameter | Area Moisture Dry Density ~ Void | Saturation | Specific
mm mm mm? Content % kg/m3 Ratio % Gravity

INITIAL (Before saturation) | *100.74 *49.96 1960.36 23.0 1543 0.7487 83 ——

CONSOLIDATED 98.92 49.05 1889.65 259 = 1631 = 0.6541 107 Bitarivia

FINAL (After shear) 85.29 52.82 2191.64 259 1630 0.6552 106

Initial pore pressure (kPa): 537.8 Final pore pressure (kPa): 351.7 PWP dissipation (%): 100

*. Measured dimensions; all other dimensions are calculated.

SHEAR DATA

Rate of strain (%/hour): 0.30

Initial pore pressure (kPa): 346.4 Initial effective stress (kPa): 199.6

Parameters at failure:

Failure Criterion: Max. Effective Principle Stress Ratio

Axial strain (%): 8.17

Deviator stress (kPa): 124.7 Principle Stresses (kPa)

Excess pore pressure (kPa): 144.0 [ o1 o1 o3 o3

Effective principle stress ratio: 3.246 3243 180.3 199.6 55.5

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135 CiV“ab

Tel:+27 (0)11 835 3117
E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  B-1687-21
Field Sample Number: CTP - Mix Depth (m): 2
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,7
Remarks: A Consolidated Undrained test on a remoulded sample tested saturated.
SATURATION DATA Test No. 2
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa):  50,70,100,100,100... Differential pressure (kPa): 10.0
Final cell pressure (kPa): 343.0 Final back pressure (kPa): 333.0 Final B parameter: 0.99
CONSOLIDATION DATA
[Effective cons. Stress (kﬁa): 3971 t100 (minutes): 81 Side drains fitted: Yes
e ) S Height | Diameter | Area | Moisture Dry Density Void |Saturation| Specific
mm mm mm®  |Content% _ kg/m® Ratio % Gravity
INITIAL (Before saturation) *100 *50 1963.50 232 1550 0.7409 85 i
CONSOLIDATED 9713 | 4854 1850.78 241 1696 05910 | 110 Betamined
FINAL (After shear) 80.69 53.26 2227.83 241 1693 0.5939 109
Initial pore pressure (kPa): 728.9 Final pore pressure (kPa): 343.1 PWP dissipation (%): 100
*: Measured dimensions; all other dimensions are calculated.
SHEAR DATA
Rate of strain (%/hour): 0.30
Initial pore pressure (kPa). 341.9 Initial effective stress (kPa): 397.1
Parameters at failure:
Failure Criterion: Max. Effective Principle Stress Ratio
Axial strain (%): 8.79
Deviator stress (kPa): 257.6 | Principle Stresses (kPa)
Excess pore pressure (kPa): 256.8 a1 o1' o3 o3’
Effective principle stress ratio: 2.836 654.7 397.9 3971 140.3

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091
PO Box 82223,Southdale 2135

Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  B-1687-21
Field Sample Number: CTP - Mix _Depth (m):

This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4, 5 6, 7

Remarks: A Consolidated Undrained test on a remoulded sample tested saturated.

SATURATION DATA Test No. 3

Saturation method: Alternating increments of cell- & back pressure

Pressure increments applied (kPa):  50.70,100.100,100... Differential pressure (kPa): 10.0

Final cell pressure (kPa): 353.0 Final back pressure (kPa): 343.0 Final B parameter: 0.98

CONSOLIDATION DATA

[Effective cons. Stress (kPa): 799.8 t100 (minutes): 400 Side drains fitted: Yes

i Height | Diameter [ Area Moisture Dry Density  Void | Saturation | Specific
mm mm mm? Content % kg/m3 Ratio % Gravity

INITIAL (Before saturation) *100 *50 1963.50 229 1556 0.7335 84 —

CONSOLIDATED 96.20 48.06 1814.28 220 1757 0.5359 111 Betermined

FINAL (After shear) 86.83 50.59 2009.97 220 1751 0.5409 110

Initial pore pressure (kPa): 341.7 Final pore pressure (kPa): 362.9 PWP dissipation (%): 100

*. Measured dimensions; all other dimensions are calculated.

SHEAR DATA

Rate of strain (%/hour): 0.08

Initial pore pressure (kPa): 342.2 Initial effective stress (kPa): 799.8

Parameters at failure:

Failure Criterion: Max. Effective Principle Stress Ratio

Axial strain (%): 8.28

Deviator stress (kPa): 543.4 Principle Stresses (kPa)

Excess pore pressure (kPa): 462.3 o1 o1' o3 o3

Effective principle stress ratio: 2.611 1343.2 880.9 799.8 337.4

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Stralns >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091
PO Box 82223,Southdale 2135

Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number: B-1687-21
Field Sample Reference: CTP - Mix Depth (m): -
Effective Shear Strength Parameters
Stresses Cohesion (kPa) Internal friction (Degrees)
Total 0.0 14.6
Effective 14.5 25.2
Effective Shear Strength - Mohr circles at failure
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091
PO Box 82223,Southdale 2135

Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compressio

n Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number: B-1687-21
Field Sample Reference: CTP - Mix Depth (m): =
Consolidation vs Square Root Time
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135
Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number: ~ 1687-22
Field Sample Number: FTP - Mix Depth (m): -

This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,8

Remarks:

A Consolidated Drained teston a remoulded sample tested saturated.

SATURATION DATA

Test No. 1

Saturation method:
Pressure increments applied (kPa):

Alternating increments of cell- & back pressure

50,70,100,100,100... Differential pressure (kPa): 10.0

Final cell pressure (kPa). 353.0

Final back pressure (kPa): 343.0 Final B parameter: 0.98

CONSOLIDATION DATA

[Effective cons. Stress (kPa): 199.6 1100 (minutes): 1 Side drains fitted: Yes

| Height | Diameter | Area | Moisture Dry Density Void | Saturation| Specific
mm mm mm? Content % kgim?' Ratio % Gravity

INITIAL (Before saturation) | *103.98 *50.11 1972.14 10.0 1909 0.4324 63 7

CONSOLIDATED 102.37 49.33 1911.19 157 2001 0.3660 17 Boterminad

FINAL (After shear) 8547 53.52 2249.30 148 2036 0.3428 118

Initial pore pressure (kPa): 539.2 Final pore pressure (kPa): 343.4 PWP dissipation (%): 100

*. Measured dimensions; all other dimensions are calculated.

SHEAR DATA

Rate of strain (%/hour): 0.50

Initial pore pressure (kPa). 341.4 Initial effective stress (kPa): 199.6

Parameters at failure:

Failure Criterion: Max. Deviator Stress

Axial strain (%): 11.80 Volumetric strain (%): 1.95

Deviator stress (kPa): 511.4 Principle Stresses (kPa)

Excess pore pressure (kPa): 3.8 a1 ot a3 o3'

Effective principle stress ratio: 3.611 s B 707.3 199.6 195.9

Deviator stress corrections: Membran

e correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

e [ V13 t0r Siress

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135 CI\lllab
Tel:+27 (0)11 835 3117
E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  1687-22
Field Sample Number: FTP - Mix _ Depth (m): -
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,8
Remarks: A Consolidated Drained teston a remoulded sample tested saturated.
SATURATION DATA Test No. 2
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa):  50,70,100,100,100... Differential pressure (kPa). 10.0
Final cell pressure (kPa). 353.0 Final back pressure (kPa): 343.0 Final B parameter: 0.96
CONSOLIDATION DATA
[Effective cons. Stress (kPa): 400.4 1100 (minutes): 121 Side drains fitted: Yes
i | Height | Diameter | Area | Moisture DryDensity Void |Saturation| Specific
mm mm mm®  |Content% kg/m® Ratio % Gravity
INITIAL (Before saturation) | *104.49 *50.36 1991.87 10.2 1880 0.4542 62 —
CONSOLIDATED 102.63 | 4945 1920.87 148 1986 03764 = 108 Detamvinad
FINAL (After shear) 87.50 53.44 2243.10 14.6 1994 0.3713 107
Initial pore pressure (kPa): 339.8 Final pore pressure (kPa): 339.6 PWP dissipation (%): 104
*. Measured dimensions; all other dimensions are calculated.
SHEAR DATA
Rate of strain (%/hour): 0.21
Initial pore pressure (kPa): 337.6 Initial effective stress (kPa): 400.4
Parameters at failure:
Failure Criterion: Max. Deviator Stress
Axial strain (%): 13.60 Volumetric strain (%): 0.51
Deviator stress (kPa): 822.4 | Principle Stresses (kPa)
Excess pore pressure (kPa): -1.3 o1 o1' o3 o3
Effective principle stress ratio: 3.047 1222.8 1224 1 400.4 401.7

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain . 4 T
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091
PO Box 82223,Southdale 2135

Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  1687-22
Field Sample Number: FTP - Mix Depth (m): -

This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,8

Remarks:

A Consolidated Drained teston a remoulded sample tested saturated.

SATURATION DATA

Test No. 3

Saturation method:
Pressure increments applied (kPa):

Alternating increments of cell- & back pressure

50,70.100,100,100...

Differential pressure (kPa): 10.0

Final cell pressure (kPa). 353.0

Final back pressure (kPa): 343.0

Final B parameter: 0.97

CONSOLIDATION DATA

[Effective cons. Stress (kPa): 800.2 1100 (minutes): 121 Side drains fitted: Yes

i | Height | Diameter | Area | Moisture Dry Density Void [ Saturation| Specific |
mm mm mm®  |[Content%  kg/m® Ratio % Gravity

INITIAL (Before saturation) | *104.82 *50.1 1971.36 10.0 1898 0.4408 62 —_—

CONSOLIDATED 102.14 48.80 1870.44 14.3 2055 0.3302 118 Belsrded

FINAL (After shear) 88.72 51.56 2088.11 12.8 2117 0.2917 120

Initial pore pressure (kPa): 337 .4

Final pore pressure (kPa): 337.9

PWP dissipation (%): 100

*. Measured dimensions; all other dimensions are calculated.

SHEAR DATA
Rate of strain (%/hour): 0.18
Initial pore pressure (kPa): 336.8 Initial effective stress (kPa): 800.2

Parameters at failure:

Failure Criterion:

Max. Deviator Stress

Axial strain (%): 11.90 Volumetric strain (%): 3.08

Deviator stress (kPa): 1554.2 Principle Stresses (kPa)

Excess pore pressure (kPa): 6.2 a1 ot o3 o3
Effective principle stress ratio: 2.957 2354 4 2348.2 800.2 794.0

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

—— [ oviator Sress

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135
Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number:  2014-B-1687 Laboratory Number:  1687-22
Field Sample Reference: FTP - Mix |Depth (m): -
Effective Shear Strength Parameters
Stresses Cohesion (kPa) Internal friction (Degrees)
Total 43.8 27.8
Effective 43.8 27.9
Effective Shear Strength - Mohr circles at failure
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091 e i
PO Box 82223,Southdale 2135 Civilab

Tel:+27 (0)11 835 3117 o .
E-mail: jAb@civilab.co.za Website: www.civilab.co.za Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number: 1687-22
Field Sample Reference: FTP - Mix Depth (m): &
Consolidation vs Square Root Time
Test1
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091
PO Box 82223,Southdale 2135

Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  1687-22
Field Sample Number: FTP - Mix _ Depth (m): 5
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,7
Remarks: A Consolidated Undrained test on a remoulded sample tested saturated.
SATURATION DATA Test No. 1
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa):  50.70.100,100,100... Differential pressure (kPa): 10.0
Final cell pressure (kPa). 393.0 Final back pressure (kPa): 383.0 Final B parameter: 1.00
CONSOLIDATION DATA
[Effective cons. Stress (kPa): 199.8 1100 (minutes): 1 Side drains fitted: Yes
’ | Height | Diameter | Area | Moisture Dry Density Void | Saturation| Specific
mm mm mm? Content % kglm3 Ratio % Gravity
INITIAL (Before saturation) | *105.19 *50.65 2014.88 10.0 1849 0.4786 57 —
CONSOLIDATED 104.13 50.14 1974.32 167 | 1907 | 0.4339 99 Daterrinad
FINAL (After shear) 87.67 54.64 2345.09 15.7 1906 0.4342 99
Initial pore pressure (kPa): 573.7 Final pore pressure (kPa): 387.4 PWP dissipation (%): 100
*: Measured dimensions; all other dimensions are calculated.
SHEAR DATA
Rate of strain (%/hour): 0.30
Initial pore pressure (kPa): 386.2 Initial effective stress (kPa): 199.8
Parameters at failure:
Failure Criterion: Max. Effective Principle Stress Ratio
Axial strain (%): 8.15
Deviator stress (kPa): 265.9 | Principle Stresses (kPa)
Excess pore pressure (kPa): 104.0 o1 ot a3 o3
Effective principle stress ratio: 3.774 465.7 361.7 199.8 95.9

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains

Deviator Stress and dPore Pressure vs Strain - L
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091 e s
Civilab

PO Box 82223,Southdale 2135

SRikas L iy A Civil Engineering Testing Laboratory

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12

Job Number: 2014-B-1687 Laboratory Number:  1687-22

Field Sample Number: FTP - Mix _ Depth (m): -

This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,7

Remarks: A Consolidated Undrained test on a remoulded sample tested saturated.

SATURATION DATA Test No. 2
Saturation method: Alternating increments of cell- & back pressure

Pressure increments applied (kPa):  50,70,100,100,100... Differential pressure (kPa): 10.0
Final cell pressure (kPa). 333.0 Final back pressure (kPa): 323.0 Final B parameter: 0.96
CONSOLIDATION DATA
[Effective cons. Stress (kPa): 406.5 1100 (minutes): 0 Side drains fitted: Yes
I Height | Diameter | Area | Moisture Dry Density Void | Saturation| Specific

mm mm mm® |Content% kg/m® Ratio % Gravity

INITIAL (Before saturation) | *104.42 *50.62 2012.49 10.0 1867 0.4645 59 _
CONSOLIDATED 102.88 | 49.87 1953.12 139 = 1953 03997 | 95 Relaniiand
FINAL (After shear) 83.59 55.32 2403.96 13.9 1952 0.4004 95

Initial pore pressure (kPa): 704.8 Final pore pressure (kPa): 322.2 PWP dissipation (%): 100

*. Measured dimensions; all other dimensions are calculated.

SHEAR DATA

Rate of strain (%/hour): 0.50

Initial pore pressure (kPa). 319.5 Initial effective stress (kPa): 406.5

Parameters at failure:

Failure Criterion: Max. Effective Principle Stress Ratio

Axial strain (%): 6.37

Deviator stress (kPa): 535.1 [ Principle Stresses (kPa)

Excess pore pressure (kPa): 170.9 a1 o1' a3 o3’
Effective principle stress ratio: 3.271 941.6 770.7 406.5 235.6

Deviator stress corrections: Membrane correction: 1.1 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091

PO Box 82223,Southdale 2135 CiViIab

Tel:+27 (0)11 835 3117
E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number:  1687-22
Field Sample Number: FTP - Mix _ Depth (m): =
This test was carried out in accordance with BS 1377:Part 8:1990 Clause 4,5,6,7
Remarks: A Consolidated Undrained test on a remoulded sample tested saturated.
SATURATION DATA Test No. 3
Saturation method: Alternating increments of cell- & back pressure
Pressure increments applied (kPa):  50.70.100.100,100... Differential pressure (kPa): 10.0
Final cell pressure (kPa). 353.0 Final back pressure (kPa): 343.0 Final B parameter: 0.98
CONSOLIDATION DATA
[Effective cons. Stress (kPa): 799.7 t100 (minutes): 169 Side drains fitted: Yes
| Height | Diameter | Area | Moisture Dry Density Void | Saturation | Specific
mm mm mm? Content%  kg/m® Ratio % Gravity
INITIAL (Before saturation) | *105.72 *50.84 2030.02 9.8 1831 0.4934 55 —
CONSOLIDATED 104.13 50.07 1968.78 138 1918 = 0.4258 89 Betarminsd
FINAL (After shear) 86.01 55.09 2383.39 13.8 1917 0.4265 88
Initial pore pressure (kPa): 341.8 Final pore pressure (kPa): 342.4 PWP dissipation (%): 99
*. Measured dimensions; all other dimensions are calculated.
SHEAR DATA
Rate of strain (%/hour): 0.79
Initial pore pressure (kPa). 341.3 Initial effective stress (kPa): 799.7
Parameters at failure:
Failure Criterion: Max. Effective Principle Stress Ratio
Axial strain (%): 9.44
Deviator stress (kPa): 7254 | Principle Stresses (kPa)
Excess pore pressure (kPa): 479.8 o1 ot a3 o3
Effective principle stress ratio: 3.267 1525.1 1045.3 799.7 319.9

Deviator stress corrections: Membrane correction: 2.2 kPa & Side drain(filter) correction: 7 kPa for Strains >= 2%

Deviator Stress and dPore Pressure vs Strain
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091 e, il

PO Box 82223,Southdale 2135 Civilab
Tel:+27 (0)11 835 3117

E-mail: jhb@civilab.co.za Website: www.civilab.co.za

Triaxial Compression Test Results

Civil Engineering Testing Laboratory

Project: Mzimvubu Water Project |Date Received: 2014/08/12
Job Number: 2014-B-1687 |Laboratory Number: 1687-22
Field Sample Reference: FTP - Mix |Depth (m): -
Effective Shear Strength Parameters
Stresses Cohesion (kPa) Internal friction (Degrees)
Total 60.5 157
Effective 18.9 30.3
Effective Shear Strength - Mohr circles at failure
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36 Fourth Str..Booysens Reserve,Johannesburg 2091 . e
PO Box 82223,Southdale 2135 Civilab

Tel:+27 (0)11 835 3117 B il ;
E-mail: jhb@civilab.co.za Website: www.civilab.co.za Civil Engineering Testing Laboratory

Triaxial Compression Test Results

Project: Mzimvubu Water Project Date Received: 2014/08/12
Job Number: 2014-B-1687 Laboratory Number: 1687-22
Field Sample Reference: FTP - Mix Depth (m): -
Consolidation vs Square Root Time
Test 1
~—@— Volumetric strain Cell Pressure - = =~ Pore Water Pressure
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36/38 Fourth Street, Booysens Reserve, Johannesburg 2091 = =

P O Box 82223, Southdale 2135 . I b

Tel: +27 (0)11 835-3117 « Fax: +27 (0)11 835-2503 IVI a

Email: jhb@civilab.co.za - Website: www.civilab.co.za Civil Engineering Testing Laboratories
Consolidation Tests

Project: MZIMVUBU WATER PROJECT Test 1

Project No.: 2014-B-1687 Sample No.: 1687-21

Borehole No: CTP : MIX Depth: -

Date Received: 12/08/2014 Date Tested: 22/10/2014

Remarks: |An undisturbed sample tested soaked.

|Machine No. |6 |Ring No. |35 |Height (mm) [20.7 |Diameter (mm)| 76.2

Masses for Water Content Determination (g)

Wet Sample and Ring Dry Sample Ring Water Content
Before Test After Test and Ring Only_ Before_ Test After Test
265.5 266.0 2321 84 .97 22.7% 23.0%

|Pre-Determined Particle Specific Gravity | 2.555]
Initial Parameters

|Void Ratio | 0.6393] [Degree of Saturation (%] 90.7] [Dry Density (Kg/m3) [ 1559 |
Effect. Stress (kPa) 10 50 100 200 400 800 1600 400 100 10 0
Dial Correction {u) 0 50 82 122 189 299 417 231 117 42 0
HH:MM:SS VMinutes Dial Readings in Microns Initial Dial Reading 13592
00:00:00 0.00 13592

12:00:00 26.83 13246

18:00:00 32.86 12602

19:00:00 33.76 12239

20:00:00 34.64 12980 11635

24:00:00 37.95 12425

76:00:00 67.53 13654 13489 11977

96:00:00 75.89 13776

End of Primary Cons 13776 13654 13489 13246 12980 12425 11635 11977 12239 12602

Number of Readings: 2 1 1 1 1 1 1 1 1 1 0
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

36/38 Fourth Street, Booysens Reserve, Johannesburg 209-
P O Box 82223, Southdale 2135
Tel: +27 (0)11 835-3117 » Fax: +27 (0)11 835-2503

Email: jhb@civilab.co.za = Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratories

Consolidation Tests

Project: MZIMVUBU WATER PROJECT
Project No.:. 2014-B-1687 Sample No.: 1687-21
Borehole No: CTP : MIX Depth: -
Date Received: 12/08/2014 Date Tested: 22/10/2014
Test 1
(Ekfféf)"s"ess 10| 50| 100| 200] 400 800 | 1600 | 400| 100| 10
Strain (%) -0.89| -0.54 0.10 1.08 2.04 4.19 7.44 6.69 5.97 4.58
Mv (1/MPa) 0.0870] 0.1285] 0.0981| 0.0481] 0.0537 | 0.0406| 0.0063| 0.0238| 0.1546
Void Ratio 0.6539] 0.6482] 0.6376] 0.6216]| 0.6058] 0.5706| 0.5173| 0.5297| 0.5414| 0.5642
Test 2
& ——
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Civilab

Civil Engineering Testing Laboratories

Consolidation Tests

Project: MZIMVUBU WATER PROJECT
Project No.: 2014-B-1687 Sample No.: 1687-21
Borehole No: CTP : MIX Deplh: -
Date Receivec 12/08/2014 Date Tested: 22/10/2014
Test1
f{;e:;‘ SUses 10 50 100 200 400| soo| 1e00| 400l 100 10
Strain (%) -0.89 -0.54 0.10 1.08 2.04 4.19 7.44 6.69 597 4.58
Mv (1/MPa) 0.0870( 0.1285| 0.0981| 0.0481| 0.0537| 0.0406| 0.0063| 0.0238| 0.1546
Void Ratio 0.6539( 0.6482| 0.6376| 0.6216| 0.6058| 0.5706| 0.5173| 0.5297| 0.5414| 0.5642
Test 2
& . —re—
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Civilab
MZIMVUBU WATER PROJECT (2014-B-1687) - Time settlement plots
=== CTP: Mix @ -,102 kPa == CTP: Mix @ -,402 kPa === CTP: Mix @ -,802 kPa
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36/38 Fourth Street, Booysens Reserve, Johannesburg 2091
P O Box 82223, Southdale 2135

Tel: +27 (0)11 835-3117 = Fax: +27 (0)11 835-2503

Email: jhb@civilab.co.za « Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratories

Consolidation Tests

Project: MZIMVUBU WATER PROJECT Test 1
Project No.: 2014-B-1687 Sample No.: 1687-22

Borehole No: FTP : MIX Depth: -

Date Received: 12/08/2014 Date Tested: 22/10/2014

Remarks: |An undisturbed sample tested soaked. Initial swell was verified.
|Machine No. |5 [Ring No. |36 [Height (mm) _ |19.4 |Diameter (mm) |  76.1

Masses for Water Content Determination (g)
Wet Sample and Ring Dry Sample Ring Water Content
Before Test After Test and Ring Only Before Test After Test
279.2 286.0 260.4 85.2 10.7% 14.6%
|Pre-Determined Particle Specific Gravity | 2.578]
Initial Parameters

|Void Ratio | 0.2984] [Degree of Saturation (%]  92.7| |Dry Density (Ka/m3) | 1986 |
Effect. Stress (kPa) 10 50 100 200 400 800 1600 400 100 10 0
Dial Corraction {u) 0 37 68 101 170 220 321 196 112 45 0
HH:MM:SS VMinutes Dial Readings in Microns Initial Dial Reading 13053
00:00:00 0.00] 13053

03:00:00 13.42 12507

08:00:00 21.91 12965

17:00:00 31.94 12696

18:00:00 32.86 12722

22:00:00 36.33 12358

24:00:00 37.95 13198

72:00:00 65.73] 13612 13497 13031

78:00:00 68.41 13373

End of Primary Cons 13612 13497 13373] 13198 12965] 12696] 12358 12507| 12722 13031

Number of Readings: 2 1 1 1 1 1 1 1 1 1 0
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36/38 Fourth Street, Booysens Reserve, Johannesburg 209~ = =
P O Box 82223, Southdale 2135 c I b
Tel: +27 (0)11 835-3117 « Fax: +27 (0)11 835-2503 IVI a
Email: jhb@civilab.co.za » Website: www.civilab.co.za Civil Engineering Testing Laboratories
Consolidation Tests
Project: MZIMVUBU WATER PROJECT
Project No.. 2014-B-1687 Sample No.: 1687-22
Borehole No: FTP : MIX Depth: -
Date Received: 12/08/2014 Date Tested: 22/10/2014
Test 1
(Ekflf,e:)"Stress 10 50| 100| 200] 400| soo | 1600 | 400 100| 10
Strain (%) -2.88] -2.48| -2.00] -1.27| -0.42 0.71 1.93 1.80 113 -0.12
Mv (1/MPa) 0.1005] 0.0959] 0.0732] 0.0423] 0.0282| 0.0153| 0.0010| 0.0225| 0.1386
Void Ratio 0.3358| 0.3306] 0.3244| 0.3149] 0.3039| 0.2892] 0.2734] 0.275] 0.2837| 0.2999
Test 2
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36/38 Fourth Street, Booysens Reserve, Johannesburg 2091
P O Box 82223, Southdale 2135
Tel: +27 (0)11 835-3117 + Fax: +27 (0}11 835-2503

Email: jhb@civilab.co.za - Website: www.civilab.co.za

Civilab

Civil Engineering Testing Laboratories

Consolidation Tests

Project: MZIMVUBU WATER PROJECT
Project No.: 2014-B-1687 Sample No.: 1687-22
Borehole No: FTP : MIX Deplh: -
Date Receivec 12/08/2014 Date Tested: 22/10/2014
Test 1
f:;eg' s Eee 10 s0 100] 200 400| 8oo| 1600| 400 100 10
Strain (%) -2.88 -2.48 -2.00 -1.27 -0.42 0.71 1.93 1.80 1.13 -0.12
Mv (1/MPa) 0.1005| 0.0959| 0.0732| 0.0423| 0.0282| 0.0153| 0.0010| 0.0225| 0.1386
Void Ratio 0.3358| 0.3306| 0.3244| 0.3149| 0.3039| 0.2892| 0.2734 0.275| 0.2837| 0.2999
Test 2
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Civilab
MZIMVUBU WATER PROJECT (2014-B-1687) - Time settlement plots
=@==FTP: Mix @ -,102 kPa == FTP: Mix @ -,402 kPa === FTP: Mix @ -,802 kPa
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EG:

WATER TEST RESULTS
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CONTEST

Concrete Technology Services

P O Box 1675, Hillcrest, 3650, South Africa. Tel (031) 700 9394 (031) 700 9342
E-mail : confest@contest.coza Web Page: www.contest.co.za

This report shall not be reproduced, except in full, without the approval of Contest
Ref: CJ14/08/1015 7 October 2014
Client: Jeffares & Green
Subject: Water Testing
Project: Tsitsa River
OiN:

LABORATORY REPORT
CLIENT

Jeffares & Green (Pty) Ltd, P O Box 794, HILTON, 3245

SYNOPSIS:
Physical and chemical tests on a sample of water have been provided.

BRIEF FROM CLIENT:
Contest were requested to analyse the samples for;

Total dissolved solids
Chloride content

Calcium hardness as CaCO;
pH

Sulphates (as SO3)
Comparative Cubes

SAMPLES:
A 11 litre sample, Tsitsa River, was received on 15.08.2014.

TESTING:
The following test methods were used;

e« Total dissolved solids - SABS Standard Method 213.

e Chloride content - Volhard method typically as described in Quantitative
Analytical Chemistry by Fritz & Schenk.

e Calcium Hardness of water - SABS Standard Method 216. This does not
give the total carbonates and bicarbonates, but simply the calcium
hardness or equivalent calcium carbonate in mg/{.

e pH - as described in the operating manual of our pH meter - a WTW inoLab
pH720 meter and using Hanna buffer solutions for calibration.

Adam Investments cc. Reg. No 1988/019362/23 tfa CONTEST Concrete Technology Services
Managing Member: RJL Raw B Tech (Civil Eng)
Members: MT Clark, JS Dunnett, MC Mzobe, VA Horlon
Consultant: A J M Horton Pr Tech (Eng), Dip ACT, HND {Chem), HNC (Civ. Eng),FICT, MSA Corr |

Testing, Training and Consulting in Concrete
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This report shall not be reproduced, except in full, without the approval of Contest

Ref: CJ14/08/1015
Client: Jeffares & Green
Subject: Water Testing
Project: Tsitsa River

OfN:

7 QOctober 2014

¢ Sulphate - SABS Standard Method 212.

e Comparative Cubes

All tests were carried out in duplicate i.e. an A and B sample and the average

values determined and reported.
RESULTS:

Chemical Testing:

Client Sample

TDS (mg/f) 105
Chloride (CI)  (mg/f) 16
Calcium Hardness as CaCO3 (mg/{) 71

pH 8.51

Sulphate (SO3) (mg/£)

None detected

Physical Testing:

Comparative cubes:

Control Sample Sample
as % of
Control
MPa MPa %o
24hr 50 4.5 90
8d | V¥4 | MNP 94
7d 19.7 186 | 94
- 28d
COMMENT:

The results indicate that the water sample is suitable for concrete manufacture.

We have used the following limits based on various sources for a number of

years.

Page 2 of 3
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This report shall not be reproduced, except in full, without the approval of Contest
Ref: CJ14/08/1015 7 October 2014
Client: Jeffares & Green

Subject: Water Testing

Project: Tsitsa River
O/N:

(mg/e)
Total dissolved solids 2000
Chloride (as CI') 500
Calcium Hardness(as CaCO3) 400
pH 6108
Sulphate as SO3 1000

These values seem to be conservative based on some of the latest publications;
in particular the upper range of pH seems to have been increased substantially,
probably with the experience of using wash water in RMC plants.

The ninth edition of Fulton’s Concrete Technology states that the mean
compressive strength at seven days of the test specimen, prepared with the
test water, shall be 90% of the mean compressive strength of the
corresponding specimens prepared with distilled or deionised water.

However, the eight edition of Fulton’s Concrete Technology states that the
compressive strength of ‘test’ cubes at 28 days should be no less than 90% of
the control cubes.

BS 3148 has suggested that if the comparative strength is between 80 and
90%, then the water can still be used if the concrete mix proportions are
adjusted.

Compressive strength of cubes at 24 hours and 3 days was carried out to
determine any early age effect on the concrete strength.

V 2/

RJL Raw
B Tech (Civil Eng)

Page 3 of 3
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REFERENCE Ne:  ALSD 3757

ALS ANALYSIS AND INSPECTION - DURBAN (PTY) LTD
Unit 5, 89 King Dinuzulu (Berea) Road,

Durban, 4001, South Africa

Post Net Suite #290 Private Bag X04

Dalbridge, 4014, South Africa

Tel: +27 31301 1257

Fax: +27 31301 1256

Email: info.dbn@alsglobal.com

www.alsglobal.com

DATE: 02 October 2014

CERTIFICATE OF ANALYSIS

Report On: 3 (Three)

Date & Time Received: 29/09/14 - 14:00
Date & Time Analysis Started: 01/10/14 — 14:00
Date & Time Analysis inished:  02/10/14 — 15:03
MARKED: AS PER BELOW.

Samples LD, Water
Taken By: Yowselves
From: Monika

Results marked with * * ” refers to tests that are “Not SANAS Accredited” in this report and are not included in the SANAS

Schedule of Accreditation for this Laboratory.

Analysis on an as received basis:

*Ammonia, as NH, Magnesium, as Mg, D'ss“h:;lss (l)‘ ipliatey
mg/f mg/t P g/f‘-
[Kjeldahl Distillation] [ICP] (Gravimetric]
Y. 101582 =BH T&.c...oionsawissvasasvis <1 25 21
2. 10153 —BHE TS, cconwsvimssavvniimssis <1 35 17
3. IDIS54 = BH T8, cnvnesmsuiwasig <1 33 20
Technical Signatory: Chemistry Microbiology
Mr P. Ramdeen Ms N. Kassim
2 dee
[Kan
Management Signatory: o
Mr P, Ramdeen

Contest Concrete
P.O Box 1675
Hillerest

3650

ot aocept responadility for ary matters arising from further Lse of these

REGISTERED NO. 2011/005247/07 Part of the ALS Laboratory Group An ALS Limited Company

(308

e
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CONTEST

Concrete Technology Services

P O Box 1675, Hilicrest, 3650, South Africa. Tel (031) 700 9394 (031) 70C 9342
E-mail : contest@contest.co.za Web Page: www.contest.co.za

This report shall not be reproduced, except in full, without the approval of Contest
Ref: CJ14/08/1015a 27 October 2014
Client: Jeffares & Green
Subject: Water Testing
Project: Tsitsa River
O/N:

LABORATORY REPORT - ADDENDUM
CLIENT
Jeffares & Green (Pty) Ltd, P O Box 794, HILTON, 3245

SYNOPSIS:
Physical tests on a sample of water have been provided.

BRIEF FROM CLIENT:
Contest were requested to analyse the samples for;

e Setting Times

SAMPLES:
A 11 litre sample, Tsitsa River, was received on 15.08.2014.

TESTING:
The following test methods were used;

o Setting Times based on ASTM C403-99

RESULTS:
Physical Testing:
SETTING TIMES:
Mix Reference Initial Set (mins) Final Set (mins)
(Test) Client Water 367 479
(Control) Lab Water 328 378

ASTM C403-99 states that setting time of concrete is an arbitrary value and has
been taken to be as follows, as given in ASTM C403-99:

Initial set: 3.5MPa (measured as penetration resistance)
Final set: 27.6MPa (measured as penetration resistance)

Adam Investments cc. Reg. No 1988/019362/23 t/a CONTEST Concrete Technology Services
Managing Member: RJL Raw B Tech (Civil Eng)
Members: MT Clark, JS Dunnett, MC Mzobe, VA Horton
Consultant: A J M Horton Pr Tech (Eng), Dip ACT, HND {Chem), HNC (Civ. Eng),FICT, MSA Corr |

Testing, Training and Consulting in Concrete
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Ref: CJ14/08/1015a 27 October 2014
Client: Jeffares & Green
Subject: Water Testing
Project: Tsitsa River

O/N:

The test results given here have been determined under laboratory conditions
using the test method described in ASTM C403-99.

These results obtained have therefore been achieved in laboratory controlled
environmental conditions. The temperature of the laboratory (and therefore the
test specimens) was maintained between 22 and 25 deg. C. The humidity in the
laboratory during the testing was between 50 and 55%. There was nc exposure
of the test specimens to the sun, precipitation or any wind.

Concrete setting times and rates of gain of strength (amongst other concrete
characteristics) are significantly affected by temperature, humidity, precipitation,
exposure to the sun and wind speed (amongst other factors). However, the test
specimens are covered by an impervious material (as required by the test
method) to prevent evaporation therefore, the humidity at the surface of the
specimens in the curing environment is most likely higher than the laboratory
humidity due to the micro climate that exists in the area confined in the space
above the concrete and beneath the impervious covering, of the test specimen.
This higher humidity would be created by the evaporated water at the surface of
the concrete specimen.

Taken into account of the factors mentioned above that effect the setting time and
rate of gain of strength of concrete, it is likely that the setting time and rate of gain
of strength of concrete under site conditions could be significantly different to
those obtained using standard laboratory test methods. This will depend on the
site conditions at the time when these factors have an influence on the concrete.

It would be advisable tc make some attempt to determine by some method, the
setting time and rate of gain of concrete strength for concrete on site at the
relevant time. This will give a realistic value for these characteristics under the
prevailing site conditions at that time.

COMMENT:

It can be seen from the results given that the initial and final setting times of the
test water extended by 39 minutes and 101 minutes respectively, when compared
to those of the control water. The control water is normal municipal supply as
received at the laboratory in Westmead.

V%

R JL Raw
B Tech (Civil Eng)
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CONTEST

Concrete Technology Services

P O Box 1675, Hillcrest, 3650, South Africa. Tel (031) 700 9394 (031) 700 9342
E-mail : coniest@coniest.co.za Web Page: www.contest.co.za

This report shall not be reproduced, except in full, without the approval of Contest

Ref: CJ14/08/1015 6 October 2014
Client: Jeffares & Green

Subject: Basson Index

Project: Laleni Dam & Tunnel

Water Analysis — Basson Index

Four bore hole water samples received on 15.08.2014 were analysed, as requested, to
determine the Basson Index.

The results of the chemical analyses may be found appended. (The ammonium ion,
magnesium and sulphate contents were determined by ALS).

The following indices were calculated as set out in the PCI publication “Deterioration of
Concrete in aggressive waters — measuring aggressiveness and taking counter
measures” and the subsequent addendum.

Reference B/H T4 B/H TS5 B/H T6
Leaching Corrosion 305 224 252
sub index LSCI
Spalling Corrosion 7 9 9
sub index SCSI
Aggressiveness 312 233 261
Index LSCI + SCSI

The table of recommendations from the publication has been provided below;

TABLE 4: Guidelines for-assassing {inil indes (FI)

[ Pinulindex Agpressiveness | Reconunendadon:
: oo | Use conerete clogs as requircd
! Undler 350  Mos- "’.‘J‘”dl’ for strictural design, but see
aggressve Remarks inTable . :
: .| Good concrote design and
35010750 a&md{y l‘(:f'fanly constniction eskentlal. Read
RRICERIVE RemarksinTable9,
Hight tdentify dominget eorsion
75001000 AEDLY e subdndexand follow
= ejBessive applicable recorimendations, .
Danotuseincontastwith
) pnprojected concrata unlany
Qver 1000 Very highly recommended anticorrosive
ARAress: wopswres can be dprried nut
' infull,

No optional corrections have been applied as there are essentially environmental factors
and must be provided by yourselves.

Adam Investments cc. Reg. No 1988/019362/23 tia CONTEST Concrete Technology Services
Managing Member: RJL Raw B Tech (Civil Eng)
Members: MT Clark, JS Dunnett, MC Mzobe
Consultant: A J M Horton Pr Tech (Eng), Dip ACT, HND (Chem), HNC (Civ. Eng),FICT, MSA Corr |
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Ref: CJ14/08/1015 6 October 2014
Client: Jeffares & Green

Subject: Basson Index

Project: Laleni Dam & Tunnel

Analytical results: Chemical Analysis

Borehole Reference:

T4 T5 T6

pH 8.24 7.55 7.64
Calcium carbonate 8.1 7.30 7.45
saturated pH

Calcium hardness 79 146 144
‘as CACO; (mgl) | , ,

Total ammonium as <1 <1 <1
NH4 (mg/l)

Magnesium as Mg 25 35 33
{mlfl)

Sulphate as SO, 21 17 20
Chloride as Cl (mg/l) 101 169 176
Total dissolved 607 876 767
solids (mg/l)

.7
A J M Horton
Pr Tech Eng
Page 2 of 2

E -89
DIRECTORATE: OPTIONS ANALYSIS OCTOBER 2014




FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

APPENDIX F

TRIAL PIT LOGS

F-1

DIRECTORATE: OPTIONS ANALYSIS OCTOBER 2014



FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

F1:

PIPELINE TRIAL PIT LOGS
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7& Department of Water Affairs HOLE No: PTP1
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
DTSR HH, ’ JOB NUMBER: 2819
Scale [*%_ 0.00 > ; i ;
120 OV Dry, brown, blotched beige, loose, intact, silty SAND with numerous roots
;\‘2’ Yk and dolerite boulders; Alluvium.
] O'ﬂ\'
1K g
—:>2r l'(
(@
o]
(‘\' : 0.90
_337’“- slightly moist, yellowish brown, intact, loose to medium dense, SAND,
G(, with numerous roots and dolerite boulders; Alluvium.
LN AT
& (]
7N
K e
iy
1.60
NOTES
1) E.O.H with TLB - Slow advance on medium dense sand.
2) No water seepage observed.
3) No sidewall collapse.
CONTRACTOR : Ugie Plant Hire INCLINATION ELEVATION :
MACHINE : CAT 428 F DIAM ! X-coorp : 31 15'59.20"S
DRILLED BY : DATE: Y-COORD : 28 55'21.00"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: PTP1
TYPE SET BY : J. Olivier DATE : 23/09/2014 08:29
SETUP FILE : TP-JG-A4.SET TEXT : _ENIPIPELINETRIALPITS. TXT
DO6C  JGI dotPLOT 7013 PBp7

Fig F-1.1: Pipeline Trial Pit 1

F-3
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

VE Department of Water Affairs HOLE No: PTP2
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
DRI O 180 JOB NUMBER: 2819
Scate [7%_ 1 0.00 ¢ ; ; .
1901 Q):Y Dry, greyish brown, loose, intact, silty SAND with numerous roots and
:>z’ 3;'~ dolerite boulders; Alluvium.
L9 0.30
&Jr Slightly moist, dark greyish brown, soft to firm, intact, sandy CLAY with
i A“\A occasional boulders; Alluvium
.
12A ]
0
A6
o
D \;C
gi’; 1.60
¥ >, Slightly moist, light olive brown, soft, intact. sandy CLAY, with numerous
DQ/\ dolerite corestone boulders; Residual Dolerite.
1
i
ol
5
DA
Zad 2.90
NOTES
1) E.O.H at 2.9 m - Refusal on dolerite boulders.
2) No water seepage.
3) No sidewall collapse.

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SETBY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION :
DIAM :
DATE:
DATE : July 2014

DATE : 23/09/2014 08:29

ELEVATION :
X-Co0ORD : 31 16'04.40"S
Y-COORD : 28 55'27.70"E

HOLE No: PTP2

TEXT: _ENIPIPELINETRIALPITS. TXT

DO6C JG!

Fig F-1.2: Pipeline Trial Pit 2

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

7& ¢ Department of Water Affairs HOLE No: PTP3
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
AR SN JOB NUMBER: 2819
Scale % 0.00
5_.’2'3_ Q(\' Dry, dark brown, loose, intact, clayey SAND with numerous roots and
:)2' 't boulders; Colluvium.
1K
A7 U
:— i Slightly moist, light olive brown, loose, intact, silty clayey SAND, Residual
by Dolerite.
| 0.80
NOTES
1) E.O.H at 0.8 m - Refusal on dolerite bedrock.
2) No water seepage.
3) No sidewall collapse.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-coorp:31 16'10.00"S
DRILLED BY : DATE: Y-COORD : 28 55'34.50"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: PTP3
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:29
SETUP FILE : TP-IG-A4.SET TEXT : . ENIPIPELINETRIALPITS. TXT
DO6C  JGI dotPLOT 7013 PBp7
Fig F-1.3: Pipeline Trial Pit 3

F-5
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

? & Department of Water Affairs HOLE No: PTP4
: Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
Ll ST JOB NUMBER: 2819
Sc .00
;azk; . Dry, dark brown, loose, intact, clayey SAND with numerous roots and
boulders; Colluvium.
0.40
Dry, light olive brown, medium dense, intact, clayey SAND; Residual
Dolerite.
0.70

Light Olive brown, slightly weathered, medium grained, medium jointed,
massive, hard rock; DOLERITE.

NOTES
1) E.O.H at 0.70 m - Refusal of TLB on hard rock dolerite.
2) No water seepage.

3) No sidewall collapse.

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SETBY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION : ELEVATION :
DIAM X-cooRrD :31 16'12.30"S
DATE Y-COORD : 28 55'43.00"E

DATE : July 2014

DATE : 23/09/2014 08:29
TEXT: _ENIPIPELINETRIALPITS. TXT

HOLE No: PTP4

DOGC JGI
Fig F-1.4: Pipeline Trial Pit 4

dotPLOT 7013 PBp7

F-6

DIRECTORATE: OPTIONS ANALYSIS

OCTOBER 2014



FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

VE Department of Water Affairs HOLE No: PTP5
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
ARG A JOB NUMBER: 2819
S;az'; Dry,yellowish brown, loose, intact, silty SAND with numerous roots;
Colluvium.
0.30
Slightly moist, dark brown, medium dense to dense, intact, silty SAND
with dolerite boulders; Colluvium.
0.680
Slightly moist, olive brown, dense, intact, silty SAND; Residual Dolerite.
L 080

Light Olive Brown, slightly weathered to unweathered, medium grained,
massive, hard rock; DOLERITE.

NOTES
1) E.O.H at 0.90 m - Refusal on hard rock, dolerite.
2) No water seepage.

3) No sidewall collapse.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-co0RD : 31 16'14.50"S

DRILLED BY : DATE: Y-COORD : 28 55'52.70"E

PROFILED BY : J. Olivier DATE : July 2014
HOLE No: PTP5
TYPE SET BY : J. Olivier DATE : 23/09/2014 08:29
SETUP FILE : TP-JG-A4.SET TEXT: ENIPIPELINETRIALPITS.TXT
DO6C JGI dotPLOT 7013 PBp7

Fig F-1.5: Pipeline Trial Pit 5
F-7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vﬁ Department of Water Affairs HOLE No: PTP6
== Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
DESRAMGELTNS JOB NUMBER: 2819
S;;’S i Dry, dark brown, loose, intact, silty SAND with numerous roots and
boulders; Colluvium.
0.45
Khaki, moderately weathered to unweathered, fine grained, very thinly
bedded, very closely jointed, soft to medium hard rock; SANDSTONE.
070

Khaki, moderately weathered to unweathered, fine grained, very thinly
bedded, very closely jointed, soft to medium hard rock; SANDSTONE.

NOTES
1) E.O.H at 0.70m - Refusal on medium hard rock, sandstone.
2) No water seepage.

3) No sidewall collapse.

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SET BY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION : ELEVATION :
DIAM : Xx-coorp:31 16'18.50"S
DATE y-cOORD : 28 56'00.70"E

DATE : July 2014

DATE : 23/09/2014 08:29
TEXT: _ENIPIPELINETRIALPITS. TXT

HOLE No: PTP6

DOGC JG!
Fig F-1.6: Pipeline Trial Pit 6

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Department of Water Affairs
Laleni Dam and Hydropower Scheme
Pipeline Investigation

Dry, yellowish brown, loose, intact, silty SAND with numerous roots and

cobbles; Alluvium.

HOLE No: PTP7
Sheet 1 of 1

} JOB NUMBER: 2819

Jeffares & Green

Scale [% I 0.00

1201y l?:"

0

iR

1ige
T 0,40
..... L 060

Khaki, moderately weathered to unweathered, fine grained, very thinly
bedded, very closely jointed, medium hard rock; SANDSTONE.

Khaki, moderately weathered to unweathered, fine grained, very thinly
bedded, very closely jointed, medium hard rock; SANDSTONE.

NOTES

1) E.O.H at 0.60m - Refusal on the medium hard rock, sandstone.

2) No water seepage.

3) No sidewall collapse.

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SETBY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION :
DIAM :

DATE
DATE

DATE
TEXT

- July 2014

: 23/09/2014 08:29
! ENIPIPELINETRIALPITS. TXT

ELEVATION :
X-cooRrRD :31 16'18.50"S
Y-cOORD : 28 56'08.10"E

HOLE No: PTP7

DO6C JGI

Fig F-1.7: Pipeline Trial Pit 7

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

v& Department of Water Affairs HOLE No: PTP8
: Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
e JoB NUMBER: 2819
Scale [1% ¢ " 0.00
;_.azo_ ik : L Dry, light brown, loose, intact, silty SAND with numerous roots; Colluvium.
s
2]
- .

A

0.80

rock; SHALE.

T

Dry, dark brown,medium dense, intact, silty SAND; Colluvium.

Khaki, completely weathered, to moderately weathered, fine grained, very
thinly bedded to thinly bedded, very closely jointed, soft to medium hard

rock; SHALE.

Khaki, completely weathered, to moderately weathered, fine grained, very
thinly bedded to thinly bedded, very closely jointed, soft to medium hard

NOTES

2) No water seepage.

1) E.O.H at 1.80m - Refusal on hard rock, shale.

3) No sidewall collapse.

4) No Sample taken.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-co0RD : 31 16'24.80"S

DRILLED BY : y DATE: Y-COORD : 28 56'16.30"E

PROFILED BY : J. Olivier DATE : July 2014
HOLE No: PTP8

TYPE SET BY : J. Olivier DATE : 23/09/2014 08:29

SETUP FILE : TP-JG-A4.SET TEXT: ENIPIPELINETRIALPITS.TXT

DO6C JGI dotPLOT 7013 PBp7

Fig F-1.8: Pipeline Trial Pit 8
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vﬁ “ Department of Water Affairs HOLE No: PTP9
- Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
AN R JOB NUMBER: 2819
ST;S : e Dry, yellow brown, loose, intact, silty SAND with numerous roots;
I Colluvium.
|
1 o
P 2
5 L 0.50
5&/‘ Slightly Moist, yellowish brown, firm, intact, sandy CLAY, with numerous
<)//v dolerite boulders; Colluvium.
DA
<
VoA
(2
SN 1.20

Khaki, completely weathered, to moderately weathered, fine grained, very
thinly bedded to thinly bedded, very closely jointed, soft to medium hard
rock; SHALE.

i

NOTES
1) E.O.H at 1.20m - Refusal on hard rock, shale.
2) No water seepage.
3) No sidewall collapse.

4) No sample taken.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-co0RD : 31 16'23.80"S
DRILLED BY : ) DATE: ¥-COORD : 28 56'26.90"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: PTP9
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:29
SETUP FILE : TP-JG-A4.SET TEXT : . ENIPIPELINETRIALPITS. TXT
DO6C JGI dotPLOT 7013 PBp7

Fig F-1.9: Pipeline Trial Pit 9

F-11
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

v E Department of Water Affairs HOLE No: PTP10
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
DTN b JOB NUMBER: 2819
cale [¥_ )
S;;";_ j:\f e Dry, dark grey, loose, intact, silty SAND with numerous boulders and
% i3 roots, Colluvium.
L9 0.30

------ Khaki, highly weathered to moderately weathered, fine grained, very thinly

bedded to thinly bedded, very closely jointed, soft to medium hard rock,
SANDSTONE.

0.70

Khaki, highly weathered to moderately weathered, fine grained, very thinly
bedded to thinly bedded, very closely jointed, soft to medium hard rock,
SANDSTONE.

NOTES
1) E.O.H at 0.70m - Refusal on medium hard rock, sandstone.
2) No water seepage.
3) No sidewall collpase.

4) No sample taken.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-coorD : 31 16'25.70"S
DRILLED BY : DATE: y-COORD : 28 56'37.50"E
PROFILED BY : J. Olivier DATE : July 2014
y HOLE No: PTP10
TYPE SET BY : J. Olivier DATE : 23/09/2014 08:29
SETUP FILE : TP-JG-A4.SET TEXT : _ENIPIPELINETRIALPITS. TXT
DO6C JGI dotPLOT 7013 PBp7

Fig F-1.10: Pipeline Trial Pit 10
F-12
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

VE Department of Water Affairs HOLE No: PTP11
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Pipeline Investigation
T L AR JoB NUMBER: 2819
Scate %1\ 0.00 k ; ; : .
,_.20_< R Dry, light brown, lcose, intact, silty SAND with with numerous roots,
32'- = cobbles and boulders; Colluvium.
=M 0.30

------ Khaki, moderatley weathered to slightly weathered, fine grained, very

...... thinly bedded to thinly bedded, very closely jointed, soft to medium hard
""" rock, SANDSTONE.

1.10

Khaki, moderatley weathered to slightly weathered, fine grained, very
thinly bedded to thinly bedded, very closely jointed, soft to medium hard
rock, SANDSTONE.

NOTES
1) E.O.H at 1.10m - Refusal on medium hard rock, sandstone.
2) No water seepage.
3) No sidewall collapse.

4) No sample taken.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-co0RrRD : 31 16'24.80"S

DRILLED BY : DATE: Y-COORD : 28 56'44.80"E

PROFILED BY : J. Olivier DATE : July 2014
HOLE No: PTP11

TYPE SET BY : J. Olivier DATE : 23/09/2014 08:29

SETUP FILE : TP-JG-A4.SET TEXT: . ENIPIPELINETRIALPITS.TXT

DO6C JGI dotPLOT 7013 PBp7

Fig F-1.11: Pipeline Trial Pit 11
F-13
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

F2:

CORE BORROW PIT TRIAL PIT LOGS
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

HOLE No: CTP1
Sheet 1 of 1

JOB NUMBER: 2819

V E Department of Water Affairs
= Laleni Dam and Hydropower Scheme
Jeffares & Green Core Borrow Pit Investigation
ot e Slightly moist, reddish brown, loose, intact, silty SAND with abundant
R roots. Alluvium.
0.50
Slightly moist, dark reddish brown, dense, intact, silty SAND. Alluvium.
1.10
Slightly moist, orange brown, dense, intact, clayey silty SAND, Residual
Dolerite.
1.10-240m | 117 :
2.40

Grey, blotched orange, completely weathered to moderately weathered,
medium grained, massive, medium hard rock to hard rock, DOLERITE.

NOTES
1) E.O.H at 2.40m - Refusal at medium hard rock dolerite.
2) No water seepage observed.
3) No sidewall collapse.

4) Disturbed sample taken between 1.10--2.40m.

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SETBY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION : ELEVATION :
DIAM : X-cOORD : 31 14'59.30"S
DATE: Y-COORD : 28 55'39.40"E

DATE : July 2014
DATE : 25/09/2014 08:27

HOLE No: CTP1

TEXT: 9LALENICOREBORROWPIT.TXT

DOGC JGI
Fig F-2.1: Core Borrow Pit 1

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

VA

Department of Water Affairs
Laleni Dam and Hydropower Scheme

HOLE No: CTP2
Sheet 1 of 1

Jeffares & Green Core Borrow Pit Investigation
LA NI AL JOB NUMBER: 2819
Scale 0. 3 ; 4 .
PR A Dry, dark brown, loose, intact, silty SAND with numerous roots. Colluvium.
k2
0.30
Slightly moist, dark brown, loose to medium dense, intact, silty SAND,
Colluvium.
0.99
Slightly moist, lightly grey, medium dense, intact, gravelly SAND, Pebble
marker.
1.00
Slightly moist, Reddish Brown, medium dense to dense, intact, clayey
b silty SAND, Residual Dolerite.
1.0-1.90m @l 1717,
1.90
Slightly moist, light olive brown, dense, intact, clayey silty SAND, Residual
Dolerite.
1.9-2.80m @] |
2.80
NOTES
1) E.O.H at 2.80m - Slow advance on residual dolerite.
2) No water seepage.
3) No sidewall collapse.
4) Disturbed sample taken at 1.0--1.90m.
5) Disturbed sample taken at 1.9--2.80m.
CONTRACTOR : Ugie Plant Hire INCLINATION ; ELEVATION :
MACHINE : CAT 428 F DIAM : x-coorp :31 15'00.10"S
DRILLED BY : DATE: Y-COORD : 28 55'55.70"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: CTP2
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:27
SETUP FILE : TP-JG-A4.SET TEXT : . 9LALENICOREBORROWPIT.TXT
DO6C  JGI dotPLOT 7013 PBp7
Fig F-2.2: Core Borrow Pit 2
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Department of Water Affairs

Vi

Laleni Dam and Hydropower Scheme

HOLE No: CTP3
Sheet 1 of 1

Jeffares & Green Core Borrow Pit Investigation
PR A S, Jos NUMBER: 2819
Scaie ['% " : - . . ;
120410t Slightly moist, dark brown, loose, intact, silty SAND with abundant roots,
e Colluvium.
l?; ,I-' l.
i
Tz ek
itk
RS
Tt
it
i 0.80
:— - :, Slightly moist,reddish brown, medium dense to dense, intact, silty SAND,
ik Residual Dolerite.
|..‘:: .I "
Jigie
ek
b
Jiek
ot
i |."'-
0.80-2.50m @ | : o
B R IR
I B I: .
ik
B
fsrzpts
Fiida
i
AR
Fir
S e
it R 2.50

NOTES

1) E.O.H at 2.50 m - Slow advance on residual dolerite.
2) No water seepage.
3) No sidewall collapse.

4) Disturbed sample taken between 0.80--2.50m.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
mACHINE : CAT 428 F DIAM : X-coorp :31 15'09.10"S
DRILLED BY : DATE: y-COORD : 28 55'53.30"E
PROFILED BY : J. Olivier DATE : July 2014
y HOLE No: CTP3
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:27

SETUP FILE : TP-JG-A4.SET

TEXT

! 9LALENICOREBORROWPIT.TXT

DO6C JGI

Fig F-2.3: Core Borrow Pit 3

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vi

Department of Water Affairs
Laleni Dam and Hydropower Scheme

HOLE No: CTP4
Sheet 1 of 1

Jeffares & Green Core Borrow Pit Investigation
DR O O, JOB NUMBER: 2819
cale [1% ¢ "
S;_.azo_ A Slightly moist, yellowish brown, loose, intact, silty SAND with numerous
R roots, Alluvium.
0.40
Slightly moist, yellowish brown, medium dense to dense, intact, clayey
JiEr silty SAND, Alluvium.
0.40--1.00m g
1.00
Slightly moist, reddish brown, dense, intact, clayey SAND, Residual
Dolerite.
1.00-1.80m | | ian
1.80
NOTES

1) E.O.H at 1.80 m - Slow advance on residual dolerite.
2) No water seepage.

3) No sidewall collapse.

4) Disturbed sample taken between 0.40--1.00m.

5) Disturbed sample taken between 1.00--1.80m.

CONTRACTOR : Ugie Plant Hire
mACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SET BY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION : ELEVATION
DIAM : X-COORD
DATE: Y-COORD

DATE : July 2014
DATE : 23/09/2014 08:27

HOLE No: CTP4

.31 15'08.20"S
-28 55'37.50"E

TEXT:  QLALENICOREBORROWPIT.TXT

DO6C JGI

Fig F-2.4: Core Borrow Pit 4

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

v a Department of Water Affairs HOLE No: CTP5
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Core Borrow Pit Investigation
T e JOB NUMBER: 2819
ol %% Dry,dark brown, loose, intact, silty SAND with abundant roots, Alluvium.
1.10
Slightly moist, reddish brown, medium dense to dense, intact, silty SAND,
Residual Dolerite.
1.10-250m gl [i. 1"
250

NOTES
1) E.O.H at 2.50m - Slow advance of TLB on residual dolerite.
2) No water seepage.
3) No sidewall collapse.

4) Disturbed sample taken between 1.10--2.50m

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SET BY : J[. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION : ELEVATION :
DIAM : X-coorD : 31 15'16.50"S
DATE Y-COORD : 28 55'37.50"E

DATE : July 2014
DATE : 23/09/2014 08:27

HOLE No: CTPS

TEXT: _SLALENICOREBORROWPIT.TXT

DO6C  JGI
Fig F-2.5: Core Borrow Pit 5

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

v ﬁ Department of Water Affairs HOLE No: CTP6
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Core Borrow Pit Investigation
AR A, JOB NUMBER: 2819
Scale 0. § ; : .
201t Dry, dark brown, loose, intact, silty SAND with abundant roots. Alluvium.
0.40
] Slightly moist, dark brown, medium dense, intact, clayey silty SAND,
| Alluvium.
1.00
Slightly moist, reddish brown, medium dense, intact, clayey silty SAND,
Residual Dolerite.
1.00-2.70m @/ |
2.70
NOTES
1)E.O.H at 2.70m - Slow advance of TLB on medium dense residual
dolerite.
2) No water seepage.
3) No sidewall collapse.
4) Disturbed sample taken between 1.00--2.70m.

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SET BY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION : ELEVATION :
DIAM x-coorD : 31 15'13.80"S
DATE: Y-COORD : 28 55'29.00"E
DATE : July 2014 HOLE No: CTP6
DATE : 23/09/2014 08:27
TEXT : .9LALENICOREBORROWPIT.TXT

DOSC JGI
Fig F-2.6: Core Borrow Pit 6

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vi

Department of Water Affairs
Laleni Dam and Hydropower Scheme

HOLE No: CTP7
Sheet 1 of 1

Jeffares & Green Core Borrow Pit Investigation
ER AR T JOB NUMBER: 2819
S;Z’S e L Dry, light brown, loose, intact, silty SAND with numerous roots. Colluvium.
0.70
Slightly moist, reddish brown, medium dense to dense, intact, clayey silty
SAND, Reidual Dolerite.
0.70-2.50m g/ |
2.50
NOTES
1) E.O.H at 2.50m - Slow advance on the dense residual dolerite.
2) No water seepage.
3) No sidewall collapse.
4) Sample taken between 0.70--2.50m.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : x-coorp :31 15'08.50"S
DRILLED BY : DATE Y-COORD : 28 55'46.00"E

PROFILED BY : J. Olivier
TYPE SETBY : J. Olivier

DATE : July 2014

DATE : 23/09/2014 08:27
SETUP FILE : TP-JG-A4.SET TEXT: _SLALENICOREBORROWPIT.TXT

HOLE No: CTP7

DO6C JGI

Fig F-2.7: Core Borrow Pit 7

dotPLOT 7013 PBp7
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F3:
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

7& ‘ Department of Water Affairs HOLE No: FTP1
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
R SV P oo JOB NUMBER: 2819
SZ’Z. :: ‘.':"34': e Dry, light grey, loose, intact, silty SAND with abundant roots. Colluvium.
L 0.20
Dry, Light grey, completely weathered to unweathered, fine grained, very
thinly bedded, very closely jointed, soft to medium hard rock.
Gaiarie | MUDSTONE.
0.70
NOTES
1) E.O.H with TLB - refusal on medium hard mudstone.
2) No water seepage observed.
3) No sidewall collapse.
4) Disturbed sample taken between 0.2--0.7m.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-CoORD : 31 15°04.26"S
DRILLED BY : DATE : y-COORD : 28 55'23.12"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: FTP1
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT : . LALENISHELLBORROWPIT.TXT
DO6C JG) dotPLOT 7013 PBp7

Fig F-3.1: Shell Borrow Pit 1
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

? & Department of Water Affairs HOLE No: FTP2
‘ : Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
A PSS LISy e JOB NUMBER: 2819
S;a;; : :' a Dry, light grey, loose, intact, silty SAND with abundant roots. Alluvium.
03 : 0.20
g
Ji- Dry, grey, blotched light grey, medium dense, intact, silty SAND with
Jiie = abundant roots. Alluvium
Yitp
ek
] _-'1 ki
R
| 1""‘.' n I
I' -\,‘ v frs
pie
B e
|_4f v '.
ighied
s
(E R
itk
' v : 1.50
— Reddish Brown, completely weathered to highly weathered, fine grained,
— very thinly bedded, very thinly laminated, very closely bedded, friable,
— very soft rock, SILTSTONE.
NOTES
1) E.O.H at 1.5 m - Slow advance on very soft rock, siltstone.
2) No water seepage.
3) No sidewall collapse.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-co0RD : 31 15'01.44"S
DRILLED BY : DATE: Y-COORD : 28 55'24.53"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: FTP2
TYPE SETBY : J. Olivier DATE : 23/09/2014 0830
SETUP FILE : TP-JG-A4.SET TEXT : . LALENISHELLBORROWPIT.TXT
DO6C  JGI dotPLOT 7013 PBp7
Fig F-3.2: Shell Borrow Pit 2
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vﬁ Department of Water Affairs HOLE No: FTP3
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
L e JOB NUMBER: 2819
S;az'; i L Dry, light brown, loose, intact, silty SAND with abundant roots, Colluvium.
0.40
Slightly moist,dark brown, loose, intact, silty SAND, colluvium.
0.80
Light brown, highly weathered, fine grained, very thinly bedded, very
closely jointed, very soft rock, SILTSTONE.
1.00
Light grey, highly weathered, fine grained, very thinly bedded, very closely
1 jointed, soft rock, MUDSTONE.
1.0-1.6m g
1.60

NOTES
1) E.O.H at 1.6 m - Refusal of TLB on soft rock, mudstone.
2) No water seepage.
3) No sidewall collapse.

4) Disturbed sample taken between 1.0--1.6m.

CONTRACTOR : Ugie Plant Hire
MACHINE : CAT 428 F
DRILLED BY :
PROFILED BY : J. Olivier

TYPE SETBY : J. Olivier
SETUP FILE : TP-JG-A4.SET

INCLINATION : ELEVATION :
DIAM : X-coorD : 31 15'08.23"S
DATE: Y-COORD : 28 55'23.51"E
BRI AR HOLE No: FTP3

DATE : 23/09/2014 08:30

TEXT: LALENISHELLBORROWPIT.TXT

DOGC JGI
Fig F-3.3: Shell Borrow Pit 3

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

VA

Department of Water Affairs

Laleni Dam and Hydropower Scheme

HOLE No: FTP4
Sheet 1 of 1

Jeffares & Green Shell Borrow Pit Investigation
S JOB NUMBER: 2819
Scate [V 1" 0.00 ’ ? X 2
f20 {1t Dry, light grey, loose, intact, silty SAND with numerous cobbles and roots,
fesdtn Colluvium.
----------- 0.20
___________ Khaki, highly weathered to moderately weathered, fine grained, very thinly
..... bedded, very closely jointed, soft rock, MUDSTONE with interbedded
0.2-0.9m @ Frees SANDSTONE.
..... 090
NOTES
1) E.O.H at 0.90 m - Refusal of TLB on soft hard rock, sandstone.
2) No water seepage.
3) No sidewall collapse.
4) Disturbed sample taken between 0.2--0.9m.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : x-coorp:31 15'10.30"S
DRILLED BY : DATE Y-COORD : 28 55'19.30"E
PROFILED BY : J. QOlivier DATE
HOLE No: FTP4
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT: . LALENISHELLBORROWPIT.TXT
DO6C JGI dotPLOT 7013 PBp7

Fig F-3.4: Shell Borrow Pit 4
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

7 7 E Department of Water Affairs HOLE No: FTPS
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
AT A AR O TR JOB NUMBER: 2819
Scale [ 1 0.00 : : 4 ;
120100k Dry,light grey, loose, intact, silty SAND with abundant roots and cobbles,
Lt Colluvium.
B 0.20
: Slightly moist, dark brown, blotched white, medium dense to dense,
intact, SAND, Colluvium.
0.60
----------- Khaki, completely weathered to slight weathered, very thinly to thinly
........... bedded, very closely jointed, soft rock, MUDSTONE with interbedded
0.60-1.70m @ Eeeee SANDSTONE.
..... -
NOTES
1) E.O.H at 1.10 m - Slow advance of TLB on soft rock, mudstone.
2) No water seepage.
3) No sidewall collapse.
4) Sample taken between 0.60--1.10m
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : Xx-coorD:31 15'11.10"S
DRILLED BY : DATE: Y-COORD : 28 55'27.80"E
PROFILED BY : J. Olivier DATE : July 2014

TYPE SET BY : J[. Olivier

DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT: LALENISHELIBORROWPIT. TXT

HOLE No: FTP5

DO6C JG!I

Fig F-3.5: Shell Borrow Pit 5

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vi

Department of Water Affairs
Laleni Dam and Hydropower Scheme

HOLE No: FTP6
Sheet 1 of 1

JOB NUMBER: 2819

Dry,light grey, loose, intact, silty SAND with abundant roots and cobbles,

Slightly moist, dark brown, blotched white, medium dense to dense,

Khaki, completely weathered, fine grained, very thinly bedded, very
closely jointed, soft to medium hard rock, MUDSTONE.

Khaki, highly weathered to slightly weathered, very thinly bedded,very
closely jointed, fine grained, medium hard rock, MUDSTONE.

Jeffares & Green Shell Borrow Pit Investigation
Scale [1. " 0.00
720 {100,
ik Alluvium.
0.20
intact, SAND, Alluvium.
1.20
1.40
1.40--1.90m
1.90

NOTES

1) E.O.H at 1.90m - Slow advance of TLB on medium hard rock, mudstone.

2) No water seepage.

3) No sidewall collapse.

4) Sample taken between 1.40--1.90m.

CONTRACTOR : Ugie Plant Hire

MACHINE : CAT 428

DRILLED BY :
PROFILED BY : J. Olivier

TYPE SETBY : J. Olivier

INCLINATION :
F DIAM :
DATE

DATE : July 2014

DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT: LALENISHELIBORROWPIT.TXT

ELEVATION :

Xx-coorD : 31 15'13.80"S
Y-COORD : 28 55'29.00"E

HOLE No: FTP6

DO6C JGI
Fig F-3.6:

Shell Borrow Pit 6

dotPLOT 7013 PBp7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

V E 3 Department of Water Affairs HOLE No: FTP7
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
N A A A JOB NUMBER: 2819
Sc Tt 0.00 i A . 3 :
;62'; : : g Dry, light brown, loose, intact, silty SAND with numerous roots. Alluvium.
l R’"j
gy
I: 5 l
e 0.40

Slightly moist, dark brown, blotched white, medium dense to dense,
intact, SAND, Alluvium.

L__060

0.60--0.90m Light brown, highly weathered to slightly weathered, very thinly bedded,
1 intensely laminated, very closely jointed, fine grained, medium hard rock,

MUDSTONE.
0.90

NOTES

1) E.O.H at 0.90m - Refusal on the medium hard rock, mudstone.
2) No water seepage.
3) No sidewall collapse.

4) Sample taken between 0.60--0.90m.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM X-Co0RD : 31 15'17.20"S

DRILLED BY : DATE: Y-COORD : 28 55'30.70"E

PROFILED BY : J. Olivier DATE : July 2014
HOLE No: FTP7

TYPE SET BY : J. Olivier DATE : 23/09/2014 08:30

SETUP FILE : TP-JG-A4.SET TEXT : . LALENISHELLBORROWPIT.TXT

DO6C JGI dotPLOT 7013 PBp7

Fig F-3.7: Shell Borrow Pit 7
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

VE Department of Water Affairs HOLE No: FTP8
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
Ll e JOB NUMBER: 2819
Scale [1% © " 3 ’ ; ; )
go0 41t Dry, light brown, loose, intact, silty SAND with numerous roots. Alluvium.
TR )
)
| AR 0.30
4 Slightly moist, dark brown, speckled light grey, medium dense to dense,
intact, Alluvium.
1.00
Light grey, completely weathered,intensely bedded bedded, very closely
jointed, fine grained, soft, MUDSTONE lense.
1.70
Sligthy moist, reddish brown, dense, intact, SAND, Residual Mudstone.
2.00
1) E.O.H at 2.00m - slow advance with TLB on dense residual sandstone.
2) No water seepage.
3) No sidewall collapse.
4) No Sample taken between.
CONTRACTOR : Ugie Plant Hire ELEVATION :
MACHINE : CAT 428 F X-COORD : 31 15'22.40"S
DRILLED BY : Y-COORD : 28 55'30.80"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: FTP8
TYPE SETBY : J. Olivier DATE : 25/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT : . LALENISHELLBORROWPIT.TXT
DO6C JG! dotPLOT 7013 PBp7
Fig F-3.8: Shell Borrow Pit 8
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vi

Department of Water Affairs
Laleni Dam and Hydropower Scheme

HOLE No: FTP9
Sheet 1 of 1

Jeffares & Green Shell Borrow Pit Investigation
S JOB NUMBER: 2819
Scale [ % . " ; ; S
120{ ?, Dry, light grey, loose, intact, SAND with numerous roots, Colluvium.
o
o 0.40
0.4-0.6m g Khaki, moderately weathered to unweathered, fine grained, very thinly
bedded, very closely jointed, medium hard rock, MUDSTONE.
L 060
NOTES
1) E.O.H at 0.60m - Refusal on medium hard rock, mudstone.
2) No water seepage.
3) No sidewall collapse.
4) Sample taken between 0.4--0.6m.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-coorD:31 15'18.80"S
DRILLED BY : DATE: Y-COORD : 28 55'24.70"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: FTPQ
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT: . LALENISHELLBORROWPIT.TXT
DO6C JGI dotPLOT 7013 PBp7
Fig F-3.9: Shell Borrow Pit 9
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT

GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Vi

Department of Water Affairs

Laleni Dam and Hydropower Scheme

HOLE No: FTP10

Sheet 1 of 1

Jeffares & Green Shell Borrow Pit Investigation
PR RR RU JOB NUMBER: 2819
Scale [ ¥ - . 0 " ; ; ;
1201 0 Dry, light grey, loose, intact, SAND with numerous roots, Colluvium.
0.20m g | ¥ 0.20
Khaki, moderately weathered to unweathered, fine grained, very thinly
bedded, very closely jointed, medium hard rock to hard rock, MUDSTONE.
0.40
NOTES
1) E.O.H at 0.20m - Refusal on medium hard rock, mudstone.
2) No water seepage.
3) No sidewall collpase.
4) Sample taken at 0.20m.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : x-coorD :31 15'15.80"S
DRILLED BY : s DATE: ¥-COORD : 28 5519.20"E
PROFILED BY : J. Olivier DATE : July 2014 PP ——
TYPE SET BY : J. Olivier DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT : _LALENISHELLBORROWPIT.TXT
DO6C JGI dotPLOT 7013 PBp7

Fig F-3.10:  Shell Borrow Pit 10
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

V G ' Department of Water Affairs HOLE No: FTP11
= Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
TR SRR JOB NUMBER: 2819
Sc ¥ 0.00 :
;H;S Dry, light grey, loose, intact, SAND with with numerous roots, Colluvium.
i 0.20
Khaki, moderately weathered to unweathered, fine grained, very thinly
bedded, very closely jointed, medium hard rock, MUDSTONE.
0.20-0.70m g
0.70
NOTES
1) E.O.H at 0.70m - Refusal on medium hard rock, Sandstone.
2) No water seepage.
3) No sidewall collapse.
4) Sample taken between 0.20--0.70m.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-coorD :31 15'18.90"S
DRILLED BY : DATE: Y-COORD : 28 55'15.70"E
PROFILED BY : J. Olivier DATE: July 2014
HOLE No: FTP11
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT: . LALENISHELLBORROWPIT.TXT
DO6C JGI dotPLOT 7013 PBp7

Fig F-3.11:  Shell Borrow Pit 11
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

7& Department of Water Affairs HOLE No: FTP12
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
AR P TS JOB NUMBER: 2819
cale [ 1% " :
S:a;; e :::»'_ ooo Dry, light olive brown, loose, intact, silty SAND with numerous roots.
[ Colluvium.
g
R 0.30
0.50-0.60m | === Khaki, slightly weathered to moderately weathered, fine grained, very
P00 @ e thinly bedded, very closely jointed, mediumhard rock, MUDSTONE with
''''''''''' interbedded SANDSTONE.
L 060
NOTES

1) E.O.H at 0.60m - Refusal on medium hard rock, Sandstone.
2) No water seepage.
3) No sidewall collapse.

4) Sample taken between 0.30--0.60m.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM ! X-co0RD :31 15'14.30"S

DRILLED BY : DATE: Y-COORD : 28 55'24.90"E

PROFILED BY : J. Olivier DATE : July 2014
y HOLE No: FTP12

TYPE SETBY : J. Olivier DATE : 23/09/2014 08:30

SETUP FILE : TP-JG-A4.SET TEXT : .LALENISHELLBORROWPIT. TXT

DO6C JGI dotPLOT 7013 PBp7

Fig F-3.12:  Shell Borrow Pit 12
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

Department of Water Affairs

Laleni Dam and Hydropower Scheme

HOLE No: FTP13

Sheet 1 of 1

Jeffares & Green Shell Borrow Pit Investigation
PR TERI PR AT JOB NUMBER: 2819
Scale ['% ¢ " 0.00
;agg :.:‘; :l Dry, greyish brown, loose, intact, silty SAND with numerous roots,
o Colluvium.
12
A 0.30
0.50-0.60m a | = Khaki, moderately weathered, fine grained, very thinly bedded, very
R @ closely jointed, medium hard to hard rock, MUDSTONE with interbedded
''''''''''' SANDSTONE.
1 0.60
NOTES
1) E.O.H at 0.6m - Refusal on hard rock sandstone.
2) No water seepage.
3) No sidewall collapse
4) Sample taken between 0.30--0.60m.
CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : Xx-coorD : 31 15'11.40"S
DRILLED BY : - DATE: ¥-COORD : 28 55'20.90"E
PROFILED BY : J. Olivier DATE : July 2014 S ERFTPAS
TYPE SET BY : J. Olivier DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT: . LALENISHELLBORROWPIT.TXT
DOGC JGI dotPLOT 7013 PBp7

Fig F-3.13:  Shel

| Borrow Pit 13
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

v& . Department of Water Affairs HOLE No: FTP14
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
R ST iR JOB NUMBER: 2819
e
S?,Z'Z : :f-'_'- o Dry, dark grey, lcose, intact, silty SAND with numerous roots, Colluvium.
livts ?r":
l' has |;,'I.
i 28
1%t
i
R '?,'i
Tiokiid
iR 0.70
Slightly moist, dark brown, blotched light grey, medium dense to dense,
Colluvium.
2.20
NOTES

1) E.O.H at 2.20m - No refusal.
2) No water seepage.
3) No sidewall collapse.

4) No sample taken between.

CONTRACTOR : Ugie Plant Hire INCLINATION : ELEVATION :
MACHINE : CAT 428 F DIAM : X-CoORD : 31 15'22.90"S
DRILLED BY : DATE: Y-COORD : 28 55'14.20"E
PROFILED BY : J. Olivier DATE : July 2014 —
y HOLE No: FTP14
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:39
SETUP FILE : TP-JG-A4.SET TEXT : .LALENISHELLBORROWPIT.TXT
DOGC  JGI dotPLOT 7013 PBp7

Fig F-3.14:  Shell Borrow Pit 14
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FEASIBILITY STUDY FOR THE MZIMVUBU WATER PROJECT
GEOTECHNICAL INVESTIGATIONS: LALINI DAM AND HYDROPOWER SCHEME: APPENDICES

v& Department of Water Affairs HOLE No: FTP15
Laleni Dam and Hydropower Scheme Sheet 1 of 1
Jeffares & Green Shell Borrow Pit Investigation
S e e ‘ JOB NUMBER: 2819
33;“2’3 | :A"; : L S Dry, dark brown, loose, intact, silty SAND with numerous roots, Colluvium.
R
P2
it
o 8
Tigh
Ll 0.50
----------- Khaki, completely weathered to slightly weathered, fine grained, very
''''''''''' thinly bedded, very closely jointed, medium hard rock, MUDSTONE with
........... interbedded SANDSTONE.
T g
NOTES
1) E.O.H at 1.10m - Refusal on medium hard rock, sandstone.
2) No water seepage.
3) No sidewall collapse
4) No Sample taken.
CONTRACTOR : Ugie Plant Hire INCLINATION ELEVATION :
MACHINE : CAT 428 F DIAM : X-co0RrD : 31 15'28.90"S
DRILLED BY : DATE: v-COORD : 28 55'10.50"E
PROFILED BY : J. Olivier DATE : July 2014
HOLE No: FTP15
TYPE SETBY : J. Olivier DATE : 23/09/2014 08:30
SETUP FILE : TP-JG-A4.SET TEXT : . LALENISHELLBORROWPIT.TXT

DOGG JG!
Fig F-3.15:  Shell Borrow Pit 15

dotPLOT 7013 PBp7
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