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EXECUTIVE SUMMARY

Geotechnical Investigation:

Geotechnical Investigation for Installation of Solar Power Plant at Halkani, Gadap Town
Karachi was carried out in order to determine geotechnical parameters of subsurface
deposits. Scope of field work included drilling of twenty four (24) boreholes up to the depth
of 5.0 meters below the existing ground level. Soil samples were collected during field
investigation. Laboratory testing of these samples has been carried out in the Soil Testing

Services laboratory, Karachi.

Ground Conditions:

The deposition of the area mainly consists of ‘dense to very dense, gravel’, ‘medium dense
to very dense, sand’, ‘very stiff to hard, silt’ and ‘very stiff, clay’. Groundwater table was
not encountered up to the explored depth of 5.0 meters in any of the boreholes drilled at

the site, during this investigation.

Design Soil Parameters:

The design soil parameters are based on grain size, material type, SPT N-values, field
and laboratory testing data and design water table. For the purpose of analysis,
considering similar soil condition and field investigated locations, three (03) design profiles

are made for analysis as shown in table below:

Table A: List of Design Soil Profiles

Proposed Foundation
Type

Profile Borehole(s) Covered

BH-03, BH-11, BH-14,
BH-16, BH-17, BH-19,

01 Pad foundation / Piles
BH-20, BH-21, BH-24 to

BH-32

BH-02, BH-07,
02 Pad foundation / Piles
& BH-23

iii | Soil Testing Services, Karachi



Geotechnical Investigation for Installation of Solar Power Plant at Halkani, | K22-1245-101
Gadap Town Karachi

Proposed Foundation

Profile Borehole(s) Covered
Type
BH-01, BH-12,
03 Pad foundation / Piles
BH-15 & BH-22

Allowable Bearing Pressure

This report addresses general design recommendations of shallow foundations. Allowable
net bearing pressures have been given for shallow pad foundations at the depth range of
1.5 — 2.0 meters below the existing ground level as presented in table below: / Chapter 4

of the report.

Table B: Net Allowable Bearing Pressures for Shallow Foundation

Minimum Embedment Net Allowable Bearing
. Below Existing Ground Pressure for Pad
Profile _
Level Foundation

(meter) (KPa)
01 1.5 345
02 1.5 260
1.5 60

03

2.0 70

Modulus of subgrade reaction values for the shallow foundations are provided.

Pile Capacity Analysis

The report presents allowable pile capacities calculated for 0.20m, 0.30 & 0.40m diameter
bored cast in-situ concrete piles to the maximum depth of 3.0 to 5.0 meters below existing
ground level as presented in table C. For pile capacity calculations, refer to appendix E of

the report.
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Table C: Allowable Pile Capacities

QTotaI = QShaft +

(kN)

3.0 5 20

200.0 4.0 10 30

5.0 15 i

3.0 8 a1

01 300.0 4.0 14 60
5.0 23 81

3.0 11 69

400.0 4.0 19 101

>0 30 135

3.0 5 15

200.0 4.0 9 3

5.0 14 a1

3.0 8 20

02 300.0 4.0 ” »
5.0 21 50

3.0 11 50

400.0 4.0 18 23

5.0 28 97

3.0 11 13

03 200.0

4.0 14 1
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0 QTotal = Qshaft +
: Shaft
Profile Diameter Length (m) Qrip
(mm) below EGL (KN)
(kN)
200.0 5.0 18 20
3.0 16 21
300.0 4.0 21 27
03 5.0 27 32
3.0 21 31
400.0 4.0 28 38
5.0 35 45
Seismicity

As per Building Code of Pakistan (BCP), Seismic Provisions-2007 following earthquake

data can be considered for the project site:

e Seismic Zone, as per table 2.2 of BCP - 2007: 2B
e Seismic soil profile has been taken as ‘Sp’ for the foundations in accordance with

UBC-97 based on SPT N method approach.

Other Considerations

e Earth pressure parameters for excavation support system and earth retention have
been provided.

e The exposure of underground concrete to aggressive chemicals is found to be
‘negligible’ for sulphates and chlorides which have influenced the selection of
cement for underground concreting and it is recommended to use Ordinary

Portland Cement for all underground concrete works.
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1. INTRODUCTION

Planning for the Installation of Solar Power Plant at Halkani, Gadap Town, Karachi is
underway. In order to determine the geotechnical parameters of the subsurface deposits, M/s.
Soil Testing Services (STS) were entrusted by M/s. Renewable Resources Private Limited to

perform the geotechnical investigation at the project site.

Scope of field work included drilling of twenty four (24) boreholes up to the depth of 5.0 meters
below the existing ground level. Elevation of drilling platform at each borehole point was noted
and is mentioned in the borehole logs attached in Appendix B. Standard Penetration tests
were carried out at regular intervals in the boreholes along with the collection of soil samples
via split spoon sampler. The samples retrieved from the field work were tested in the laboratory

and this report is prepared from the information obtained from the field and laboratory tests.

The report consists of five chapters with Chapter 2 describing the site’s existing condition,
Chapter 3 discusses the subsurface deposits in detail, Chapter 4 includes the
recommendations for foundation design, and Chapter 5 contains a summary of conclusions

regarding the ground conditions, with respect to geotechnical engineering for this project.
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2. THE SITE

The project site is located off Karachi Northen Bypass in Halkani, Gadap Town Karachi.

The topography of the area is almost plain with no major changes in elevation observed across
the site. Bushes and wild plants were found at most of the site area. Figure 2.1 shows the

google image of the site.

SITE LOCATION £ , Lo : oA
Gi 3t Halkani e _; 5 Agp. / i~ A @ Chenl Gazzi Baba
- : ; - : ¥ ¢ 9 Insha Cooperstve Housng Socisty Ld
s £ o ' : \ g : @ Nooran| Hotel
.

{\"
oo A4

Fig 2.1: Google image of the the Neighbourhood area (Courtesy: Google Earth)
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3. GROUND CONDITIONS

The subsurface deposits up to the explored depth consist of the following units:

e Gravel
e Sand
o Silt

e Clay

Following sub-sections describe the strength characteristics of the geological unit and the

groundwater conditions.

3.1 GRAVEL

Deposits of silty gravel were encountered in two (02) of the boreholes drilled at site. State of
compactness according to SPT ‘N’ counts has been determined to be ‘dense to very dense’.
The grain size analysis has been carried out on samples collected from these deposits. Unified
Classification System (UCS) classifies these deposits as ‘GM’. Table 3.1 summarizes the

details of these deposits.

Table 3.1 Deposits of Gravel

Depth
Borehole No.
(meters)
BH-20 0.0-2.0
BH-21 0.0-2.0

3.2 SAND

Deposits of sand were encountered in twenty (20) of the boreholes drilled at site. State of
compactness according to SPT ‘N’ counts has been determined to be ‘medium dense to very
dense’. The grain size analysis has been carried out on samples collected from these deposits.
Unified Classification System (UCS) classifies these deposits as ‘SM’ and ‘SP-SM'. Table 3.2

summarizes the details of these deposits.
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Table 3.2 Deposits of Sand

Depth
Borehole No. (meters)
BH-03 0.0-5.0
BH-07 0.0-3.0
BH-11 0.0-5.0
BH-14 0.0-5.0
BH-16 0.0-5.0
BH-17 0.0-5.0
BH-19 0.0-5.0
BH-20 3.0-5.0
BH-21 3.0-5.0
BH-22 0.0-2.0
BH-23 0.0-3.0
BH-24 0.0-5.0
BH-25 0.0-5.0
BH-26 0.0-5.0
BH-27 0.0-5.0
BH-28 0.0-5.0
BH-29 0.0-5.0
BH-30 0.0-5.0
BH-31 0.0-5.0
BH-32 0.0-5.0
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3.3 SILT

Deposits of sandy, clayey, silt were encountered in six (06) of the boreholes drilled at site.
State of compactness according to SPT ‘N’ counts has been determined to be ‘very stiff to
hard’. The grain size analysis has been carried out on samples collected from these deposits.
Unified Classification System (UCS) classifies these deposits as ‘ML’. Table 3.3 summarizes

the details of these deposits.

Table 3.3 Deposits of Silt

Depth
Borehole No. (meters)
BH-01 0.0-5.0
BH-02 0.0-5.0
BH-07 3.0-5.0
BH-15 3.0-5.0
BH-22 20-5.0
BH-23 3.0-5.0

3.4 CLAY

Deposits of silty clay were encountered in four of the boreholes drilled at site. State of

compactness according to SPT ‘N’ counts has been determined to be ‘very stiff’. The grain

size analysis has been carried out on samples collected from these deposits. Unified
Classification System (UCS) classifies these deposits as ‘CL’ and ‘CL-ML’. Table 3.4

summarizes the details of these deposits.

Table 3.4 Deposits of Clay

Depth
Borehole No.
(meters)
BH-12 0.0-5.0
BH-15 0.0-3.0
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3.5 GROUNDWATER CONDITIONS

Groundwater was not encountered up to the maximum explored depth of 5.0 meters below

the existing ground level in the boreholes drilled at site during this investigation.
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4. ENGINEERING DESIGN CONSIDERATIONS

Foundation type for a structure depends on the expected loads taken by the foundation and
the type of soil underlying it. The characteristics of subsurface soil deposits have been
discussed in the previous section. Keeping in view the subsoil conditions prevailing at the site
and the loads expected to be transferred to the foundations, recommendations for pad and
pile foundations are provided. Following sections discusses recommendations for both

shallow and deep foundations, in detail.
4.1 DESIGN PARAMETERS

The design soil parameters are based on grain size, material type, SPT N-values, field and
laboratory testing data and design water table. For the purpose of analysis, considering similar

soil condition and field investigated locations, three (03) design profiles are made for analysis.

Table 4.1: List of Design Soil Profiles

Proposed Foundation

Type

Profile Borehole(s) Covered

BH-03, BH-11, BH-14,
BH-16, BH-17, BH-19,

01 Pad foundation / Piles
BH-20, BH-21, BH-24 to

BH-32

BH-02, BH-07,
02 Pad foundation / Piles
& BH-23

BH-01, BH-12, ) )
03 Pad foundation / Piles
BH-15 & BH-22

Our recommended design soil parameters for each profile used in our analysis are presented
below.

Table 4.2: Engineering Design Parameters (for profile 01)

Layler Depth Laver Angle of Unit Weight Modulus
Below EGL ThicIZness Design Material Tvbe Cohesion, Internal co-related of
(m) s SPT-N yp C, (KPa) | friction (®), | with SPTN | Elasticity,
Top | Bottom (degree) (KN/m?3) E (kN/m?)
0.0 5.0 5.0 21 Sand - 30 185 18,000
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Table 4.3: Engineering Design Parameters (for profile 2)

Layer Depth Angle of Unit Weight Modulus
Below EGL Layer . .
Thickness Design Material Type Cohesion, Internal co-related of
(m) i SPT-N C,(KPa) | friction (@), | with SPTN | Elasticity,
Top | Bottom (degree) (KN/m?3) E (kN/m?)
0.0 3.0 3.0 26 Sand - 30 185 20,500
3.0 5.0 2.0 23 Silt (NP) - 23 18.0 8,700
Table 4.4: Engineering Design Parameters (for profile 3)
Layer Depth Angle of Unit Weight Modulus
Below EGL Layer . .
Thickness Design Material Type Cohesion, Internal co-related of
(m) SPT-N C,(KPa) | friction (®), | with SPTN | Elasticity,
(m) d kN/m?® E (KN/m?
Top | Bottom (degree) (kN/m?) (kN/m?)
0.0 5.0 5.0 24 Clay / Silt 25 18 17.0 9,000

4.2 DESIGN CRITERIA FOR SHALLOW FOUNDATIONS

A suitable shallow foundation for any structure must satisfy two basic independent criteria with
respect to the underlying foundation soils. First, the foundation must have an adequate factor
of safety against exceeding the bearing capacity of the foundation soils. Second the vertical
movements of the foundation due to settlement or swelling of the foundation soils must be

within tolerable limits for the structure.

Dynamically loaded foundations, such as those supporting vibrating machinery, must satisfy

additional criteria as follows:

e vibrations transmitted to the foundation soils must not cause excessive

settlement of the structures or its surroundings;

e vibrations of the dynamically loaded structure, and its surroundings, must

not interfere with planned operations and adjacent structures.

The foundation bearing pressures should be limited so that settlements do not exceed

tolerable limits for the structures.
4.3 ALLOWABLE BEARING PRESSURES FOR SHALLOW FOUNDATION

The allowable bearing pressure for shallow pad footings supported on natural soils at the site

will be limited either by the settlement tolerance of individual structures, or by the bearing
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capacity of the soil, depending on the foundation width and depth of influence. Typically, for
shallow pad footings, the bearing pressure should be limited so that the total foundation
settlement does not exceed 25 mm, with differential settlements of about 50 percent of the
total settlement, or so that the bearing capacity is not exceeded, whichever is the lower of the

two values.

We estimated the allowable bearing pressure of planned foundations as the lower of the two
values calculated based on settlement and shear criteria. Table 4.5 gives the allowable
bearing pressures for shallow foundations at depth range of 1.5 — 2.0 meters from existing

ground level.

Table 4.5: Net Allowable Bearing Pressures for Shallow Foundation

Minimum Embedment Net Allowable Bearing
feti Pressure for Pad
Profile Below Existing Ground .
Level Foundation
(meter) (KPa)
01 1.5 345
02 1.5 260
1.5 60
03
2.0 70

Proper drainage shall be provided to avoid infiltration of water into foundation soil. It should
be ensured that the foundation is not placed on the fill material. The settlement of isolated pad
foundation due to net allowable pressure has been estimated to be within the allowable limit
of 25mm (1-inch).

4.4 MODULUS OF SUBGRADE REACTION
The modulus of subgrade reaction, ks, may be required to design raft foundations. The
modulus principally depends on the soil stiffness, raft foundation stiffness and foundation size.

We recommend computing the modulus of subgrade reaction values for raft foundations at
the site using the allowable bearing pressures that could be obtained from the bearing

pressures presented in this report and the following equation:
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ks = % (SF) ga
where:
ks =  Modulus of subgrade reaction, kN/m?/m;
SF = Factor of safety;
ga = Allowable bearing pressure, kPa; and
A =  Allowable settlement, m.

The above equation assumes that the rafts will tend towards flexible rather than rigid
behaviour. For perfectly rigid rafts the modulus values obtained from the above equation
should be doubled.

Mat foundations will behave as:

Perfectly rigid if h/B > 1/5
Perfectly flexible if h/B < 1/5

where:

thickness of raft foundation; and

B width of raft foundation

Table 4.6: Modulus of subgrade reaction based on allowable bearing pressure

Minimum Embedment Modulus of subgrade
Profile Below Existing Ground reaction, Ks
Level
3
(meter) (MN/m*)
01 15 41.40
02 15 31.20
15 7.20
03
2.0 8.40
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45 EARTH RETAINING STRUCTURE

All measures shall be taken to provide safety to adjacent structures. Properly designed

excavation support system should be constructed prior to deep excavation.

Earth pressure parameters required for the design of structure to retain the excavation are
given in Table 4.7.

Table 4.7: Earth Pressure Parameters

Ka Kp
Strata ®' (Undisturbed) (Coefficient of (Coefficient of
active earth passive earth
pressure) pressure)
Silt / Clay 18° 0.528 1.893
Sand 30° 0.333 3.000

4.6 DEEP FOUNDATIONS - ALLOWABLE PILE CAPACITIES

The ultimate compressive capacity, Q, for a given driven pile penetration is taken as the sum

of the skin friction on the pile wall, Qs, and the end bearing on the pile tip, Qp, so that:
Q= Qs+ Qp=XfAs + gAp

Where As and Ap represent, respectively, the embedded surface and pile end area; f and g
represent, respectively, the unit skin friction and unit end bearing. When computing ultimate
tensile capacity, the end bearing term in the above equation is neglected. Therefore, the value
of the ultimate tensile capacity is the same value as the ultimate compression capacity due to

skin friction Qs.

The design parameters for calculating pile capacities have been derived from shear strength
determination, through in-situ field tests and laboratory tests of collected soil samples. The
results of analysis for 0.2, 0.3 and 0.4 meter diameter drilled concrete piles are presented
below in Table 4.8.
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Table 4.8: Allowable Pile Capacities

QTotal = Qshaft +

(kN)
3.0 5 20
200.0 4.0 10 30
5.0 15 41
3.0 8 41
01 300.0 4.0 14 60
5.0 23 81
3.0 11 69
400.0 4.0 19 101
5.0 30 135
3.0 5 15
200.0 4.0 9 23
5.0 14 31
3.0 8 30
02 300.0 4.0 14 44
5.0 21 60
3.0 11 50
400.0 4.0 18 73
5.0 28 97
3.0 11 13
03 200.0
4.0 14 16
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0 QTotal = Qshaft +
e Oomeer L) S oy
(kN)
200.0 5.0 18 20
3.0 16 21
300.0 4.0 21 27
03 5.0 27 32
3.0 21 31
400.0 4.0 28 38
5.0 35 45

The design approach followed is based on FOS and as per this design approach, the
settlement criteria of “Net settlement not to exceed 1% of the pile diameter at working load
and total penetration of the base not to exceed 10% of the pile diameter at test load” shall be
fulfilled.

4.7 SOIL PROFILE TYPE (ACCORDING TO UBC-97)

Chapter 16, Division V, Section 1636 of UBC-97 deals with the determination of Soil Profile
Types. Design practice involves using seismic parameters of zone 2B for the area under

consideration.

4.7.1 SEISMIC ZONE FACTOR

Table 16-1 of UBC-97 defines the seismic zone factor to be used in choosing seismic

coefficients for a location. The seismic zone factor “Z” will be taken as 0.20.

4.7.2 SOIL PROFILE TYPE

Table 16-J of UBC-97 defines the soil profile types to be used for determining seismic
coefficients. Based on the field data obtained from sub-soil exploration, the soil profile will be

taken as “Sp”.
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4.7.3 SEISMIC COEFFICIENTS

Seismic coefficients are as under:

For Sp:Ca=0.28& Cv=0.40
4.8 TYPE OF CEMENT

Tests on soil samples obtained from the boreholes indicate ‘negligible’exposure to sulphate
and chloride. Under these conditions it is recommended to use Ordinary Portland Cement

(OPC) for all underground concrete works.
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5. CONCLUSIONS

Geotechnical Investigation:

Geotechnical Investigation for Installation of Solar Power Plant at Halkani, Gadap Town,
Karachi was carried out in order to determine geotechnical parameters of subsurface deposits.
Scope of field work included drilling of twenty four (24) boreholes up to the depth of 5.0 meters
below the existing ground level. Soil samples were collected during the field investigation.
Laboratory testing on these samples has been carried out in the lab and includes
determination of index and strength properties through grain size analysis, Atterberg limits,
density, moisture content, direct shear test etc. Chemical characteristics of soil samples have
also been assessed through determination of total dissolved solids, sulphate content, chloride

content and pH.

Design Soil Parameters / Profiles:

The design soil parameters are based on grain size, material type, SPT N-values, field and
laboratory testing data and design water table. For the purpose of analysis, considering similar
soil condition and field investigated locations, three (03) design profiles are made for analysis

as shown in table below:

Table 5.1: List of Design Soil Profiles

Proposed Foundation

Type

Profile Borehole(s) Covered

BH-03, BH-11, BH-14,
BH-16, BH-17, BH-19,

01 Pad foundation / Piles
BH-20, BH-21, BH-24 to

BH-32

BH-02, BH-07,
02 Pad foundation / Piles
& BH-23

BH-01, BH-12, ) )
03 Pad foundation / Piles
BH-15 & BH-22
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Allowable Bearing Pressure

This report addresses general design recommendations of shallow foundations. Allowable net
bearing pressures have been given for shallow pad foundations at the depth range of
1.5 — 2.0 meters below the existing ground level as presented in table below: / Chapter 4 of

the report.

Table 5.2: Net Allowable Bearing Pressures for Shallow Foundation

Below Existing Ground Pressure for Pad

Profile .
Level Foundation

(meter) (KPa)
01 1.5 345
02 15 260
15 60

03

2.0 70

Modulus of subgrade reaction values for the shallow foundations are provided.

Pile Capacity Analysis

The report presents allowable pile capacities calculated for 0.20m, 0.30 & 0.40m diameter
bored cast in-situ concrete piles to the maximum depth of 3.0 to 5.0 meters below existing

ground level as presented in table 5.3. For pile capacity calculations, refer to appendix E of

the report.
Table 5.3: Allowable Pile Capacities
QTotaI = QShaft +

. Diameter  Length (m) Qshaft 4
Profile Qrip

(mm) below EGL (kN)
(kN)
3.0 5 20

01 200.0
4.0 10 30
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QTotaI = QShaft +

e Ofmet e
(kN)
01 200.0 5.0 15 41
3.0 8 41
300.0 4.0 14 60
01 5.0 23 81
3.0 11 69
400.0 4.0 19 101
5.0 30 135
3.0 5 15
200.0 4.0 9 23
5.0 14 31
3.0 8 30
02 300.0 4.0 14 44
5.0 21 60
3.0 11 50
400.0 4.0 18 73
5.0 28 97
3.0 11 13
200.0 4.0 14 16
03 5.0 18 20
3.0 16 21
300.0
4.0 21 27
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Geotechnical Investigation for Installation of Solar Power Plant at Halkani, | K22-1245-101
Gadap Town Karachi

QTotaI = QShaft +

. Diameter  Length (m) Qshaft On
Profile (mm) below EGL (kN) P
(kN)

300.0 5.0 27 32

3.0 21 31

03

400.0 4.0 28 38

5.0 35 45

Other Considerations

e Earth pressure parameters for excavation support system and earth retention have
been provided.

e The exposure of underground concrete to aggressive chemicals is found to be
‘negligible’ for sulphates and chlorides which have influenced the selection of cement
for underground concreting and it is recommended to use Ordinary Portland Cement

for all underground concrete works.
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Appendix A

Borehole Location Plan



{ BOREHOLE LOCATION PLAN -

5 | at Halkari for Salar Pant

¢ BOREHOLE

Y @ Chehl Gazz Baba |
@ Insha Conperatve Housing Society Lid,

N 9 Noorani Hotel i
Q@ Shananla Farm House
O Zarvab Zehn

o

Borehole Location Plan
K22-1244-101

Geotechnical Investigation for Installation of Solar Power
Plant at Halkani, Gadap Town, Karachi Soil Testing Services
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Borehole Logs



Mud Rotary Log BH-01

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S

- . . =

£ Client :Renewable Resources . GWL:- (m) Easting:297249 > Geotechnical Engineering & =-r

o . . o . . . .

2| Location :Deh Halkani 5| Drill Date:17.12.2022  Northing:2770168 EL Material Testing Laboratory ..

% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk

° 9 Sieve Analysis Atterberg % ggs;: Consolidati| Chemical
5 £ S = = }) Test Limits R E, Test 'cg on Tests =
= £ ~ o L o ~
S|g 2 Lithology Description Field Tests 'E s § =| ~ - e < < > N < | Remarks & Comments
5|22 S | 8| = e ol Al ~ = = L < e =
|5 |E a8 o =TS ISIElE ox |5 5l5 T 5 o o
a 8 8l o 3|5 Sl T 25| E13 2 388 9 Elolal®
S ls 5581z ¢a L@ gl la &
*SPT = kS
10 20 30 40 50 6|9 il =lo &

°] ST . ] -

i Yellowish brown, very stiff, clayey. some sand ] i
| | |

] 1] “323 1 M 24.8|142.4/32.8(28.6/24.1| 45/15.3 1.6| 1.8 683 |& | Jlepr.1

4 || A-4(2) o |o i
] SILT ] o]

. Yellowish brown, hard, sandy, some clay, traces of ] ]

i gravel i i
o] U 3 o] @ |SPT . 2
< ] < <]
g L1 2] ML | 1.6 |34.4| 44 | 20 |NLL NPI[15.3[ 1.58 1.8 gl

End of Log @ 5 (M) * aa)| | ; 3| 1.58 1. SPT .3

¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained

,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained

é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained

g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
Printed On 1/6/2023 By umair-PC\umair




Mud Rotary Log BH-02

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S

= ; £ . oy = . . . ] ]

= Client :Renewable Resources 2 GWL:- (m) Easting:297081 2 Geotechnical Engineering & =-r

2| Location :Deh Halkani 5| Drill Date:15.12.2022  Northing:2769957 g Material Testing Laboratory

% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk

(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
~ |8 ~| £ Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
& 3|8 7 18l 5 €8 eS8l elelz] B.18F |2 £ g
810 |§ a8 9 TSR ISIEIEIE x| > 535 S © g
[a) @ [a) O 5 (2 =2 = 2S5 | F|L|Le| = QlalF| T|ol A (=
@ o |[S|8l=|&8|2|=2|7 ozad || 2D T|o|o 2la|g|0
*SpT S | Elg o2 E| 3" b
10 20 30 40 50 V] il =lo &

[=)

. SILT . . 4 4

i YeLHOWISh brown, hard, some sand & gravel, little ] i

] clay i ]
| | |

] ) 50 ] Am(LO) 27.6/21.7|36.4{14.3|NLL| - |NPI|16.8 1.58 1.8 6.8 § § ] SPTIC) - 1
N N _||SPTIC) Drive « 100mm
] SILT ] o]

. YeITIowish brown, hard, sandy, traces of clay ] ]
o] U 3 o] @ |SPT . 2
< ] < <]
g L1 2] ML 46 |44.1) 9.9 |NLL NPI|21.5(1.57 1.9 gl

End of Log @ 5 (M) ¥ A40) 49 ; 5157 1. SPT .3

¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained

,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained

é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained

g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
Printed On 1/6/2023 By umair-PC\umair




Mud Rotary Log BH-03

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
8 . = . . = . . . | ¥
= Client :Renewable Resources 2 GWL:- (m) Easting:296944 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:16.12.2022  Northing:2769730 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
22| > |2 - |8 S a8 Alelalz 5 g g < e =
A g« |SElglElg g s ~2x| 5353 3. g ol L&
%] O CRER I I R =3 |=l5= 58|82 Qo
2] sl s =284 FlT 0Lo |3 2| EAE AR
*SPT > |glg|o|o| 2 0 £ o™
10 20 30 40 50 o il =lo &
°] SAND. ) . . i A
i Yellowish brown, medium dense, fine to medium ] i
i grained, some silt i i
| | |
] ) .2 1| sm 75.3/24.7 NLL| - |NPI|15.3/1.62 1.9 72|18 |8 | Jlepr.1
d ||A-2-4(0 S |o ]
N o~ )
mt 1] r mi Mt SPFT .2
< ] < <]
g 1] 2] SM 75.1/24.9 NLL NPI|15.1{ 1.63 1.9 g
End of Log @ 5 (M) 0 AL b0 kg ; 11163 1. SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
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Mud Rotary Log BH-07

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S

8 . = . . = . . . ) ;

= Client :Renewable Resources 2 GWL:- (m) Easting:296493 2 Geotechnical Engineering & =-r

2| Location :Deh Halkani 5| Drill Date:16.12.2022  Northing:2769779 g Material Testing Laboratory

% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk

(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
P g ~| £ Test Limits 2 S on Tests —
é ’g '2, S é 7} - > Test g c
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
Q2|2 > o ~ S| a2l Al ~ =2 2 a B3 [ =%
@ £ » o g SIS IETES b | & §| o 5 . @
a0 g o O < SAREEIARIRS 235 | FlLlel 2lelalsz|8 20
@ o [2|2l=|8 2|23 o0Za |42 | ° |9 0|2 |lg|l0
*SPT > |Eiglalo|2 || £ |o|> b
10 20 30 40 50 V] il =lo &

[=)

. SAND. . . . .

i Yéﬂ\clwsh brown, very dense, silty, little clay & ] i

i gravel i i
| | |

J 1] * 50 ] A_S4I\(II0) 14.8/37.4/32.2/15.6|NLL| - |NPI| 6 |1.69 1.8 6.8 § § 1lspricy-1
N N _||SPTIC) Drive - 125mm
o~ o~ N
o] U S”‘[T 20 o] @ |SPT -1

d Yellowish brown, very stiff, sandy, little clay ] d
< ] < <]
g 1] 2] ML 47.9/34.1| 18 |NLL NPI|10.1{ 1.63 1.8 g

End of Log @ 5 (m) £ A-4(0) ke o e SPT.2

¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained

,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained

é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained

g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
Printed On 1/6/2023 By umair-PC\umair




Mud Rotary Log BH-11
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; £ . T = . . . ] |
= Client :Renewable Resources 2 GWL:- (m) Easting:297655 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:25.12.2022  Northing:2770117 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| £ Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 >, o ~ RN a2l Al ~ = 2 a2l e x € a
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a} < [a} O 5 S ISR RO 2235 | F|2|8 2 |RlalsT|ol~le
@ o |[S|8l=|&8|2|=2|7 ozad || 2D T|o|o 2la|g|0
“SPT S | Elglao|= > € 3| = ~
10 20 30 40 50 o il =lo &
R - - A |
i Yellowish brown, dense, little to some gravel & silt ] i
| | |
] ) 1| sm |11.971.2|16.9 NLL| - |NPI| 8.8|1.66/ 1.8 73|83 |8 | Jlepr.q
d ||A-2-4(0 S |o ]
N o~ )
o] 1) o] ©[|sPT. 2
< ] < <]
g 1] céckad o | SM |29.2/44.9/25.9 NLL NPI| 8.2(1.63 1.8 g
End of Log @ 5 (m) aza0) || ) il R SPT - 3
¢ | @Disturbed L) SPT Sample o | LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
Q c
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
Printed On 1/6/2023 By umair-PC\umair



Mud Rotary Log BH-12

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
L2 . c B £
£ Client :Renewable Resources © GWL:- (m) Easting:297532 > Geotechnical Engineering & =-r
o . . o . . . .
2| Location :Deh Halkani 5| Drill Date:15.12.2022  Northing:2769911 EL Material Testing Laboratory ..
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
~ |8 ~| £ Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
& 3|8 7 18l 5 €8 eS8l elelz] B.18F |2 £ g
810 |§ a8 9 TSR ISIEIEIE x| > 535 S © g
[a) @ [a) O 5 (2 =2 = 2S5 | F|L|Le| = QlalF| T|ol A (=
@ o |[S|8l=|&8|2|=2|7 ozad || 2D T|o|o 2la|g|0
*SPT > |Eiglalo|2 || 8= b
10 20 30 40 50 V] il =lo &
°] CLAY. o ] -
i Yellowish brown, very stiff, silty, some sand, traces ] i
i of gravel i i
Eu / En Eu
] 1] <25 / 1] cL |1.4/204|38.2| 40 |27.6/19.1| 8.5 18.4/1.72 2 6713 |8 | Jlepr.1
4 1l A-a5) S |o ]
N / o~ )
51 1) . o o
i GLAYISILT e Ca @] @ [|spPT. 2
d ellowish brown, very stiff, little sand, traces of ] d
] gravel 1 ]
< ] < <]
g 1] 2] CL-ML | 0.8 |13.9/42.8|42.5/25.5/19.3| 6.2 |20.2| 1.63 2 g
End of Log @ 5 (m) Gl 7y o et et I e SPT. 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
Printed On 1/6/2023 By umair-PC\umair




Mud Rotary Log BH-14
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; £ . T = . . . ] |
= Client :Renewable Resources 2 GWL:- (m) Easting:297912 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:25.12.2022  Northing:2769916 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
22| > |2 - |8 S a8 Alelalz 5 g g < e =
238 o8l v SIS ElSslEE x| >5 3 3 kY @ 8
Q | ol = = | = Z‘:, S| HFIS <2 5 LIAI S T oA
n (%] Slel=|&|a 2| =5 ofa|g|2 ¢ OO0 &Z|a|p|lo
*SPT S | Elglao|= > £ o= b
10 20 30 40 50 V] il =lo &
E B | A A
i Yellowish brown, medium dense to dense, some ] i
i silt, traces to some gravel i i
| | |
] 1) *35 1| sm |26.2|51.5/22.3 NLL| - |NPI|10.4/1.69 1.9 72|28 |\ 1lspr. 4
] 1|a-2-4(0 c o | |
N o~ )
o] 1] 400 o] ©[|sPT. 2
< ] < <]
g 1 S0 B oy |71 |7109 2 NLL NPI| 7.4|1.72 1.8 gl
— +23 - . . - . - 8 - .
End of Log @ 5 (m) A-2-4(0 SPT - 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
Printed On 1/6/2023 By umair-PC\umair



Mud Rotary Log BH-15

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
8 . = . . = . . . ) ;
= Client :Renewable Resources 2 GWL:- (m) Easting:297740 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:15.12.2022  Northing:2769721 g Material Testing Laboratory
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
& 3|8 7 18l 5 €8 eS8l elelz] B.18F |2 £ g
810 |§ a8 9 TSR ISIEIEIE x| > 535 S © g
a 3 o o 3| o | S| S| S| TS 2S5 | F|lE e 2 |8lmlslE|820
n o | z2|lel=z|&®| I+ = ola |32 ¢ Olo|&la|p|0
*SPT S |glglajo|2|r £ o™
10 20 30 40 50 V] il =lo &
] CLAY. o ] ]
i Yellowish brown, very stiff, silty, some sand, traces ] i
i of gravel i i
Eu / En Eu
] 1] Yo7 / 1l cL | 7.4|26.6/32.4/33.6/29.1/19.2| 9.9 |10.6/ 1.63 1.8 683 |8 | Jlepr.q
J | A-4(4) S |o 4
N / o~ )
o] L S”TT *25 o] ©[|sPT. 2
d Yellowish brown, very stiff, clayey, some sand, ] d
] traces of gravel 1 il
< ] < <]
g 1] 2] ML | 4.2 (22.6/41.3/31.9|29.8/124.4| 5.4 | 27 [1.59 2 g
End of Log @ 5 (M) 28 ma@ | P ' SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
Printed On 1/6/2023 By umair-PC\umair




Mud Rotary Log BH-16
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; £ . C—. = . . . : ;
= Client :Renewable Resources 2 GWL:- (m) Easting:297796 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:27.12.2022  Northing:2769480 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| £ Test Limits 2 Test S on Tests —
E E|R s |E| O ~ 2 es £ 3
= RS} S L =
:,:’5L = ;'Q’ Lithology Description Field Tests € :g % sl = —_ e < ol & :? N -.g_ Remarks & Comments
|2 £ & |3 & Sl 8|8 e s3 x| S ElS = § . @©
o0 |3 o O |3 < S S 2S5 | F|lE e 2 |8lmlslE|820
n %) 2 8l=|& 3~ = ofa|g|2 g T|o|o|E8la|p O
*SPT > |Eiglalo|2 || £ |o|> b
10 20 30 40 50 V] il =lo &
°] SAND. ! . . i A
i Yellowish brown, dense, fine to medium grained, ] i
i some silt i i
| | |
] L) R A 1 sm 78.2/121.8 NLL| - [NPI| 11| 1.7| 1.9 633 |N ] SPT .1
d |la-1-b(0 S |o ]
N o~ )
o] U 35 o] @ |SPT . 2
< ] < <]
g 1 ekl o B gy 74.1|25.9 NLL NPI{12.1] 1.67 1.9 gl
End of Log @ 5 (M) 41 2400 i ; 1167 1. SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1

NovoLAB 4.0.2019.1206 Licensed to : ()
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Mud Rotary Log BH-17

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; £ . oy = . . . ] ]
= Client :Renewable Resources 2 GWL:- (m) Easting:298135 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:25.12.2022  Northing:2769764 g Material Testing Laboratory
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
P g ~| £ Test Limits 2 S on Tests —
é ’g '2, S é 7} - > Test g c
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 >, o ~ RN a2l Al ~ = 2 a2l e x € a
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a} < [a} O T ol S S|S 2235 | F|2|8 2 |RlalsT|ol~le
n (%] Slel=|&|a 2| =5 ola |5 27 OO0 &Z|a|p|lo
*SPT S |glglajo|2|r | 8=t 5
10 20 30 40 50 V] il =lo &
E B | A A
i Yellowish brown, very dense, silty, traces of gravel ] i
] (cemented sand) ] ]
| | |
J 1] * 50 ] A-ZS-'ZI(O 1.9 /67.9/30.2 NLL| - |[NPI|11.9/1.65 1.8 7.2 § § 1lspricy-1
N N _||SPTIC) Drive « 100mm
NA S D NA NA
. YéI\cl)wish brown, dense, some silt, traces of gravel ] ]
o] U *28 o] @ |SPT -1
< ] < <]
g ] 254808 oy |05 |73.4]26.1 NLL NPI|12.1] 1.7] 1.9 g
End of Log @ 5 (M) G noao| | e SPT .2
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-19
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; £ . oy = . . . ] ]
= Client :Renewable Resources 2 GWL:- (m) Easting:298403 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:24.12.2022  Northing:2769548 g Material Testing Laboratory
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
~ |8 ~| £ Test Limits 2 S on Tests —
é € '2, S é 7} - > Test g c
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 >, o ~ RN a2l Al ~ = 2 a2l e x € a
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a) @ [a) O 5 (2 =2 = 2S5 | F|L|Le| = QlalF| T|ol A (=
n %) SlB =&l D7 2= oZal|w| 2T T |o|lo|2|la|gd|0
*SPT > |Eiglalo|2 || 8= b
10 20 30 40 50 o il =lo &
[=)
. SAND. - . i
i Yéﬂ\clwsh brown, very dense, some silt, little clay ] i
] (cemented sand) ] ]
| | |
J 1] * 50 ] A_S4I\(II0) 59.9/23.4/16.7|NLL| - |NPI|25.3/1.72 2.2 6.3 § § 1lspricy-1
N N _||SPTIC} Drive - 75mm
o~ o~ N
i S D. . 4 i
. YéI\(l)WISh brown, dense, silty, some gravel ] ]
o] 1] * a4 o] o [|spT. 2
< ] < <]
g ] 254808 oy |28.4]305(32.1 NLL NPI| 2.7| 17| 1.7 g
— +a3 — . . . - . . - - .
End of Log @ 5 (m) A-2-4(0 SPT - 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-20

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S

8 . = . . = . . . |

= Client :Renewable Resources 2 GWL:- (m) Easting:298655 2 Geotechnical Engineering & =-r

2| Location :Deh Halkani 5| Drill Date:25.12.2022  Northing:2769337 g Material Testing Laboratory

% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk

9 Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
& 3|8 7 18l 5 €8 eS8l elelz] B.18F |2 £ g
8 o g o 12l v =S ESTIE8 T 2x | >|5|5 S o o]
[a < [a O 3| o | S S| S 2S5 | F|lE e 2 |8lmlslE|820
n [} Slcecl=|8 a2 5 ofa|g|2 ¢ OlO0|Z|a | p|0O
*SPT S |glglajo|2|r £ o™
10 20 30 40 50 V] il =lo &

[=)

. GRAVE - : ;

i Y(ﬁ@Wlsh brown, very dense, some silt, little clay, ] i

i traces of sand i i
| =4 |

] L “50f 1| om |48.1] 8.8|28.3/14.8/NLL| - |NPI| 3.6|1.82 1.9 678 IN | |

. S0k 3| P = ] SPT{C}- 1
| | __|ISPTIC} Drive - 125mm
NA S D NA NA

. YéI\cl)wish brown, dense, some gravel, traces of silt ] ]
mt 1] t 2 mi Mt SPT -1
< ] < <]
g 1] Ll ] SP-SM|20.5|72.3| 7.2 NLL NPI| 4.1(1.78 1.9 g

End of Log @ 5 (m) 28 a0 || : ol e SPT -2

¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained

,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained

é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained

g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-21

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S

L2 . c B £

£ Client :Renewable Resources iz GWL:- (m) Easting:298887 > Geotechnical Engineering & =-r

o . . o . . . .

2| Location :Deh Halkani 5| Drill Date:25.12.2022  Northing:2769113 EL Material Testing Laboratory ..

% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk

(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
2= “g_; 2 £ Test Limits L Tost S on Tests 2
E|E|F © £ 0 — =) £ £
= S T S
:,:’5L = ;'Q’ Lithology Description Field Tests E :g % =~ —_ e < ol & :? N -.g_ Remarks & Comments
g/ 2|8 3 |8 5 €&l eSS elelelz| BLlelel~ = 3 2
alolg ol 8§ |5 S SARARS >25 [F|L18 2 |glalslz|8 2|0
n ] Slel =gl Il o2 = oTal=2 = |00 2a o
“SPT > gls|lp|o|2|o | £ == =~ @
10 20 30 40 50 6|9 il =lo &

[=)

. GRAVE . : ;

J Y(ﬁ@Wlsh brown, dense, some silt & sand ] i
| =4 |

] ) v a1 1| om |53.6|25.7|20.7 NLL| - [NPI| 24| 18| 1.8 73|83 |8 | Jlepr.q

4 _| |A-1-b(0; o |o i
N o~ )

. SAND. . . .

. Yéﬂ\clwsh brown, dense, some silt & gravel ] ]
o] U 32 o] @ |SPT . 2
< ] < <]
g ] 2480 8 gy |281/s07]212 NLL NPI| 1.4|1.79 1.8 g

End of Log @ 5 (M) ¥ nao) || ; 419 L SPT .3

¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained

,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained

é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained

g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-22
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
b= ; IS . oy = . . . ] ]
= Client :Renewable Resources 2 GWL:- (m) Easting:295107 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:14.12.2022  Northing:2769614 g Material Testing Laboratory
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
~ |8 ~| £ Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
:,:’5L = ;'Q’ Lithology Description Field Tests € :g % sl = —_ e < ol & :? N -.g_ Remarks & Comments
§ 2 ¢ |8 o |8 g8l elgls | B8 El< §|. | o 3
[a < [a O S = =2 = 225 | F| el 2 |elulslx ol =06
@ o |[S|8l=|&8|2|=2|7 ozad || 2D T|o|o 2la|g|0
*SpT S | Elg o2 E| 3" b
10 20 30 40 50 V] il =lo &
[=)
. SAND. . S . i
J Yéﬂ\clwsh brown, medium dense, some silt, little ] i
] clay i ]
| | |
] 1) *25 1| sm 51.6/32.6/15.8/NLL| - |NPI|5.8|1.69 1.8 632 | 1lspr. 4
] 1| A-4(0) S |o | | ’
] SILT o] ]
. YeITIowish brown, very stiff, clayey, some sand, ] ]
i traces of gravel i i
o] 1] * 27 o] o [|spT. 2
< ] < <]
g 1] 2] ML | 1.4| 23| 38 |37.6/31.9/25.3| 6.6 [26.2[1.61 2 g
End of Log @ 5 (M) G o 6319|1253 6.6)26.2) 1. SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-23
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
b= ; IS . F— = . . . ] )
= Client :Renewable Resources 2 GWL:- (m) Easting:295797 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:14.12.2022  Northing:2769545 g Material Testing Laboratory
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
~ |8 ~| £ Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 >, o ~ RN a2l Al ~ = 2 a2l e x € a
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a) @ [a) O 5 (2 =2 = 2S5 | F|L|Le| = QlalF| T|ol A (=
0 o |[S|8l=|&8|2|=2|7 oza |z 25| T |00 2la|g|o
*SpT S | Elg o2 E| 3" b
10 20 30 40 50 V] il =lo &
°] SAND. : . ] -
i Yellowish brown, medium dense, some silt & grave! ] i
| | |
] 1) *25 1| sm |22.3|49.5/28.2 NLL| - |NPI| 7.3|1.63 1.7 622 | 1lspr. 4
d ||A-2-4(0 S |o ]
N o~ )
o 1] S”-[T *24 o] o [|spT. 2
d Yellowish brown, very stiff, sandy, some clay, ] d
] traces of gravel 1 il
< ] < <]
g 1] 2] ML | 1 |43.2/35.3/20.5/NLL NPI|11.3(1.63 1.8 g
End of Log @ 5 (m) £ A-4(0) Rt : S| 163 1 SPT. 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-24
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
b= ; IS . FR. = . . . ] )
= Client :Renewable Resources 2 GWL:- (m) Easting:296497 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:14.12.2022  Northing:2769447 g Material Testing Laboratory
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E ggs;: Consolidati| Chemical
P g ~| £ Test Limits 2 S on Tests —
é ’g '2, S é 7} - > Test g c
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 >, o ~ RN a2l Al ~ = 2 a2l e x € a
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a) @ [a) O 5 (2 =2 = 2S5 | F|L|Le| = QlalF| T|ol A (=
n %) 2 8l=|& 3~ = oza |z 25| T |00 2la|g|o
*SPT > |Eiglalo|2 || 8= b
10 20 30 40 50 V] il =lo &
[=)
. SAND. . . . : ;
i YéI\(l)WISh brown, medium dense, silty, little clay ] i
| | |
] 1) *25 1| sm 56.9/31.2/11.9|NLL| - |NPI| 12 |1.62 1.8 632 |& 1lspr. 4
d 1| A-4(0) S |o ]
N o~ )
] u SP“\ID tar ] @ |SPT . 2
d Yellowish brown, medium dense to dense, gravelly, ] d
] some silt : 1 ]
< < <7
g 1] ks SM |38.1/39.2/22.7 NLL NPI| 9.3[1.63 1.8 g
— + a9 1 — . . . - . - - - .
End of Log @ 5 (m) A-2-4(0 SPT - 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-25

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; . IS . T = . . . ] |
= Cllgnt :Renewable Resources 2 . GWL:- (m) East!ng.297079 2 Geotechnical Engineering & | =g
2| Location :Deh Halkani 5| Drill Date:25.12.2022  Northing:2769301 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S| d ;'Q’ Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
g2 |8 a8 & |8 clS8lels el 3| 82l g )
8 0|5 8l 8 |3/ Tg e >z P82 2 glal3z8l20
3 2 slo| ST §z3 2l 5|olo|2lalQl0
c =8| 4 T 20| 52T < n
*SPT > |glg|o|o| 2 0 £ o™
10 20 30 40 50 V] il =lo &
°] SAND, : - ] -
J Yellowish brown, medium dense, some silt, little to ] i
i traces of gravel i i
| | |
] ) .2 1| sm | 75| 70 |2255 NLL| - [NPI| 6.4|1.73 1.8 7313 & | Jlepr.1
d ||A-2-4(0 S |o ]
N o~ )
[ 1] r 26 o] S |gPT . 2
< ] < <]
g 1] 2] SM | 11 |64.2/24.8 NLL NPI| 6.1(1.76/ 1.9 g
End of Log @ 5 (M) G 2400 224 1|76 1. SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-26

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
8 . = . . = . . . | ¥
= Client :Renewable Resources 2 GWL:- (m) Easting:297131 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:26.12.2022  Northing:2769118 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E Direct Consolidati| Chemical
= Shear
P g ~| T Test Limits 2 S on Tests —
é ’g '2, S é 7} - > Test g c
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 >, o ~ RN a2l Al ~ = 2 a2l e x € a
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a) @ [a) O Tl ol N IR S S P2 I = Y IC) 2 Qs ol = (=
@ o |28 =|l&|D| a2 = o0Za|%| 2 o|lo 2la|g|o
*SPT S | Elglao|= > £ o= b
10 20 30 40 50 V] il =lo &
°] SAND. : . ] -
J Yellowish brown, medium dense, some silt, traces ] i
i to some gravel i i
| | |
] ) “2g3 1| sm |21.9| 55 |23.1 NLL| - |NPI| 3.8|1.76/ 1.8 633 |8 | Jlepr.q
d ||A-2-4(0 S |o ]
N o~ )
o] U 26 o] @ |SPT . 2
< ] < <]
g 1] 2] SM | 7.6/68.6/23.8 NLL NPI| 2.5[1.76/ 1.8 g
End of Log @ 5 (M) G nao) || 5|76 1. SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-27

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; £ . T = . . . ] |
= Client :Renewable Resources 2 GWL:- (m) Easting:297314 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:26.12.2022  Northing:2769128 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
(e} Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
P g ~| £ Test Limits 2 S on Tests —
é ’g '2, S é 7} - > Test g c
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 > Q| = RN a2l Al ~ = D a2l e 4 [ =%
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a) @ [a) O Tl ol N IR S S P2 I = Y IC) 2 Qs ol = (=
@ o |28 =|l&|D| a2 = o0Za|%| 2 o|lo 2la|g|o
*SPT S | Elglao|= > £ o= b
10 20 30 40 50 V] il =lo &
°] SAND. : . ] -
i Yellowish brown, medium dense to dense, little to ] i
i some silt, traces of gravel i i
| | |
] ) .2 1| sm |e6s5|72.1|21.4 NLL| - |NPI| 9.6|1.78 2 683 |& | Jlepr.1
] 1|a-2-4(0 c o | |
N o~ )
o] U 3 o] @ |SPT . 2
< ] < <]
g 1] 2] SM | 0.1/80.8/19.1 NLL NPI| 1.8(1.73 1.8 g
End of Log @ 5 (m) £ aza©) || ol s SPT. 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-28
5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
8 . = . . = . . . | ¥
= Client :Renewable Resources 2 GWL:- (m) Easting:297420 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:26.12.2022  Northing:2768940 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
& 3|8 7 18l 5 €8 eS8l elelz] B.18F |2 £ g
8 o g o 12l v =S ESTIE8 T 2x | >|5|5 S o o]
a 3 o o 3| o | S| S| S| TS 2S5 | F|lE e 2 |8lmlslE|820
@ o [2|2l=|8 2|23 o0Za|%| 2 oo 2/a|@|0
*SPT > |Eiglalo|2 || £ |o|> b
10 20 30 40 50 V] il =lo &
E B | A A
i Yellowish brown, medium dense to dense, some ] i
i silt, traces to some gravel i i
| | |
] ) “ag 1| sm |29.4/44.2|26.4 NLL| - [NPI| 4.2|1.75 1.8 72|18 1& | Jlepr.1
d ||A-2-4(0 S |o ]
N o~ )
o] U 25 o] @ |SPT . 2
< ] < <]
g 1 S0 B oy |1a2/639)210 NLL NPI| 4 [1.77 1.8 g
— +23 - . B . - . 8 - .
End of Log @ 5 (m) A-2-4(0 SPT - 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-29

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
8 . = . . = . . . | ¥
= Client :Renewable Resources 2 GWL:- (m) Easting:297591 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:27.12.2022  Northing:2769132 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
P g ~| T Test Limits 2 S on Tests —
é ’g '2, S é 7} - > Test g c
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|2 |2 > Q| = RN a2l Al ~ = D a2l e 4 [ =%
25| E n TR )] 2RI IEE x| > 5|5 5 3] o @
[a) @ [a) O Tl ol N IR S S P2 I = Y IC) 2 Qs ol = (=
@ o |28 =|l&|D| a2 = o0Za|%| 2 o|lo 2la|g|o
*SPT S |glglajo|2|r £ o™ 5
10 20 30 40 50 o il =lo &
°] SAND. : - ] -
i Yellowish brown, medium dense to dense, silty, little ] i
] clay i ]
| | |
] ) “2g3 1| sm 51 |33.6/15.4/NLL| - |NPI| 19 [1.68 2 72|18 1& | Jlepr.1
d 1| A-4(0) S |o ]
N o~ )
o] U 33 o] @ |SPT . 2
< ] < <]
g 1] 2] SM 50.5 34 |15.5|NLL NPI|19.6/ 1.67 2 g
End of Log @ 5 (M) 2 A40) : : 6/ 1. SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-30

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= : £ . T = . . . ] |
= Client :Renewable Resources 2 GWL:- (m) Easting:297784 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:26.12.2022  Northing:2768971 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEPR 3 E| B ol 8 et | g E
= RS} S L =
S|g 2 Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
Q2|2 > o~ SRR RPN RIS D ol =3 £ =3
A g« |SElglElg g s ~2x| 5353 3. g ol L&
%] O CRER I I R =3 |=l5= 58|82 Qo
%) 2lecl=2 | a7 oL | 3|2 T EANRE;
*SPT S | Elglao|= > £ o= b
10 20 30 40 50 V] il =lo &
°] SAND. : . ] -
J Yellowish brown, medium dense to dense, some sil ] i
| | |
] 1] 4 1 sm 72.8/27.2 NLL| - |NPI|9.6|1.72 1.9 672 |N 1lspr. 4
d ||A-2-4(0 S |o ]
N o~ )
o] U 25 o] @ |SPT . 2
< ] < <]
g 1] 2] SM 72.3|127.7 NLL NPI|14.3]1.73 2 g
End of Log @ 5 (M) 28 2400 327 31 SPT .3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-31

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
= ; . IS . T = . . . ] |
= Cllgnt :Renewable Resources 2 . GWL:- (m) East!ng.298047 2 Geotechnical Engineering & | =g
2| Location :Deh Halkani 5| Drill Date:25.12.2022  Northing:2769010 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEF 5 E o .- et |k E
= RS} S L =
S| d ;'Q’ Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
g2 |8 3 |8 5 |8 eS8l clsls 3| BulglEl~= g )
8 0|5 8l 8 |3/ Tg e >z P82 2 glal3z8l20
3 2 slo| ST §z3 2l 5|olo|2lalQl0
c =8| 4 T 20| 52T < n
“SPT o) Elglod|o|=2|o € |~
10 20 30 40 50 o il =lo &
°] SAND. : . ] -
i Yellowish brown, medium dense, some silt & gravel ] i
] - -
] ) .+ 25 1| sm |26.1|47.7|26.2 NLL| - [NPI|12.3(1.72] 1.9 69/8 |2 | | .
1 7 |a-2-a(o S |° 1 SFT -1
N N S
[ 1] r 26 o] S |gPT . 2
< ] < <]
g 1] 2] SM |23.3/46.9/29.8 NLL NPI| 2.2(1.78 1.8 g
— *25 — . . . - . - - - .
End of Log @ 5 (m) A-2-4(0 SPT - 3
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Mud Rotary Log BH-32

5 Project : Geotechnical Investigation Works o Depth:5 (m) Elevation:Equal to Exist. R/L s S
8 . = . . = . . . | ¥
= Cllgnt :Renewable Resources 2 . GWL:- (m) East!ng.297990 2 Geotechnical Engineering & =-r
2| Location :Deh Halkani 5| Drill Date:27.12.2022  Northing:2768830 g Material Testing Laboratory | -
% Job No.:K22-1245-101 3|Logged By:SA Method:Mud Rotary 8 www.sts.com.pk
9 Sieve Analysis Atterberg ‘E gﬁg;ﬁ Consolidati| Chemical
~ |8 ~| T Test Limits 2 Test S on Tests —
EEPR 3 E| B ol 8 et | g E
= RS} S L =
S| d ;'Q’ Lithology Description Field Tests € s § =| ~ - e < ol & > N < | Remarks & Comments
2|28 318 5 €8 8l slcle 2| Bulgle~ = £ g
8 0|5 8l 8 |3/ Tg e >z P82 2 glal3z8l20
3 2 slo| ST §z3 2l 5|olo|2lalQl0
c =8| 4 T 20| 52T < n
*SPT > |glg|o|o| 2 0 £ o™
10 20 30 40 50 V] il =lo &
°] SAND. : . ] -
J Yellowish brown, medium dense to dense, little silt ] i
| | |
] 1) * 34 1| sm 81.3/18.7 NLL| - [NPI|13.8/1.73 2 682 |& 1lspr. 4
d |la-1-b(0 S |o ]
N o~ )
[ 1] * 2 o] S |gPT . 2
< ] < <]
g 1] 2] SM 86.8/13.2 NLL NPI|20.1| 1.7| 2 g
- *29 - -8/13. - AL - .
End of Log @ 5 (m) A-1-b(0 oFT
¢ | @Disturbed L] SPT Sample i LL : Liquid Limit C : Cohesion Cc:Cc w : Moisture Content CD : Consolidated, Drained
,% + Undisturbed o Water Sample -% PL : Plastic Limit Phi : Friction Angle Cs:Cs qu : Unconfined Comp. Qu UU : Unconsolidated, Undrained
é. Oshelby / U4 Sz Groundwater Level 'é Pl : Plastic Index C': Cohesion (CU) Pc : Pre-Consolidation Pressure F : Fast CU : Consolidated, Undrained
g M Core Cutter 2 NPI : None PI Phi' : Friction Angle (CU) K : Permeability Coeff. S Slow page 1 of 1
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Appendix C

Laboratory Test Results



Summary of Lab. Tests

Project : Geotechnical Investigation Works
Client : Renewable Resources /3 [Ussme]
Job No.: K22-1245-101 = :
Location : Deh Halkani ‘
Sieve Analysis Test
Sample i
Borehole| “Depih SOl | D10 mm | D30 mm | D60 mm | Clay (%)| Silt (%) |Sand (%) Gz%e' C%}ot)"e LL PL
(m)
ML
BHOL | 15 | Mo 328 | 424 | 248 286 | 241
ML
BH-01 5 Pors 20 44 34.4 16
BH-02 | 15 ML 0094 | 143 | 364 | 217 | 276
: A-4(0) : : : ' :
BH-02 5 ML 0098 | 99 441 46
A-4(0) : ' :
BH-03 | 15 SM 0089 | 0.181 247 | 753
S| A-2-4(0) ' : : '
BH-03 5 SM 0089 | 0.182 249 | 751
A-1-b(0) : : : '
BH-07 | 15 SM 0103 | 156 | 322 | 374 | 148
: A-4(0) : : : ' :
BH-07 5 ML 0.087 18 341 | 479
A-4(0) : : :
BH-11 | 15 SM 0111 | 0225 169 | 712 | 119
S| A-2-4(0) ' : : ' :
BH-11 5 SM 0096 | 0.285 259 | 449 | 292
A-2-4(0) : : : : :
cL
BH-12 | 15 | G0 0.143 40 382 | 204 1.4 276 | 19.1
CL-ML
BH-12 5 oAt 0127 | 425 | 428 | 139 0.8 255 | 19.3
BH-14 | 15 SM 0104 | 1.277 223 | 515 | 262
5| A2-4(0) : : : : :
BH-14 5 SM 01 | 0.209 21 71.9 71
A-2-4(0) ' : ' '
cL
BH-15 | 15 | %0 336 | 324 | 266 7.4 201 | 19.2
BH-15 5 ML 319 | 413 | 226 42 208 | 244
A-4(3) : : ' ' : :
BH-16 | 15 SM 0106 | 0.199 218 | 782
S | A1-b(0) ' : : :
BH-16 5 SM 0085 | 0.178 259 | 741
A-2-4(0) ' : : :
BH-17 | 15 SM 0.18 302 | 67.9 1.9
5| A2-4(0) : : : :
BH-17 5 SM 0089 | 0.191 261 | 734 05
A-2-4(0) ' : : ' '
BH-19 | 15 SM 0157 | 167 | 234 | 599
: A-4(0) : : : :
BH-19 5 SM 0.415 321 | 395 | 284
A-2-4(0) : : ' :
BH-20 | 15 GM 1 148 | 283 8.8 481
: A-4(0) : : : :
SP-SM
BH-20 5 | noao) 008L | 014 | 0489 72 723 | 205
BH21 | 15 GM 0.23 1 207 | 257 | 536
S | A1-b(0) : : : :
BH-21 5 SM 0137 | 2.266 212 | 507 | 281
A-2-4(0) ' : : ' :
NovoLAB 4.0.2019.1206 Licensed to: () Page 1/7
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Summary of Lab. Tests

Project : Geotechnical Investigation Works
Client : Renewable Resources /3 [Ussme]
Job No.: K22-1245-101 = :
Location : Deh Halkani ‘
Sample i .
Borehole Dep’{’h Cslgéls D10 mm | D30 mm | D60 mm | Clay (%) | Silt (%) |Sand (%) GE%el C(z(l%gle LL PL
(m)
SM
BH22 | 15 | S0 0143 | 158 | 326 | 516
BH-22 5 ML 376 38 23 1.4 319 | 253
A-4(4) : ' : '
BH-23 | 15 SM 0082 | 1.378 282 | 495 | 223
S| A2-4(0) : : : : :
BH-23 5 ML 0092 | 205 | 353 | 432 1
A-4(0) : : : '
SM
BH24 | 15 | S | 0088 | 0123 | 021 | 119 | 312 | 569
BH-24 5 SM 0122 | 4227 227 | 392 | 381
A-2-4(0) ' : : ' :
BH-25 | 15 SM 0096 | 0217 225 70 75
S| A2-4(0) : : : :
BH-25 5 SM 0089 | 0.208 248 | 642 11
A-2-4(0) ' : : '
BH-26 | 15 SM 01 | 0271 231 55 21.9
S| A2-4(0) ' : : :
BH-26 5 SM 0099 | 0.24 238 | 686 76
A-2-4(0) ' ' : ' '
BH-27 | 15 SM 0093 | 0.188 214 | 721 65
S| A2-4(0) : : : : :
BH-27 5 SM 0097 | 0177 191 | 80.8 0.1
A-2-4(0) ' : : ' '
BH-28 | 15 SM 0468 | 4.308 264 | 442 | 294
S| A-2-4(0) ' : : : :
BH-28 5 SM 0103 | 0.242 219 | 639 | 142
A-2-4(0) : : : : :
BH29 | 15 SM 0093 | 0188 | 154 | 336 51
: A-4(0) ' : : :
BH-29 5 SM 0093 | 0188 | 155 34 50.5
A-4(0) ' : : '
BH-30 | 15 SM 008 | 0.155 272 | 728
S| A-2-4(0) : : : '
BH-30 5 SM 0079 | 0.162 277 | 723
A-2-4(0) : : : :
BH-31 | 15 SM 0088 | 0.249 262 | 477 | 261
S| A-2-4(0) ' : : ' :
BH-31 5 SM 0273 | 3.69 208 | 469 | 233
A-2-4(0) : : : : :
BH32 | 15 SM 0091 | 0.153 187 | 813
S | A-1-b(0) ' : : '
BH-32 5 SM 0108 | 0.182 132 | 868
A-1-b(0) ' : : '
ATTERBERG LIMITS TEST
Borehole Sample Depth (m) Soil Class Liquid Limit (LL) Plastic Limit (PL)
ML
BH-01 15 A4 28.6 241
cL
BH-12 15 A4 276 19.1
CL-ML
BH-12 5 et 255 19.3

NovoLAB 4.0.2019.1206 Licensed to: ()
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Summary of Lab. Tests

Project : Geotechnical Investigation Works

Client : Renewable Resources -T-
Job No.: K22-1245-101 = =

Location : Deh Halkani W
Borehole Sample Depth (m) Soil Class Liquid Limit (LL) Plastic Limit (PL)
BH-15 15 A_i'(-@ 29.1 19.2
BH-15 5 Aﬂ'(3) 20.8 24.4
BH-22 5 Aﬁ'@) 31.9 25.3
Density & Moisture Test
Borehole Sample Depth (m) Soil Class Moisture Content (%) Dry Density (gr/cm3)
BH-01 15 AZI,I(_z) 15.3 1.596
BH-01 5 Aﬁ'(-o) 15.3 1.584
BH-02 15 Aﬂ'(o) 16.75 1.576
BH-02 5 Aﬁ'(-o) 21.47 1573
BH-03 15 A_?_Z'(O) 153 1.624
BH-03 5 A-1S-'\t;|(0) 15.12 1.634
BH-07 15 Ai"("o) 5.98 1.687
BH-07 5 Aﬁ'(o) 10.08 1.627
BH-11 15 A—ZS—'XI(O) 8.8 1.658
BH-11 5 A_ZS_'X'(O) 8.17 1.627
BH-12 15 A_i'('s) 18.35 1.721
BH-12 5 i:'(% 202 1.634
BH-14 15 A—ZS—'XI(O) 104 1.689
BH-14 5 A_ZS_'X'(O) 7.4 1.721
BH-15 15 CL 10.57 1.634
A-4(4)
BH-15 5 AM(L3) 27 1.591
BH-16 15 A_f’_'z'(o) 11 1.695
BH-16 5 A_ZS_'X'(O) 121 1675
BH-17 15 A—ZS—'XI(O) 11.95 1.648
BH-17 5 A_ZS_'X'(O) 1214 1.695
BH-19 15 Ai'\("o) 25.32 1.721
BH-19 5 A_ZS_'X'(O) 2.71 1.701
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Project : Geotechnical Investigation Works

Summary of Lab. Tests

Client : Renewable Resources

Job No.: K22-1245-101

=

Location : Deh Halkani W
Borehole Sample Depth (m) Soil Class Moisture Content (%) Dry Density (gr/cm3)
BH-20 15 Ai'\("o) 3.64 1.821
BH-20 5 AS_'ZZE('\(’)') 411 1.785
BH-21 15 A-f—lt\J/I(O) 2.44 1.803
BH-21 5 A_?_Z'(O) 1.42 1.793
BH-22 15 A-S4'\(/IO) 5.82 1.691
BH-22 5 Aﬂ'(4) 26.24 1.608
BH-23 15 A_ZS_'X'(O) 7.28 1.635
BH-23 5 Aﬂ'(o) 11.31 1.629
BH-24 15 A-S4'\(/IO) 12.02 1.623
BH-24 5 A_?_Z'(O) 9.26 1.628
BH-25 15 A_ZS_'X'(O) 6.38 1.725
BH-25 5 A_?_Z'(O) 6.08 1.765
BH-26 15 A_ZS_'X'(O) 3.85 1.764
BH-26 5 A—ZS—'XI(O) 2.49 1.764
BH-27 15 A_ZS_'X'(O) 9.63 1.782
BH-27 5 A—ZS—'XI(O) 1.82 1.734
BH-28 15 A_ZS_'X'(O) 419 1.754
BH-28 5 A—ZS—'XI(O) 4 1.768
BH-29 15 A-S4’\(/IO) 18.95 1.684
BH-29 5 Ai'\("o) 19.62 1.674
BH-30 15 A_ZS_Z'(O) 9.55 1.724
BH-30 5 A—ZS—'XI(O) 14.27 1.728
BH-31 15 A_ZS_'X'(O) 12.34 1.723
BH-31 5 A—ZS—'XI(O) 218 1.785
BH-32 15 A-lS-’\b/I(O) 13.79 1.725
BH-32 5 A_f’_'z'(o) 20.14 1.695
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Summary of Lab. Tests

Project : Geotechnical Investigation Works

Client : Renewable Resources

Job No.: K22-1245-101

=

Location : Deh Halkani W
Borehole Sample Depth (m) Soil Class Value
BH-01 15 AMI(_z) 0.01
BH-01 15 AZI,I(_z) 0.28
BH-01 15 AMI(_z) 6.85
BH-02 15 Aﬂ'(o) 6.75
BH-02 15 Aﬁ'(-o) 0.01
BH-02 15 Aﬂ'(o) 0.29
BH-03 15 A_ZS_'X'(O) 0.01
BH-03 15 A_?_Z'(O) 7.25
BH-03 15 A_ZS_'X'(O) 0.27
BH-07 15 Ai"("o) 6.76
BH-07 15 A-S4'\(/IO) 0.26
BH-07 15 Ai"("o) 0.01
BH-11 15 A_ZS_'X'(O) 7.3
BH-11 15 A—ZS—'XI(O) 0.01
BH-11 15 A_ZS_'X'(O) 0.27
BH-12 15 A_i'('s) 6.74
BH-12 15 A-C4%5) 0.26
BH-12 15 A_i'('s) 0.01
BH-14 15 A_ZS_'X'(O) 0.27
BH-14 15 A—ZS—'XI(O) 0.01
BH-14 15 A_ZS_'X'(O) 7.2
BH-15 15 A_i'('4) 0.01
BH-15 15 A_ib) 0.27
BH-15 15 A_i'('4) 6.8
BH-16 15 A-lS-'\b/I(O) 0.01
BH-16 15 A_f’_'z'(o) 6.3
BH-16 15 A-lS-’\b/I(O) 0.27
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Summary of Lab. Tests

Project : Geotechnical Investigation Works

Client : Renewable Resources

Job No.: K22-1245-101

=

Location : Deh Halkani W
Borehole Sample Depth (m) Soil Class Value
BH-17 15 A_ZS_'X'(O) 7.21
BH-17 15 A-ZS-,XI(O) 0.25
BH-17 15 A_ZS_'X'(O) 0.01
BH-19 15 Ai"("o) 0.01
BH-19 15 A-S4'\(/IO) 0.28
BH-19 15 Ai"("o) 6.35
BH-20 15 Ai'\("o) 0.27
BH-20 15 Ai,\(/IO) 6.65
BH-20 15 Ai'\("o) 0.01
BH-21 15 A-:(LS-,E)/I(O) 0.27
BH-21 15 A-f—lt\J/I(O) 7.35
BH-21 15 A-:(LS-,E)/I(O) 0.01
BH-22 15 A-S4'\(/IO) 0.29
BH-22 15 Ai'\("o) 6.3
BH-22 15 A-S4’\(/IO) 0.01
BH-23 15 A—ZS—'XI(O) 0.29
BH-23 15 A_ZS_Z'(O) 0.01
BH-23 15 A—ZS—'XI(O) 6.25
BH-24 15 A-S4’\(/IO) 0.26
BH-24 15 Ai'\("o) 6.35
BH-24 15 A-S4’\(/IO) 0.01
BH-25 15 A—ZS—'XI(O) 0.28
BH-25 15 A_ZS_'X'(O) 7.3
BH-25 15 A—ZS—'XI(O) 0.01
BH-26 15 A_ZS_Z'(O) 0.01
BH-26 15 A—ZS—'XI(O) 0.25
BH-26 15 A_ZS_'X'(O) 6.3
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Summary of Lab. Tests

Project : Geotechnical Investigation Works

Client : Renewable Resources

Job No.: K22-1245-101

Location : Deh Halkani

Borehole Sample Depth (m) Soil Class Value
BH-27 15 A_ZS_'X'(O) 0.01
BH-27 15 A_?_Z'(O) 0.28
BH-27 15 A_ZS_'X'(O) 6.8
BH-28 15 A_?_Z'(O) 0.28
BH-28 15 A_ZS_'X'(O) 7.2
BH-28 15 A_?_Z'(O) 0.01
BH-29 15 A-S4'\(/IO) 0.01
BH-29 15 Ai"("o) 0.29
BH-29 15 A-S4'\(/IO) 7.24
BH-30 15 A_?_Z'(O) 0.27
BH-30 15 A_ZS_'X'(O) 6.7
BH-30 15 A_?_Z'(O) 0.01
BH-31 15 A_ZS_'X'(O) 6.9
BH-31 15 A—ZS—'XI(O) 0.01
BH-31 15 A_ZS_'X'(O) 0.3
BH-32 15 A_f’_'z'(o) 6.85
BH-32 15 A-lS-'\b/I(O) 0.01
BH-32 15 A_f’_'z'(o) 0.26
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Sieve Analysis Test

Project : Geotechnical Investigation Works

Client : Renewable Resources
Job No.: K22-1245-101

Location : Deh Halkani

—e—BHO1 @15(mM} ——wg= BHO1@5{m)  .ee..ge- BH-D2 @ 1.5 (m}
#200 #100 #30 #10 #4 1" 23
100 1 1 1 . a 1 1
b" .:
// R
90 pare g
’__J / -
//'———4? "/ :.
- "
80 vl L E
,-u" X 5
- K
70 et n
’/ ..Q‘
—_ —e” 1 __,.-."
£ 60- ) il
2 o
E L
g 3 — |
- )
[
S a0
o ~
// //
30 /K
%
20 // /
7
—
10|
0
[=3 o o oo [=3 oo oo [=1 [ = R Y (M @ b B oz
3 8 38382 B 2 88~ ~ = o> S
@ Particle Size (mm)
Particle Distribution (%)
K<)
Clay Silt Sand Gravel 2
(@]
32.8 42.4 24.8 - '
20 44 34.4 1.6 '
14.3 36.4 21.7 27.6 '
Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
iy (mm) | (mm) | (mm) | (mm)
BH-01 1.5 0.001 0.001 0.017 0.026 0.038 26 28.6 4.5 N/A ML A-4(2)
BH-01 5 0.001 0.007 0.025 0.046 1.065 46 - - N/A ML A-4(0)
BH-02 1.5 0.001 0.008 0.058 0.271 0.236 271 - - N/A ML A-4(0)
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Project :
Client :
Job No.:

Location :

Sieve Analysis Test

Geotechnical Investigation Works

Renewable Resources
K22-1245-101
Deh Halkani

* u
ASTM C136

—a— BH-02 @ &{m) ——g= BH-0I@1.5(m} .....g=x BH-03@ 5{m)
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"~ o= Particle Size (mm)
Particle Distribution (%)
i
Clay Silt Sand Gravel 2
(@]
9.9 441 46 . .
- 24.7 75.3 - '
- 24.9 75.1 - '
Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
iy (mm) | (mm) | (mm) | (mm)
BH-02 5 0.002 | 0049 | 0.055 | 0.098 | 12.25 49 - - N/A ML | A-4(0)
BH-03 15 - 0.089 | 0.159 | 0.181 | 0.583 - - - N/A SM | A-2-4(0)
BH-03 5 - 0089 | 0.16 | 0.182 | 0.8 - - - N/A SM | A-1-b(0)
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Project :
Client :
Job No.:

Location :

Sieve Analysis Test

Geotechnical Investigation Works

Renewable Resources
K22-1245-101
Deh Halkani

* u
ASTM C136

———BHO? @ 1.5(M} =——g= BHO7@5{m)  .ceeges BH-11@ 1.5 (m}
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3 3 38% (5] E 88~ ~ = oee S
@ Particle Size (mm)
Particle Distribution (%)
2
Clay Silt Sand Gravel 2
O
15.6 32.2 37.4 14.8 '
18 34.1 47.9 - .
- 16.9 71.2 11.9 '
Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
iy (mm) | (mm) | (mm) | (mm)
BH-07 1.5 0.001 0.023 0.079 0.103 5.136 103 - - N/A SM A-4(0)
BH-07 5 0.001 0.015 0.061 0.088 2.557 88 - - N/A ML A-4(0)
BH-11 1.5 - 0.111 0.183 0.225 0.73 - - - N/A SM A-2-4(0)
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Client : Renewable Resources

Job No.: K22-1245-101

Location : Deh Halkani

Sieve Analysis Test

Project : Geotechnical Investigation Works

——e— BH-11 @ 5{m) ——9= BH-12@1.5(mM} .iuvvges BH-12@ 5{m)
¥200  #100 #50 #10 # 1" 3
1 1 1 1 a 1
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R BESPETL L aaad
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7
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70 e
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£ 60- = o
o
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o S o oo = S o oo o S o o= N L~ N 2 232
Particle Size (mm)
Particle Distribution (%)
o
Clay Silt Sand Gravel 2
o
- 259 44.9 29.2 '
40 38.2 20.4 1.4 '
42.5 42.8 13.9 0.8 '
Classification
Boreholel S22MPle | D10 | D30 | D50 | D60 5 %) |Disp. (0
Dep%h (mm) (mm) (mm) (mm) Cc Cu LL (%) | Pl (%) |Disp. (%) USCS |AASHTO
(m
BH-11 5 - 0.096 0.215 0.285 0.431 - - - N/A SM A-2-4(0)
BH-12 15 0.001 0.001 0.011 0.042 0.024 42 27.6 8.5 N/A CL A-4(5)
BH-12 5 0.001 0.001 0.007 0.024 0.042 24 25.5 6.2 N/A CL-ML | A-4(4)
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Sieve Analysis Test

Project : Geotechnical Investigation Works

Client : Renewable Resources
Job No.: K22-1245-101

Location : Deh Halkani

—t— BH-14@ 1.5(M} —m—.9= BH-14@ 5{m) veeerges BH-15 @ 1.5 (m}
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@ Particle Size (mm)
Particle Distribution (%)
@
Clay Silt Sand Gravel 2
O
- 22.3 51.5 26.2 '
- 21 71.9 7.1 '
33.6 32.4 26.6 7.4 '
Classification
Sample | pi1g D30 D50 D60 0 0 SN
Borehole| Depth (mm) (mm) (mm) (mm) Cc Cu LL (%) | Pl (%) |Disp. (%) USCS |AASHTO
(m)
BH-14 1.5 - 0.104 0.235 1.277 0.113 - - - N/A SM A-2-4(0)
BH-14 5 - 0.1 0.172 0.209 0.638 - - - N/A SM A-2-4(0)
BH-15 1.5 0.001 0.001 0.023 0.052 0.019 52 29.1 9.9 N/A CL A-4(4)
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Sieve Analysis Test

Project : Geotechnical Investigation Works
Client: Renewable Resources =g m— !
\ 8}
Job No.: K22-1245-101 = : = =
: : ; =
Location : Deh Halkani RO 2
—e— BH-15@ &5 {m) === BH-16 @ 1.5(m} .....g:« BH-16 @ 5{m)
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"~ o= Particle Size (mm)
Particle Distribution (%)
@
Clay Silt Sand Gravel 2
(@]
31.9 41.3 22.6 4.2 -
- 21.8 78.2 . -
- 25.9 74.1 - -
Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
iy (mm) | (mm) | (mm) | (mm)
BH-15 5 0.001 | 0.001 | 0.019 | 0.028 | 0.036 28 29.8 5.4 N/A ML A-4(3)
BH-16 15 - 0.106 | 0.174 | 0.199 | 0.753 - - - N/A SM | A-1-b(0)
BH-16 5 - 0.085 | 0.154 | 0.178 | 0.541 - - - N/A SM | A-2-4(0)
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Sieve Analysis Test

Project : Geotechnical Investigation Works
Client: Renewable Resources | —
Job No.: K22-1245-101 =

Location : Deh Halkani

—— BH1A7 @ 1.5(M} ——.9= BH-17 @ 5{m) veeesges BH-19 @ 1.5 (m}
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@ Particle Size (mm)
Particle Distribution (%)
o
Clay Silt Sand Gravel 2
O
- 30.2 67.9 1.9 '
- 26.1 73.4 0.5 '
16.7 23.4 59.9 - '
Classification
Sample
Boreholel Depth | (oo | B30 | DSO | D8O | g Cu | LL(%) | PI(%) Disp. (%) USCS AASHTO
(m)
BH-17 1.5 - - 0.157 0.183 - - - - N/A SM A-2-4(0)
BH-17 5 - 0.089 0.167 0.191 0.553 - - - N/A SM | A-2-4(0)
BH-19 1.5 0.001 0.022 0.111 0.157 3.083 157 - - N/A SM A-4(0)
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Sieve Analysis Test

Project : Geotechnical Investigation Works
Client : Renewable Resources
Job No.: K22-1245-101 =

Location : Deh Halkani
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* u I
ASTM C136

——BH12@5{m)  ——g= BH-20@ 1.5(M} .eeenge BH-20 @ 5{m)
#200 #100 #30 #10 #4 1" 23
100 1 1 1 - a | - 1
3 / H
]
3 1
90 ; I
H 1
DA
80 . ,’ !
70 o’ ]
-‘.‘“
- /'/ l'
£ 60 H
o I
£ I
] @ i i b e @ e
& 50
5 .
o /r—l
£ a0
a ~
o
20 X
il .-'.
20 :
/// ]
wl [ 3
.
0
(= o o OO (= o o OO (= o O O - L% £ P = ¥} B oo =
S 8532 & g 8s= S ¥ = S 8 5838
"~ o= Particle Size (mm)
Particle Distribution (%)
K<)
Clay Silt Sand Gravel 2
O
- 32.1 39.5 28.4 '
14.8 28.3 8.8 48.1 '
- 7.2 72.3 20.5 '
Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
iy (mm) | (mm) | (mm) | (mm)
BH-19 5 - - 0.217 0.415 - - - - N/A SM A-2-4(0)
BH-20 1.5 0.001 0.02 0.25 1 0.4 1000 - - N/A GM A-4(0)
BH-20 5 0.081 0.14 0.256 0.489 0.495 6.037 - - N/A SP-SM | A-2-4(0)
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Project : Geotechnical Investigation Works

Client : Renewable Resources

Job No.: K22-1245-101

Location : Deh Halkani

Sieve Analysis Test

——BH-21@1.5(M} ——g=BH-Z1@5{m)  .....g:- BH-22@ 1.5 (m}
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@ Particle Size (mm)
Particle Distribution (%)
2
Clay Silt Sand Gravel 2
O
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- 21.2 50.7 28.1 '
15.8 32.6 51.6 - '
Classification
Sample .
Boreholel Depth | (oo | B30 | DSO | D8O | g Cu | LL(%) | PI(%) Disp. (%) USCS AASHTO
(m)
BH-21 1.5 - 0.23 7.155 1 0.705 - - - N/A GM A-1-b(0)
BH-21 5 - 0.137 0.314 2.266 0.11 - - - N/A SM A-2-4(0)
BH-22 1.5 0.001 0.006 0.082 0.143 0.252 143 - - N/A SM A-4(0)
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Sieve Analysis Test

Project : Geotechnical Investigation Works
Client : Renewable Resources I |
Job No.: K22-1245-101 = =
Location : Deh Halkani . %
—a— BH-22 @ 5{m) ——g= BH-23@1.5(m} .....g-« BEH-23@ 5{m)
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@ Particle Size (mm)
Particle Distribution (%)
i
Clay Silt Sand Gravel 2
(@]
37.6 38 23 1.4 '
- 28.2 495 22.3 -
20.5 35.3 43.2 1 '
Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
iy (mm) | (mm) | (mm) | (mm)
BH-22 5 0.001 0.001 0.016 0.026 0.038 26 31.9 6.6 N/A ML A-4(4)
BH-23 15 - 0.082 | 0.231 | 1.378 | 0.065 - - - N/A SM | A-2-4(0)
BH-23 5 0.001 0.008 0.037 0.092 0.696 92 - - N/A ML A-4(0)
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Sieve Analysis Test

Project : Geotechnical Investigation Works

Client : Renewable Resources I |
Job No.: K22-1245-101 = =
Location : Deh Halkani . %
—e—BH-24@15(mM} ——wg= BH-24@5{m)  .e0..9.- BH-25@ 1.5 (m}
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Particle Distribution (%)
o
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(@]
11.9 31.2 56.9 - '
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- 22.5 70 7.5 '
Classification
Sample
Boreholel Depth | (oo | B30 | DSO | D8O | g Cu | LL(%) | PI(%) Disp. (%) USCS AASHTO
(m)
BH-24 1.5 0.001 0.05 0.093 0.125 20 125 - - N/A SM A-4(0)
BH-24 5 - 0.122 2.185 4.227 0.047 - - - N/A SM A-2-4(0)
BH-25 1.5 - 0.096 0.173 0.217 0.566 - - - N/A SM A-2-4(0)
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Client : Renewable Resources

Job No.: K22-1245-101

Location : Deh Halkani

—— BH-25 @ 5§ {m)

Sieve Analysis Test

Project : Geotechnical Investigation Works

——g= BH-26 @ 1.5(m} .u...9.. BH-26 @ 5{m)
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@ Particle Size (mm)
Particle Distribution (%)
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Clay Silt Sand Gravel 2
O
- 24.8 64.2 11 '
- 231 55 21.9 '
- 23.8 68.6 7.6 '
Classification
Sample
Boreholel Depth | (oo | B30 | DSO | D8O | g Cu | LL(%) | PI(%) Disp. (%) USCS AASHTO
(m)
BH-25 5 - 0.089 0.166 0.208 0.508 - - - N/A SM A-2-4(0)
BH-26 1.5 - 0.1 0.203 0.271 0.492 - - - N/A SM A-2-4(0)
BH-26 5 - 0.099 0.191 0.24 0.544 - - - N/A SM A-2-4(0)
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Project :
Client :
Job No.:

Location :

Sieve Analysis Test

Geotechnical Investigation Works

Renewable Resources
K22-1245-101
Deh Halkani

* u
ASTM C136

——BH-27@1.5(M} =——g= BH-27@5{m)  .ceege BH-28 @ 1.5 (m}
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Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
iy (mm) | (mm) | (mm) | (mm)
BH-27 1.5 - 0.093 0.154 0.188 0.613 - - - N/A SM A-2-4(0)
BH-27 5 - 0.097 0.154 0.178 0.705 - - - N/A SM A-2-4(0)
BH-28 1.5 - 0.114 1.463 3.188 0.054 - - - N/A SM A-2-4(0)
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Project :
Client :
Job No.:

Location :

Renewable Resources
K22-1245-101
Deh Halkani

Sieve Analysis Test

Geotechnical Investigation Works

——— BH-28 @ 5{m) ——g= BH-29 @ 1.5(M}  +uvevge. BH-29 @ 54{m)
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Particle Size (mm)
Particle Distribution (%)
o
Clay Silt Sand Gravel 2
O
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154 33.6 51 - '
15.5 34 50.5 - '
Classification
Sample | pi1g D30 D50 D60 0 0 SN
Borehole| Depth (mm) (mm) (mm) (mm) Cc Cu LL (%) | Pl (%) |Disp. (%) USCS |AASHTO
(m)
BH-28 5 - 0.103 0.192 0.242 0.585 - - - N/A SM A-2-4(0)
BH-29 1.5 0.001 0.048 0.078 0.111 20.757 111 - - N/A SM A-4(0)
BH-29 5 0.001 0.048 0.076 0.108 | 21.333 108 - - N/A SM A-4(0)
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Client : Renewable Resources

Job No.: K22-1245-101

Location : Deh Halkani

Sieve Analysis Test

Project : Geotechnical Investigation Works

——e— BH-30 @ 1.5(M)} ——.9= BH-30@ 5{m) verenges BH-31 @ 1.5 (m}
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Classification
Sample
Boreholel Depth | (oo | B30 | DSO | D8O | g Cu | LL(%) | PI(%) Disp. (%) USCS AASHTO
(m)
BH-30 1.5 - 0.08 0.124 0.155 0.551 - - - N/A SM A-2-4(0)
BH-30 5 - 0.079 0.129 0.162 0.514 - - - N/A SM A-2-4(0)
BH-31 1.5 - 0.088 0.186 0.249 0.415 - - - N/A SM A-2-4(0)
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Sieve Analysis Test

Project : Geotechnical Investigation Works
Client : Renewable Resources =y — !
Job No.: K22-1245-101 = ; = ;
. . =
X )]
ol 7

Location : Deh Halkani
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Particle Distribution (%)
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Classification
Borehole ambi®| D10 | D30 | D50 | D60 Ce Cu | LL(©) | PI(%) |Disp. (%) USCS |AASHTO
(,ﬁ) (mm) (mm) (mm) (mm)
BH-31 5 - 0.077 0.694 0.965 0.082 - - - N/A SM A-2-4(0)
BH-32 1.5 - 0.091 0.129 0.153 0.722 - - - N/A SM A-1-b(0)
BH-32 5 - 0.108 0.159 0.182 0.843 - - - N/A SM A-1-b(0)
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ATTERBERG LIMITS TEST

Project : Geotechnical Investigation Works Borehole : BH-01

Client : Renewable Resources Sample Depth : 1.5 (m)
Job No.: K22-1245-101

Location : Deh Halkani

Classification : ML | A-4(2)
Sample Type : SPT Split Spoon

Liquid Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) # of Blows Moisture Content (%)
9.85 32.15 26.54 16 33.6
10.44 30.65 26.15 25 28.6
Plastic Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) Moisture Content (%)
33.1 36.96 36.21 24.1
LL =28.6 % PL=24.1% Pl1=4.5
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n * @ * 3 = & = 2 3
(=]
# of Blows
USCS Soil Description : Low Plasticity Silt With Sand Tested By :

AASHTO Soil Description : A-4, Silty soils (2)
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ATTERBERG LIMITS TEST

Project : Geotechnical Investigation Works Borehole : BH-12
Client : Renewable Resources Sample Depth : 1.5 (m)
Job No.: K22-1245-101 Classification : CL | A-4(5)
Location : Deh Halkani Sample Type : SPT Split Spoon
Liquid Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) # of Blows Moisture Content (%)
10.21 36.12 30.12 16 30.1
9.64 34.53 29.18 26 27.4
Plastic Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) Moisture Content (%)
31.95 34.51 34.1 19.1
LL=27.6% PL=19.1% P1=8.5
100
90
80
70
é &0
g
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8 504
g
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30 paiel T
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20
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0
n * @ * 3 = & = g 2
# of Blows
USCS Soil Description : Low Plasticity Clay With Sand Tested By :

AASHTO Soil Description : A-4, Silty soils (5)
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ATTERBERG LIMITS TEST

Project : Geotechnical Investigation Works Borehole : BH-12
Client : Renewable Resources Sample Depth : 5 (m)
Job No.: K22-1245-101 Classification : CL-ML | A-4(4)
Location : Deh Halkani Sample Type : SPT Split Spoon
Liquid Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) # of Blows Moisture Content (%)
9.04 35.95 30.37 15 26.2
10.12 35.21 30.12 26 25.4
Plastic Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) Moisture Content (%)
37.64 40.24 39.82 19.3
LL=255% PL=19.3% P1=6.2
100
90
80
70
é &0
g
=
8 504
g
2
2 a0
=
30
e ————
20
10+
0
n * @ * 3 = & = 2 3
# of Blows
USCS Soil Description : Silty Clay With Sand Tested By :

AASHTO Soil Description : A-4, Silty soils (4)
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ATTERBERG LIMITS TEST

Project : Geotechnical Investigation Works Borehole : BH-15

Client : Renewable Resources Sample Depth : 1.5 (m)
Job No.: K22-1245-101

Location : Deh Halkani

Classification : CL | A-4(4)
Sample Type : SPT Split Spoon

Liquid Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) # of Blows Moisture Content (%)
12.31 35.12 29.54 16 324
14.15 37.39 32.28 28 28.2
Plastic Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) Moisture Content (%)
25.72 28.08 27.7 19.2
LL=29.1% PL=19.2% P1=9.9
100
90
80
70
é &0
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=
~o_
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20
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# of Blows
USCS Soil Description : Low Plasticity Clay With Sand Tested By :

AASHTO Soil Description : A-4, Silty soils (4)
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ATTERBERG LIMITS TEST

Project : Geotechnical Investigation Works Borehole : BH-15
Client : Renewable Resources Sample Depth : 5 (m)
Job No.: K22-1245-101 Classification : ML | A-4(3)
Location : Deh Halkani Sample Type : SPT Split Spoon
Liquid Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) # of Blows Moisture Content (%)
14.47 38.57 32.86 18 31
13.1 35.12 30.12 28 29.4
Plastic Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) Moisture Content (%)
24.08 27.65 26.95 24.4
LL=29.8% PL=24.4% Pl1=5.4
100
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80
70
é &0
g
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# of Blows
USCS Soil Description : Low Plasticity Silt With Sand Tested By :

AASHTO Soil Description : A-4, Silty soils (3)
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ATTERBERG LIMITS TEST

Project : Geotechnical Investigation Works Borehole : BH-22
Client : Renewable Resources Sample Depth : 5 (m)
Job No.: K22-1245-101 Classification : ML | A-4(4)
Location : Deh Halkani Sample Type : SPT Split Spoon
Liquid Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) # of Blows Moisture Content (%)
21.52 33.3 30.41 16 325
14.23 25.31 22.65 31 31.6
Plastic Limit
Cont. W (gr) Cont. + Wet Soil W (gr) Cont. + Dry Soil W (gr) Moisture Content (%)
28.36 37.98 36.04 25.3
LL=319% PL =25.3% P1=6.6
100
90
80
70
é &0
g
=
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g
2
2 a0
=
30- B S— *
20
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0
n * @ * 3 = & = g 2
# of Blows
USCS Soil Description : Low Plasticity Silt With Sand Tested By :

AASHTO Soil Description : A-4, Silty soils (4)
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Density & Moisture Test

Project : Geotechnical Investigation Works
Client: Renewable Resources T
Job No.: K22-1245-101 = =
Location : Deh Halkani M
Borehole Sample Depth (m) |Moisture Content (%)| Dry Density (gr/cm3)|Wet Density (gr/cm3)

BH-01 15 15.3 1.6 1.84
BH-01 5 15.3 1.58 1.83
BH-02 15 16.75 1.58 1.84
BH-02 5 21.47 1.57 1.91
BH-03 15 15.3 1.62 1.87
BH-03 5 15.12 1.63 1.88
BH-07 15 5.98 1.69 1.79
BH-07 5 10.08 1.63 1.79
BH-11 15 8.8 1.66 1.8
BH-11 5 8.17 1.63 1.76
BH-12 15 18.35 1.72 2.04
BH-12 5 20.2 1.63 1.96
BH-14 15 10.4 1.69 1.86
BH-14 5 7.4 1.72 1.85
BH-15 15 10.57 1.63 1.81
BH-15 5 27 1.59 2.02
BH-16 15 11 1.7 1.88
BH-16 5 12.1 1.67 1.88
BH-17 15 11.95 1.65 1.84
BH-17 5 12.14 1.7 1.9
BH-19 15 25.32 1.72 2.16
BH-19 5 2.71 1.7 1.75
BH-20 15 3.64 1.82 1.89
BH-20 5 411 1.78 1.86
BH-21 15 2.44 1.8 1.85
BH-21 5 1.42 1.79 1.82
BH-22 15 5.82 1.69 1.79
BH-22 5 26.24 1.61 2.03
BH-23 15 7.28 1.63 1.75
BH-23 5 11.31 1.63 1.81
BH-24 15 12.02 1.62 1.82
BH-24 5 9.26 1.63 1.78
BH-25 15 6.38 1.73 1.84
BH-25 5 6.08 1.76 1.87
BH-26 15 3.85 1.76 1.83
BH-26 5 2.49 1.76 1.81
BH-27 15 9.63 1.78 1.95
BH-27 5 1.82 1.73 1.77
BH-28 15 4.19 1.75 1.83
BH-28 5 4 1.77 1.84
BH-29 15 18.95 1.68 2

BH-29 5 19.62 1.67 2

BH-30 15 9.55 1.72 1.89
BH-30 5 14.27 1.73 1.97
BH-31 15 12.34 1.72 1.94
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Density & Moisture Test

Project : Geotechnical Investigation Works
Client: Renewable Resources =] I
Job No.: K22-1245-101 = =
- . -’ o Dy O w-r;'
Location : Deh Halkani AR L FQO-R SO
Borehole Sample Depth (m) |Moisture Content (%)| Dry Density (gr/cm3)|Wet Density (gr/cm3)

BH-31 5 2.18 1.78 1.82

BH-32 15 13.79 1.73 1.96

BH-32 5 20.14 1.7 2.04
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SOIL TESTING SERVICS

Geotechnical Investigation Works

Project
Client Renewable Resources
Job No. K22-1245-101
Location Deh Halkani, Karachi
NORMAL SHEAR
STRESS STRESS
(kg/cm’) (kglem?)
0.00 0.00
0.16 0.10
0.31 0.16
0.46 0.27
Cohesion (c) 0.00
Angle of friction (®) 30.13

Borehole
Sample Depth
Classification

Sample Type

DIRECT SHEAR TEST

(T T ]
s oleisoolos® e ®

BH-03

1.50 (m)
SM
SPT Split Spoon

SHEAR STRESS

0.60

0.50

0.40

0.30

0.20

0.10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
NORMAL STRESS




SOIL TESTING SERVICS

Geotechnical Investigation Works

Project
Client Renewable Resources
Job No. K22-1245-101
Location Deh Halkani, Karachi
NORMAL SHEAR
STRESS STRESS
(kg/cm’) (kglem?)
0.00 0.05
0.14 0.09
0.29 0.18
0.46 0.25
Cohesion (c) 0.05
Angle of friction (®) 23.08

Borehole
Sample Depth
Classification

Sample Type

DIRECT SHEAR TEST

(T T ]
20 000

BH-07

3.00 (m)
ML
SPT Split Spoon

SHEAR STRESS

0.60

0.50

0.40

0.30

0.20

0.10

-

0.00 f/

0.2

0.3 0.4

NORMAL STRESS

0.5

0.6 0.7




SOIL TESTING SERVICS

Geotechnical Investigation Works

Project
Client Renewable Resources
Job No. K22-1245-101
Location Deh Halkani, Karachi
NORMAL SHEAR
STRESS STRESS
(kg/cm’) (kglem?)
0.00 0.25
0.14 0.28
0.29 0.36
0.44 0.40
Cohesion (c) 0.25
Angle of friction (®) 18.24

Borehole
Sample Depth
Classification

Sample Type

DIRECT SHEAR TEST

(T T ]
s oleisoolos® e ®

BH-22

5.00 (m)
ML
SPT Split Spoon

SHEAR STRESS

0.60

0.50

0.40

0.30

0.20

0.10

0.00

0.1

0.2 0.3 0.4

NORMAL STRESS

0.5

0.6 0.7
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Geotechnical Investigation for Installation of Solar Power Plant at Halkani, | K22-1245-101
Gadap Town Karachi

A. DRILLING, FIELD TESTING & SAMPLING

The field testing program consisted of drilling works, rock coring and in-situ testing
including Standard Penetration Test (SPT), collection of soil samples using soil sampler
and collection of rock samples. The following sections describe these activities in further
detail.

A.1l. DRILLING METHOD

All the boreholes were drilled by using rotary/wash boring method; in this method soil or
rock is cut by the constant rotation of various types of bits. Drilling fluid, which is either
water or bentonite slurry, is circulated through drilling rods. The returning fluid lifts

loosened material.

The drilling in rock was carried out by double tube core barrels in conjunction with carbide
or diamond bit. In a double tube core barrel the outer barrel is rotated by the drill rods,
while, the inner barrel, which is mounted on a swivel, does not rotate during the drilling
process. The core cut by the coring bit passes into the inner barrel. Core was prevented
from dropping out by a steel core catcher. It was then extruded and wrapped with waxed
bandage tape, to preserve the natural moisture of the recovered core.

Details of the boreholes are given in Table A.1.

Table A.1 Detail of Boreholes

Borehole Depth Water table Depth

Borehole No. Coordinates
(meters) (meters)

BH.OL Not E g 297249 E
-0 5.0 ot Encountere 2770168 N
BH-02 5.0 Not E tered 297081 E
- . ot Encountere 9769957 N
BH-03 5.0 Not E tered 296944 E
- . ot Encountere 2769730 N

0 0 q 296493 E
BH-07 5. Not Encountere 2769779 N
297655 E

BH-11 5.0 Not Encountered 2770117 N
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Gadap Town Karachi

Borehole Depth Water table Depth

Borehole No.

Coordinates

(meters) (meters)
BH-12 5.0 Not E tered 297532 E
- . ot Encountere 2769911 N
0 q 297912 E
BH-14 5. Not Encountere 2769916 N
BH.1 Not E q 297740 E
-15 5.0 ot Encountere 2769721 N
BH-16 5.0 Not E tered 297796 E
- ) ot Encountere 9769480 N
BH-17 5.0 Not E tered 298135 E
- . ot Encountere 2769764 N
9 0 q 298403 E
BH-1 5. Not Encountere 2769548 N
BH-20 5.0 Not E d 298655 E
- . ot Encountere 2769337 N
BH-21 5.0 Not E tered 298887 E
- . ot Encountere 9769113 N
BH-22 5.0 Not E tered 295107 E
- . ot Encountere 2769614 N
23 0 q 295797 E
BH- 5. Not Encountere 2769545 N
BH-24 Not E d 296497 E
- 5.0 ot Encountere 2769447 N
BH-25 5.0 Not E tered 297079 E
- . ot Encountere 9769301 N
BH-26 5.0 Not E tered 297131 E
- . ot Encountere 2769118 N
) 0 q 297314 E
BH-27 5. Not Encountere 2769128 N
BH-2 Not E q 297420 E
-28 5.0 ot Encountere 2768940 N

Soil Testing Services, Karachi
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Borehole Depth Water table Depth

Borehole No. Coordinates
(meters) (meters)
297591 E
BH-29 5.0 Not Encountered 2769132 N
30 0 q 297784 E
BH- 5. Not Encountere 2768971 N
BH.31 Not E g 298047 E
-3 5.0 ot Encountere 2769010 N
BH-32 5.0 Not E tered 297990 E
- ) ot Encountere 9768830 N

Figure A.1 Drilling works in progress
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Gadap Town Karachi

A.2. FIELD TESTING

Field testing carried out at the site includes Standard Penetration Test (SPT). Soil samples

were extracted from the boreholes with the help of “SPT sampler for all types of soils”.

Following sections indicate the processes carried out in each of the field tests.

A.2.1. STANDARD PENETRATION TESTS

The standard penetration tests (SPT) were carried out at interval of 1.0 - 1.5 meter in the

overburden above the bedrock. The standard penetration test was carried out by “Safety”

type sliding hammer. Split-spoon sampler was used in cohesive and fine granular soils to
conduct SPT.

The standard penetration test was carried out by an assembly of the following parts:

Drive-weight assembly, consisting of a drive head and a 63.5kg impact hammer, a
hammer fall guide and the drop system. The drop mechanism will ensure a constant
free fall of 760mm.

Drive rods connect the drive-weight assembly to the sampler.

The split spoon sampler was used to carry out the test, along with retrieving disturbed

samples.

The base of the borehole was made clean and reasonably undisturbed at the test

elevation. Following precautions were taken during the testing sequence:

The level of water or bentonite slurry was maintained at a sufficient level above the
groundwater level, to ensure any entry of water through the bottom of the borehole.

The casing was not driven below the level at which the test will start.

The test was executed in the following steps:

The sampler and the drive rods were lowered in the borehole and the hammer
assembly added to it.

The sampler is penetrated over seating drive of 150mm and the numbers of blows are
recorded.

In the same way the sampler is driven over a test drive of 300mm in two increments of
150mm.

The numbers of blows are recorded during each of the last two increments.

The test was deemed finished when total number of blows equal to 50 was reached.
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The standard penetration test was carried out in accordance with the procedure given in
BS 1377-9:1990.

Figure A.2 Performance of standard penetration test
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A.3. SAMPLING

Sampling forms an essential part of the geotechnical investigation process and good
sampling is essential for proper laboratory testing of samples for determining strength and

compressibility characteristics of soil.

A.3.1. SPT SAMPLES

Samples were recovered from standard penetration testing. The samples were recovered
in split-spoon sampler and then stored in plastic bags. The storage of split-spoon samples
in bags ensured retention of natural moisture of the samples which were later tested for

gradation, consistency and chemical characteristics.
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B. LABORATORY TESTING

Laboratory testing was carried out on retrieved samples. The following section enlists and
gives details of relevant tests carried out on selected samples as required for determining
the subsurface conditions and correlating with the information obtained from field testing

and sampling.

B.1. GRAIN SIZE ANALYSIS

The purpose of grain size analysis is to determine the sizes of the assemblage of particles
that make up the soil. The grain size analysis is conducted in two parts: for particles above
the “#200 US sieve”, sieve analysis is carried out by passing the selected soil sample from
various sieves. For particles finer than the “#200 US sieve”, hydrometer analysis is carried
out. The combined process of determination of the size of particles is termed as the grain

size analysis.

The results are appended with the report in Appendix C. Grain size analysis of soil samples
was carried out as per ASTM D-6913 & ASTM C-136.

B.2. LIQUID AND PLASTIC LIMITS

The liquid and plastic limits of soil are parameters that define the state of the soil at different
water content levels. The liquid limit is the water content above which the soil goes from
solid phase to liquid phase and the plastic limit indicates the water content below which
the soil mass makes the transition from a plastic, remould able solid to a brittle mass which
cannot be remoulded any more. The difference in the water contents at Liquid and Plastic
limits is termed as the plasticity index and it is a measure of the plasticity of the soil under
consideration. The samples used for determining the limits are finer than the “#40 US

sieve”. The limits were determined in accordance with the ASTM D-4318.

Liquid and plastic limits of samples extracted from boreholes were carried out in

accordance with the given procedure.

B.3. NATURAL MOISTURE CONTENT

Natural moisture content is the quantity of water contained in a soil or rock sample. It is

the ratio of the weight of water to the weight of solids in a given volume of soil or rock
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sample. Natural moisture content of soil samples was determined in accordance with
ASTM 2216-05.

B.4. DENSITY

The weight per unit volume of the solid portion of soil is called particle (dry) density.
Whereas, the oven dry weight of a unit volume of soil inclusive of pore spaces is called
bulk (wet) density. The bulk density of a soil is always smaller than its particle
density. Density of soil samples was determined in accordance with the procedure
described in ASTM D 7263-09.

B.5. DIRECT SHEAR TEST

The direct shear test involves, placing a test sample in a rectangular box having two
portions, the top portion can move while the lower portion is fixed. The sample is
consolidated under a normal load. Also, double drainage is ensured by placing porous
stones on the top and bottom of the sample. Hence, the test may be carried out under
drained conditions. The shear strength of a remoulded sample is measured by applying a
horizontal force which pushes the top part of rectangular box, the sample is sheared to
failure and the normal and shear stresses at the point of failure are noted down. The shear
box test (or the direct shear test) suffers from various limitations the most prominent of
which is the forced failure plane formed due the configuration of the apparatus; this might
result in concealing the actual plane of failure. As, the tests are carried out on disturbed
samples and since only the stresses at the point of failure are determined the test results

cannot be reliably used in describing the strength.

B.6. CHEMICAL TESTS

Sulphate in groundwater or soil can attack concrete placed in the ground or on surface. A
reaction takes place between the sulphate and the aluminate compounds present in the
cement, causing crystallisation of complex compounds. The expansion, which
accompanies crystallisation, induces stresses in the concrete, which results in mechanical
disintegration. In moist conditions, such as exposure to seawater, the presence of chloride
ion, CI', presents a serious possibility of the corrosion of the reinforcement. The presence
of Ca(OH)2 provides a strong alkaline environment in which a thin film of iron oxide is
formed on the metal surface which protects it against corrosion. However, if the concrete

is permeable to the extent that the soluble chlorides can reach up to the reinforcing steel,
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then in the presence of water and oxygen, the corrosion of the reinforcement will take
place. Rust occupies more volume than the original steel, and hence the ensuing

expansion of concrete, results in cracking and spalling.

Due to adverse effect of sulphates and chlorides on the quality of concrete it is essential
to conduct chemical tests on soil and groundwater. This helps in quantifying the expected
exposure of concrete to these chemicals and in devising precautionary measures to ensure

integrity of concrete. The following chemical tests were carried out on soil samples:

e Chloride content
e Sulphate content

° pH

Chemical tests were carried out in accordance with ASTM C 1580-09, and D 4972-01. The

selection of cement for underground concreting and is discussed in Chapter 4.

Table B.1 ACI standards for concrete for sulphate exposure

Water Soluble

Sulphate Sulphate in Water c T
i i ement Type
Exposure Sulphates in Soil (malL)
(%)
Negligible 0.00-0.10 0- 150 OPC
Moderate 0.10-0.20 150- 1500 Type ll
Severe 0.20-2.00 1500-10000 Type V
Type V
Very Severe Over 2.00 Over 10000

plus pozzolan
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(A)-CALCULATION OF ALLOWABLE SHAFT FRICTION :

Profile (01)
Deoth Strata Diameter Length Efffectir\]/e o Efficti;e phi c Que a a B 5 tan & ks FOS Qshatt Rshatt cum:
ep or this | overburden .
Encountered | ©f Pile (m) |of Layer (m)|  layer (kN/m?) (kN/m?) (kN/m?) | adhesion redrlgcctl'(on correction (kN) (kN)
0-1 Cohesionless 0.20 1 18.5 9.3 30 - - - - - 225 | 041 | 0.500| 2.0 1 1
1-2 Cohesionless 0.20 1 18.5 27.8 30 - - - - - 225 | 041 | 0.500| 2.0 2
2-3 Cohesionless 0.20 1 18.5 46.3 30 - - - - - 225 | 041 | 0.500| 2.0 &
3-4 Cohesionless 0.20 1 18.5 64.8 30 - - - - - 225 | 041 | 0.500| 2.0 4 10
4-5 Cohesionless 0.20 1 18.5 83.3 30 - - - - - 225 | 041 | 0.500| 2.0 5 15




(A)-CALCULATION OF ALLOWABLE SHAFT FRICTION :

Profile (01)

Encountered | ©f Pile (m) |of Layer (m)|  layer (kN/m?) (kN/m?) (kN/m?) | adhesion redrlécctl'(on' correction (kN) (kN)
0-1 Cohesionless 0.30 1 18.5 9.3 30 - - - - - 225 | 0.41 | 0.500| 2.0 1
1-2 Cohesionless 0.30 1 18.5 27.8 30 - - - - - 225 | 0.41 | 0.500| 2.0 3
2-3 Cohesionless 0.30 1 18.5 46.3 30 - - - - - 225 | 0.41 [ 0.500| 2.0 5 8
3-4 Cohesionless 0.30 1 18.5 64.8 30 - - - - - 225 | 0.41 | 0.500| 2.0 6 14
4-5 Cohesionless 0.30 1 18.5 83.3 30 - - - - - 225 | 0.41 | 0.500| 2.0 8 23




(A)-CALCULATION OF ALLOWABLE SHAFT FRICTION :

Profile (01)
Deoth Strata Diameter Length Efffectir\]/e o Efficti;e phi c Que a a B 5 tan & ks FOS Qshatt Rshatt cum:
ep or this | overburden .
Encountered | ©f Pile (m) |of Layer (m)|  layer (kN/m?) (kN/m?) (kN/m?) | adhesion redrlgcctl'(on correction (kN) (kN)

0-1 Cohesionless 0.40 1 18.5 9.3 30 - - - - - 225 | 041 | 0.500| 2.0 1 1

1-2 Cohesionless 0.40 1 18.5 27.8 30 - - - - - 225 | 041 | 0.500| 2.0 4 5
2-3 Cohesionless 0.40 1 18.5 46.3 30 - - - - - 225 | 041 | 0.500| 2.0 6 11
3-4 Cohesionless 0.40 1 18.5 64.8 30 - - - - - 225 | 041 | 0.500| 2.0 8 19
4-5 Cohesionless 0.40 1 18.5 83.3 30 - - - - - 225 | 041 | 0.500| 2.0 11 30




ALLOWABLE TIP RESISTANCE :

Profile (01) =T?ﬁ
Socket Diameter Length Effective Qiip
Strata of Pile (mm) of Pile (m) Mo Ov(ir,\t,)/l:%en Fos (kN)
Cohesionless 200 3.0 30.0 46.3 3.0 15
Cohesionless 200 4.0 30.0 64.8 3.0 20
Cohesionless 200 5.0 30.0 83.3 3.0 26
Cohesionless 300 3.0 30.0 46.3 3.0 33
Cohesionless 300 4.0 30.0 64.8 3.0 46
Cohesionless 300 5.0 30.0 83.3 3.0 59
Cohesionless 400 3.0 30.0 46.3 3.0 58
Cohesionless 400 4.0 30.0 64.8 3.0 81
Cohesionless 400 5.0 30.0 83.3 3.0 105




(A)-CALCULATION OF ALLOWABLE SHAFT FRICTION :

Profile (02)
Deoth Strata Diameter Length Efffectir\]/e o Efficti;e phi c Que a a B 5 tan & ks FOS Qshatt Rshatt cum:
ep or this | overburden .
Encountered | ©f Pile (m) |of Layer (m)|  layer (kN/m?) (kN/m?) (kN/m?) | adhesion redrlgcctl'(on correction (kN) (kN)

0-1 Cohesionless 0.20 1 18.5 9.3 30 - - - - - 225 | 041 | 0.500| 2.0 1 1

1-2 Cohesionless 0.20 1 18.5 27.8 30 - - - - - 225 | 041 | 0.500| 2.0 2 2
2-3 Cohesionless 0.20 1 18.5 46.3 30 - - - - - 225 | 041 | 0.500| 2.0 3 5
3-4 Cohesionless 0.20 1 18.0 64.5 23 - - - - - 17.25| 0.31 | 0.609 | 2.0 4 9
4-5 Cohesionless 0.20 1 18.0 82.5 23 - - - - - 17.25| 0.31 | 0.609 | 2.0 5 14




(A)-CALCULATION OF ALLOWABLE SHAFT FRICTION :

Profile (02)
Deoth Strata Diameter Length Efffectir\]/e o Efficti;e phi c Que a a B 5 tan & ks FOS Qshatt Rshatt cum:
ep or this | overburden .
Encountered | ©f Pile (m) |of Layer (m)|  layer (kN/m?) (kN/m?) (kN/m?) | adhesion redrlgcctl'(on correction (kN) (kN)

0-1 Cohesionless 0.30 1 18.5 9.3 30 - - - - - 225 | 041 | 0.500| 2.0 1

1-2 Cohesionless 0.30 1 18.5 27.8 30 - - - - - 225 | 041 | 0.500| 2.0 &

2-3 Cohesionless 0.30 1 18.5 46.3 30 - - - - - 225 | 041 | 0.500| 2.0 5 8
3-4 Cohesionless 0.30 1 18.0 64.5 23 - - - - - 17.25| 0.31 | 0.609 | 2.0 6 14
4-5 Cohesionless 0.30 1 18.0 82.5 23 - - - - - 17.25| 0.31 | 0.609 | 2.0 7 21




(A)-CALCULATION OF ALLOWABLE SHAFT FRICTION :

Profile (02)
Denth Strata Diameter Length Efffectir\]/e o Efficti;e phi c Juc a a B 5 tand | ks FOS Qshatt ~ Rshat cum;
ep or this | overburden .
Encountered | ©f Pile (m) |of Layer (m)|  layer (kN/m?) (kN/m?) (kN/m?) | adhesion redrlgcctl'(on correction (kN) (kN)

0-1 Cohesionless 0.40 1 18.5 9:3 30 - - - - - 225 | 0.41 [ 0.500 | 2.0 1 1

1-2 Cohesionless 0.40 1 18.5 27.8 30 - - - - - 225 | 0.41 [ 0.500| 2.0 4 5
2-3 Cohesionless 0.40 1 18.5 46.3 30 - - - - - 225 | 0.41 [ 0.500| 2.0 6 11
3-4 Cohesionless 0.40 1 18.0 64.5 23 - - - - - 17.25| 0.31 [ 0.609 | 2.0 8 18
4-5 Cohesionless 0.40 1 18.0 82.5 23 - - - - - 17.25| 0.31 [ 0.609 | 2.0 10 28




ALLOWABLE TIP RESISTANCE :

Profile (02) | =T?ﬁ
Socket Diameter Length Effective | Quip
Strata of Pile (mm) of Pile (m) Ne Ov(irNb/l:r:?)en Fos (kN)

Cohesionless 200 3.0 20.0 46.3 3.0 10
Cohesionless 200 4.0 20.0 64.5 3.0 14
Cohesionless 200 5.0 20.0 82.5 3.0 17
Cohesionless 300 3.0 20.0 46.3 3.0 22
Cohesionless 300 4.0 20.0 64.5 3.0 30
Cohesionless 300 5.0 20.0 82.5 3.0 39
Cohesionless 400 3.0 20.0 46.3 3.0 39
Cohesionless 400 4.0 20.0 64.5 3.0 54
Cohesionless 400 5.0 20.0 82.5 3.0 69




(A)-CALCULATION OF ALLOWABLE SKIN FRICTION:
Profile 03
Depth of pile Soil Diameter Length Efff(e)f:ir\]/iz o O\I/E;zﬁ:;:n phi c Quc a a B ) tan 6 Ks FOS Qskin Qskin (cum)

(m) Encountered | of Pile (m) |of Layer (m)| layer (kN/m?) (kN/m?) | (kN/m?) | adhesion red:)(;tLon- correction (kN) (kN)
0-1 Cohesive 0.20 1 17.0 - 25.00 - 0.45 - -
1-2 Cohesive 0.20 1 17.0 - 25.00 - 0.45 - -
2-3 Cohesive 0.20 1 17.0 - 25.00 - 0.45 - -
3-4 Cohesive 0.20 1 17.0 - 25.00 - 0.45 - -
4-5 Cohesive 0.20 1 17.0 - 25.00 - 0.45 - -




(A)-CALCULATION OF ALLOWABLE SKIN FRICTION:

|Profile 03
Soil Diameter Length ; ; hi c a a tan & k FOS Qg Qskin (cum
o v e — :
(m) Encountered | of Pile (m) |of Layer (m)| Iayer KN/m? kN/im?) | (kN/m?) | adhesion | 39O | correction (kN) (kN)
( ) ( )| ( ) rock
0-1 Cohesive 0.30 1 17.0 8.50 - 25.00 - 0.45 - - - - 2.0 5] 5]
1-2 Cohesive 0.30 1 17.0 255 - 25.00 - 0.45 - - - - 2.0 5 11
2-3 Cohesive 0.30 1 17.0 425 - 25.00 - 0.45 - - - - 2.0 5] 16
3-4 Cohesive 0.30 1 17.0 59.5 - 25.00 - 0.45 - - - - 2.0 5 21
4-5 Cohesive 0.30 1 17.0 76.5 - 25.00 - 0.45 - - - - 2.0 5] 27




(A)-CALCULATION OF ALLOWABLE SKIN FRICTION:

TS

Profile 03 Voot
Soil Diameter Length ; ; hi c a a tan & k FOS Qg Qskin (cum
o v e — :
(m) Encountered | of Pile (m) |of Layer (m)| Iayer (kN/m?) (kN/m?) | (kN/m?) | adhesion redrif"(on' correction (kN) (kN)

0-1 Cohesive 0.40 1 17.0 8.50 - 25.00 - 0.45 - - - - 2.0 7 7

1-2 Cohesive 0.40 1 17.0 255 - 25.00 - 0.45 - - - - 2.0 7 14

2-3 Cohesive 0.40 1 17.0 425 - 25.00 - 0.45 - - - - 2.0 7 21

3-4 Cohesive 0.40 1 17.0 59.5 - 25.00 - 0.45 - - - - 2.0 7 28

4-5 Cohesive 0.40 1 17.0 76.5 - 25.00 - 0.45 - - - - 2.0 7 35




ALLOWABLE END BEARING RESISTANCE :

Profile 03
Socket Diameter Pile Length (m) C Qenp
Nc FOS

Strata of Pile (mm) | below Cut off level kN/m?® (kN)
Cohesive 200.0 3.0 25.0 9.0 3.0 2
Cohesive 200.0 4.0 25.0 9.0 3.0 2
Cohesive 200.0 5.0 25.0 9.0 3.0 2
Cohesive 300.0 3.0 25.0 9.0 3.0 3}
Cohesive 300.0 4.0 25.0 9.0 3.0 5
Cohesive 300.0 5.0 25.0 9.0 3.0 3}
Cohesive 400.0 3.0 25.0 9.0 3.0 9
Cohesive 400.0 4.0 25.0 9.0 3.0 9
Cohesive 400.0 5.0 25.0 9.0 3.0 9
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

1.0 INTRODUCTION

Planning for Solar Power Project at Deh Halkani, Gadap Town, Karachi is underway. For this
purpose, determination of the properties of subsurface deposits was essential. A program for
electrical resistivity and thermal conductivity tests was, therefore, chalked out to evaluate these
properties. M/s. Soil Testing Services were entrusted by M/s. Renewable Resource Pvt. Limited

to carry out the tests pertaining to the determination of properties of the subsurface deposits.

Scope of fieldwork included performance of six (06) thermal conductivity tests and
fifteen (15) electrical resistivity tests. This report presents a detailed account of these tests carried

out at the project site.

The site conditions have been presented in Section 2 of this report. Details of thermal conductivity
tests including working principle and test results have been presented in Section 3. In Section 4,
working principle, details of fieldwork and test results regarding the electrical resistivity tests are

discussed. Salient features of the report have been summarised in the concluding section.

1 —
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

2.0 SITE

The project site is located off Karachi Northen Bypass in Halkani, Gadap Town Karachi.

The topography of the area is almost plain with no major changes in elevation observed across

the site. Bushes and wild plants were found at most of the site area. Figure 2.1 shows the google
image of the site.

Electrical Resistivity Tests & Thermal Conductivity Tests
Pruyject Site

'%Qogle.E‘_é_rth

Fig 2.1: Google image of the the Neighbourhood area (Courtesy: Google Earth)
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

3.0 THERMAL CONDUCTIVITY TESTS
3.1 Equipment

The equipment used for thermal conductivity and thermal resistivity is KD2 Pro Thermal Property
Analyser. The accessories of the equipment include KD2 pro portable unit, thermal sensor (TR-
1), thermal grease, drill bits and pilot pins. The specifications of the equipment are listed in table
3.1

Table 3.1 Specifications of the equipment

Accuracy 15 to £10% Thermal Conductivity/Resistivity

Measurement speed | 1, 2, 5, & 10 min. read times depending on measurement
type

Data storage 4,095 readings, flash memory

Compliance to ASTM Standard D5334-08 and IEEE Standard 442-1981

Standards

Operating -50 to 150°C for sensors

environment

Battery source 4 AA

Type Ultra low-power 16-bit microcontroller w/ 24-bit A/D
converter

Display Liquid Crystal Display (LCD) 7.5 cm x 4 cm

Case dimensions 15.5x9.5x3.5¢cm

3.2 Working Principle

The test method conforms to the transient line heat source theory. The thermal conductivity and

thermal resistivity tests were performed in accordance with the ASTM  D-5334.

Our test method is based on the theory that the rate of temperature rise of a line heat source
depends on the thermal constants of the medium in which it is placed. A long, cylindrical, stainless
steel needle sensor is used as a line heat source. The sensor (TR-1) is a 10 cm long thermal
needle sensor. The sensor contains a heating element and a thermocouple and is inserted into
the material to be tested. After the sensor is inserted, the heating element is turned on and kept
on for 1-10 minutes (time is based on the sensor used). Sensor temperature variations are

measured and analyzed by the Thermal Properties Analyzer Instrument to calculate the Thermal

1 —
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

Resistivity and Thermal Conductivity. These readings are read directly on the LCD panel of the

instrument.

3.2 Test Results

Scope of work at the site included performance of tests at six (06) locations.

Table 3.1 summarizes the results collected by KD2 pro Thermal Properties Analyzer. The values

of thermal conductivity, thermal resistivity and ground temperature have been presented in the

table below.
Table 3.1 Thermal Conductivity and Thermal Resistivity Values
Thermal Thermal
Test Nearby Surface Conductivity | Resistivity
Nej‘ Borehole | Temperature (K) (rho) Date
No. C) WIm-K) | (m-K)W
1 BH-19 23.81 0.411 2.433 11" December, 2022
2 BH-11 31.08 0.396 2.523 11" December, 2022
3 BH-30 29.89 0.502 1.993 11" December, 2022
4 BH-22 32.50 0.811 1.233 11" December, 2022
5 BH-01 30.41 0.745 1.342 11" December, 2022
6 BH-03 30.91 0.770 1.298 11" December, 2022
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

4.0 ELECTRICAL RESISTIVITY TESTS

4.1 Working Principle

Electrical resistivity tests are performed in accordance with ASTM-6431-99 and
ASTM G-57. Electrical resistivity tests require inserting four probes into the test area. The
probes are installed in a straight line spaced according to the type of configuration to be used

during the testing. Following configurations was used to perform the tests at the site.

1. Wenner Configuration

The probes are installed in a straight line and equally spaced. The probes establish an
electrical contact with the earth. The meter injects current through the ground via the tester
and the outer two probes. The current flowing through the earth (a resistive material) develops
a voltage / potential difference. This voltage drop resulting from the current flow is then

measured between the two inner probes.

The meter then knows the amount of current that is flowing through the earth and the voltage
drop across the two center probes. With this information the meter uses ohms law (R=V/I) to
calculate and display the resistance in ohms. The product of the measured resistance and

geometric factor is known as apparent resistivity.

The calculated soil resistivity is the average of the soil resistivity from the surface to a depth
equivalent to the probe spacing. For example, a probe spacing of 10 meters between each
probe will provide the average soil resistivity between the surface and a depth of 10 meters.

*@O

14
pA=27ra7

e

Figure 4.1 Schematic Diagram of Wenner Array
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

4.2 Electrical Properties of Ground

All materials, including soil and rock, have an intrinsic property, resistivity that governs the
relation between the current density and the gradient of the electrical potential. Variations in
the resistivity of earth materials either vertically or laterally, produce variations in the relations
between the applied current and the potential distribution as measured on the surface or
thereby reveal something about the composition, extent and physical properties of the
subsurface materials. The various electrical geophysical techniques distinguish materials
through whatever contrast exists in their electrical properties. Materials that differ geologically,
such as described in a lithologic log from a drill hole, may or may not differ electrically and,
therefore, may or may not be distinguished by an electrical resistivity survey. Properties that
affect the resistivity of a soil or rock include porosity, water content, composition (clay mineral
and metal content), salinity of the pore water, and grain size distribution.

Table 4.1 Typical electrical resistivity’s of earth materials

Material Resistivity (Qm)
Clay 1-20
Sand, wet to moist 20-200
Shale 1-500
Porous limestone 100-1,000
Dense limestone 1,000-1,000,000
Metamorphic rocks 50-1,000,000
Igneous rocks 100-1,000,000

Table 4.1 shows some typical ranges of resistivity values for manmade materials and natural
minerals and rocks, similar to numerous tables found in the literature (van Blaricon 1980;
Telford et al. 1976; Keller and Frischknecht 1966). The ranges of values shown are those
commonly encountered but do not represent extreme values. It may be inferred from the

1 —
SOIL TESTING SERVICES



ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

values listed that the user would expect to find in a typical resistivity survey. Low resistivities
for the soil layers, with underlying bedrock producing higher resistivities. Usually, this will be
the case, but the particular conditions of a site may change the resistivity relationships. For
example, coarse sand or gravel, if it is dry, may have a resistivity like that of igneous rocks,
whereas a layer of weathered rock may be more conductive than the soil overlying it. In any
attempt to interpret resistivities in terms of soil types or lithology, consideration should be
given to the various factors that affect resistivity.

Table 4.2 Resistivity versus Corrosivity of Soil

Corrosivity Resistivity (Q-m)
Very Corrosive Below 5
Corrosive 5-10
Moderately Corrosive 10-20
Mildly Corrosive 20-100
Generally not Corrosive > 100

4.3 Electrical Resistivity Interpretation

Electrical resistivity tests were conducted at fifteen (15) different locations across the site up to the
depth of 10.0 meters. The interpretation of resistivity values for each location is described in this
section.

4.3.1 Soil resistivity for all lines

The resistivity values recorded at the site range from 0.87 Q-m to 469.23 Q-m. The underground
environment is categorized as very corrosive to non-corrosive. Table 4.3 corresponds to the
corrosivity at various depths ranges in various line lines.
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

Table 4.3 Corrosivity at various depths in test lines

Test Line Depth Range (m) Corrosivity
0.0-3.0 Moderately corrosive
ERS-1 3.0-10.0 Corrosive
ERS-2 0.0-10.0 Moderately corrosive
0.0-1.0 Mildly corrosive
ERS-3 1.0 - 10.0 Non-Corrosive
0.0-3.0 Non-corrosive
ERS-4 3.0-5.0 Mildly corrosive
5.0-10.0 Moderately corrosive
0.0-1.0 Mildly corrosive
ERS-5 1.0 -10.0 Non-Corrosive
ERS-6 0.0-10.0 Non-corrosive
ERS-7 0.0-10.0 Non-corrosive
ERS-8 0.0-10.0 Non-corrosive
ERS-9 0.0-10.0 Non-corrosive
ERS-10 0.0-10.0 Non-corrosive
0.0-5.0 Corrosive
ERS-11 50-7.0 Mildly corrosive
7.0-10.0 Moderately corrosive
0.0-3.0 Very corrosive
ERS-12 3.0-5.0 Corrosive
5.0-10.0 Very corrosive
00-1.0 Very corrosive
1.0-3.0 Corrosive
ERS-13 3.0-5.0 Very corrosive
5.0-10.0 Moderately corrosive
0.0-1.0 Mildly corrosive
ERS-14 1.0-5.0 Moderately corrosive
5.0-10.0 Corrosive
0.0-1.0 Moderately corrosive
ERS-15 1.0 - 10.0 Mildly corrosive
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH
HALKANI, KARACHI

Figure 4.2 Electrical resistivity Test in progress

Figure 4.3 Electrical resistivity Test in progress
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ELECTRICAL RESISTIVITY AND THERMAL CONDUCTIVITY TESTS FOR SOLAR POWER PROECT AT DEH

HALKANI, KARACHI

5.0 RECOMMENDATIONS & CONCLUSIONS

o Electrical resistivity and thermal conductivity tests for Solar Power Project at Deh

Halkani, Gadap Town, Karachi were carried out in December 2022.

o Scope of work included six (06) thermal conductivity tests and fifteen (15) electrical

resistivity tests.

e The values of thermal conductivity and thermal resistivity have been presented in

table 3.1.

e Appropriate measures need to be taken in order to prevent the corrosion of all metallic

objects and grounding of electrical equipment.
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APPENDIX-B

TEST RESULTS FOR ELECTRICAL
RESISTIVITY TESTS



K22-1245-101

Project: Solar Power Project at Deh Halkani
Client: M/s. Renewable Resource Private Limited
ERS -1 ERS -2 ERS -3 ERS -4 ERS -5
Depth
(meters)
Resistivity (Ohm-m)
1 13.94 19.49 87.91 126.62 87.98
3 10.37 16.74 190.41 103.78 236.40
5 9.52 16.06 205.49 67.36 260.47
7 8.89 15.57 225.22 15.00 335.19
10 7.79 13.82 320.86 13.89 330.54
400.00
“= 350.00
=
g 300.00 "
.g 250.00 e —¢=—ERS-
9 200.00 //, — == ERS -
> 150.00
e ERS -
's 100.00 _—?gg
4 5000 L —— e ERS -
.g 0.00 % . —ERS -
(a'e 1 3 5 7 10

Depth (meter)




K22-1245-101

Project: Solar Power Project at Deh Halkani
Client: M/s. Renewable Resource Private Limited
ERS -6 ERS -7 ERS -8 ERS -9 ERS - 10
Depth
(meters)
Resistivity (Ohm-m)

1 191.91 198.45 302.45 418.39 444 .15

3 273.35 186.73 256.44 432.28 469.23

5 327.08 275.11 301.00 161.66 255.92

7 302.20 237.10 313.19 303.08 439.84

10 298.49 308.54 320.48 270.34 465.08

500.00
~—~ 450.00 s —— =
€ 1200.00 2= N
£ 350.00 NN ~
£ 300.00 ) —¢—ERS-6
9, 250.00 el ERS - 7
> 20000 | p— ERS- 8
* 150.00 S~ ey ERS - 9
E 100.00 i
'(L) 50.00 = ERS - 10
& 0.00 : : : !
o 1 3 5 7 10

Depth (meter)




K22-1245-101

Project: Solar Power Project at Deh Halkani
Client: M/s. Renewable Resource Private Limited
ERS - 11 ERS - 12 ERS - 13 ERS - 14 ERS - 15
Depth
(meters)
Resistivity (Ohm-m)
1 571 3.20 4.39 33.16 18.04
3 8.54 4.26 7.50 15.57 32.80
5 7.57 6.50 3.24 11.34 31.73
7 21.95 1.28 17.16 90.24 38.27
10 18.22 0.88 16.34 9.24 35.19
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