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NASHPA GAS PROCESSING AND LPG RECOVERY PLANT

GEOTECHNICAL INVESTIGATIONS REPORT

1. INTRODUCTION

Oil and Gas Development Company Limited (OGDCL) intends to undertake Installation

of LPG Recovery Plant, Compressors and Allied Facilities at Nashpa Field. The project

site is located in Khyber Pakhtunkhwa. The objective of the PROJECT is to construct a

gas processing facility at NASHPA to process raw gas of NASHPA and separator gas

from MELA Field.

In the light of the project requirements, geotechnical investigations were planned to

check the sub-surface soil conditions. The work of geotechnical investigations has been

awarded to M/s ZEALCON ENGINEERING, Lahore by M/S HBP.

This report provides an account of the objective of geotechnical investigations carried out

at the project site, general characteristics of the sub-surface soils, details of field &

laboratory works and recommendations for design & constructions of foundations for

buildings and roads.

1.1 Objectives of Investigations

The geotechnical investigations were undertaken to meet the following objectives:

i. To delineate the major subsoil types spread over the site area.

ii. To evolve parameters for the design of foundations of the structure & internal

road.

iii. To spell-out the geotechnical considerations for the construction of foundations

and roads.
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1.2 Scope of Work

Following geotechnical investigations were planned to full-fill the structural

requirements:

i. Drilling of forty five (45) boreholes, through straight rotary drilling method down
to a depth of 5.0 – 40 meter below NSL.

ii. Carrying out Standard Penetration Tests (SPTs) in the Boreholes generally at 1.0
meter depth interval, where possible.

iii. Collection of undisturbed and disturbed soil samples from each Borehole.

iv. Continuous core drilling in bed rock including collection and preservation of rock
core samples.

v. Excavation of test pits along with performance of field density tests (FDTs) in test
pits.

vi. Collection of bulk soil samples from test pits.

vii. Performance of earth resistivity survey for shallow depth

viii. Performance of Down Hole survey in 30 m deep boreholes.

ix. Performance of Soil Thermal Resistivity Survey.

x. Laboratory testing of selected soil/rock samples for the evaluation of
classification, moisture, hydrometer/ sieve analysis, density, unconfined
compression, atterberg limits, compaction/CBR values and chemical analysis of
soil/water.

xi. Development of subsoil borehole & testpit logs.

xii. Development of subsoil engineering profile.

xiii. Analyses of field and laboratory data and determination of safe bearing pressure
of soil.

xiv. Recommendations for foundation and road network.

1.3 Geology of the Project Area

The Kohat quadrangle (Geological Survey of Pakistan topographic sheet 38-O) is an area

of approximately 4,000 square miles where sedimentary rocks have a total stratigraphic

thickness of more than 7,772 meters. The oldest rocks, which crop out in the northeastern

and northwestern parts of the quadrangle, are slate, slaty shale, and sandstone of

Precambrian or early Paleozoic age. Jurassic, Cretaceous, Paleocene, Eocene, Miocene,
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and Pliocene sedimentary formations are also found in the Kohat quadrangle. Pleistocene

sedimentary rocks may be present but were not recognized.

The Jurassic System consists mostly of limestone; two subdivisions have been

recognized. The lower half of the Cretaceous System is mostly marine sandstone; the

upper half is mostly marine limestone. The Paleocene Series, which includes three

formations, consists mostly of carbonate rocks but also contains some sandstone and

shale. Of the Eocene Series, only rocks of early Eocene age are present in the Kohat

quadrangle; they contain extensive deposits of gypsum, rock salt, marine limestone, and

shale. A relatively thin section of the Murree Formation of Miocene age unconformably

overlies lower Eocene rocks. It, in turn, is overlain by more than 19,000 feet of strata

which make up the upper formation of the Miocene Rawalpindi Group.

1.4 Seismicity of the Project Area

The project area is located in the western part of Pakistan where the Indian plate is

colliding with the Eurasian plate. Due to its proximity to the collisional zone between the

two tectonic plates, the project area is seismically active. The recorded seismicity during

the past century shows a large number of small to moderate earthquakes originating in

this region. The active tectonic features of the project area are Main Boundary Thrust

(MBT) passes at a distance of 2 km north and Khairabad fault passes 29 km north to

Project area.

Probabilistic seismic hazard assessment carried out as part of the revision of the Building

Code of Pakistan Seismic Provisions (2007) shows that the project area falls in Zone-2B.

It is therefore recommended that the project structures should be designed to cater the

requirements of Zone 2B with Peak Ground Acceleration (PGA) of 0.16 as per Building

Code of Pakistan Seismic Provisions (2007) after giving due consideration to the soil

profile of the sites area.
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2. FIELD WORK

In order to find out the subsoil conditions and to evaluate the foundation conditions at the

site, following field investigations were planned & executed.

2.1 Drilling of Boreholes

Forty five (45) boreholes of depth ranging from 5 m to 40 m below NSL were executed at

site. Rotary drilling method with bentonite slurry as drilling fluid was used for drilling of

boreholes. The diameter of the boreholes was 125 mm. The location of all the boreholes

was fixed in such a manner to cover the entire project area. The location of all the

boreholes is marked on geotechnical investigation plan attached with the report as

Fig. A-1 (Appendix A).

Field borehole logs developed on the basis of material encountered at site and were later

corrected on the basis of laboratory test results are appended with the report as Appendix

B.

2.2 Excavation of Testpits

Eleven (11) test pits of depth 1 m below NSL were excavated at site at road location.

These pits were excavated using manual digging tools. The location of all the test pits is

marked on geotechnical investigation plan attached with the report as Fig. A-1

(Appendix A).

Field test pit logs developed on the basis of material encountered at site and were later

corrected on the basis of laboratory test results are appended with the report as

Appendix B.

2.3 Standard Penetration Tests (SPTs)

Standard Penetration Tests (SPTs) were performed in the Boreholes according to latest

ASTM D-1586, at 1.0 meter depth interval, where possible. The data obtained from these

tests was utilized to assess the in-situ denseness of the subsurface materials. The SPT
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blow counts were recorded for 45 cm total penetration of split barrel sampler. The

number of blows required to drive the sampler through the last 30 cm viz. ‘N’ values

have been shown on the respective borehole log. (Appendix B).

2.4 Field Density Tests (FDTs)

To evaluate the in-situ density of the subsurface soils, density tests were performed in the

testpits at selected horizons below NSL. Sand replacement method was used to perform the

density tests according to the latest ASTM D 1556. The results of these density tests are

shown on the individual test pit logs (Appendix-B).

2.5 Soil/Rock Sampling

The sampling, preservation and transportation of all the samples were carried out

according to the latest ASTM standards.

The soil samples collected from the split spoon sampler during the SPTs, carried out in

the boreholes & the bulk soil samples collected from test pits were labeled and preserved

as disturbed samples. The undisturbed soil samples & rock core samples extracted from

boreholes were properly waxed and labeled before transportation to the laboratory for

testing.

2.6 Earth Resistivity Survey

The objective of Electrical Resistivity Tomography is to explore and interpret the

anomalies related to subsurface cavities or voids and depth of bedrock & water within the

project area. The field measurements in this regard were recorded by utilizing electrodes

spacing 5m interval.

2.7 Field Permeability Tests

Field permeability tests were performed in both cohesive and non-cohesive/friable sand

stone stratum. The tests indicated co-efficient of permeability (K) for cohesive soils as

10-6 to 10-7 cm/sec. However, for non-cohesive stratum the permeability co-efficient (K)

varies from 10-1 to 10-3 cm/sec. The results are attached as Table - C-4 (Appendix-C)
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3. LABORATORY TESTING

Samples collected from the boreholes & test pits were subjected to some or all of the

following tests as per latest ASTM, BS or equivalent standards:

· Classification

· Shear strength of soil /Rock

· Moisture-density relationship

· Compressibility characteristics

· Chemical characteristics

· Other relevant engineering characteristics

The laboratory test results of the soil/rock samples are attached as Table C-1, C-2 & C-3

(Appendix C).

3.1 Discussion of Results

Classification Tests (ASTM D – 421, 422 & BS 1377 Part 2)

Forty four (44) soil samples were tested for the determination of gradation and indicated

the presence of silty clay (CL-ML), Lean Clay (CL) and Silty Sand (SM) as major soil

groups as per Unified Soil Classification System (USCS).

Atterberg Limit Test (ASTM D – 4318 & BS 1377 Part 2)

Atterberg limit test performed on twenty seven (27) soil samples indicate Liquid Limit

(LL) 23 to 42, Plastic Limit (PL) 18 to 28 and the Plasticity Index (PI) of 4 to 20.

Unconfined Compression Test (ASTM D – 2166)

Four (04) unconfined compression tests were performed on undisturbed cohesive soil

samples obtained from the boreholes. The result indicated compressive strength 60 to 263

kPa and a failure strain of 0.23 to 0.35 %.

More than forty five (45) unconfined compression tests were also performed on rock

cores obtained from the boreholes. The result indicated compressive strength of 830 to

1450 kPa.
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Consolidation Test (ASTM D – 2435)

Consolidation tests were performed on four (04) undisturbed cohesive soil samples

obtained from the boreholes. The result indicated that compression index (Cc) ranging

from 0.04 to 0.08 and the initial void ratio of 0.45 to 0.55.

Direct Shear Test (ASTM D – 3080)

Direct shear tests were performed on three (03) non-cohesive soil samples obtained from

the boreholes. The result indicated that angel of internal friction ( ) ranging from 29o to

31o and the cohesion as 0.9 to 1.5 kPa.

Modified AASHTO Compaction Test (AASHTO T-180)

Eleven (11) samples were subjected to compaction test. The test results indicated

maximum dry density as 1.81 g/cc to 2.2 g/cc. The optimum moisture content ranges

from 7.5 % to 14.5 %.

3-Point Soaked CBR Test (AASHTO T-193)

Eleven (11) samples were subjected to CBR testing. The test results indicated CBR value

of 9 to 26.5 % at 95% modified dry density is available.

Chemical Analysis of Soil (BS 1377 Part 3)

Six (06) soil samples were subjected to chemical testing. The results indicated that

sulphate contents are in the range of 0.03 to 0.05 %, chloride contents are 0.01 to 0.03 %

and the organic matter contents are in the range of 0.5 to 0.9 %.
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4. SITE GEOTECHNICS

4.1 Lithology & Stratigraphy

On the basis of geotechnical investigations carried out on the project site, the project area

may be divided into following zones.

Reference
Boreholes

ZONE Depth Below
NSL (m)

Soil Profile
Type

Description

BH-1,BH-3,BH-4,
BH-6,BH-8,BH-11,
BH-12,BH-17,
BH-19,BH-20,
BH-25,BH-28,
BH-29,BH-31,
BH-36,BH-40,
BH-41

A 0.0 – 40 SC

Grey,
Fractured

Sand Stone,
Slightly

weathered

BH-2, BH-5,
BH-7, BH-9,
BH-10, BH-13,
BH-14, BH-15,
BH-16, BH-18,
BH-21, BH-22,
BH-23, BH-24,
BH-26, BH-27,
BH-30, BH-32,
BH-33, BH-34,
BH-35, BH-37,
BH-38, BH-39,
BH-42, BH-43,
BH-44, BH-45

B

0.0– 4.0
SD Brown, Hard,

Lean Clay

4.0 - 15 SC Grey,
Fractured

Sand Stone,
Slightly

weathered

4.2 In-Situ Compactness

The SPT N blows in overburden soils are usually in the form of refusal. This trend

indicates that the overburden soils have very high in-situ compactness.
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4.3 Shear Strength

Three (03) direct shear tests carried out on granular soil samples indicated the drained

angle of internal friction in a range of 29o to 31o. These results reveal that the in-situ soils

have medium shearing strength.

4.4 Compressive Strength

Four (04) unconfined compressive strength tests carried out on cohesive soil samples

indicated compressive strength as 60 to 263 kPa. The results indicated the on-site

cohesive soil has medium to high compressive strength.

More than forty five (45) unconfined compression tests were also performed on rock

cores obtained from the boreholes. The result indicated compressive strength of 830 to

1450 kPa. The results indicated the on-site friable sand stone has medium to high

compressive strength.

4.5 Compressibility

Four (04) consolidation tests were performed on cohesive soil samples obtained from the

boreholes. The result indicated that compression index (Cc) ranging from 0.04 to 0.08

and the initial void ratio of 0.45 to 0.55. The trend indicates that the on-site cohesive soil

has low settlement potential.

4.6 Chemical Testing

Six (06) soil samples were subjected to chemical testing. The chemical test results

indicating that the in-situ soil has negligible proportion of harmful salts as per ACI-318

Building Code Requirement.
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5. CONSIDERATION FOR FOUNDATION DESIGN & CONSTRUCTION

5.1 General

The considerations for the foundation design have been made keeping in view the

topography of the area, type of structure anticipated at this stage and the subsoil

characteristics. A safe and an economical design of foundations of the structures have to

be ensured. The following sections provide guidelines regarding the geotechnical design

criteria, soil parameters, selection of foundation type and depth of placement, allowable

pressures and settlements.

5.2 Design Criteria

The foundation of any structure should meet the following minimum design criteria:

i. These should be safe against shear failure of the supporting ground. A factor of

safety of 3 is adopted for this purpose.

ii. These should not settle excessively under the service loads. A limit of 25 mm

(1 in.) has been put on the total settlement of isolated square/strip foundations and

50 mm (2 in.) for mat foundations.

5.3 Soil Parameters

The soil parameters for the design of foundations for different lithological units

encountered at site have been adopted based on field and laboratory geotechnical

investigation data. The soil parameters are as under:

For Zone A:

Depth (meter) Material Description Design parameters

0.0 – 40 Fractured Sand Stone,
Slightly weathered

b = 20 kN/m3

= 38o

Es = 75 Mpa
µ = 0.4
Gs = 25 Mpa
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For Zone B:

Depth (meter) Material Description Design parameters

0.0 – 4.0 Hard, Lean Clay b = 20 kN/m3

C = 100 kPa
Es = 40 Mpa
µ = 0.3
Gs = 15 Mpa

4.0 - 15 Fractured Sand Stone,
Slightly weathered

b = 20 kN/m3

= 38o

Es = 75 Mpa
µ = 0.4
Gs = 25 Mpa

b = Bulk unit Weight,
C = Cohesion,
Es = Modulus of Elasticity,
µ = Poisson’s Ratio,

Gs = Shear Modulus

5.4 Foundation Type

Generally, subsurface of adequate strength is available at the site. The isolated square/

strip foundations and mat foundations in order to transfer the loads of the structure to the

underneath soil safely will be adequate.

5.5 Foundation Depth

The isolated square/ strip foundation & mat foundation are evaluated for 0.6 m, 1.0 m &

1.5 meter depth below NSL.

5.6 Net Allowable Bearing Pressure

The evaluations of net allowable bearing pressures have been made for isolated

square/strip foundations and mat foundations, against tolerable settlements. Terzaghi

bearing capacity approach has been used for the evaluation of bearing capacity in shear

and one dimensional consolidation theory has been used for settlement evaluation of

cohesive strata. The net allowable bearing pressure curves are attached to this report as
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FIG. D-1 to D-12 (Appendix D). For recommended values see below mentioned tables.

(D-1 & D-2)

Any soft soil encountered at the excavation base of the foundation should be completely

removed and backfilled with suitable granular material in a proper compaction.

Table D-1: Recommended Bearing Pressures

ZONE
FOUNDATION

TYPE
DEPTH (m)

RECOMMENDED
BEARING PRESSURE

(kPa)

A Strip / Square

0.6 100

1.0 125

1.5 150

Mat

0.6 160

1.0 200

1.5 250

B Strip / Square

0.6 175

1.0 225

1.5 275

Mat

0.6 225

1.0 300

1.5 475
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Table D-2: Location of Structures

Sr. # STRUCTURE ZONE

1 New Process Facilities Area

B

2 Slug Catcher

3 PIG Receiver & Gathering Manifold

4 Power Generator Building

5 Diesel Storage Tank

6 LPG Storage Bullets

7 Water Treatment Shed

8 Treated Water Storage Tank

9 New Flare Stack

10 Existing Flare Header

11 Central Control Room (CCR)

A

12 Laboratory

13 Fire Station

14 Fire Fighting Shed

15 Raw Water Tank

16 Produced Water Treatment System

17 Frie Water Storage Tank

18 LPG Gantry

19 Electrical Building
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5.7 Excavations

Generally excavations for foundations would be made in the overburden soil comprising

lean clay/ silty clay/ fractured sand tone. Moderately mild temporary excavations with

light/manual equipment would be possible in the overburden soils.

For guidance, the temporary excavation lines may be kept at a slope of 2V:1H or as

determined by trials at site. The excavations may preferably not be done during rainy

season or otherwise some special precautions may become necessary to ensure drainage

of the excavations.

5.8 Damp-Proofing Measures

Proper damp-proofing of the foundations should be provided like use of water-proofing

admixtures, use of rich mix and low water cement ratio in particular for the structures

located near/along the nullah side.

5.9 Cement & Construction Materials

Ordinary Portland Cement (OPC) should be used for construction works. However,

material from Margala should be used for aggregate materials.

5.10 Coefficient of Static Lateral Earth Pressure

It is recommended to use granular material as the backfill material behind the retaining

walls. The backfill should be compacted to around 70 % relative density.

The static lateral earth pressure coefficients for active (Ka), at rest (Ko) and passive (Kp)

conditions, using granular backfill, are recommended as follows:

Ka = 0.33

Ko = 0.50

Kp = 3.00

For evaluation of earth pressure under earthquake conditions, the equations proposed by
Mononobe-Okabe are recommended to be used.
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5.11 Modulus of Sub-Grade Reaction

Modulus of sub-grade reaction (Ks) to be used in computer model for structural analysis

can be evaluated from the basic definition of (Ks) by using the evaluated net allowable

bearing pressure which causes the settlement under the maximum structural pressure and

is follows:

For Strip & Square Foundations:

Ks (kN/m3) = Net Allowable Bearing Pressure x F.O.S
Settlement (25 mm) under maximum structural pressure

For Mat Foundations:

Ks (kN/m3) = Net Allowable Bearing Pressure x F.O.S
Settlement (50 mm) under maximum structural pressure

Following values of modulus of sub-grade reaction (Ks) may be used in the structural

design of foundations:

Sr. # Zone Foundation
Type

Modulus of Sub-Grade
Reaction, Ks (kN/m3)

1. A Strip/Square 30, 000

2. Mat 25, 000

3. B Strip/Square 20, 000

4. Mat 18, 000
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6. CONSIDERATION FOR ROADWAY DESIGN & CONSTRUCTION

6.1 General

For roadway design, testpits of 1 m depth were excavated. Samples collected from these

testpits were subjected to AASHTO compaction and CBR test.

Summary of the test results is attached in Appendix C.

6.2 Design Recommendations

The CBR test results indicate that CBR value of 9 to 26.5 % at 95% modified dry density

is available. Therefore, CBR value of 10 may be used for design of

subgrade/embankment. Using Co-relation formula's, a value of modulus of subgrade

reaction = 50,000 KN/m3 is proposed against CBR value of 10.
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7. CONCLUSION AND RECOMMENDATIONS

(a) The project area may be divided into two zones on the basis of sub-surface soil

conditions. The detail of both the zones is given in Section 4.1.

(b) Net allowable bearing pressure curves recommended for the design of isolated

square /strip foundation and mat foundation have been appended to this report as

Fig. D-1, D-2, D-3 & D-4. The foundation should be placed at 1.5 meter depth

below NSL.

(c) Aggregate for concrete may be obtained from the Margalla subject to meeting the

project specifications

(d) Proper damp-proofing of the foundations should be provided like use of water-

proofing admixtures, use of rich mix and low water cement ratio.

(e) Appropriate drainage of the site area shall be ensured to prevent the accumulation

of water from any source.

(f) Any soft soil encountered at the excavation base of the foundation should be

completely removed and backfilled with suitable granular material in a proper

compaction.
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Table C-4: Summary of Field Permeability Tests

Sr. # Borehole No. DEPTH (m) Coefficient of Field
Permeability (cm/sec)

1 BH-10 2.5 10-6

2 BH-11 2.0 10-1

3 BH-22 3.0 10-7

4 BH-32 6.0 10-3

5 BH-40 4.0 10-1
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