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(DES) of proposed irrigation projects, the necessary improvements and enhancements of
Memorandum Circular (MC) No. 85 s.2019 (TOR for the Conduct of Sub-surface
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TERMS OF REFERENCE
for the
Conduct of Subsurface Geological and Geotechnical Investigation
<Insert name of Project>

1. INTRODUCTION

This Terms of Reference for the Subsurface Geological/Geotechnical Exploration Work
presents the works to be undertaken and the technical specifications for drilling and
related activities as part of the geological /geotechnical investigations required for the
<Feasibility Study (FS)/updating of the Feasibility Study (FS)/Detailed Engineering
Design/Study (DED/DES)> of the proposed <Insert name of Irrigation Project>. This is
undertaken primarily to 1) determine what distinct soil and rock masses exist in the
foundation of the dam axis and its appurtenant structures; 2) to determine their
dimensions and engineering properties; 3) to establish the variability of the subsurface
conditions; and 4) to assess the suitability of construction materials available on site and
identify alternative sites to ensure that the quality and quantity requirements for
construction are met.

2.0 SCOPE OF WORK FOR SUB-SURFACE GEOLOGICAL INVESTIGATION

The subsurface geological investigation program is based on the overall scheme of the
project. For impounding projects, the foundation investigation shall cover the location of
the dam and appurtenant structures and main canals. For complex projects such as those
having hydropower components, the coverage extends to the location of the powerhouse
and tunnel alignment. For diversion dams, the dam area including the upstream and
downstream aprons shall be investigated. Drilling for pump irrigation projects (PIP) shall
cover the pump house area and sections of the main canal alignment flagged during the
surface mapping as areas needing further probing.

The task shall include the exploration for construction materials, particularly soils for
embankment dams and aggregate materials for the concrete components of the project.
Sampling for these materials are commonly done by excavating test pits or through grab
sampling. Where rocks are abundant and deemed to be adequate shell materials for a
rock-fill dam, the exploration shall involve drilling in the potential quarry areas identified
int the surface geologic mapping

Drill holes shall be positioned is such a way that the subsurface data obtained will enable
the Geologist to assess the engineering properties of the subsurface materials and infer
the level of firm foundation and determine the presence of any geologic structure that can
be deterrent to thie envisaged structures.

Geophysical methods such as but not limited to resistivity or seismic surveys, may be
employed as a guide in the preparation of the drilling plan or to supplement the drilling
data especially in areas underlain by limestones or any rock masses with block-in-matric
structure, ifi order to determine the level of firm foundation. If geo-resistivity survey is to
be conducted, multi-electrode method is strictly required. Seismic refraction or multi-



channel analysis of surface waves (MASW) methods are recommended for seismic
survey.

The Consulting Firm/Drilling Contractor is required to deploy a4 Geologist on-site to
ensure that all activities involved in the investigation would be properly conducted and
appropriately documented in order to obtain geo-scientifically sound results.

2.1 Staking of Boreholes

The Consulting Firm shall furnish the NIA with maps, drawings or plans showing the
location of proposed boreholes, depths, inclination and azimuth of inclined holes;
locations of benchmarks to which all elevations shall be referred. The contractor’s duly
authorized representative at the jobsite shall mark drill hole locations on the ground and
establish ground elevation at each hole site. He/she shall supervise the actual execution
of the work plan and make on the spot changes and/or recommendations for the proper
execution of the same as deemed necessary.

2.2 Core Drilling and Field Tests
The works shall consist of furnishing all equipment, labor, materials, services, and
facilities for sub-surface exploration, which include the following:

a) Along dam, spillway and conduit axes and other major structures
i Soil boring

il. Drilling in Hard strata

ili. Drilling in Alluvium

iv. Water Pressure Test (WPT)
V. Standard Penetration Test (SPT)

vi. Sampling and laboratory testing of core samples

The items of work, as specified above, are required to determine the type, nature and
characteristics of the subsurface materials, the extent and conditions of the various
materials as they exist in the locations indicated in the plans. All work shall be in
dccordarice with plans and specifications or as directed by NIA. Furthermore, NIA -
geologists should be informed by the Drilling Contractor, through the NIA-Region <insert
respective Regional Office>, of the schedule of the associated activities such as
determining/staking the borehole location on-site, conduct of SPT and WPT and sample
collection from the excavated test pits.

As the end user of the subsurface data and reviewer of the engineering
geology/geotechnical chapter of the Feasibility Study Report (FSR), the NIA geologists
shall be made aware by the consulting geologist of any pressing issues that may affect the
results of the investigation. They, and if necessary the Planning/Dam Engineer as well,
should be notified if special observations such as drop of drill rods, change of speed,



casing of hole, etc. are encountered to determine if on-site inspection is needed to resolve
the issue and ensure that there will be no significant delay in the investigation.

2.3 Location and Depth of Boreholes

The approximate location and depths of drill holes should be identified by the Consulting
geologist in a topographic map with a scale of 1:10,000; the acceptability of such sites
shall be confirmed by NIA geologist in the coordination meetings as described in the
General Provisions of the Feasibility Study TOR. Actual locations of boreholes and test
pits should be jointly determined on site by the representatives, preferably, the geologist
of the Consulting Firm, NIA - Survey Team and NIA geologists. It is anticipated that the
actual locations and depths are subject to changes depending on the field conditions, and
such changes may be elected by the Consulting Firm’s geologist upon confirmation with
NIA.

The number and location of holes is determined by the complexity of the geological
conditions based on the result of the surface mapping. For impounding dams, among the
critical areas along the dam axis where drill holes should be located such as but not
limited to: a.) abutments, b.) in the river section and c.) in the respective intersection of
the dam axis with that of the conduit and spillway. The minimum spacing should not
exceed 200 meters. The inlet and the outlet of the conduit should be explored, as well as
the stilling basin and midway of the spillway axis. In case the project scheme requires
the construction of a tunnel, drilling should be conducted at, but not limited to both portal
areas. For weirs with height 3m and below but with crest length exceeding 100m, drilling
is still required. The boreholes should be positioned in both abutinents, in the river
section and in the upstream and downstream aprons of the dam. For pump irrigation
projects (PIP), the borehole (s) shall be located at the pump house area and sections of
the main canal alignment flagged during the surface mapping as areas needing for further
probing.

Boreholes located in the areas of appurtenant structures should extend at least 5 meters
below the firm foundation. Particularly for tunnels, the drilling must reach at least 3m
below the proposed invert elevation. To prevent pre-mature termination of the drilling,
the consulting geologist, in coordination with NIA geologist, should assess if the
recovered cores from the targeted depth represent cotiipetent founidation materials. If
not, drilling should continue until the level of suitable foundation is reached.

2.4 Equipment Requirements

a) All equipment which the Consulting Firm mobilizes for use in the work shall be in
good operating condition and capable of satisfactorily undertaking the work specified
herein. NIA shall have the right to inspect and assess the work of the Consulting Firm and
if NIA determines that the Consulting Firm is not performing as per schedule, NIA can
require the Consulting Firm to provide additional equipment, personnel or other
logistical support necessary to complete the work on schedule. A spare equipment to
ensure that the work is not interrupted by any mechanical malfunction should be always
available on site;

b) Core Drilling and Casing - Equipment for cased drilling and rock boring shall
consist of a power-driven machinery of an approved type complete with specified
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devices, accessories and supplies. The Consulting Firm shall provide suitable means for
generating proper water pressure for jetting, cleaning casing prior to sampling and
coring. Drilling on site covered with water shall be provided with platforms capable of
supporting the anticipated load; and

c) Core Drilling Machine - the core drilling machine with hydraulic swivel head and
wire-line core barrel (double but preferably triple) in good operating condition must be
certified acceptable by NIA. It is therefore preferable for the Consulting Firm to have the
proposed equipmient to be used at the jobsite to be inspected at his equipmernt depot by
NIA for acceptability prior to actual mobilization. The drilling machine should have 20 to
35 horsepower and be able to drill inclined holes and with cathead. The machine shall
have a capacity that can drill to a maximum of 100 meters using at least NQ drill rods. A
core catcher should be used in drilling unconsolidated materials and in highly fractured
rock masses.

2.5 Supervision of the Work

All works to be undertaken by the Consulting Firm shall be under the general supervision
of its qualified and experienced drilling superintendent or geologist. NIA reserves the
right to inspect and review the work of the Consulting Firm, and the Consulting Firm shall
allow NIA to conduct such inspection and review which shall be undertaken through the
NIA’s duly authorized representative at the jobsite.

Special observations made during drilling of holes, such as drop of drill rods, change of
speed, casing of hole, etc. shall be indicated in the daily drilling report.

2.5.1 Soil Boring
a) Boring shall be made by advancing a pipe casing having a nominal diameter not
less than 3-1/2 inches into the soil;

b) Borings shall be performed by rotary drilling method; and

c) After drilling, washing and circulation of water had come to a complete halt, a
standard penetration test, as described hereunder, shall be undertaken to secure
sample of the materials at the bottom of the hole. Coring shall only commence if
the refusal has been attained.

2.5.2 Core Drilling in Hard Strata

a) Each hole shall be drilled with standard diamond core drilling equipment using
suitable sized diamond core bits acceptable to the NIA’s representative at the
jobsite. Where unusual difficulties are encountered, smaller cores maybe used
with the permission in writing from the NIA. NX size diamond drilling shall be
carried out to depth indicated by the Consulting Firm, unless otherwise revised by
the Consulting Firm’s geologist. At the option of the Consulting Firm, holes may be
drilled larger than NX size at no additional expense to NIA;

b) Core drilling will be performed with clear water unless specifically authorized in
by the NIA’s duly authorized representative;



c) Water table measurements shall be made in each borehole at the start of each eight
(8) hours shift of drilling operation for each day;

d) The core drilling operations shall be carried out with utmost care to obtain a 100
% core recovery. Core recoveries below 60% shall be acceptable only upon
written certification by the Consulting Firm’s geologist and actual inspection of
NIA geologists to certify that the rock formation encountered could only produce
that much core recovery in spite of adapting the recommended drilling
procedures;

e) The Consulting Firm may, for his own convenience, utilize other type of equipment
to be used at each individual drill hole, provided that in the opinion of the NIA’s
duly authorized representative at the jobsite the equipment chosen is suitable for
the specified depth and final diameter of the hole. The Consulting Firm may also
choose the initial and intermediate diameters of each hole for his own
convenience, provided that it will be able to produce the minimum acceptable core
size (NQ) and hole diameter at the anticipated depth of the borehole;

f) The maximum length of any core run shall be of 1.0 m but this maximum shall be
reduced in any of the following circumstances:

i. If over the previous 3 m of core run the average core recovery has been less
than 90 percent (90%) allowing for core left in the hole.

ii. Ifother methods of sampling or in-situ testing are required atless than 0.50
m intervals.

Notwithstanding the above, the core barrel shall be removed from the drill hole as often
as necessary in order to obtain the best possible core recovery. When core recovery is
less than 90% in any core run, the next two core runs shall be reduced in length to a
maximum of 0.50 m;

g) The following drilling procedures shall be adapted when weak formations are
encountered.

i.  Drilling shall be stopped imimediately;
ii. Water supply shall be interrupted;

iii. Core barrel shall be pulled up in order to avoid any loss of the core;

iv. Subsequent core run shall be reduced and performed applying only a small
thrust on the core barrel.

v. The core run shall not exceed 1.0 m.

Payment for drilling shall be made only if the above-mentioned procedures are followed;
and



2.5.3 Core Samples and Core Sample Box

Upon completion of the drilling activities, the cores shall be turned over to NIA after the
samples for laboratory analyses are extracted. These shall be stored by NIA for future
referetice until the projectis in operation. Thus, the samples should be properly packaged
for long term storage.

The sample obtained shall be placed in PVC core boxes with standard measurements of
1.00 m x 0.50 m with dividers for the lateral separation of the core samples. Each core
sample box shall be properly marked /labeled indicating the name of the project, core box
numiber, borehole number and location and extent of drilling. Furthermore, each core
box must be provided with wood spacers of about 5 cm long whereby each depth advance,
length of run, length of core and percentage of recovery shall be reflected.

2.5.4 Permeability Test in Boreholes

a) Water Pressure Testing

Prior to water pressure test, the packer assembly together with the packer pipe shall be
calibrated at the ground surface preferably near the river bank. Procedure for packer
calibration is similar to the guidelines of water pressure testing using a single or double
packer assembly except that the testing or calibration is undertaken at the ground
surface;

b) Washing

Immediately before the pressure testing of each stage of any hole begins, and at such time
as directed, the hole shall be thoroughly washed if possible under pressure. All
intersected rock seams and crevices containing clay and other washable materials shall
be washed out as directed by introducing water into the holes. The holes shall be washed
at such time until the return water is clear and fracture filling is no longer recovered.
Before the start of the water pressure testing of the hole, the hole shall be thoroughly
washed for at least 10 minutes or as directed;

¢) Time of Testing

Pressure testing shall be done immediately after completion of drilling the full depth of a
hole by using the double packer assembly or in stages as the hole is drilled using the single
packer assembly. When badly fractured or other unstable rock is encountered or when
the continuation of drilling will alter the structural condition of the rock, each completed
section of the hole in which tests are to be performed shall be pressure tested before
drilling is continued;

d) Section to be tested

All holes drilled at dam site or other sites as directed by the NIA geologist shall be
pressure tested at every 3.0 m interval; and

e) Testing Procedure

All testing shall be done under the supervision of the Consulting Firm’s geologist, if
outsourced or the NIA geologist if in house studies. At all times, the drilling contractor’s
geologist or foreman should be on site. The static water level shall be determined before



the start of the test. Water level shall be measured inside the packer pipe after the packer
has been set.

The specified pressure P3 in psi shall be based at the midpoint of the test section. The
specified pressure P3 is indicated in Table 1. For inclined holes, P3 is determined using
the vertical depth.

Table 1. Specific ration of pressure and time for each step of pressure test

Step No. Pressure (P) | Elapsed Time (min)
1 P1-1/3P3 5
2 P2-2/3P3 5
3 P3 10
4 P4-2/3 P3 5
5 P5-1/3P3 5

To start the test, the packer or packers are seated and the depth recorded. Hole and
equipment must be filled with water and begin pumping until pressure P1 is indicated on
the pressure gauge. Read the flow meter and start stopwatch for the first 5 segments. At
the end of 5 minutes, increase pressure to P2 and read the flow meter. This is contitiued
until all five increments are completed.

Table 2. Specified pressure

Vertical Depths of Specified Pressure for Test Stage
Packers (m) (psi)
Froi To 1&5 2&4 P3
0 2 2 3 5
2 4 3 6 10
4 6 5 10 15
6 8 8 15 25
8 10 10 20 30
10 14 15 30 35
14 20 20 35 55
20 25 25 50 75
25 30 30 60 90
30 35 35 70 105
35 40 40 80 125
40 45 45 90 140
45 50 50 100 150
50 deeper 50 100 150

The specified depth shall be the depth at the midpoint of the section tested. If in any step,
the specified pressure cannot be attained, run the pump at full speed and record the
highest steady pressure established and proceed with the test. Between steps, the
pressure shall not be allowed to fall below the specified for the next step or the step just
completed.



2.6 Constant Head

For instances that pressure does not build up, the following method shall be performed
in accordance with the methodology presented in United States Bureau of Reclamation
(USBR) 7310 “Constant Head Hydraulic Conductivity Tests in Single Drill Holes”.

2.7 Recording Field Data

All data shall be recorded on standard data sheets. Any observation of measurement of
doubtful accuracy shall be noted with a description of the questionable condition. If
mechanical breakdown occurs during testing, a repeat test shall be carried out and such
should be reflected in the daily drilling report.

2.8 Record

The daily drilling records shall be submitted to the NIA’s duly authorized representative
at the jobsite for verification and review. The records shall include the following:

The depths below the ground surface at which the samples were taken.
The depth at which core drilling started and ended.

The core recovery.

The Standard Penetration Test results of each setting.

Loss of water circulation at different depths as drilling progresses.
Information as to (standing) groundwater reading in drill hole as read and
the method used to ascertain the elevation of water reading.

Water Pressure Test results of each setting

Special observations made during drilling of holes, such as drop of drill
rods, change of speed, casing of hole, etc.

i. Photograph of core boxes showing the cores recovered with proper labels.
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3.0 Construction (Embankment and Aggregate) Materials Exploration

The area to be explored is not limited to the immediate vicinity of the dam site, it can be
as far as 5km away. The hauling distance shall be considered and integrated in the costing
of the project. The drilling contractor shall immediately conduct assessmetit in the pre-
determined exploration areas upon receipt of NTP to identify potential problems in the
conduct of test pitting. He shall also identify other areas that have potential materials to
be included for exploration.

Samiples shall be collected upon thie arrival of the drilling contiactor in the field and
immediately sent to the laboratory to fast-track complex laboratory tests. Based on the
volume approximated based on the logs and observations obtained in the borrow areas
indicated in the plan, the contractor shall expand the coverage of its exploration farther
up to 5km from the dam site with the concurrence of NIA.

The purpose of this exploration is to determine both the quality and quantity of available
construction materials in identified potential borrow areas. To ensure that the collected
samples truly represent the materials in each identified borrow area, at least three (3) to
five (5) test pits shall be excavated in every hectare of each of the potential borrow area.
The locations shall be strategically distributed throughout the target exploration area.



3.1 Test Pit Excavation

For embankment materials exploration, the test pits shall be dug manually using
convenient hand tools. Backhoe can be used if available as long as the TP locations permit.
The minimum size of pitis 1.5 m by 1.5 m. Excavation shall terminate depending on field
conditions (e.g. when bedrock or groundwater is encountered) as certified by the NIA's
duly authorized represetitative at the jobsite. Materials frotfi the pits shall be removed by
buckets operated from a hoist, especially when depth is greater than 2.0 m. During
excavation, the bottom of the hole should be kept fairly leveled and of full size so that
each lift may represent the corresponding portion of the deposit in quantity and quality.
At the surface, the excavated material should be placed in an orderly manner around the
pit, and marked stakes should be driven to indicate depth of the pit from which the
material came in order to facilitate logging and sampling. To avoid collapse of the pit
walls, wooden cribs shall be installed when necessary. If the soil layer is very thick  and
it is unsafe to continue the excavation, auger drilling is recommended to be used to

sample the zone from the bottom of the testpit up to refusal to determine the actual soil
thickness.

3.2 Logging and Documentation

Prior to sampling, the test pit should be logged. The log sheet should contain the
description of the subsurface materials in terms of their potential as embankment
materials. i.e., for the impervious core and for random fill. The thickness of each layer
should be clearly indicated in the log sheet and the boundary should be clearly defined as
this will serve as a guide to sampling. A layer of clay or impervious material can only be
sampled and analyzed for suitability as core material if it reaches at least 0.5m thick.
Otherwise, it is not practicable for sampling and a composite sample will be collected
from the whole soil layer and will be tested for its suitability as random fill.

3.3 Disturbed Sampling

Disturbed sampling is employed as the materials will be actually disturbed during their
excavation and transportation from the site to the laboratory. Prior to sampling, the area
of the side of the wall of the test pit shall be trimmed off to remove layer with prolonged
exposure to the elements, or mixed soil. The sample shall then be obtained by trenching
the trimmed surface with a cut of uniform cross section and collecting the soil on a
canvass spread at the bottom of the test pit. The topmost organic rich layer is excluded
from the sampling.

The quantity of sample that shall be placed in a plastic bag shall not be less than 10 kg for
each strata for the Physical property test (Unit Weight, Gradation test, Atterberg Limit,
Specific Gravity test & Soil classification), 0.5 kg shall be placed in an airtight container
for the natural Moisture Content determination and 30 kg of composite samples shall be
placed in rice bags for the determination of the Mechanical property (Compaction,
Consolidation, Permeability & Tri-axial tests — CU,UU&CD). All soil samples shall be
properly labeled as to project name, test pit number, sample no., depth and date samples
were taken. Soil sampling shall be done only in the presence of the NIA representative at
the jobsite. Laboratory tests shall be according to standard test methods (ASTM).



3.4. Auger drilling to supplement thickness data

To accurately estimate the volume of available materials, auger drilling shall be
conducted in strategic points throughout the potential borrow area. This shall be done
to determine the overall variation in the thickness of each layer defined in Section 3.2.
For this purpose, sampling is not required.

3.5. Sampling for Aggregate Materials
For aggregate materials, grab sampling may be employed as long as the samples are
representative of the materials present in the area.

4.0 Laboratory Testing

For earth fill impounding dams, the samples acquired from drilling (rock cores), test
pitting (embankment materials) and grab sampling (concrete aggregates) shall be
submitted to a reputable laboratory for analyses found in Table 3. Note that for diversion
dams where embankment materials are not required, only the core and concrete
aggregate samples shall be tested.

Table 3. List of laboratory analyses for each type of sample material
Type of samples Laboratory Analyses

Rock drill core samples Uniaxial Compressive Strength
Specific Gravity

Unit Weight

Water Absorption

Direct Shear

Test pit soil samples for Gradation (Grain Size Analysis)
Embankment Material Atterberg Limits

(Disturbed Sampling) Permeability

Specific Gravity

Natural Moisture Content
Compaction

Consolidation

Triaxial (CU/ UU/CD)

Unit Weight

Direct Shear

Hydrometer Test

Concrete Aggregate samples Gradation

Los Angeles Abrasion
Absorption

Specific Gravity

Unit Weight

Test pit soil sample for Dam Direct Shear

Foundation Gradation (Grain Size Analysis)
(Undisturbed Sampling) Atterberg Limits

Specific Gravity

Unit Weight

Compaction
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Note: Where SPT is the only means to determine the bearing capacity of the foundation
materials, the recovered samples should be analyzed for unit weight, specific gravity and
direct shear to enable computation using the Terzhagi and Meyerhof equations.

5.0 Geological/Geotechnical Investigation Report

The report shall contain relevant maps such as borehole and test pit location map
including the coordinates and borehole collar elevations; borehole and test pit logs;
geologic profiles along the dam, spillway and conduit axes; and summary of laboratory
results, including all raw data obtained from the subsurface investigation, as stipulated
in the previous sections. The acceptance of the report will depend on the accomplishment
of all the tasks included in this TOR and the quality of the output set by the above
standards, including the results of the monitoring/assessment of NIA representatives and
NIA geologists.

The Geological/Geotechnical Investigation Report should contain a thorough discussion
of the investigation results and supported by the following maps, figures and tables:

a. A location plan superimposed with the site geologic map to enable the NIA’s
duly authorized representative at the jobsite to re-establish the location at
which the borings were made.

Tabulated coordinates of boreholes and testpits

Logs of boreholes and testpits containing the necessary information as
enumerated in Section 2.7

SPT results and computed bearing capacity

WPT results and computed Lugeon values and hydraulic conductivity
Summary of laboratory analyses for core and test pit samples

Certificate of laboratory analyses of submitted samples

Photo documentation of all boreholes and testpits during drilling and
excavation/sampling, respectively.

The geologic profile superimposed in the topographic profile derived from the
topographic survey along the dam, conduit and spillway showing the
overburden / bedrock boundaries and geologic structures (joints, shears, fault;
etc.). These drawings should also be available in editable form: dwg or shape
file.

@ mea oo
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(Annex A contains the prescribed outline of the Factual Report)

Note: Geologic cross sections at the dam site (dam axis & appurtenant structures) shall
be at a readable scale on A3 sheets, and shall include all information collected during
surface mapping. The boreholes and test pits carried out near or along cross sections
trace will be also displayed in the cross section together with lithology, permeability (in
Lugeon unit) and rock quality designation (RQD), weathering degree (W,) joint number
(J») and hardness number (H,) (Table 4).

Table 4. Description of weathering, joint and hardness numbers
Parameter Description
Weathering No.
W-1 Sound
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Parameter Description

w-2 Slightly Weathered [appreciable oxidation at joint)
w-3 Minimum Weathered (matrix slightly weathered)
w-4 Deeply Weathered (matrix deeply weathered)
w-5 Totally Weathered, Argilized (only traces of original
structure)
Joint Number
J1 1 Joint/m
J-2 2 - 5 Joints/m
J-3 6 - 10 joints/m

J-4 11 - 20 joints/m
J-5 >20 Joints/m
Hardness Number

H-1 Very Hard (hardly broken by hammer)
H-2 Hard (edge hardly broken by hammer)
H-3 Medium Hard (Easily broken by Hammer)
H-4 Slightly Hard (easily squeezed by finger)
H-5 Soft (easily broken by finger

6.0 Technical Personnel

The personnel to be deployed on-site must be qualified and experienced in the conduct
of geotechnical subsurface investigation as indicated in the qualifications below:

Personnel Qualifications

Geologist Must be a licensed geologist;
Must have at least 5 years experience in geotechnical drilling
supervision and interpretation of results; and
Completed subsurface geological investigation of at least 5 impounding
dam projects

Foreman Must have at least 5 years experience and highly skilled in geotechnical
drilling supervision including the proper conduct of SPT and Water
Pressure Test (WPT)

Driller Must have at least 5 years experience in geotechnical drilling including
the conduct of related field tests
Note: 1 driller/drilling rig (variable depending on the number of rigs to
be mobilized)

Mechanic Must have at least 5 years experience in trouble shooting mechanical
concerns during geotechnical drilling

7.0 Contract Duration and Basis of Payment
1. e Consultant shall bill the Client o er me i cor illing. and on a per

setting basis for SPT sampling and WPT. It would be the responsibility of the
Consultant to estimate the total cost with additive and / or deductive cost as the case

maybe.




2. The field and laboratory tests shall also be billed per test basis.

3. The whole geotechnical investigation including laboratory test shall be done
as follows: <insert duration based on Program of Work>

4. Minimum number of drill rigs to be deployed: 2 units

8.0 Source of Funds
Fund to be used on the project will be from <insert source of fund>

9.0 Approved Budget for Contract (ABC)

The ABC for the whole geotechnical investigation is <Insert cost in PHP>, with the
suggested breakdown in Table 5, inclusive of all applicable government taxes and
charges, professional fees, and other incidental and administrative costs.

Table 5. Breakdown of the ABC

Items of Work Cost
Mobilization/Demobilization <Insert Amount>
Drilling and sampling <Insert Amount>
Laboratory analyses <Insert Amount>
Report preparation <Insert Amount>
Total <Insert Amount>

Please note that this consulting contract shall be a fixed price contract. Any extension of
contract time shall not involve any additional cost to the Government. All core samples
acquired for the study shall be turned over to NIA at the conclusion of the study and
upon extraction of samples for laboratory analyses.

10.0 Payment Scheme/Schedule

10.1 Billing for reimbursable items, such as activity for Surface & Subsurface Geologic
Investigation, must be based on the actual expenses incurred and supported by official
receipts/documents, including the study progress reports.

10.2 Billing for non-reimbursable items, including professional fees, shall be in
accordance with the following delivery schedule, upon evaluation and
approval/acceptance of NIA, and subject to the usual Government accounting and

auditing requirements:

10.2.1 Advance Payment (Refer to Annex F, IRR of R A. 9184)
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Milestone Payment
Upon receipt of NTP (Advance Payment) 15%

10.2.2 Progress Payment

Milestone Payment
Upon completion of drilling/sampling activities 45%
Upon acceptance of geologic/geotechnical investigation report 40%

Since all of these payments shall be subject to the usual government accounting and
auditing requirements, the Consulting Firm is expected to be familiar with the
Government Accounting and Auditing Manual (GAAM).

11.0 Liquidated Damages

Where the Consulting Firm refuses or fails to satisfactorily complete the work within the
specified contract time, plus any time extension duly granted and is hereby in default
under the contract, the Consulting Firm shall pay NIA for liquidated damages, and not by
way of penalty, an amount, as provided in the conditions of contract, equal to at least one
tenth (1/10) of one (1) percent of the cost of the unperformed portion of the works for
every day of delay. Should the amount of liquidated damages reach fifteen percent (15%)
of the contract amount, NIA shall at its own discretion terminate the contract without
prejudice to any further action it may take to recover whatever losses incurred due to
non-performance of the Consulting Firm.

To be entitled to such liquidated damages, NIA does not have to prove that it has incurred
actual damages. Such amount shall be deducted from any money due or which may
become due the Consulting Firm under the contract and/or collect such liquidated
damages from the retention money or other securities posted by the Consulting Firm
whichever is convenient to NIA.
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Submitted by:

<Insert Name >
Regional Manager

Approved by:

<Insert name >
Deputy Administrator
for Engineering and Operations

Date Approved: <Insert date>
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ANNEX A



Outline for the Factual/Geotechnical Investigation Report

Introduction
Objectives
Scope of Work
o Coring/Boreholes
o Water Pressure/Lugeon testing
o Test pit/Construction Materials investigation
= Grab sampling
= Sand and gravel
= Embankment (if necessary as per scheme) random fill and clay core
Methodology
o Coring/Boreholes
o Water Pressuré/Lugéon testing
o Test pit/Construction Materials investigation
o Laboratory testing
= Tabulation of all necessary laboratory tests to be conducted
Results and Discussion
Location/Access
General Geology of the Project Area
Coring/Boreholes (summary)
Water Pressure/Lugeon testing (summary)
Test pit/Construction Materials investigation (summary)
o Laboratory tests {summary)
Annexes
A - Borehole and Test Pit Location Map
B - Field drilling reports
C - Water Pressure /Lugeon field data
D - Borehole logs
E - Water Pressure /Lugeon calculations
F - Test Pit logs
G - Photos
H - Laboratory Test Results sheets
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