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1

TOPOGRAPHIC SURVEY

General

- The Specification shall be applicable to the topographic survey to be

performed in order to obtain data necessary for the preliminary design
of the  Feasibility Study of the Small Scale Hydroelectric Power

Development Project at Upper Liwagu River Basin in Sabah, Malaysia.

- Scope of Work

The detailed work plan and quantities shall be fixed later. However,

the work quantities are as follows:
1/500 scale topographic survey are : 0.098 Km?

- Intake dam at Liwagu.river : : 0.012 Km?

- Intake dam at Mesilau river - 0.017 Km?
- Penstock and powerhouse © 1 0.069 Km®

The location of the Work is shown in Fig. 1.1 and has been prepared

based on the éxisting topographic map at a scale of 1{5,000.
Work Plan:

The work -plans are attached in Fig. I.2.-'I.4, and has beéen prepared

based on the existing topographic map at a scale of 1/2,500.
Work Period

The. topographic survey shall be completed by 31 January 1992.

_ Technical Specifications

All measurement shall be expressed in the metric system and the

languagé_shall be English.



5.1

5.2

1/500 Scale Topographic Survey

The topegraphic maps at a scale of 1/500 shall be ﬁrepafed for proposed
areas and their surroundings, which include the planned intéke dam,
headrace route, head tank, penstock route, power hduse“to-be'sélected
at best suitable sites. One {1) bench mark shall bhe monhﬁented for

each selected site based on the following item 5.2 Monumentation.

1/500 scale topographic survey is required to connect at least two

existing control points, which were already established by the

_Government of Malaysia .to serve as the origin for horizontal

coordinates. Traveérsing and levelling for 1/500 scale topographic

survey should follow the Specifications -as described under 5.3

Traversing and 5.4 Levelling.

Topographical features, vegetation 1imits; and all the changes of the
ground condition (knick points) necessary for 1/500 scale topographic
mapping shall be observed by such a methqd as the Total Station Method.
In cése the boulders larger than 3 m in diameter be found in the river
bed, their locations, features and elevation of top surface should be
shown on 1/500 scale planimetric maps separated the topographic maps.
Sufficient information shall be observed to enable 1 metre ‘contours to
be plotted on the map. Results of these field surveys shall be
plotted. And the plotting accuracy shall be 0.3 mm on"the map. The
topographic maps shall be prepared at 1/500 scale with the standard

. contour line interval of 1 metre. The format of thé'manuscript sheet

is 80 x 60 centimetres,

Monumentation
Monuments of bench marks shall be established at places suitable for
maintenance and future use, and monumentation ‘is to be carried out

before traversing survey in conformity with Malaysian specifications

{(monument type, size, materials, and other detailed specifications).

I.2
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5.3

Traversging

“Praversing 1s required to originate at one of the existing control

points” which were already established by the Government of Malaysia

(Land & Survey Kota Kinabalu) to serve as the origins for horizontal

coordinates for traversing and closed to another one.

(1) Point Selection

Point selection shall be done as follows:

Aa)

by

Turning points shall be installed so that their intervals

are as equal in distance as possible.

Reference piles shall be installed for each bench mark

considering possible damage to be done to the point.

(2) Horizontal Angle Observation

Horizontal angles shall be observed as follows:

The direction method shall be adopted unless specified

(a)
otherwise by Engineer..
(b} A pair (one set) of observation consists of two readings by
telescope in the direct and in the reverse positions.
{c) Two sets of observatidn_at 0 degree and 90 degree positions
shall be carried out for each point.
{d) Allowances are as fo;lowsﬁ
Ailqwahge of double | Allowance of difference
_ arnigle differences of observation
Horizontal angle | 30" B 20"
1.3
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(3)

(4}

(3)

Vertical Angle Observation

One set of vertical angle obser#atiqn_gonsistiﬁg of reading by

telescope in the direct and in the reverse shall be carried out

for each sideline.

(a) Allowanceé are as foilows:

Allowance of constant of elevation _ 30"

Re-measurement

In case that -any of horizontal observation results exceeds the
allowances as speéified in the above table, all observations

‘involved at that particular position shall be redone.
Measurement of Distance
Pistance shall be measured as follows:

(a) In case of using electro-opticai.instrﬁment, one set of.
observations consists of four readings for the direct
réading instrument (digital count), and for‘the indirect
reading instrument, one set consists of readings with all

modulated frequencies.

(b} Required number of sets and allowance of difference of

_observation are shown in the following table.

Number of sets ' o 1

Allowance of difference of 6béér§a£ibﬁ 4 centimetres

Results of surveying &nd recbords, and sketches including
distances from more than two-distinct ground features are filled
in the descripticn form with two snap-photbﬁ-of the bench mark.

One is close-up and the other is a distance view.
I.4
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5.4

-(6) . Computation and Data Sorting

(a)

(b)

Coordinates computation for traversing shall be carried out
in accordance with the local coordinate system (Rectified
Skew Orthomorphic)-and. the Everest Spheroid, and the forms

of point descriptions shall be provided by Engineer.

Calculation at Field

Allowance of closure and closure ratio of the obtained

results at field are shown in the following table. If any
of the results exceed the allowance, re-obhservation shall

be conducted after re-checking the results.

Closure rate Closure rate of Remarks

Closure of
bearing of coordinate _ height
.20 sqr. N 144,000 12 cm sigma § / sgr.L

S: Length of each leg in Km N: Numbers of angle measurement
‘Li Number of legs R '

{c)

Levelling

The results of surveying and records are to be bound in the
order of working steps. Index maps shall be prepared on

the existing topographic map at a scale of 1/2,500.

(1) This specification of levelling should be for determination of

the elevations of bench marks by using levels and staves (direct

levelling), and levelling is required to originate at more than

two existing control points and checked both at the start and the

end of each levelling route.

(8)

The lines of sights shall not exceed 70 metres. Backsight
and foresight shall be balanced at each instrument set up
in order to cancel the residual instrument collimation

errcrs.

‘AP9 - 5



{2)

(3)

(b) The observer shall take readings disregafding 1¢
centimetres at both ends of the staves.

{c) Levelling routes shall be in closed loops or an open
levelling by duplicate measurements may be recommended.

(d) Temporary bench marks shall be estéblished approximately at
4 kilometres interval on the levelling routes. They are
selected and painted at suitable places such as bridges,
buildings, revetments, weifs. rocks or so on, that are easy
to support. '

Calculation. .

Accuracy of observation’

Closure of loop - 5 cmx sq. Yoot §

S: length of Singlé-run'in km

Index mapszdf.Bench mafks.énd:levélling routes shall be prepared

on the existing topdgfaphié map at a scale of 1/2,500.

hmnsnétSpecﬂmdinﬁﬂsSpechaﬁqns_

The items not specified in this Specifications shall be instructed by

the Engineer as a variation order.

Final Products to he Delivered:

(1) One (1) set of;résuit'of 1/500 scale topographic.survey

(2)

(a)
(b)

Observation notes

Computation sheets

(c) 1/500 scale manuscript sheets

{a)

'One_(l)_éet of resuit,of trave;ging

Observation notes

1.6
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(3)

(b)

_ (c)

(d)
(e}

Computation sheets
Final computation result
Descriptions of traversing point

An traversing point index map

One (1) set of result of levelling survey

(a)
(b)
(c)
(d)

Observation notes
Computation sheets
Description of bench marks

A levelling route index map

APS -7
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4.1

GECLOGICAL INVESTIGATION

~ Core Drilling with Permeability Test and Standard Penetration Test (SPT)

General

The Specification shall be applicable to the Core . Drilling with
Permeability Test and Standard Penetration Test (SPT) to be ﬁerformed
in order to obtain data necessary for the preliminary design of the
Feasibility Study of the Small Scale Hydroelectric Power Development

Project at Upper Liwagu River Basin in Sabah, Malaysia.

Obiective and Scope of Work

This Work shall be executed to investigate and confirm the géologic

condition of the site and to make various accompanying measurements.

- Location of Drillholes

The. locations of drillholes are as indicated in the attached drawings’
(see Fig. I1.1.1(a) ~ I1.1.1(d)), and the detailed locations .shall be
indicated by the Engineer in the field before the commencement of the

work.,.
Type of Work and Work Quantity:
The type and quém'tity of the Work shall be as given in the table below.

However, the work QUa'ntity-may be partially changed after execution of

the contract depending on circumstances in the field and other reasons.
Type of Drilling

The types of drilling shall be classified as indicated in the table

below.

17.1.1
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4.2

5.1

5.2

Type _ Classification

Drilling in topsoil and talus layer, gravel layer,
A weathered bedrock surface layer (final size of hole
shall be NX)

B Drilling in rock (fihal size of hole shall be NX)

Work Quantity

" Work quantities shall be as indicated in the Table 1.

Period of Work -

Period
Start : . 19
Completion _ y 19

Completion shall be on the date when the Engineer finishes acceptance

of the results of the Work by the Contractor.

Work Schedule

The.ContréctorL,immediately after execution of the contract, shall
submit to the Engineer his work schedule (2 copies) and obtain the
approval of the Engineer. In the évent after start of the Work delay
is produced compéred with the work schedule préviouély‘approved by the
Engineer, the reasdn“shall'be'expiained and a modified work schedule

ghall be submitted to the Engineer for approval.

Daily Work Report

The Contractor shall record the condition df work in a daily report tz
copies) of the format directed by the Engineer, ‘and shall dispatch or
deliver the report to the place of the Engineer’s désignaiion. " The

daily report, in addition to the major items according to Chapter 9,

shall record in as much detail as possible matters regarding drilling.

11.1.2°
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8.1

8.2

8.3

8.4

Safely Supervision
The‘Contractor; in executing the Work, shall prevent occurrence of
accidents throughout, providing necessary safety facilities in

accordance with related laws and regulations.

Provision and administration of these safety facilities shall all be

the responsibility of the Contractor.
Equipment Used

Equipment used for the drillings, permeability tests and the Standard

Penetration Test (SPT) shall be of the types or capacities as follows:

Drilling Machine and its Accessories

0il-hydraulic high-speed drilling machine capable of drilling to the
depth indicated in Table 1, with accessories including core barrel,
bit, drill rods, casing pipes, etc. suitable for obtaining maximum core
recovery. 

Pump

Discharge capacity of not less than 150 ¢/min at pressure of 10 kg/cm?
and. with 1little pulsation in discharging pressure and discharging
water, .

Pressure Gauge for Water Supply

Graduation of gauge not more than 0.5 kg/em’.

Flowmeter

An integratingifiowmetér of not more thap 1 ¢/min graduation.

I1.1.3
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8.5

8.6

8.7

8.8

8.9

9.1

Packer

In principle, extenéiou (mechanical) packers are to be used and air

packers shall be used according to rock condition.

Measuring Instrument for Water Level

The instrument shall be capable of measuring the deﬁth-in the borehole

with reading accuracy within 1 cm.

Split-Barrel Sakpler

. The sampler for the Standard Penetration Test shall be constructed with

the dimensions indicated in Fig. 11.1.2.

Hammer and Knocking Head

The hammer shall weigh 63.5 il-kfg and shall be & solid rigid metallic
mass. The hammer shall strike: the knocking head and make steel on
steel contact when it is dropped. A hammer fall guilde, which allows

free falls, shall be used.

Hammer Drop System

-Rope~cathead, trip, semiautomatic, or automatic hammer drop systems may'

be used, providing the lifting apparatus will not cause penetration of

the sampler while re-engaging and'lifting the hammer.

Drilling
Surveying of Drillhole Locations and Instaliation of Machines

(1) The Contractor shall provide survey control points at drillhole

locations in accordance with the directions of the Engineer.

IT.1.4

APO - 18



9.2

9.3

9.3.1

9.3.2

(2) Surveying of drillhole locations shall be done by the Contractor
from survey control peints according o the method approved by the

Engineér. The survey results shall be submitted to the Engineer.

Prevention against coliapse of drillholes shall be taken by using the

casing pipe or by cementation where such collapse is anticipated.
Crilling and Records
In the drilling operation, the types of bit and core barrel used
shall be sélected in accordance with the rock condition, and maximum
effort shall be exerted for 100Z core recovery without distﬁrbing the
original condition of the rock strata through adjustment of bit
pressure, drilling speed, water supply quantity, and the like.
Various data and conditions regarding the drilling shall be
accurately recorded in a field book and transferred on an approved
daily report specified in Fig. II.1.3. Two copies of the report
shall be submitted to the Engineer.
(1) Water springing and leakage
-In the event of occurrence of water springing or leakage during
drilling the quantity {unit: ¢ /min) and the elevation of rising
‘water ‘level or falling water level (unit: cm) shall be
measured. '

(2) Temperature measurement

‘When especially directed by the Engineer the temperature inside

the hole shall be measﬁred.
S (3) Time of . advance {unit: min)

Time shall be entered accurately in units of minutes,

II.1.5
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9.3.3

9.34

9.3.5

(&) Lengﬁh of advance {unit: em)

(5) - Color of drainage water and color of rock
(6). Geologic-name

{(7) Quantity.of water pumpgd'(unitt ¢ fmin)

(£ Quantity of water discha;ged {unit: ﬂlmini
{9y Crbwﬁ (type, No., rpm, applied pressure)
(10) Geologic gymbol‘

(11) Diameter of drillhole

(12) Names of machinery used -

(13) Oils and fats, fuel, expendables, etc.

{14) Name of person in charge

_ {15) Others

When it is evident thét,poor_cqre recovery is due to poor workmanship
of the Contractor or when entries in the daily report are incorrect,
the Engineer may require the Contractor to-perform redrilling at the

Contractor's expénse.
Records of the drilling shall be written with €.6.8.. units.
RQD (Rock Quality Designation): . For each section of 1 meter, a piece

of core 10 cm or longer: shall - be measured : and indicated "as &

percentage in the drilling log of the prescribed form.

I1.1.6

AP9 - 20



9.4

9.4.1

9.4.2

8.4.3

9.4.4

9.4.5

9.4.6

9.5

Arrangement of Cores and Delivery

The length of a core recovered from each drilling operation shall be
measured in terms of net length in the condition as it is in the core

barrel.

The core shall be directly transferred and deposited in the

corresponding section in.a core box.
The following measures shall be taken for a section where core
recovery is not possible.

(1)  When collection of slime is pbssible, the slime shall be put in
' a vinyl bag and the bag shall be placed in the éorresponding

section of the core box.

(2) Suitable means shall be provided in the core box to prevent

sliding of the adjacent core into the next section.

The core box shall be of inside length.of 1 mwith 5 or 10 rows to a

box.
The outer surface of each core box shall be inscribed with the name
of the site, hole number and box number, while the inner surface

shall be marked for every 10 cm of depth.

Cores placed in boxes shail be stored at the place desipnated by the

Engineer.

Drilling Log

‘The ‘Contractor éﬁall'bfepére-é drilling log based not only upon core

inspection results, but also conditions observed dﬁriﬁg'drilling. The

log shall be in the form approved by the Engineer.

IT.1,7
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9.6

9.7

9.8

9.9

9.10

8.1

9.12

Gore Photographs
Coloured photographs of cores_a:rénged in each core box~shéll be taken.
The. photographs shall be taken in a bright location but shielded from

direct rays of the sun. Surfaces of dried cores shall be wetted with

water. The size of a photograph shall be approximately 11 em X 8 cm.

Measurement of Water Level in Hole

The water level in the hole shall be measured in cm every day before

and after work and recorded in the daily report (Fig._!I,l.é)..déta

sheet (Fig. II.1.3) and diagram (Fig.'Ii.l.S). Equipment to be used

for measuring water levels in the holes shall be approved by the

 Engineer.

Instaflation of Hole Mark

Upon'éompletion of drilling, a éteel.pipé shall be driven into the hole
and the pipe anchored with concrete. The number of the hole shall be

inscribed on the concrete.

Installed observation pipes in drillholes shall be more than 40 mm in

inside diameter.

Inspéction of hole length will be done by the Engineer on completion of

each hole.

Classification of types of drilling will be judged By thé Engineer

after the Work,

Accounting of quantities shall be based on measured lehgths. However,

increase or decrease in drilling 1ength'for:reasénsratﬁriputable to the

Contractor shall not be recognized.

I1.1.8
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10,

10.1

16.2:

10.2.1

10.2,2

10.2.3

Permeability Test.

. Scopea

This -

specification describes water tests for determining the

apprnximéte values of permeability of indi&idual strata penetrated by

core drilling. Permeability test consists of open-end test in

unconsolidated ‘deposits and packer test in the bed rock.

Open-End Test

Outiine of Open-End Test

Fig.

II.1.7 shows the test through the open end of a pipe casing

which has been sunk to the desired depth and which has been carefully

cleaned out just to the bottom of the casing.

Locﬁtion of Tesis

(1)

The test shall be performed in the topsoil and sand-gravel

layer.

Test intervals.and'locations shall be given by the Engineer in

(2)
:the fie;d.
(3): T#e iest inFErval shéll be_in ﬁfinciple 2 m.
Metho;i
(1) * When the hole haé:been_ﬁfillgﬁ to the depth where the test is

’ intéﬁdgd'casing pipe shall be installed up to the bottom of the
hdlé. For ﬁight_contac£ qfkthe casing to the deposits in the
surtoundings the casing shall be largér in diameter than the
bore hole. To avoid disturbance of the deposits at the bottom
of the hole the casing should not be driven by hémmering. The
inside of the casing shall Dbe cleared of fallen loose materials

up to- the bottom by coring and washing with water.
“I1.1.9
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10.2.4

(2)

(3)

(4)

The casing pipe shall be filled with clean water up to near the
top, and the water level shall be kept constant by supplying
clean water from the top of the casing. Quantity: of - the

supplied water shall be measured and recorded every minute

until the difference between two'successive measurements falls

within the limit of 5% and. for twenty minutes.
Depth of groundwater level, if any, shall be recorded.

The depth to the bottom of casing pipe, groundwater level .in
the hole before the test and height from the tép of a hole to-
the constant water level shall be accurately measured and

entered in the respective columns on the recording form (see

Fig. 1I1.1.8)}.

Calculation

The results shall be presented in coefficient of permeability 'as

calculated by the following formula.

k.='—il—-
5.5tH
where, k = coefflcient of permeablllty (cm]sec)
' " ¢ = internal radius of casing (cm)
H = differential head of water from the bottom of hole up to

This

the constant water level, If groundwater level is higher
than the  bottom of hole, this {s the head from the
groundwater level up to the constant water level (cm)

Q = constant rate of flow into the hole (cm’ lsec)

' Open-End Test ‘shall be ¢arried out in accordance with

épecificatioﬁ'iﬁ'ﬁarth Ménﬁél”(lé?éy; Appendlx. ‘Designation E-18

unless otherwise 1nstructed by the Englneer

11.1:10
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10.3

10.3.1

10.3.2

10.3.3

Packer Tesis

Qutline of Packer Test |

- The test: shall be performed by the so called "Single Packer Stage

Method" where clean water:is injected in the section of the hole

between packer and bottom of hole (see Fig. I1.1.9).

Test Section

(1)

(2)

(3)

The test shall be performed in bedrock excluding topsoil, sand-
gravel and weathered surface zones where setting of packers is

difficult.

~The test section shall be given by the Engineer in. the field.

“The length of one test section shall be in principle 5 m, but

some variation may result depending on selection of the packer

position.

Seﬂi'ng of Packer

(1)

(2)

)

When setting a packer in the hole blow the casing pipe, the

position shall be selected where few cracks exist at and above

the prescribed depth as judged by core cbservation.

When.leakage-of water to the pért above the packer is observed

or is judged to be taking place .after start of injection of

_watér the test shall be repeated by moving the packer position

“upward.

Notwithstanding the above requirement, in the first test on

reaqhing rock, the packer shall be shifted downward,step by

step and a watertight position selected.

- IT.1.11
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10.3.4

10.3.5

.10.3.6

Washing of Hole

After completion of drilling of each test section, the interiorch

the hole shall be washed by pumping water into a rod inserted to the

bottom of the hole, and the washing shall be continued until there is

no outflow of muddy water or slime.

Injection Pressure

Injection pressure cycles shall be according to the table below

.depending on the depth from the top of the -hole to.the packer

position. Injection pressure as used herein shall mean pressure

indicated by a pressure gauge set near the top of the hole.

Depth from Rock Surface - . InJectlon Préssure
to Packer : Cycle kgfem?

Less than 5 m - 0;5-1-2-3»2»1~0.5

More than 5 m 0.5-1-3-5-3-1-0.3

Measurements of injecting Amount

(13

(2)

(3)

(4)

Measurements of injecting amount shall'bé started after 10
minutes of prellmlnary injection at each 1nJect10n pressure and
upon confirmation that water 1ngect1ng amount has become

stable.

Measurement of injecting amount shall be made for 10 minutes at

each injection pressure.

Measurement of injecting amount shall “be made at 1 minute
intervals and the results shall be entered'én'a:recording form

approved by the Engineer.

"iIn case that the 1n3ect1ng amount exceeds the” cap301ty of the'

pump at a certain pressure, no further tests at higher.
injection pressure shall be performed In  such case, the

position of the packer shall be shifted downward to shorten the

11.3.12
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(3)

test section, after which the injection test-at the prescribed

.pressure shall be executed.

The depth to bottom of hole, position of packer, water table
and height from top of hole to - pressure gauge shall be

accurately measured and entered in the respective columns on

.. the recordihg form (see Fig, 1I.1.10 and II.1.11).

10.3.7  Calcuiation of Permeability

The formulas for this test are:

=__.Q E‘
k 211:LH,].ogs,I.Lzl@r

where, k = coefficient of permeability (cm/sec)

Q = constant rate of flow into the hole (em?fsec)
L = length of the portion of the hole tested (cm)
H = differential head of water (cm)

r = radiﬁs of ‘hole tested {cm)

log, = natural logarithm

10.3.8  Calculation of Lugeon Value

'(1}

The Lugeon value £or each ‘injection pressure shall be

_proportionally calculated by the equation below using test

values.
L, = %
PL
where, ¢ = Lugeon value

L .

Q = quantity of water injected (2/min)

P = effective injection pressure (kg /cm?)
L

= length of test section (m)

I1.1.13
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11.

11.2

11.2.1

11.2.2

Effective injection pressure (P) shall be obtained by applying
compensations for hydrostatic head between the position of the
pressure gauge and the center of test section or water table.

P =Py + 0.1(H, - Hy)

= indicated pressure at pressure'gauge (kglcm?}

b3
=2t
@
[a]
®
o
o
I

H, = hydrostatic head between pressure'gauge and
center of test section (m)

Hy, = hydrostatic.head from water tﬁble to center of
test section  (m)
(in case water table is lower than test section,

H?_:O)

(2) Lugeon values shall be entered in the appropfiate columns on

recording forms and boring logs, and arranged in tabular form.

Standard Penetration Test (SPT)

‘Scope -

This test is a penetration test for determining the N value of soil
indicating the relative value of hardnéss or softness, and degree of

compaction of soil in situ.

The N value shall be the number of blows required'for pounding in a
sampler for . standard penetration tests 30 cm by allowing a hammer
weighing 63.5 kgf to fall freely from a height of 75 cm as shown in
Fig. IT1.1.3. '

tocation of Tests

The SPT shall be.performed in the,tﬁpsoil; sand-gravel layer and

weathered bedrock layer:

~Test intervals and locations shall be given by the Engineer in the

field.
IT.1.14
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11.23 The test interval shall be in princi'ple 1 m.

11.3  Method of Test

1434  Prior to testing, the Contractor shall completely remove slime
accumulated at the bottom of the drillhole while exercising care not
to disturb the ground below the bottom of the hole.

11.3.2 The penetration test shall be performed placing the hammer on the

' ‘knocking head (with any subsidence at this time to be reécorded). The
first 15 cm of drive with the hammer shall be considered a seating

drive followed by the main drive of 30 cm, and a finishing drive of

3 em.

11.3.3  The main drive shall be with the hammer falling 75 cm and it shall be
a free fall., While performing the main drive, the cumulative
penetration shall be measured and recorded after each blow. However,
if the. penetration from one blow is less than 2 cm, the number of

blows for every 10 cm shall be recorded.

~11.3.4 The number of blows fér the main drive shall be limited to fifty

{50), and the cumulative perietration at that time shall be measured.

11.3.5  After "cofizpletibn of . the main drive, 5 cm of finishing drive shall be

performed as a rule.

11.4  Observation and Storage of Sample

The sampler shall be withdrawn and the sample taken out with the

following observed and recorded:
"11.41  Depth
11.42  Soil identification
11.43  Color
11.1.15
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11.4.4 Existence of Organic Materials

11.4.5 Exiastence of Slime

Samples shall be stored sealed in airtight condition and used for. the

physical tests,

12. Report

The Contractor shall subﬁit,ﬁ copies of a report in.Engliéh to the
_Engineer. The report.shall contain the following information and shall

be prepared in accordance with the prescribed form.

121  Map Indicating Locations of Drillholes

2.2 List of Driltholes

12.3  Driiling Logs (See Fig. 1.1.12 and 11.1.14)

12.4 Core Photographs

12.5 Permeability Test Records and Resuits of Calculation (Fig. 11.1.13)

12.6  Pressure-water take curve for each Test Section of the Packer Test (Fig. 11.1.13) -

12,7 Standard Penetration Test Records

IT.1.16
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Table 1

Work Quantity

Permeability test
g;é? Angle Dﬁggh Open-end t. | Packer t. (giiégi Remarks
: {times) {times)
LI-1 | Vertical 15 S 1 10
LI-2 | Vertical 15 5 1 10
LI-3 | Vertical | 15 5 1 10
_ LI-4 Vertical 15 5 1 10
LT-1 Vertical - 20 5 2 10
LT-2 Verticai 20 5 2 io
LP-1 Vertical 20 5 2 10
LP-2 Verfical 20 5 2 10
LP-3 Verfical 20 - - 10
Total 160 §0 12 10
IT.1.17
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OPEN SHOE ' HEAD ROLLPIN
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o
4
41 )
- N /ANNNWY
DL
VENT
(gigimi/t%rin)

25 to 30mm
0457 to 0.T62m -
:° 34,93 +-013mm
38.4113~0.0mm
2.5420.25mm
508113 —-0.0mm
16.0% 10 23.0°

oMMoOOomP> -
% H n # won

Fig.1[.1.2 Split-Barrel Sampler ( From ASTM Standards Di586-84 )

AP9 - 39



About 5 m

Crop height
5?5cm

Pulfey_

Hammer drop system
Hammer (63.5 kgf )
Rope for lift and drop

caffold

Knocking head { Anvil)

' "Dritling_ mdchi'n'e:" |
\\ __—Rotating drum (Cathead )

rm— 2

C
NASASZ SR

S

~—-——Casing pipes

: :l_‘.S'dmbiin'g' rods (drill rods )

e———fHorehole “

~<~———Split~Barrel sampler

Fig.[.1.3 Standard Penetration Test S_ysﬁem
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Fig..1.5

FORMAT-1: RECORD OF WATER LEVEL IN ORILLHOLE DURING DRILLING
(DATA SHEET)

PROJECT HOLE No. __ISHEETY _ OF )
LOCATION DEPTH OF HOLE 0 m  COMMENCED
ELEAVTION —_— : DIAMETER OF HOLE . mm  COMPLETED

COORCINATE
ANGLE FROM HORIZONTAL

BEARING OF ANGLE HOLE
EQUIPMENT FOR WATER
LEVEL MEASUREMENT

MEASURED BY

1l *—2}

DATE - TIME DEPTH OF HOLE| DEPTH OF ELAPSED ]  CEMENTING REMARKS
MEASURED | MEASURED |MEASURMENT WATER LEVEL TIME CASING A

1" =1} Mark "None® when water leval exists under the bottom of hole
{* -2} Elapsed 1ime from shutiing of! of drilling water
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Fig.T.1.6
FORMAT-2: RECORD OF WATER LEVEL IN DRILLHOLE DURING DRILLNG

{DIAGRAM)
PROJECT HOLE No. . [SHEET OF )
LOCATION DEPTH OF HOLE m  COMMENCED . N
ELEVATION : DIAMETER OF HOLE mm COMPLETED _ - .

COORDINATE
ANGLE FROM HORIZONTAL

MEASURED BY

L ’ .
o o w,
i g C
et R _ DEPTH OF WATER LEVEL AND CASING
it I ’
e T
Bozt &
g et fen}

Depth of water level
betore driliang

Depih of water level
atter drilfing :

Depth of cesing pipe

[y Eroys Somis LYoyt Pt Yoowms
o et el Sovavs Sampies it

i i |
. =

s v ad e e et 1
| |
[y Ll byt et oo wmed




Q - Q

K

|

_-—I- Nz /
B Ground surface

awid |

At least
1Or —]

At least X 5. B M

{A) © o (B)

Fig. I[.1.7T Op_e.n-,'Enc_'! Test
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Fig.1.1.8

Coefficient of permeability for steady state condition

OPEN—-END PERMEABILITY TEST (SHEET aF )
PROJECT HOLE No.
Location _Date of Test Tested by
Ground elevation m Size of casing pipe ~ Checked by
Geologic condition of the bottom of drill hole
Depth from ground surface forthe bottom of casing pipe cm
Height from ground surface to the top of casing pipe om
Internal radius of casing : r=_ om
Ground temperature ~ °C  Water temperture ‘C
Depth from ground surface to water surface in the drill hole before test CHi
Depth from ground surface to water surface in the drill hole after test cH
Time Differential Water volume Coefficient of
head of ‘ ' -—{permeability
Clock water Accun. flow | Diff. flow | Constant rate of k
hr min| min] H (em) {1) (1/min) |flow Q (caifsec) (cm/sec)
0
5
10}
5
20
5
30
35
b5
50
55
60,
Constant rate of flow for steady state condition Q= o’ /see
k= em/sec

: Remarks
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PRESSURE GAUGE |
~ (HOLE TOP PRESSURE Po)

—(— pumP
NN i PHANZAN
xT
=

1 WATER TABLE

Hy

o~

- x
PATEEL -
/ PACKER DATUWM LEVEL

L7l /

)

N

~

RIS
- & . -

Fig. [[.1.9 Packer Test
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Fig. 1¥.1.10

PERMEABILITY TEST N DRILLHOLE HOLE NO. Sheet NO, of
Feutur.e Project Couniry
Location Coordinales Reporter
] Dote of test - -19 Firm nome { ]
- i - N T
) Elevni‘;?nmo ] m | Diometer (@) mm; Size Unsaturated strata
Drill hole - ] )
Dip ] b | Bearing
Stoge NO. l Geology S——
Depthof pocker | ) —
Test B hole botiom m- m E!
seclion IFlev. of packer _ :
8 hole_bottom m *
Length (L} ™ —
Height of P e
“g'la:ge [in} T : i gl
ater emperglure '
!Fble {he) : I of Sniested water °C 4 Woler loble
Mifr. ’ :
a model . Type. _
E [Max. R _‘EE Min. Soturated stroto
5 |discharge Mmin | & Elorauation £
& oo 2 il .
pressure kg/em Y §§§ Min. - kg/er?
Boie™ -
T%‘f:epucker g/ cmz E 5 |Mox. . kg/em?
* Effective pressure (kg/em?); P= Po+ H/;O
++ Lugson value (Lu) 1o ‘be calcuioled by following equalion
’ Lugeon volue [1/min/m/10kg7cm2}; Lu = 10 Q/P-L
Time Gouge - |Effective.. Woler pumped-in Lugeon
Elopsed | Presswe | pressure iy oo oted [Sectionsl  |Consirote of] - YOlUE Remorks
hr __min min |Pdlkg/em®)| Pikg/cm® (1) |flowl 1/ min}E flowt f/min) {Lu)
i : ' '
1
* -
]
A R -
i
1
1
: -
1
!
: .
: -
i
; -
1
'li -
1
| ] ‘
| -
: -
N
: .
i
; -
¥
F
5 e
: -
i
i R -
i
E -
—
' .
3
)
f
T -
I' .
— -
.:
Form A
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Fig. .1.11

PERMEABILITY TEST N DRILLHOLE HOLE™ NO. - Sheet NO. - - of
i 1Dapih of pocker | L Test i
Stage NO. L8 hole bollom: m m-! iangih | m | Reporter
Time | Gauge ’Ellaciive ! Woler pumped-in | Lugeon
© JElapsed . PrOSSUIE; PreSSUCe ynvaqroteg TSeclional [Constroteof; YOU® Remarks
___hei min__min [Pelka/er®h Plkgem? ) {1} ] flowl/min) | flow{ +/min) (Lul
¥ 1 . .
] i } 3
. i | i A
c 3 }
J— s i —t . .
1 H
:
T
t
i
—

Farm B

_ ELECTRIC POWER DEVELOPMENT CO, Tokyo JAPAN'
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Pig.Ir.1.12 GEOLOGIC L.OG OF DRILL HOLE

PROJECT . . HOLE No, GHeET  oF )
LOCATION DEPTH OF HOLE m  COMMENCED - -
ELEVATION - ’ ] m DEPTH OF OVERBURDEN m  COMPLETED - -
m
m

COORDINATE _ LENGTH OF ROCK DRILLING DRRLED BY _
ANGLE FROM HOLIZONTAL ) = TQTAL LENGTH OF CORE LOGGED 8y o
BEARING OF AMGLE HOLE CORE, RECOVERY 9%
Y S Ny e OBSERVATION OF CORE .
x s - - - o
= 2 g ,é:: g Ség :g‘: . %u ales] N-VALUE PERMEABELITY § %
. . . oyt fa k=] -
8 g 3]0 § % Zex § ég Ez g§ ) DESCRIPTION (_SPF} K (carsec) u g
O D-DIDD" ’ -, 50 - 0| ':
3 3
1 '__—i
: :
2?:' e
- 3
Sj :5—3
4% ;,4
sé =
67 Es
1= =7
E 3
83 =
8- 5
Ué Eo
13 -y
2. -2
33 =
E -
4] 4
53 (-5
= 2
E g
7 [—2
8-'—; ' i—s
E s -
ey : 2
3 @ 3
03 . y : i E o
) e . f & cotar's note d o . - I;T‘ER -
' ' T ; - $ishca, 2imbaicn), Jipiacks, Airacrrentl, Spren _ \y~ " WATER T : LE
R MV - Stcf
_ L.--m Co N R ——— _ _ ELECTRIC POWER DEVELOPMENT CO,LTD.

TOXYD. JAPAN
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Pig. W.1.13 PERMEABILITY TEST IN DRILL HOLE

(SHEET

OF }
- PROJECT HOLE. No.
LOCATION - DEPTH OF HOLE m TEST DATE
ELEVATION m DIAMETER OF HOLE om TESTED BY
COORDINATE ORILLED DEPTH ~ ___  __ m DRILLED BY _
ANGLE FROM HOLIZONTAL T LEVEL OF WATER YABLE CHECKED BY, _
BEARING OF ANGLE HOLE BEFORE.T— - M AFTERT.—. M ' -
TEST SECTION _FROM m_10 m_ .
LofH {Hel K Po P t ] Qt Qo Q Ly K
(g (Amyiim)] . tm) | (kg Zem® | (kg/em®) | tmin (£) (-€/min) | {€/min/m) | {Lugeon) | {cm/secy .
. : | ] B —
— -,._._| : -
T ) ] T
|
— =
|
_— -

P (xgjem®)

Q (Yminfm)

APS - 50

S @'@f‘@ 9PG PO

[Saturated strata]

: Pump

: Flow meter

: Pressute gauge

: Ground surface -
: Drill hole

. lnjection pipe

: Packer -

Water table

: Hydrostalic head
" Length of test:

section

: “Diamieter of hole

{ Unéﬁhi_?;at_ed strata]

: Gauge: pér'e':ssure
: Height:of Pressure gauge
2 Depth of Ground water

(Saturated:Strata)

: ‘Effective pressure:

P=Fy +HOW/10, H=H, +H,

: lnjec!ed time

: Waler vpiumc dunng time
B |1 B S,
: Water volume per one min.
: Lugeon value in -

- ¥/minfm/10kgfem?
: Ceefficient of permeability
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L2

3.1

3.2

3.3

4.1

SEISMIC PROSPECTING SURVEY

General
The Specification shall be applicéble to the Seismic Pfospecting Survey
to be performed in order to obtain data necessary for the preliminary

design of:the Feasibility Study of the Small Scale Hydroeléctric Power

Development Projedt at Upper Liwagu River Basin in Sabah, Malaysia.

Location of Work

The location of the Work shall be as shown in the Fig. II.2.1 with
detailed locations to be directed by the Engineer at the site prior to

commencement of:Wbrké.
Type of Work, Quantity and Equipment Used

The Work shall be performed by the refraction method of seismic

progpecting.
The work Quantity shall'bé as'shownrinfthe'Tablé I1.2.1, prbvided that

a part of the work quantity may beisubject tb'chgnge after award of the

contract depending on circumstances at the site,

Equipment Used
The equipﬁent to be used shall possess adequate cépaqity for achieving
the purpose of the Work. The Contractor,-immediatély upon award of the

contract, -shall submit the names, models, types, spedifications, and

photograﬁhs of the equipment to be used for approval of the Engineer.
Period of Wark
Period of Work

Commencement :

Completion

- IT.2.1
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4.2

5.1

5.2

Work Schedule and Work Execution Program

..The_Conttactor. immediately upon award of the contract, shall submit

two (2) copies each of his work schedulée and a measurement and blasting

work execution program. for approval of the Engineer.

In the event after commencement of work a delay should occur compared
with the work schedule previously approved by the Engineer, the reason
for such delay shall be exblained, in addition to which subsequent
measures to be taken shall be_clearly indicated, and a modified work

schedule submitted for approval of the Engineer.

Field Representative and Engineer—in-Charge

Field Representative

The Contractor shall cause a Field Representative to be resident at the
site for the duration of the Work. A field representative notice shall
be submitted prior to commencement of work for approval of the

Engineer.

Engineer-in-Charge

- Prior to commencement of work the,Cdntractor shall submit the_curricu-

lum vitae of his Engineer-in-Charge for approval of the Engineer.

In the event permitted by the Engineer, the Field Representative may

serve concurrently as the Engineer-in-Charge.
Daiiy Work Report

The Contractor shall record the condition of work in a daily report and

deliver two (2) copies to the place designated bj the Engineer.

. The format of the daily report shall be subject to approval of the

Engineer.

11.2.2
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9.2

10.

Safely Supervision

The Contractor, in execution of the Works, shall comply'with the laws
and regulations of the Sabah State, provide necessary safety

facilities, and otherwise do the utmost to prevent occurrence of

accidents.

Provision of such safety facilities and their management shall all be

the responsibility of theé Contractor.

Handling of Explosives

Special care shall be exercised with regard to handling of gunpowder

and explosives to be used in thé Works. All procedﬁres as required by
laws and regulations, safekeeping, and handling shall be at the
responsibility of the Contractor, and the slighteét trouble shall not

be caused the Engineer.
Inspection

Field Inspection

When measurement operations in the field (in the event there are

separate areas of work, operations in each area) have ~ended, the

- Contractor shall notify the Engineer of its completion, ‘and submit

inspection to them.

Ingpection of Repot

Prior to final printing and binding of the report ‘designated by the
Engineer, the Contractor shall present and explain the teport to the
Engineer and submit inspection to them. '

Report

The Contractor shall submit five (5) copies of the report in English to

the Engineer,
11.2.3
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10.2

11,

1.1

The report shall include the following contentg and the format shall

comply with the directions of the Engineger.
Report

Explanations of the: analysis procedure, seismic wave velocity

distribution, and geological structure shall be given in the report.
Annexed Drawings
(1) - Prospecting line layout (scale: 1/1000)

The locations of prospecting lines, blasting points and receiving

points shall be clearly indicated.

{2) Prospecting line profilé and travel-time curve (35cale: 1/1000)
Prospecting 1line ends, intersections of prospecting lines,
blasting - points, receiving points, hole depﬁhs, quantities of
explosives used shall be clearly indicated, while seismic wave
velocities shall be entered in unit of m/sec.
Thefreduction—scale'to'be used in analyses shall be 1/500. The
bagsement or. the velqéity 1éyer designated by the Engineer shall
be clearly indicated.

(3) The measurement results according to Chapter 1Z,

(4) Measufement records (bromides}.

‘Reconnaissances, Surveying

Reconnaissances

" In carrying out measurements, reconnaissances shall be made of the

topography, condition of vegetation, existence of reads, and outline of

geological conditions in the area of Works and its surroundings, and
II.2.4
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12,

2.1

these conditions shall be amply reflected in performing analyses of the .

measurement results,

Surveying

(1)  The Contractor shall . survey the locations of prospecting lines
and blasting points from surveying datum points on the  annexed

drawings in accordance with the controls designated by the

Engineer.

After completion of surveying the results shall be delivered to

the Engineer for approval.

{2) Wooden stakes shall be prévided_at_both ends of egch_prospecting
line, intersections of prospecting lines, and at intervals of 50
m on prospecting lines, and these stakes shall be left in place

after measurements.

In the event directed by the Engineer regarding details, the

Contractor shall comply with these directions.

(3) In the event a necessity should arise te change locations due to
ground surface conditions and other conditioﬂs when carrying out
surveying ~of prospecting lines and blasting  points, the

Contractor shall contact the Fngineer and await instructions.

Measurement

Recelving Point

Receiving points shall in principle be laid out on prospecting lines at
5 m intervals (including ends of prospectlng lines). .

However, in the event of dltflculty in laylng out accordlng 1o the
above because of ground surface CondltanS and in the event deemed
necessary by the Supervisor, changes may be made at the direction of

the Engineer. '
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12.3

124

13.

Measurement

In making measurements, the Contractor shall be careful in the method
of installing seismometers and adjustment of measuring devices, and
endeavor at all times to cobtain satisfactory measurement records. 1In
the event the Engineer should deem the measuring conditions or the
measurement results to be unsuitable and order remeasuring to be done,
the Contractor shall comply'without delay. The cost of remeasurement

in such case shall be borne by the Contractor.
Blasting Point

The layout of blasting poihts shall be for a minimum of three (3}
points on each spregd with the maximum spacing between points 50 m.
Blasting points shall be provided at both ends. and bending points of a
prospecting line without fail in order that the vicinities of such
points will be blind spots in analysis. Furthermore, remote blasting
points shall be provided as necessary to improve the accuracy of

analysis.
Blasting Operations

The Contractor’s engineer in chérge of explosives shall witness any
handling of explosives (hauling, charging of blast hole, blasting) at
the jobsite without fail, and the date and time of blasting shall be

notified the Engineer in advance,

After completion of blasting, it shall be confirmed whether there is

any undetonated charge, and if found, it shall be removed. The site

- shall immediately be restored to its former state after blasting.

Analysis
Most appropriate calculation method such as Hagiwara's method shall be
employed for analysis of measurement results, and in addition t0

discerning the thickness of overburden or the weathered zone, precise

analyses of sgeismic wave velocities in rock ‘bodies and parts of

IT.2.6
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