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SECTION 4. TUNNELLING

_ UNDERGROUND EXCAVATION

General

a.

The Contractor shall carry out all tunnetlmg for the diversion tunne! and

-, . for the outlet tunnel as shown on the Drawings or directed by the -
" Engineer. The term tunnelling means all required underground

excavation performed by tunnelling  methods rnctudlng excavation,

. support of excaVatlon and stockptlmg and dtsposal of eXcavated

matenals

The Contractor shall retam an Engmeer to be approved by the Englneer

- expert in underground excavation who shall be resident permanently on

site during all underground excavation work. The Contractor shall

_include in his tender the cumcutum wtae of the Engineer he purpose to
employ for this purpose :

" “The Contractor shall ensure at all times that all aspects of his excavalion

methods and: equipment  comply with the regulations of the relevant
Indonesian authorities and the full cost of salisfying these requirements

- shall be included- |n the rates for the appncable Jtems in the Bill of -
'Quantlties ' L L

-The methods of tunnellmg shall be as proposed by the Conlractor in his -
. Tender and approved in the Letter of Acceptance or as subsequentty_ :
: approved by the Engineer. Gt

"_The Contractor shall’ subm|t detalted workrng drawrngs wrth pertinent '
;‘Jdescnpttons schedules” of operatlon equrpment to be utilised and

methods ‘staterments of all underground excavation. items shall include

s -'_';'dntllng,.mucklng. transporting. and hoisting equipment, methods of o
o disposal, tunne] ventitation, lighting and drainage, . groundwater control -
. methods; steel rib and steel lagging installation procedure and shotcrete

-p!acement details. Proc¢edures shall be |n accordance wnth Clause 1.4
and 1.5 of the Specmcatron 8 . . . : '

~ A daily report, lncorporatmg a blastmg journal shall be submrtted to the ,
.. Engineer each day covenng the prewous days work Thrs report shall

e mctude as a minimum:

. (VN 'Advance of faice; ,-

(u) Complete descrlphon of the progress of tunnelllng Operatlons

|ncludmg T . FPEEE
- ':' - Date time and limits of mgmﬁcant events

r Average rate of advance fortunneltmg operatrons exotudlng i
.-downtime. .- & . ‘

'(‘iii) Cross—sectlons and aII resutts of any klnd of survey made

B (iv) -  Details of rock support lnstatted mcludmg rock bolts steel mesh -

o and relnforcmg fabric, steel ribs, shotcrete relnforced concrete'._- '
,_}_and any other materials, used C Sl B

) “ Number and classifi catlon of men and plant engaged in each o

__operation T




i) Lapsed time for moving and settrng up, drilling, loading, blasting,

" ventilation, scaling, installation of supports, excavatron and non
productive work;

(vi)  unusual occurrences, rock falls, zones of instability inflows of
water, occurrence of gas and details of any accident sustarned by

workmen

4.1. 2 Shape and errts of Excavatlon

_-'a.

Al underground excavation shatl be made to the Ilnes grades and
. dimensions shown on the Drawrngs or directed by the Engineer.

No unexcavated matenel of any kind will be permltted to rema:n wrthrn

~ the lines shown on the drawmgs

The overbreak lines lndrcated on the drawmgs are the llmlts to whlch

payment will be made regardless of how far the hmits of the actua! -
. excavation fall outside of the overbreak lines. SR

jThe nalure of the materrals bemg excavated could for subsequent

excavation, make it necessary, as determined by the Engineer, to move

_ the payment line for excavation to.provide for increased thickness of
- concrete. “The - Contractor shall not be enlitled to any additional
- compensation because of such changes other than resulting from the
- increased quantmes due to the new posrtlons of the payment line for
excavauon _ , o

Any and alt- over excavatlon performed by the Contractor for any '
. purpose or reason, except as may be directed, and dus to the fault of the
" Contractor, shall be at the expense of the Contractér. Unless otherwise
- directed or approved by the Engineer, all such over-excavation shall be

backfilled with concrete or sholcrete and the cost of furnrshlng and

placmg thrs backﬁll shall be at the expense of the Contractor L

" For each advance in the tunnels lhe Contractor shall survey the actual
.- excavated profile after scaling to ensure that the profile conforms with
- the minimum excavation requirements and to determine the extent of . -

. overbreak. The method of survey shall be as proposed by the Contractor

and approved by the Engineer. Results of all such survey shall be

*_submitted to the Englneer

The Contractor shatl not carry out 1ocal wu:!emng of any excavatron for' .

his own purposes without prior approval. ‘Where such approval is

granted it will be on the express condition that the resulting over- .
excavation shall be completely backfilled with concrete in an approved -

. manner, at the expense of the Contractor. Any required support shall

| ) also be at the expense of the Contractor

44.3 Classﬁ'catton of Rock

The rock encountered i ln all underground excavatlons shatl not be classrt" ed R

L for payment purposes

41 4 Blastmg

‘a.

. by the Engmeer N R

Blastlng shail not be used fOr any tunnellrng unless otherwrse approved :

€
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Safety
" a. The safely provrsmns of clause 1 10 of the Specmcatlon shall apply to

tunnelling

b. Work shall be performed ina manner to avoid hazards and exposure of
personnet and equrpment to hazardous and potentratly hazardous
condilions. S

. ¢. Following machine excavation, the roof and walls shatl be mspected for '

loose material which shall be removed

d. | Support of the excavation following the completron of each drive shall be
_ carried out in accordance with the approved method statement. '

e. The Contractor shall take note that ﬂammab!e and toxic gases may be

present and he shall take all necessary precautlons to ensure that these
. gasses do not become a danger AT

Headmg and Bench ExcaVatlon

" a. The excavation of the diversion tunnels shall be performed using the

4T

_headrng and bench method of excavatlon unless otherwrse approved by

©the Engineer.”

‘b, The permrtted maximum tengths of headrngs and benches wrtl be as
- proposed by the Contractor and approved by the Eng:neer depending

*upon:the need té provide close support to the tunnel crown and the

o maxqmum tengths of advance detennrned dunng tunneltmg

_;:Tunnel Markers RIS S ; : Gl -
* The -Contractor shall- malntatn an up to-date system of chain ages marked

- on the tunnel walls every 25 m: The rarkings shall be clear and painted in

Lan approved co!our and shall not Iag more than 50 m behmd the tunnel face. -

. Measurement _ e : : _
Measurernent for payment of Underground Exeavatlon t’or Drversmn Tunnel

and Underground Excavation for Outlet Turine! (Items D 1.1 and D 1.2) shali

“ be made of the in-situ volume of actual material excavated up to the limit of

~'the overbreak liné for excavation shown on the Drawings and will be made
' ““'along the_ centreline of the excavation’ between the Irmrts of excavatton _.
- shown on the Drawmgs or dlrected by the Engrneer L

__Payment _ LT , . e
“a. The, rates in the Bl!l of Quantmes for Underground ExcaVatlon shall

-+ include _all. fabour, - -equipment and: mateérials required for excavation
within the specified limits, removal and disposal of excavated materials,

- water control, ventilation, heading and benching, the development and =
|+ 7 testing excavation methods 4nd all othér work necessary for excavation
- in the tunnels as shown on the Drawings. These rates shall also include
.. for excavation cycles times to suit the installation of support requrred in -

_ '4 : the various sections of each of the tunnels RN 7
e b?"'Payment for Underground Exoavatron for Dlversron Tunnet (items D 1. 1)

Bltl of Quantltles

- will be made at the rate per cubzc meter tendered therefor :n the prrced
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‘ a
. not less than 17 percent of oxygen and shall not contain a concentration
of contaminants such as gases, vapours and dust greater than is safe for
. their health, having regard to the effects of time, temperature,_humidity
. and the combined effects of several contaminants. The: air $hall not-
contain more than 5 mg/L. of nitrous fumes, measured as nitrous oxide,
* for longer than 10 minutes after each blast, 30 mg/L. of nitrous fumes as

C. Payrnent for Underground Excavation for Outlet Tunnel (Items D 1.2) will

be made at the rate per cublc meter tendered therefor in the pnced Biil of
Quantrtles '

LIGHTING AND VENTILATION UNDERGROUND =~

Lrghtmg Underground

S a.

Lighting shall be in accordance wrth the reqmrements of Sub Clause
1.10.2.4 of the Specrﬁcatlon

Ventrlatron Underground :

The air breathed by persons in underground excavatrons shall contain

"~ an absolute maximum, 100 mg/l. of carbon monoxrde as an absolute -

" maximum or 5,000 mgiL of carbon dioxide as an absolute maximum.

.- Concentrations of fumes in excess of 5 mg/L of 'nitrous fumes, 100 mg/L - -

o .- of carbon monoxide and 5,000 mg/L of carbon dioxide will be allowed
. within a distance of 3 m_of the point of discharge of fumes from internal

combustion engines provided that no plant operator or workman strays

_ wrthln range of the excess concentratlons

The Conlractor shatt be responsrble for obtalnlng all - mformatron R

.- necessary to determine .what congentrations of contaminants are
. harmless and his attention is directed to the Committee on Threshold ‘
- Limits (Amencan Conference of GOVernmental Industnal Hygienlsts) -

Particular care shall be taken to prevent the - stagnation of air. The design

‘The ventilation system shal[ be of suff crent capacny fo maintain an arr'."-_' :
- velocity of not less than 15 m/min in the underground excavations. *

of the ventrlatson system shatl provide for'the size and desrgn of all

Dunng excavatlon the ventllatron system shail be an exhaust system

from the face. Iintermediate fans attached to the main exhaust fine shall

"For each person worklng wrthln the underground excavatrons a

- minimum amount of 3 m*lmln of fresh air shall be provrded

7 equipment 10 be used as well as for the safe hygienic I:mrts for exposure

o of emp!oyees to any multiple toxic and ob]ectronable gases that may

~ . oceur in the underground excavations. The design of the system shall be
submltted for approvat at teast 60 days before |ts lnstallatlon PR

 The ventilation pipe, or fan lines, shall terminate not more than 30 m - i

iR be provided as required to énsure satisfactory removal of ¢ontaminated 1 K " B
- air. During mucklng. muck pltes shall be contmuously watered to prevent R
- dust hazards : : e : ,

- If diesel- powered equ:pment is used in underground excavatrons the. .
~ minimum quantity of fresh air t6 be supplied shall bé 3 m¥min for each = -

* KW of power employed within the underground excavatron in addrtron to .

the requrrements forpersonnel T P L VI B

. Underground use of internal combustron englnes burnrng gasohne or .

liquefied petroleum gases (propane, butane oropylene butylene) |s_:'.-. .

: express[y forbrdden

£,
o]
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4.3

.- h. The Conlractor shall submit, for approval, proof from prospective

suppliers of diesel-powered equipment for use underground that the
proposed equrpment conforms to the requirements of the u. S Bureau of
Mlnes or equal approved requnrements '

" ,.: i.n The Contraclor shall use at least 2 rnstruments wh|ch indicate

_continuously on a dial the concentration of hydrogen sulphide in
locations within 150 mm of the invert of the underground excavation.
These instruments shall sound a horn alarm, within hearing distance of -
personnel in the underground excavation, to warn when the
concentration of hydrogen sulphrde exceeds 10 parts per million by
volume ' ,

o j- 'The Contractor shall provrde separate mstrumentatron for monitoring the

_ concentralion of flammable gases within 300 mm of the crown of the
underground excavation. The Contractor shall also provide at least two

~ " instruments which indicate contlnuousty on a dial the percentage

' concentratlon of flammable gases prevailing in at least two locations
* within the underground excavalioh as determined by the Engineer. An
alarm horn and danger light system shall be provrded to warn personnel
- at working areas in the underground excavation when the concentration -

“of flammable gases reaches or exceeds the lower explosive hmrt The
lower explosrve limit for methane shall be taken as 5 percent. - .

k. Al mstruments for the monrtonng of gas concentratron within the

‘underground éxcavation shall be provided by the Contractor and shall be

N certifi ed and calrbrated by an approved testmg Iaboratory

- | The Contractor shall :nstatl outsrde each portal in use as access to a

423 o R . SRR
" The cost of all work required by this Sub-Clause shall be included in the

N '_ a The reqwrernents of Sectton 2 Water Control shall apply to tunnethng

- working face”’ during drilling and blasting ‘operations, an approved

" autornatic lightning detection and alarm system. When atmospheric

- electrical actlwty in the vicinity of the portals reaches danger levels and
~the alarm is activated, all blasting operations shall be suspended until -

;_such e!ectncal actlwty agam reaches safe levels

Payment

rates tendered in the Brtl of Quantmes for the items for underground - -
excavahon . : o : _

) 'CONTROL AND REMOVAL or= WATER FROM UNDERGROUND
. EXCAVATIONS

General

8 WOrk in addition to the followrng

: | 'b._"-The Contractor shall be deemed to have famllransed hlmsetf with the .

. groundwater condltrons |n the generat area of the underground

- excavations. TR L B T R

he" Contractor shali construct':and marntarn such mterceptmg works L

in¢luding pumps, as may be necessary to prevent surface water from_' .
entermg the underground excavatlons : . R :

ke f"The Contractor shall supply. mstall mamtarn and operated aIl necessary

o divérsion, pumplng “and ‘other ‘equipment to remove ‘water from the

underground excavatlons and shall dlscharge d;verted and pumped =

4B



water to the surface in accordance wrth the drainage provrsrons of the
Water Control Plan in accordance wrth Clause 2.2, -

'e: Where water beanng seams or broken ground yletd any consrderable

quantity of water, the Engineer may direct that these seams or broken

ground be grouted to reduce the flow of water into the underground

. excavations, and the Contractor shall not be entitled to any change in

- the rates for excavatron or to extensron of trme on account of such a
-+ direction. o : B

f Where water bearmg seams or broken ground occur ‘a means of

432

relieving or controlling the flow of water into the tunnel, such as relief
hoses, shall be provided before shotcreting or installation of concrete
lining. Care shall be taken to avoid plugging relief hoses or other
-+ diversion etements dunng shotcretmg or concretmg operatrons ‘

' g The Contractor shall make every effort throughout the excavatlon of the

tunnels and constructlon of the lining to prevent water from flowing,
. ponding or coming in contact with the excavated rock formations, some

o - of which may be sensitive to moisture change causing deterioration. All

' . softened rock in the mvert shall be removed and replaced by concrete

'Payment

- Separate payment will not be rnade for removmg water from underground

shall be mctuded in the rates tendered in the Bill of Quantlttes for S
i underground excavatron ‘ : ,

excavations and all costs incurred to meet the requirements of this Clause

5 4:',,'”Payment for qroutlng to control water as dlrected or approved by the'
o '_'/t:ngrneer w;lt be pald for in accordance wrth Sectron 5 L ;

44

45

454

 DISPOSAL OF EXCAVATED MATERIAL

Materials excavated from tunnel excavations shatl be drsposed of Used for _' :

-embankment or other constructron or stockpr[ed in accordance wrth Sub- N
Ctause342 : o : SRR

: SUPPORT OF UNDERGROUND EXCAVATION

General L _ _
"'a.r' The underground eXcavatlons for the dlvers:on and outtet tunnels shatt

" approved by the Engmeer

b, ' The methods of support shatl be in accordance wrth thrs ctause 4 5

i c_. Rernforced concrete hnlng |s specﬁ ed elsewhere in the Spectf catton

452 v
o a. The method of support of underground excavatrons shaII be as shown o

Support of Undergr0und Excavatrons LR

_on the Drawings and as approved or directed by the Englneer and shall

R "‘_'c0nsrst of shotciéte, ‘steel ribs, steel mesh, rock bolts and In the case of e
7 the dwersron tunnel, rernforced concrete I|n|ng o : o

| - _b. The constructlon of the support system shatl not lag behlnd the face by =

- 'mofé than the dlstance in the appro\red method_ statements for each e
'1tunnel 2 L _ . T




o
2
4

o
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4.6

c. The Contractor shall maintain, on the site, an adequate supply of the
"~ various support elements for the execution of the work.

d. General requirements for support of underground excavatlons shall be in
accordance with Ciause 7.1

e. Shotcrete shall comply with the reqmrements specified in Clause 7.2
Rock Bolts shall comply with the requ:remenls specified in Clause 7.3

g. Steel Mesh Reinforcement shall comply with the reqmrements specified
in Clause 7.5 _

h. Steel Ribs shall comply. with the requirements specified in Clause 7.7

Payment
Payment for the vanous elements of support used will be made under the

- respective payment clauses in Seclion 7.

'CONCRETE WORK IN TUNNELS .
_ Concrete work in the tunnels |nc|ud|ng concrete lining, placement of

concrete plug in diversion tunnel, placing concrete around steel conduit in

' _' outlet tunnel is spemﬁed in Sect[on 9
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| 'stc‘r|0N 5. DRILLING AND GROUTING

" GENERAL | N |
~a. The Contractor shatl perform drrlhng and groutmg operatrons of the types

and in the localions as generalty descnbed below and as directed by the
Engrneer _ , S :

AT (i) e Curtarn Groutlng below the dam embankments abutments and

"+ the splllway and around the drversron tunnet and the outlet tunnel

(ii) " Blanket Groutmg under the |mperwous zone of the dam

embankment '

(m) ) Consolrdatron Grouttng under the sprltway and for the drversmn

_ tunnel and outlet tunnel

: b. Drrtling and curtain grouting shall be pen‘ormed from the rnternat gallery '

-~ for the zone below the dam body and from the surface fcr the abutments
R J,and sprltway : S L

e, Drilling for curtaln groutrng and consotldatron groutlng for dlversmn and -

- outlet tunnels shalt be performed from Wrthrn the respectrve tunnets

d Drrlllng and groutrng of other areas shall be oarrred out from the ground
. surface. Blanket grouting shall be carried out prior to remowng the fi nat 1
Hom depth of surface exeavatlon as specrf ied i in Ctause 3. 4

B :e:.'iCurtaln groutrng shalt be carrred out after the progress of the.

© = construction of the dam embankment has reached a helght of more than

CEA0mL e

A t.':".Drlthng and groutlng works shall be carrred out as specrfed rn this

Sectron 5.

3. DRtLLING GENERAL

_'__Requrrement for Drrllmg C e : .
" a. The Contractor shatl perforrn the fotlowrng dntllng operatrons in the

tocatlons shown on the Drawrngs or dlrected by the Engmeer

i (i) Dntlrng for CUrtaln blanket and consolidation groutrng forthe parts

Csaa
&

*of the works- as generally déscribéd in Clause 5. 1 as shown on
: the Drawrngs and etsewhere as dlrected DO

. -(ii)' Dnltmg rnvestrgatlon holes

(ru) ’ ,iDnIIing at other Iocatlons as shown on the Drawmgs or drrected

= b Dunng the course. of the work the Englneer will direct the. Contractor to

.-core drill vertical and sloping holes in accordance with Clause 5.3, Such

“"-" core holes shall, where directed by the Engineer, be water tested in
: stages as the drrllmg progresses rn accordance thh Clause 5. 7 o

'f;Locat|on and Method of Drrlllng for Grout Hotes : L
i Cas ~The: tocatlon dlrectrc)n angte and Iength ‘of: hotes and thelr reference: o

* numbers will be as’shown' ‘on the Drawings’ or as determined by the
. Engineer who may at any time increase or decrease the number of holes -
or mstruct drr!lrng to a greater or tesser depth or instruct drrtlrng to a o

51




different angle and direction. The order and timing in which holes are
drilled shall be as instructed or approved by the Engineer.

. If foundation rock conditions as revealed by the excavation, dnllmg,
testing and groutlng operations, indicate that grouting at greater depths
or closer spacing or in other locations than those shown 6n the Drawmgs
. is necessary, the Contractor shall drill holes to such depths and spacmgs
~ as directed by the Engineer. _ _

. The quantity of grout hole drilfing that W|tl be reqwred is uncertatn and

. the Conlractor shall not be entitled to any extra compensation above the

. unit rates and prices tendered in the Bill of Quantities by reason of the
" location and timing of the required drilling or by reason of changes in
angles and directions of the required dnthngs ‘ _

. All dntlmg shall be carried out by rotary dnlllng Ptlot and check dnlllng

* holes shall have a minimum diameter of 66 mm. Other grout holes shall |
. have a minimum diameter of 46 mm of as othen.wse shown on the

- Drawings or directed. R ERE T EIER LTS S
‘e. The diaméters specifi ed shall be obtamed at the maxumum depth

- required. The equipment shall be capable of drilling holes to a maximum
. of 100 m depth. The drilling equipment shall be capable of drilling at any

By angle and be capable of belng setto an accuracy of one degree

X Holes shall be drilled to an accuracy of three degrees of the angle of that
- specified but the Engineer may require certaln holes to be drilled within

two degrees of the specified’ direction. Holes shall be drilled from -
e posntlons shown on the Drawmgs or dlrected wrth a tolerance of 250 mm.

. Att holes shall be drilled wrthout mud~SUpport and wrthout the use of
.. grease, rod-dope or other non water soluble material or the lubrication of -
_ the drill rods. The Engineer may permit the use of an additive in the
~ drilling water. A sample of the addilive shall be submitted to the Engineer. -
for approval at least 7 days prior to its being used. The concentration of o
the approved additive ~ shall not exceed the manufacturers )

recommendation.

. The Contractor shall take appropnate measures to mlnlmrze the amount R
 of foreign matter and dntl cuttlngs in the dnlt hote and from entenng the =
- hole. PR N ET IR _ Sl

j Unless otherwrse ordered by the Englneer all holes shall tmmedlately B

. ; after drilling, be thoroughly washed out with water under pressure from
- - the bottom.. Water ﬂushlng shatl contmue unttl the waste Water runs

- clear.

5. 2 3 Drllhng Sequence for Grout Holes

a Drilling for groutlng shall be carried out onty thh the approva! of the" _
- - Engineer and after all shotcrete or concrete grout ¢ap, if necessary, has -
" been completed and has gatned suffCIent strength in each area

~+ approved for grouting.

. Unless otherwise dtrected by the Englneer when drttlmg blanket and '

~ curtain grout holes the first holes drilled shall be widely spaced and shall

~ be drilled and grouted before intermediaté holes are drilled and grouted, B
. and in this manner the drilling and grouting of.holes shall.be completed -~
- to such final spacmg as shown on the Drawmgs or dlrected by the S

o



. Unless otherwise directed by the Engineer, all driling and grouting of

blanket grouting holes in an area shall be completed to such final
spacing as shown on the Drawings or directed by the Engineer before
drilling and groutlng of curtain grout holes commence.

. After holes in an area have been drilled and grouted lt may be found

necessary to drill additional grout holes or core recovery check holes in

~ accordance with Clause 5.3 or both. Such core recovery drilling shall be

c performed as may be requrred to determine the condition of the rock

o 5.24
- a,
©* behind concrete they shall be drilled through the concrete. The grout
hole drilled through' concréte shall be ‘suitably capped until the hole is
“‘groutéd and- any holé which becomes obstructed beforée bemg grouted
. shall be cleared by and at the eXpense of the Contractor ' :

.. Measurement, for payment of Rotary Dnllrng Holes for Groutlng (46 mm

foundation ‘prior to groutrng and evaluate the effcctrveness of the

- grouting operations.

" The locetron angle, dlrectlon and depth of these addltlonal grout holes
" or core recovery check holes shall be as directed by the Engineer or as
- shown ‘on the Drawings. These holes will be drilled; cleaned, water
" tested -and grouted in the manner similar to that of the curtain grout
" holes. No allowance above the unit rates and prices tendered in the Bill -
~ of Quantities will be made for the drilling and grouting of such additional
: grout holes and core recovery holes nor for the expense of moving .

quiprnent to other locatrons and returmng it to a prewousty drilled area.

: When the dnllrng of each hole has been completed it shall be protected
© from- bécoming clogged or obstructed by capping it temporarily or
~ otherwise until groutrng operatrons require it to be opened. Any hole that -

* becomes-obsiructed before it is grouted shall be comptetely cleared by
: .end at the ‘expense of the Contractor " P

_ 'Re dnllmg reqwred because of the Contractors farlure to clean out a
hole before grout, has “set shall be performed at the Contractor's

" expense. When the grout has been allowed to set ina hole by a direction

s of the Engineer, the required re- -drilling will be paid for at the rate of 50

percent of the unit price per linear meter tendered in the Bill of Quantities

s for drrllrng the appllcable grout holes regardless of depth

Drrllmg Holes Through Concrete _.

Exoept as specified elsewhere where holes are requrred below or

-3Except as otherwise - approVed “contact groutmg Work for the sprllway L
“'shall be commenced 3 weeks after placrng concrete for the base of the
- 7_sprllway o _

;‘Addrtronal grout holes and core check holes drrected by the Engrneer
- after placing concrete ‘structures shall be drilled through the concrete,
.. The Conlractor shall make allowance for drilling through concrete and
relnforcement when dnllrng these holes and no “additional payment will -
g be made. above the apptrcable rates for dnllrng in the Brll of Quantities. .

'Where requrred casmg pipes shall be supplred and mstatled |n" |
.;;_':acccrdance with Clauseag PR e
Measurement

" dia.y will be made of the length of holes actually drilled (i) from within the
R gallery, (ii) from the Surface or (jii) from within Tunnels and of the length of
L any grout column re- dnlled at the dlrectron of the Engrneer Holes whrch o

53
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~ cannot be used because of cave- rns Iost anI stems or packers will not be

measured for payment

a.

, Payment

Payment for Rotary Dnlhng Holes for Groutlng (46 mm dra) for will be

S ‘made at the rate per linear meter, applicable to the situation from which
_ the drilling was made, tendered therefor in the Bill of Quantities (Items F

2.1, E 2.2 and E 2.3). The rates shall mclude the cost ol dnlllng through

shotcrete or concrete as appllcable -

Payment for dnll set up wrll be made in accordance wrth the provrsrons of

: Clause 5 4

Payment for any requrred re- drlllmg where the grout has been allowed to'
- set in a hole at the direction of the Engineer, will be made at the rate of
- 50 percent of the rate per linéar meter tendered rn the Brll of Quantrtles
: for drrllrng the applloab!e grout holes. - S, o

Payment w:ll not be | made for fe- drrlllng requrred because of the -

Contractor s fatlure to wash out a hole before grout has set

Addrtlonal allowance above the applrcable rate tendered in the Brll of. ,
" Quantities for drilling grout holes will not be made on. account of the

requuement for washrng out holes before further drrllrng

_ These rates shall include the cost of furnrshrng all labour matenals plant o
. and operations required for drilling the holes, fiushing the holes at all
. . stages maintaining the holes free from obstructton until grouted, disposal -
~ . of drill cutlings and waste water all incidental works connected therewith. .
" - The rates for core dntlrng shall also |nclude all works in accordance with -

Clause 5.3,

53
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General R

The Contractor shall where and as drrected by the Englneer core drrll

- such holes as may be required for pilot holes for. curtain grouting, to :

determiné the effectiveness of the groutrng operatlons and for surface

_mvestlgatlon drlllrng as drrected

All core drrlling shall be performed wrth rotary-type hydraullc feed core-

- drilling equipment, . 66 mm _minimum hole size, “bottom  discharge

~ diamond bits and triple tube, swivel inner tube type core barrels. The
._core holes will be required to be drilled at any angle and direction andto . .
~ varying depths with a maximum depth of 100 'm. All equrpment shall be
* capable of being operated in the ¢onfinéd and limited-access regions of
" the gallery, the diversion tunnel ‘and the outiet tunnel.” The Contractor o

* shall ensure that all core drilling is performed in a workmanlike manner, = -~
by competent and experienced workmen ‘and that cores obtalned are in e

as good a condltlon as possrble from all holes

_Dnllrng lifts shall be termtnated and the eores removed from the barrel as |
- often as considered necessary to secure the maximum possible amount

. ' of core. Drrllrng ltfts shall not be Ionger than the Iength of oore barrel

T

\exrsny

A
Lo



0

5.3.2 Records _
~ a.” Within 24 hours of completing drilling of a cored hole, the Contractor

: shall submit in duplicate a complete log of the hole in a form approved
by the Engineer. The log shall include the following data;

(i) - Location

(ii)' Borehole number _

Gy Type and diameter of bonng

) _5 (iv) Ground level R |

v) lmmedlate rntermedlate and eqwhbnum water levels with trmes'

: and dates, nole on colour and losses etc . .

('v'i)' Descrlptlon and state ‘of weathermg of rock and the Ievels of its

' boundanes

-'(v'ii)' Percentage core recovery
(i) - Fracture log - PR , '
(ix) . The results and levels of all in- srtu testmg

' (x) " Arecord of the drrllers observations on progress of borrng, rate of

: -penetratron type of bit and speed of rotat|on ofbit - .o

(X|) Water pressure test results

. The Ioggrng of rock cores shall be based upon the Geologtcal Soclety o
~Engineering Group Workrng Party Report “The Logging of Rock Cores
o for Englneenng Purposes Quarterly Journal Englneerrng Geology Vol.

3y 19?0 LOndon e _

. Cores should be logged by an approved person The fact thal the o
b Engrneer may be ‘present and Keéping a record of the dnlllng shall not

T relievé the Contractor from the requirement for keeplng an accurate log

S as described in this Sub Clause unless specrlrcally apprOVed in wntmg

by the Englneer

. The Contractor shall prowde strong 1 05 m Iong galvanrzed metal core
> boxes to the apprOVal of the Engrneer Each box shali hold cores from 5 -
o of hole and they shalt be provrded wrth fastenable galvanrzed metal
o lrds ) _ _

-;' The Contractor shall place the. cores in the core box in the correct S

‘sequence after extraclion from the core barrel. The core at the bottom of

each lift shall be marked immediately it has been placed in thé box and a :
S correspondrng mark shall be prtnted on the side of the core box and on
- -ihe rock core. When a-core is not recoveréd, timber blocks of square
+*+ - cross-section shall be placed in the box by the Contractor. These timber
1o blocks shall be cut to the same length as the core losses and placed in .
2. the positions from which the coré was lost. If these posilions cannot be
~. determined, the blocks shall be placed at the top of the lift. A box shall -

- not contain cores from more than. one hole Designating marks, hole -
K numbers and elevations shall be placed on the boxes and along the line .
7 of cores as directed by the Engineer. The covers shall be fastened -
.. seeurely to the core boxes and the boxes shall be delivered to the’

'-Engrneer s store room at the Srte unless othenmse dlrected :

o ,_‘_f,_Cor‘ed ho!es shall be grouted ln accordanCe wrth the reqwrements of' | _
o '7"Clau3e56 R L : o

L 56
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Measurement
a. Measurement for payment, of Rotary Core Dnthng {66 mm dia. ) will be

. made of the length of ho!es actua!ly dnlled (r) from wrthrn the gallery, and -

(u) from the Surface.

Payment

a. Payment for Rotary Core Drilling (66 mm dsa ) wr!l be made at the rate

per linear meter, appllcable to the situation from which the drilling was

 made tendered therefor in the Bill of Quantities (Items E.1.1 and E. 1.2).

~ Such rates shall include the cost of furnishing all labour, materials and

s equipment fequired for drilling the cored holes, removing cores, keeping

- accurate core logs, boxing, labelling and transportrng the cores and all
~_incidental work connected therewith. S T

b '_.Payment for drill set- -up, water pressure testang and groutrng wrll be

made in accordance wrth Clauses 54,5 5 and 5.6 respectwely

| .SET UP FOR DRILLING HOLES

Measurement -

Measurement for payment for Dnlt Set Up shall be made on the baS|s of

. the number of times a drrll is set up in accordance with the followmg
. .prowsrons : . :

l a.: 'Where dntlrng and groutmg is carned out by the upstage method

. measurement, for payment for drill set-up shall be. made once only for

‘each hole regardless of any addrtronal set-ups. whrch may be camed out

o by the Contractor.

' b Where drifling and groutlng is carned out by the downstage method or a

" combination of upstage and downstage . methods, measurement, for |

payment shall be made once only for each separate stage of drrltrng
which i is dlrected by the Engrneer . : -

. __'c. Where core drrltlng is carried out o determrned the effectrveness of the

o _g-_for payment, for drili set-up shall be made once only for each hole
~ regardless of any addltronat sét- ups whrch may be carrred out by the L
g ‘Contractor e R N :

; '5._4,2 k

55

Payment V o S A A Lo
T Payment for DnII Set-Up Wl|| be made at the rate per setnup tendered
- therefor in the Bill of Quantities (ltem E.3). .Such rate shall include the

.f.':WATER PRESSURE TEST

.grouting operations and for surface investigation drilling, measurement,

cost of all labour, materials ‘and. equipment and -operations for the

B movement of drilling equipment and the setting-up of drilling equipment

g over the grout ho!e or core drrll hole at the specrf ed ang!e and dlrectlon

ST:GeneraI _ el e T i E e B I T I
Ca. A water pressure test shall be camed out in each stage of each grout B

.. hole after washing and prior to groutlng unless otherwise directed bythe -~ : . -
" Engineer. Water pressure tests shall be carned out |n aI! holes to be_ A

' grouted



S

552

e 561

. Water pressure testis shall be carried o'u.t in stages of depth not

exceeding 5 m, unless otherwise approved by the Engineer, with clean

~water and the rate of flow shall be determined to an accuracy of 10

- percent for flows exceeding 1 litre/minute using an air vessel to smooth

- out fluctuations of pressure. The results shall be expressed in Lugeon

" units. One (1) Lugeon unit is determined by a water pressure test where

. a leakage occurs of 1 litre of water per | minute per meter length of hole

under a pressure of 10 kgf!cm2

' Prror to carrying out the water pressure test the ho!e shall be washed out
-in accordance wrth Sub Clause 5.6.5.- -

The water pressure test shall be carried out between a packer and the

* bottom of the hole or between packers in depth stages to suit the

variation of jomtrng of rock. -

For each water pressure test the pressure shall be marntarned for 5
minutes at each of five pressures, which shall be 0.10 kgffem?, 0.20
kgffcm?, 0.30 kgffem?, 0.20 kgffem?, 0.10 kgffcm? per meter. of depth to

- the boltom of the stage measured from the top of the hole at the surface
or such Iower figure as the Engineer may rnstruct r he pressure shalt be
"determlned toan accuracy of 10 per cent.

- Should the ﬂow be too great to hotd the specrﬁed pressure the ﬂow shali
‘be held constant at the maxrmum discharge of the pump ‘and the
o 'pressure shall be observed at’ ‘one minute intervals over a period of 10

i minutes. If the results do not’ give an adequate rndlcatton of the required -

:PRESSURE GROUTENG

grouting, the lests shall be repeated usrng two of more shorter stage
‘ tengths : : _ _

! Measurement and Payment

”_'Measurement for payment ‘of Wash and Water Pressure Testrng shatl _
. be made once only for each water pressure test of a. stage of a hole for .

of times that water under pressure is applied to the hole or reapplied

+ following caulking 'surface leaks or because of any other reason which
s preVents a satlsfactory test belng completed at the first altempt,

:_Payment for Wash and Water Pressure Testlng of each stage of a hole
7 will be made al the rate per test tendered therefOr in the Bill of Quantities
 {(item E.4). This rate shall include the cost of all labouir, materials and
" equipment requrred to perform the work set out in this Clause and the .
.- cost of provrston of water testrng records as setouti in Clause 5.7. ‘

. '4’"7Payment for, hook -ups to hotes for water pressure testrng wrtl be made rn'_
T ;accordance w:th Clause 5 8 : o : .

Reqwrement for Groutrng

8

The" Contractor shall: carry out aII of the groutrng operatrons Cas - '

o descnbed in Ctause 5. 1

The operatlons rnctudrng the type of drrltlng and greutrng equrpment
. shall be in accordance with the proposals stubmitted by the Contractor in
+ his tender and approved in the Letter of Acceptance or thh such other

B %'1'?'__?. modrfrcatlons as may be approved from trme to trme
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The Contractor shall carry out approved Iaboratory tests on the proposed

-+ grout mixes to determine viscosily, cohesion, sedimentation and strength

- of the grout at various times after setting. The testing will be carried out

in consultation with and in the presence of the Engineer. The results of
the testing shall be_submrtted to the Englneer and only approved mixes

. shallbe used. _ A _
: Drrltrng and groutrng operatlons shatl be performed in accordance with

the Drawings, the requirements of this Section of the Specification and

- with procedures developed by the Contractor during testing and with

regard to experience as the work proceeds The procedures shalt be

‘ submrtted to the Englneer for approval

'These procedures shall embody the Contractors recommendatrons on
- both the type and composition of the grout and the injection pressures to -
- be used after determination by the Conltractor of the basic parameters of
the rock lncludmg permeabrllty and jorntrng pattern TR :

It is antrcrpated that the majonty of the grout wrll be of the cement and
~water type. L REINE R

“The Engmeer may drrect the addrtlon of frne aggregate to cement grout
. where rock i is drsturbed or contams Iarge voids. S

& .:‘The Contractor shall use grout Propomons and mjectron pressures as' IS
o nominated in the procedures approvad by. the Engineér and the

" Contractor shall be responsrbte for control of those grout proportrons and
|nject|on pressures CEL _ :

ermg and Pumplng Equrpment

a.

Groutrng shall generatty be carrred out from statrons whrch shalt contaln
stores for grouting materials, balching plant, grout mixers, holdrng tanks, -
~and grout pumps.. Such stations may hé relocated. from time to time
dependrng on srte condrtrons and the tocatron of gr‘outlng operatrons .

The: arrangements shalt be such as to ensure: the continuous and S

" uninterrupted flow of grout to the hole being injected: and shall include

- standby equipment ¢apable of beirig brought into use immediately inthe .
~event of a breakdown. The grouting shall be carried out by a return flow

- system to ensure continuous circulation of grout to” the hole being

injected and return surplus whrch |s not accepted by the hote to the
___hotdlng tank. o .

Each groutlng unrt mcludrng the mrxrng equrprnent pump. hoses and P
. prpellnes shall be capable of delivering not less than 150 litres. of ttqurd o

- grout per minute to each hole berng injected up ‘to a maximum pressure o _
. of 30 kgffem? and shall include a water storage tank of adequate ~* .
~ capacity to be used for pressure testmg and for ﬂushrng out the pumps. o

Two compartment hlgh~speed colloidal mrxers shall be used The grout-_ o

~ shall be mixed in one compartment and be discharged into a holding -

" tank. A screen shall be inserted between the holding tadk and’ the

-~ suction of the pump.: The grout in the Holding tank shall be contrnuousty S
agitated. A water meter shall be provided for the accurate- measurement -

- of the water to be used for mixing. The holding tank shall be provided _

with'a votume measure mdrcator to enabte a recor‘d of gr‘out take to be .

made. ol RO S

A|I grout shalt be pumped wrth a screw ‘or. other apprOVed type of S

¥ pumplng equlpment arranged wrth rnterconnectrng ptpes and valves rn



" such a way as to permit a standby pump to be brought into immediate
- service. The pumping equipment shall be capable of forcing grout into

the holes or grout connections in a continuous, uninterrupted flow at any

- specified pressure up to a maximum of 30 kgffcm? with only minimum

' fluctuations in pressure during the pump cycle being permissible. The

grouting equipment shall be arranged to provide a supply line and a

 return line from the grout pump to the grout hole. Provision shall be
" made to permit accurate control of grouling pressures and of grout flow
_into the grout holes and continuous circulations of grout within the

."‘_f'groutrng system. The grouting pipeline shall be provided with an
~automatic recorder for monitoring the flow quantity, pressure and time of

discharged grout at the pump and at each grout connection to the grout

" hole. The Contractor shall provide and keep at the site spare charts for
- the automatic recording equipment equal to thirly percent (30%) of the
: requ:red number for ordmary darly operallon

Pressure gauges shall have an accuracy of plus or minus 3 percent

":A standardrsed gauge shall be prowded for cahbratrng WOrkmg gauges
~ Working gauges shall be used for no longer than two shifts after which

~... ime' they shall be cleaned and- calibrated. All worklng gauges, water
“. meters - and automatic ‘recorders 'shall have permanently -inscribed

reference numbers for identification. Tesls on gauges, meters and
automatic recorders used in connéction with drilling and groutlng shall be
carried out by the Contractoras requrred bythe Engmeer o

-The Contractor shall arrange to have ava:lable on Site an adequate |
number of water meters, pressure gauges and automatic recorders
“corsectly “calibrated so that water pressure testing and grouting -~

E operations are not held up at any trme dua to the Iack of accurate
Y callbrated equrpment SRENRLIE B ; : :

E Packers shall be such that they seal drrl] holes at the specrl" ied level and
“shall be capable of withstanding’ water pressure exceeding the maximum -
“ < grout or water pressure to be used at the:level without leakage. The
: Contractor shall have available on site an adequate supply of packers of
asize and type to surt the dllferent holes belng used -

_' The total Iengtn of plpe and hose between the hole bemg grouted and
- the pump shall be kept to a mlnlmum and shall not exceed 60 m wrthout
'“approval IR e T N TITE R :
" A valve, bypass valve on the return l:ne bleeder valve and pressure .

L 'gauge shall be fitted at the collar of a hole berng grouted in conjunctlon
e wrth the automatrc recorder F S e

_Communlcahon factlltles between the groul planl and the grout holes or
grout connectrons bemg grouted shall be furnlshed by the Contractor :

5 6 3 Materlals for Pressure Groutmg

~a.

Cement used m pressure grout:ng sha!l comply \mth the requuements of '

.. Clause 9.3..

b.'--"_-Flne aggregate for grout shall be clean and of such l” neness that 100

.-.',:'_;_Qpercent will pass.a-No. 8 (2.6 milimeter) screen, not less than 50
-+ percent will pass a No. 30 (0.6 mrlhmeter) screen “and not more than 5

- percent will pas & No. 200 (0.074 millimeter) s¢reén. The ratro of cement '

o to f ine aggregate shall be dlrected by the Engtneer
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- ©. The grout mixtures.will be as selected by the Englneer but will generatly

consist of a water cement slurry with the water cement rat[o by mass
varymgfrom108642 1and 0.5, L

d. Water hawng a temperature above 30°C shall not be used in grouting

~ ‘operalions. The use of water at a temperature not exceeding 30°C is
~ designed to limit the temperature rise in the grout during the grouting -
~operation. The Contractor's attention is drawn to the need to provide
. shelter from effects of hot weather and wind for the stored cement, water
. and grout lines and the other equipment handling the grout.
Recommendations for hot weather concreting are contained in ACH 305
~Title No. 74-33 and the Contractor. shall adopt any of these
. recommendatron apptlcable to groutmg

e 'The Contractor shall use only stabte grouts and m;ectron pressures as

564 i | ,
S i a Dnllmg and groutlng of the foundatlons shatl be performed as foltows

approved or directed by the Engineer and the Contractor shall be
. _responsrbte for control of grout proportlons and tnjectlon Ppressures.

A Cement grout Wh]Ch IS not lnjected wrthm two hours shatl not be used for

groutrng

9. Cement grout w;thout chem:cats (other than water) shatl be measured on .
"« the basis of the actual quantltres mjected exctudmg waste due to -~
Y teakages or other reasons. DL : : :

Groutmg Methods

: } (i) e Consolidation groutlng ho!es shall be camed out in one (t) stage ;- o

- - with a packer {or a sealed nipple) installed at the surface of the
- concrete. If the geologrcat conditions require, the groutmg of some .
o ho!es wut be carned out in stages _ o

' (n) Curtaln and blanket groutlng shall be carried out usmg either I_:

o c. B]anket groutlng and curtaln groutlng shall be started by the dnltlng of' o |

~; upstage or downstage grouting methods or a combination of these

, ) two methods with a packer installed within the hole at the top of -
- the stage being grouted or with either a packer (or a sealed
- nipple) installed within the concrete grout cap or shotcrete and
- rock. The maxrmum Iength of each stage shall be 5 m. :

_ | b Groutlng each sequence of b!anket groutlng holes ln an- area shatl be
-~ carried out from the outer most rows, upstream and downstream, and be -
R compteted progresswely row by row towards the axrs of the dam :

o - the pilot holes as shown on the Drawings or directed. Secondary, tertiary

and ‘quatérnary holes’ of where & further series of otosure holes are
" nécessary shall be as ‘shown on the Drawings or directed by the
- Enginéer. No holes of subsequent series shall be- drilled until groulrng '
- has been comp!eted to fuII depth in ad;acent hotes ofa prev:ous series;”

s A The oné ‘stage groutlng ‘shall- be pertormed by connectrng the grout{ .

" supply ptpe to the connectlng couptlng on the paoker or nlpp!e

o e For the upstage method the drilling and groutrng of the foundattons shall S

: be perforrned in SUccesswe operatrons conslstrng in each case of
Ao dnttrng the hote to its requwed fi nal depth RN
(u) ' washlng under pressure R

CoEd0



- (iii) | instatling a packer into the hole at the top of the lowest stage,
water testrng and grouting that stage

o (iv) attowmg the packer to remain in place unt|| there is no back
P - pressure and then 1nstallrng the packer at the top of the next
slage; . . : : s _

(v) " and thus successwely water testing and groutrng the hole in
o stages untrl the hole is comptetely grouted '

. Wherever the downstage method is consrdered appropnate by the
~ -Engineer, the drilling, cleaning, water testing and grouting shall be

- performed in successive operations consrstrng in each case of drilling
" the hole to a limited depth, washing under pressure, water testing and

o grouting that section, cleamng out the grout hole by washing or other
- suitable means before the grout in the hole has set, sufficiently to require

re-drilling, allowing the grout surroundrng the grout hole to altain its initial

_ :, ".'_set drilling the hole to an additiona! depth washing under pressure,
0 water testrng and grouting by seating a’ “packer near the end of the .

_ previously grouted stage, and thus successrvety dntlrng, cleaning, water

.- testing and grouting the hole in stages at various depths until the
“++ required depth of hole is completely drilled, cleaned, water tested and -

- grouted. Where necessary the Engineer may. direct that the grout in the

e hole be allowed to set before drilling the next stage. On completion of

. grouting the last stage the hole will then be fi illed by grout usrng ther

upstage groutrng method wrthout water testrng

L . :Pressure groutrng of any part of the foundatrons shatt not be carrred out

. until all excavation and drilling has been completed within 30 meters of
. -the holes to be grouted and any conicrete o_r shotcrete through which the

- grout hotes extend i is at least 14 days old.

. The composrtron of the grout the time of groutrng and all other details of -

-+ the ‘grouting ‘operations shall be as approved or determined by the
" “Engineer. In general the grouting of éach stage shall commence with a .

i lean grout of ‘a type most likely to penetrate the rock, according to the
“jointing, et¢. of the rock and the result of the water pressure test, with the
~ grout- pressure being: lncreased tOWard the maxlmum grout pressure

o prescnbed below

i Pressure as hlgh as practrcable but whrch as determrned by trral are

'+ gafe against concrete, shotcreté or rock displacement, shall be used in

- the grouling. Except as specifically ordered by the Engineer, the grouting

' pressure shall not éxceed 20 kgft’cm2 and the groutrng speed shall be 2
o 6 trtreslmtnute!meter of grout hote : _ _ -

. Alt pressure groutrng operatrons shall be performed rn the presence of
- the Engrneer : _ s

B The grout suppty prpes and packers shatt be furnlshed by the Contractor
- The packers shall consist of expandable tubes or rings of rubber, leather -~
~._or other suitable materral attached to the end of the grout supply pipe. -

""! The pacKers shall be'so designied that they can be expanded o seal the . .'

" drill “hole* @t the specified elévations and, when expanded, shall be
capabte of withstanding, without teakage water pressure equat to the

. ;';_f'-'maxrmum grout pressure to be used e




5.6.5 Washmg and Testing

a.

Immediately before the pressure groutmg of each of any hole is

- commenced, the hole shall be thoroughly washed with water or air or

" both under pressure and pressure-tested. When washing, at least the

nearest two holes of the same sequence in advance and the adjacent

~ holes of next sequence, if any, shall be completely drilled for the same

stage, and completely cross-washed to facilitate washlng and flushing
out of any intervening clay filled seams, fractures or shear zones.

ANl holes suff crently trght to build up the requrred test pressure shall be
" washed at the test pressure and the washing shall continue as long as
“there is any increase in the rate at which water is taken. Holes in which

o “the requrred test pressure cannot bé reached shall be washed for as -

- long as there is any increase in the rate of flow or drép in pressure when .

" the pump is delivering a full capacity flow. Open holes in which no

'pressure can be built.up shall be washed for such penod of time as -

- fracture-filling material is being removed as detérmined by the escape of
.~ muddy water through surface openlngs or other grout holes or as

.'H_dlrected by the Englneer R

" Routine water testrng of grout holes shall be made prlor to groutrng m
'7 ccordance wlth Ctause 55 PR . o

5 6.6 Leakage Control

if, dunng the groutlng, grout is found to ﬂow from adjacent grout holes or
connectrons in sufficient quantity to interfere senousty with the ‘grouting

o : _‘operatron or lo causé apprecrable loss of grout, such grout holes or -
© " connections shall be capped temporarily. When grouting is being done

* with packers and grout returns from adjacent holes; the préssure of the

.7~ returning grout shall be measured by seating. packers in the adjacent .
- holes and such pressures shall be kept below the allowable pressures = -
. for that stage of .that hole. ,Where such capping is not essential, "
- ungrouted holes shall be left open to facilitate the escape of air and

" waler as the grout is forced into other holes. Before the grout has set, . o
‘the grout pump shall be connected to adjacent capped holes and to

other holes from which grout flow was observed and groutrng of alt holes '

: _shall be comploted at tne pressure drrected by the Engineer L

If, durmg the groutrng of any hole grout IS found to flow from pomts in
. the rock surface, or joints in or adjacent to: concrete or shoteréte grout
~- cap or other locations, such flows or leaks shall be plugged or caulked ..
_ by the Contractor. As a safeguard:against rock, concrete or shotcrete, -
- drsplacement or while grout leaks are being caulked the Engineer-may .
requrre the reduction of the pumplng pressure or the drscontrnuatron of

o pumplng

- 5 6 7 Groutrng Trme and Pressure 3

a

"The general targets for permeablllty of the grouted foundatson of the S
. dam, émbankments and spillway are 10 Lugeons for btanket groutmg SR
_and5 Lugeons for current groutrng - _ _ _ ;

._-The grouting operatlon shall start by employmg a thln dllutron of grout SRR

mixture of W/IC by mass = 10, unless otherwise specified or directed by .

. the Engineer, at the required pump speed and continug until the quantity e
* of grout as mentioned below is injecled or the mjectron pressure does_ o TR

. notincrease at all for 20 minutes. -
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568
- fgroutlng wrlt be made on the basis of the mass of cement and of fine

569

WIC ratio by mass | 10 8. | 6 | a4 | 2 1

Quantity of Grout

por Stage (litre) 400 | 400 | 400 | 400 | 400 | 1000

When the specified grout is injected without reaching the maximum

- pressure for the stage of the hole, the |n1ect|on shatl be continued using
- the next thicker grout o

'VThe groutrng of any hole or ‘stage of any hole shall be a conlinuous -
" operation until the hole, stage, or grout conneclion takes grout at the rate

of less than 5 liters of grout mixture in twenty minutes if pressures of 3.5
kglem? or less are being used; in fifteen minutes if pressures between
3.5 and 7 kglem? are being used; in ten minutes if pressures between
7.0 and 14.0 kgfcm? are being used, and in five minutes if pressures in

| _excess of 14,0 kglem? are being used. However, as a safeguard against

“rock, shotcrete or concrete displacement, excessive grout travel, or while

o grout leaks are berng caulked, the. Engmeer may requlre the reduction of
© the pumping pressure and pumping speed of the discontinuance of

pumping. In such case, the specified maximum grouting pressure may

.7 be changes by the Engineer. The Englneer may order the establishment
* of level reference points, upheavel gauges, etc lo be observed as a

check against uplifi. Any possible movement shall be taken as an

" indication that the groutlng pressure berng used is excessrve and it shall
' be tmmediatety relseved ‘ : : :

Where the grout hole or holes take a targe amount of grout the Engmeer

may require that pumplng be dorie intermittently, waiting for some period
+ of time béfore resuming the grouting operateon so as to allow groutin the -~

formation to set, or require that fine aggregate be added to the grout mix.

- The requirements for fine aggregate in such case shall be in accordance
- thh Clause 5. 6.3. . _ _

s

fter the grouttng of each stage of every hote is compteted the pressure

-~ shall be maintained by means of grout hole valves or other suitable vaive
-+ or olher suitable valve devices until the grout has set sufficiently so that -

Ct WEII be‘ retained in the hole, stage or conneclions being grouted.

Measurement

: a,

Measurement for payment ‘of btanket consotrdatron and curtarn

aggregate before mixing wrth water, actually forced rnto the holes. tn

Lo 'case of fne aggregate the mass shall be the oven dry mass

';Payment O T NS
. Payment for oement and f ing aggregate used in pressure groutrng erI be i

made at the applrcable rate: per tonne tendered in the Bill of Quantities

: _;(items E 5 and E.6) and shall include all costs for supplying, mixing and
: mjectlng cement and fine aggregate in accordance with this Clause and
~ carrying out alfl testrng of grout mixes as specﬂ"ed herein and samptrng S
'_and record:ng as requrred by Clause 5.7. :

Payment for’ water testmg grout holes wrtt be made as provrded in |

'Clause55 _ _ S RO
: Payment for seltlng up for dnllmg and hooklng up for groutmg grout |

o : . holes will be made as provided for in Clauses 5. 4 and 5 8 respectwely -
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571
o '_":_a The Contractor shall wrthm 24 hours of completlon of water pressure 3

B ' (i) " The location and reference Aumber of holes grouted and the

'(iti) ' Detalls of grout :njectrons pressures consrstenmes quanhtles o
S Marsh cone type test result for \nscos:ty determmatlon and tlmmg ,

b When d|rected by the Engmeer the Contractor shall suppty grout 3

co Separate payment will ot be’ made for the preparatlon and submissron of L
* récords for grouting and water testing in accordance with the” reqwrements
" of this clause and the costs of completing the work shall be lncluded in other o

d. Payment will not be made for grout lost due to |mproper anchorage of
grout pipes, packers, casings or connections, for grout rejected by the
Engineer on account of improper mixing, for grout wasted in excessive

. length of grout lines or for grout lost by leakage due to the failure of the

.- Contractor to lmmedrately and effectlvely caulk leaks, and paymenl will
. not be made for materials used in such grout. -

e. '-Separate payment will not be made for supply and lnstallatlon at level

reference points, upheaval gauges, etc. and measurements associated

_therewith and such costs shall be deemed to be included in the
- appllcabte rates for groutrng tendered therefor in the Bill of Quantltles

) ‘RECORDS FOR GROUTING AND WATER TESTlNG . : |

General

- tests or grouting of any hole, submit in dupllcate and in a form approved
- by the Engineer a record of the groutmg and water pressure tests The
record shall include the followmg data: o

' !engths of stages tevel of grout pump and collar of holes

. (i.i)- Water pressure test results Encludlng detarts Of pressures

- volures of water used, tlmlng of .each operatron permeabllrty
_ values and graphlcat records of the tests -

:  for each stage of the grouting; " ..
(v) - PrOportlons of the grout materlals :

© (v) . General remarks on the procedure of the groutrng, surface Ieaks' -

and connecllons to other holes lf any, and heav:ng. |f any.

B _samptes 0.5 kg in mass taken from any pomt in the groutlng system

c. Within 30 days of completlng groutfng of a section of the Works the
.. Contractor shall submit a report in duplicate, complete with record : -
. drawings in approved form showmg details of the grouting in that section
* and any conclusions which he or his subcontractor may have reached .

regarding’ the methods used and the effectrveness of the grouting

includlng all addltlonal grout holes and core recovery check holes

- _darected

Measurement and Payment

' rates and Iump sum pnces |n the Blll of Quantltles
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5.8.1

HOOK-UP TO HOLES FOR GROUTING

Measurement and Payment | _ |
a. Payment for hook-up to holes and conneclions for grouting will be made
-+ at the rate per hook—up tendered therefor rn the Bill of Quantrtres (Item

" b."Except as provrded in Sub-rtem c below payment will be 'made once

only for each stage of a hole actually hooked onto at the direction of the
" anmeer for the purposes of washrng, pressure testing and grouling.

Payment will be ‘made, regardless ‘of the volume of grout or water
" actually injected into the hole or stage for the connection. Payment will
“be made for any stage water tested but not grouted from thal stage.

Payment will be made for each separale stage of a hole whether L

upstage or downstage methods are used.

-_ b. Should the Engineer defer the groulrng ol any stage lollowrng a water '

- test, then payment for an additional hook-up will be made for any:.
subsequent packer setting and groutrng regardless of the number of

- - stages that may be grouted from the one packer seltlng

i, Connectrons to cracks crevices or seams in the rock when drrected by '

59
~ 5.9.1 | _ .
7 al The Contractor shall furnrsh and rnstall standard black plpe for casing

_ . the Engrneer, wrll be consrdered as grout holes and wrll be pard for as
.'such . Coh :

QCAsme PIPES

;:General SRR

. pipes to support the loose ground where requrred to drill through
" overburden’ of common or unsound rock and shall supply drrllrng

¥ . equipment surtable for such drlllrng purpose

: i"".__"'b._i"Prpes for groutlng shall also be sét over sprmgs crevtces in the rock
Rt faults or other defects wherever directed by the Englneer :

A : a “Casing plpe shall be slandard black pipe conform_lng to ASTM A 120 "

Materrals

R '3'_:Schedule 40 JlS G 3452 or approved equrvalenl

e _:b‘."".:Plpe fitings ‘shait be malleable iron. The pipe. shall be cu, threaded if

593 '

: _necessary, fabrrcat_ed'_a_s requrred and placed by the Co_ntractor

Installatron

.a. ~The, drameter of casrng pipes. for consolrdatron and curtaln groulrng snall _
- ~have an inside diameter-. adequate to accommodate the drrll brt srze .

! ; necessary to drrll holes of the specrﬂed d|ameter

""-*"encountered or ‘as directed Generally the plpes shall - be from the -

" suirfacs of the ground as ekrstrng or as exoavated to the IeVel of non-

— - collapsrng rocK.:

N B c :Each casrng pipe shall be sealed in the ground w;th grout or mortar

d. ‘Care shall be taken to avord clogglng or obstructrng the pipes before -
. performrng groutmg operatrons Any pipe that becomes clogged or
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5.9.4

5140

5401

b,

a.‘
_drilling and grouting shall be made of the mass of pipe installed at the
direction or approval of the Engineer. Frttlngs for connectrons of grout

obstructed from any cause shall be cleaned rn an approved manner or

- replaced by and at the expense of the Contractor

) Measurement and Payment

Measurement for payment, for furmshrng and pIacrng casing pipes for

" lines wrll not be measured for payment

- all costs for supplying, fabrrcatmg and rnsta!lrng durrng drrlhng and all

Payment for casrng prpes used in drrltrng for groutlng wrll be at the rate'

per tonne tendered in the Bill of Quantities (Item E. 8) and shall include

" other works connected therewrth

VTUNNEL PLUG GROUT SYSTEM

General o

The groutrng of the jomts between concrete placements in the drversron '

tunnet plug and the existing concrete lining shall be performed as soon

- as possible after the final concrete placement in each tunnel plug has - | _
- cooled to the temperature specified in Sub-Clause 9,11.1 but not less ~

than 30 days. Cooling shall be carried out in accordance Wrth the
provision ofSub Clause 8. 11 1. S . .

A system of prpes fi ttrngs and specrat grout outlets shall be mstalled
- before placing concrete for the diversion tunnel plugs at the locations
~ shown on the Drawrngs or directed. The special grout outlets shall be

pipes set in holes drilled into the existing tunnel concrete Irnrng to the

: _drameter and depth shown on the Drawrngs or drrected

The system of pipes and fi ttmgs shall be checked before and aﬂer each

-~ lift of the concrete placements at the tunnel plug. Any pipe that has

. become clogged at any inspection shall be cleaned and opened or -

* repaired before the subsequent concrete lift is placed. The completed . -

system of pipes and fittings shall be checked before grouting and any

_ pipe that becomes clogged due to any cause shall, |f praclicable, be -
" cleaned or opened. If the Contractor fails to clean or open a plugged -

- - contraction joint system pipe, the Engineer will dlrect alternative work to

5_.10.2

' toany additional payment or extensrons of trme on account of aiternatnve . S '
5 work so dlrected : S ‘ N R

be carried out by the Contractor to ensure that the system of pipes and - GO

connections operates satisfactorily. The Contractor shall not be entitled

Materrals

Alt standard btack plpe and frttrngs for groutmg, header return rrser and s
f air outlet’ pipes and special joint grout outlets, all’ narls, tie wire, wooden _
? ' plugs, mastic material or sponge rubber for sealing purposes, temporary
_supports.and other accessories’ requrred for installation of the grouting .
system, as described -in" this' Clause, . shall .be fumished by the =
_Contractor The prpe shall be cut and shatl be placed by the Contractor T

The pipe shall be standard black pipe conformrng to ASTM A 120
. Schedule 40 JIS G 3452 or approved equwalent '

e VThe pipe. f ttrngs shall matleab!e iron surtabte for the pressure to be
_app!red groutlng, as approved by the Engrneer ;,j AR BT S
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O

d..

All grout materials, mixing and other equipment shall be in accordance
with this Section of the Specification. The grout mixture shall be to the
approval of the Engineer. P

5.10. 3 Groutlng Procedure |

R 5

5104 W

The grouting of eacn tunnet ptug shatl be compteted before the grout

- takes its initial set in the grout pipe system but shall not be grouted so

rapidly that the grout wrlt not settte in the jomt as determmed by the

o Engineer.

Before any jomt is grouted |t shall be thoroughty washed and tested with
air and water under pressure and left filled with water for at least 24

* hours. Immediately prior to being grouted the water shall be drained.

* The grout shall be pumped into the bottom headers of the piping system
for the joint and the air outlet pipe shall be left open until the joint is filled
© with grout of the proper consistency for retention in the joint, thereupon
- the air outlet pipe shall be closed and pressure up to 5 kgfem? applied.
- This pressure shall be malntalned untll the grout has set and there is no
- back pressure S _ S :

Att accessrble teaks dlscovered durmg the groutmg operattons shatt be
: cautked or stopped by approved means. _

' Alt other detatts of the groutlng operatlons shall be in accordance wrth
-~ this Specifi catlon and as directed by the Engineer : b

'_ After completton and approval of the joint groutlng all exposed ends of

pipes shall be cut back below the surface of the concrete and repalred in

- accordance thh Clause 9. 17

Measurementand Payment

.
S dNerSIon tunnel plUQ

No measurement for payment shatl be made for groutlng ]OInlS in the _

Measurement ‘for payment of turnlshmg and mstathng metal pipe and

- fittings for the tunnel plug grouting system shall be made of the mass of

pipes and fittings actually installed as approved and includes all metal

" pipe, fi ittings and specral grout outlets and air outlet pipes for pressure

= '}'_groutmg This measurement shall be made only for the metal pipe,

fittings and special grout outlets actua!ly installed and left in place and
the computed mass for payment will not mctude the mass of nails, tie

- wire, wooden ptugs temporary supports mastlc matena!s or other;_-' :

accessones

: Drrect payment wnl not be made for pressure groutmg the dwerslon
. tunnel plug joints and all costs shall be deemed to bé included in the rate

per cubic meter tendered in the Bil of Quantltres for the concrete ptaced

on the dwersron tunnel ptugs -

Payment for furnlshlng and rnstatllng metat plpes and t" tttngs for grouttng
o of divérsion” tunnél plugs will ba made at the rate per tonne tendered_
s therefore in the B|I| of Quantltres (Item K4 1) R




5.11

ADIT GROUT SYSTEM e

: 5 1. 1 General

a The grouting of the joints between the concrete placement in the

abandoned exploration adits and the adit surfaces shall be carried out

. following the suffi crent coo!rng of the concrete as adwsed by the
- Engineer. : coan o oo :

b, A system of prpes i ttrngs and specrat grout outtets shalt be mstatled

before placing concrete for each adit as directed. The special grout

o oullets shall be prpes set in place prior to ptacrng the concrete plugs.

C. The system of pipes and f ttmgs shall be checked before and after each
" lift of the concrete at any inspection shall be cleanéd and opened or
.~ rrepaired before the subsequent concrete lift is placed. The completed
- system of pipes and fitting shall be checked before grouting and any

- pipe that becomes clogged due to any causé shall, if praclicable, be

cleaned or opened. If the Contractor fails to clean or open a plugged

- . contraction joint system pipe, the Engineer will direct alternative work to _
~ be carried out by the Conlractor to ensure that the system of pipes and
- connectrons operates satisfactorily. The Contractor shall not be entitled
- to any additional payment or extensrons of trme on account of atternattve
' work SO dzrected S - -

511 2 Matenals Sl

" a. Atl standard black prpe and fi ttrngs for groutmg prpes and specra! 10|nt
- grout outlets, all nails, lie wire, wooden plugs, mastic material or sponge

rubber for sealing purposes, temporary supports and other accessories

 required for installation of the grouting system, as described in this
- Clause, shall be furnished by the Contractor The p:pe shall be cut and -

shall be placed by the Contractor o

The pipe shall be standard btack pipe conformlng to ASTM A 120
,_'_E_Schedule 40 JIS G 3452 or approved by the Engrneer o C

. ¢. The pipe ﬁttlngs shall malleable iron surtabte for the pressure to be _'
e applred groutrng, as approved by the Englneer SCITE :

| . All grout materrats mrxrng and other equrpment shall be in accordance
" with this Section of the Specrﬁcatlon The grout mlxture shatl be to the
B approvat of the Engrneer ' , - '

511 3 Groutmg Procedure A

-a. The grouting of each adrt shall be compteted before the grout takes rts R
. initial set in the grout pipe system but shali not be grouted so rapidly that
- the grout will not seltle in the jornt as determrned by the Englneer REE

b _Before any joint is grouted it shall be thoroughly washed and tested with
-~ air and water under pressure. and left filled with water for at least 24
__hours Immedratety prior to belng grouted the water shall be dralned

.- The grout shall be pumpéd info the bottom headers of the plpmg system -
- for the joint and the air outlet pipe shall be left open until the joint is filled -
- with gro'ut of the proper consistency for retention in the joint, thereupon

~the air outlet pipe shall be closed and pressure up to 5 kg/fcm? apptled :
. This pressure shall be malntarned untrt the grout has set anct there Isno
" back pressure : ; S
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| s.e.‘r

a'

*fjsnzz

d

f.

Al accessible leaks discovered durrng the groutrng operatrons shall be
caulked or stopped by approved mean. .y _

All other details of the groutmg operatrons shall be__rn_ accordance Wlth

" this Specification and as directed by the Engmeer

~ After completion and approval of the jomt grouting aII exposed ends of
" pipes shall be cut back below the surface of the concrete and repaired in
B accordance wrth Clause 9. 17 ' '

Measurement and Payment

a
- all costs shall be deemed to be included in the rate per cubic metre
tendered |n the Brll of Quantrtres for the concrete placed |n adits (Item
CL12.4)

: .Payment for furnrshmg and rnstatlmg metal plpes and f ttlngs for groutrng |
" of diversion: tunnel plugs will be made at the rate per tonne tendered_ '

Direct payment wrll not be made for pressure grouting the adit p!ugs and

' . therefore in the Bill of Quantltles (Item K.4.2)

CONTACTGROUHNGFORSTEH_CONDmT-(

General

Not ‘earlier than 30 days after comptetlng any sectron of concrete |

. embedment of the steel conduit in the outlet tunnel, the conduit shall be -

inspected by the Contractor in the presence of the Engineer to

“determined the extent of vords or cavities between the sieel and the o
concrete - o . o ) :

Based on thls 1nspectlon the Contractor shall drill and tap the steel if the
existing grout plugs prepared in the conduit are considered to be

- insufficient. The Contractor shall plug all holes i in the stee! on completion - -

of groutrng by approved methods

"If an approved external grout system has been installed by the-

Contractor, the inspection in paragraph a. of this Sub-Clause shall be

. repeated after grouting and the works in paragraph b. of this Sub-Clause

shall be undertaken where dlrected by the Engmeer and addrtronal

groutlng performed

a.

Materrats

Al materrats and eqmpment sha!t be |n accordance wrth thrs Sectron of
the Specrf catron ST : ;

b The grout mrx shaII be to the approva! of the Engrneer

Procedure o

a

The contact groutrng procedure shall be submrtted to the Englneer for :

- approval but must be done in such a manner that all vords and cavrtres .
- are comp!etety f lled wnh grout . ‘ -

The groutrng pressure shall not exceed 2 kglcm unless othenmse f _,

approved by the Engineer. .

V'The groutlng of each section shal] be contrnued umnterruptedly untrl
- holes or pipes cease to take grout. Grout holes or pipes adjacent to a -
L grout hook—up shalt be left open durrng groutlng operatlon to facrlltate the '
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~ escape of air and water from the voids and cavilies surroundrng the
steel. When grout is found to flow from adjacent grout conneclions in
- sufficient quantity to interfere seriously with the grouting operations or to
cause appreciable loss of grout such grout connectaons may be
K temporanly capped R _ _

d After all grout holes or connectrons ina sectron are ﬂowrng with groul of
- the same consistency as the inflowing grout, the grout holes can be
capped under the specified pressure and maintained at that pressure

unlrl grout has set. S . '

5 12 4 Payment

‘ '_ a Drrect payment wil not be made for groutlng of steel condurt and all
' costs shall be deemed to be included the applicable raté per cubic meter
tendered therefor in the Bill of Quantilies for the concrete surrounding
. the steel conduit. Such rates shall include cleanup and removal of grout -
© * Inside the conduit, and provrsron of an external grout system if proposed
- and approved LR ERT : Do , :

‘b, Payment for provrsron of grout holes and plugs in the steel condurl_ :
~ including additional holes drilled and tapped in the steel, as dirécted, and” -
- all plugging and repair of the grout holes and all repair painting shall be
deemed to be included in the applicable lump sum prices tendéred
. therefor in the Bill of Quantities for the Water Control Plant. .~~~
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