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INTRODUCTION

This report has been prepared as a result of a brief visit made
to the project from 24th May to 8th June 1963. It contains a summary of
drilling completed by the beginning of June, ' geological conclusions, an
outline of a modified drilling programme and a proposed Seismic survey,

and recommondations concerning improved drilling equipment for future work.

RESULTS OF DRILLING COMPLETIID BY‘8.6.63°'

D.D.1 (previously U.R.1) was completed in 1961 and the core has
now been examined in detail. Good correlation has beon found with the
surface geology, and the gabbro dykes shown in Plate 4 of Record 1962/95
are now knovn to occupy much of the bed of the river. These rocks are
mainly hard and strong and would make a satisfactory foundation for a low
deam. However, the major fault mapped on the surface near station JG (on
Plate 4) also continues along the river, as shown by the sheared and faulted
bed of incompetent shale penctrated by D.D.1 from T'6" to 31%6", the zones
of corc loss from 38' to 56'; and the traces of fault gouge and breccia
associated with the latter. The fault itself is estimated to lic at 48! in
the hole. The incompetent shale bed would not provide a satisfactory
foundation or abutment for a low dam, and excavation and anchorage diffi-
culties in the right abutment would he increascd by the presence of the
fault itself. Because of the lack of an ohviously favourable alternative
site, it is felt that the present site should not be abandoned at this stage
without first drilling D.D.1B to check the existence and extent of the shale
bed in the abutment. The inclination of D.D.1B may be altered slightly.
If D.D.1B reveals reasonably sound rock, D.D.1A should be drilled to
complete the investigation of the site.

The water pressure test results have not yet been received for
DlD.1l

Drilling was suspended on D.D.5 on 10th May because the depth at
which permeability testing was scheduled to start had been exceeded without
suitable storage tanks and pumps etc being available. The programme
provided for permeability testing in 20 ft stages as the hole deepened
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from 300 to 400 feet. The hole has now reached 345 feet without testing
being carried out. It is understood that it is planned to complete
drilling and testing of this hole to 400 feet as soon as the necessary
oquipment has been installed, Howevor, as far as can be ascertained,

it appears that the hole is cased to 103 feet only, and it is very likely,
for reasons outlined below, that the hole will have collapsed at 285 feet
and minor caving taken place at any depth from 103 feet dowm. If this
proves to be the casc, it may be advisable to drill a fresh hole. Should
it be necessary to suspend drilling of other holcs until permcability
tosting can be commenced, it is recommended that the holes be temporcrily
cascd to their full depth. ‘

Core and sludge samples from D.D.5 show that the boulder bed
described in Record 1962/95 extonds from the surface tc a depth of 101 feet.
This is approximately 50 feet deeper than was estimated in the longitudinal
section. The base of the boulder bed in the drill hole occurs at a level
which agrees closely with the highest outcrop of metamorphic rocks fow.d
600 feet to east in ncarby Loop Creck, (about R.L. 4,120'). The R.L. of
the tunnel at this point is about 3,855 feet. Running sands were encountorcd
in the boulder bed immediately above the unconformity (i.e. bedrock) and

at numerous other places in the formation.

From about 20 fect below the unconformity to a depth of 285 fect
in the hole the formations consist of interbedded fresh silicificd shales,
sandstones, and siltstones intruded by basic igneous rocks (probably gabbro).
Generally the thicker shale beds show a higher degree of fracuring than the
more competent sandstones; siltstones and igneous rocksy the core from
101 tc 159 feet is moderatecly sheared in places, but from 169 to 285 feet

there is little evidence of feulting or weak rocks.

From 285 to 315 feet the hole passed through a major fault zone
associated with an igneous intrusion. Core recovery was nil except for two
short lengths of gabbro. The driller took samples of the sludge from this
zonc which consists of dark gritty sand. Proeviously it was thought that
the sudden change from almcst 100% core recovery to nil recovery was due
entirely to the absence of rod grease causing excessive vibration of the
drill rods, thus pulverizing the already closely. jointed rock. It is now
evident, after discussion with the native driller, Mr. B, James, that the
sudden loss of core from 285 to.315 fect was not due to rod vibration but
1o the fact that the hole was penetrating a fault zone consisting mainly of
dark bluc-grey gouge, brecciz and clay, and remnants of the intrusive gubbro.
Fault gouge is rcadily dispersed by high velocity water at the bit face, and
whon sludge samplcs are taken only the coarser sand and grit fractioms
remain, the silt and clay size particles being reroved by the circulating

wator.
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Mr. Jemes reported that for most cf the interval from 285 to 315
feet, the formation was very soft and the average time taken to drill five
feet was about 5 to 10 minutes. The time required to drill five feet in
shale or sandstone olsewhere in the hele was usuclly 3 to 4 hours. In
addition, as soon as the soft zone was encowntered at 285 feet the drilling
wotor changed from light grey to dork grey or black and remained that colour

for thé ronaindcr of the hole.

There is no doubt that any vibration occurring at this stage would
have helped to break down the fault gouge and to disperse the clay fraction
in the drilling water, but the primary cause of nil core recovery from 285
to 315 feet is the existence of a large fault zone and the failure of the
BX equipment to core it. The reasons for vibration are discussed later in

this report.

The fault zonc encountered in D.D.5 supports carlier evidence gained
from surface mapping that the contact zones of the igneous intrusions are
sometimes faulted. The short lengths of gabbro recovored in the middle of
the zone are remmants of the intrusive rock. The constituents of the gebbro
are susceptible, under great pressure, to. chemical alteration to tale-like
minerals which have low strength and are naturally greasy. They readily
convert to fault gouge oh shearing and crushing. The apparent thicknesé
of the main fault zone is 30 feet; the true thickness is estimated to be
about 20 feet. (Those figures do not allow for the faulted bed of shale
described below.) The remainder of the hole from 315 to 345 feet is in
incompetont shalc which shows much evidonce of the proximity of the fault
zone. In fact,three 5-foot intorvals of nil or low recovery together with
the prescnce of fragments of blﬁe—grey gouge and breccla suggest that
associated faults exist. If, on decpening this hole to 400 feet it is
found that this is the case, it is ricommended thot the hole be continued
to at lecast 500 fecet to determine the extent of the faulted rock.
Permeability testing should be carried out from 265 feet to bottom; the
proposed programme will be altered to suit the geological conditions. On
prosent indications the thickness of faulted rock which will be encountcrod
in the tumnel at this point will be at least 50 fect.

D.D.6 was commenccd on 1st April and reached & depth of 42 fect
before being abandoned because of a spanner which was dropped down the holc.
The hole was re-drillcd about 2 feet away and eventually reached a depth of
81 feet before being again abandoned on my instructions. The hole cncountered
soil, fresh rock fragments, and weathered rock, underlain by what appears to
be gritty sands and silts. Very little core was recovered, but sludge samples
were takon. The hole was eveontually abandoned bccause of continuous caving
and jamming, and lack of sufficient power from the rig to drill-in NX or BX
casing. Much of the trouble with D¢D.6 was undoubtedly due to its proximity
to the first hole drilled at this site.
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The geological conditions encountered in D.D.6 are not those
anticipated and present a problem which camnot bo resolved until further
holes are drilled in the vicinity and a scismic survey carried out. Therse
are four possible geological interpretations which can be made on the

evidence to date. Briefly these are as followss-

1) D.D.6 is sited over a dcep sub.surface valley in the metamorphic

basement, filled with lacustrine or fluvial sediments and boulders.

2) D.D.6 has penetrated a thick mantle of landslide or slump material

which has gravitated from the lacustrine deposits above.

3)  D.D.6 is near a fault along which a block of lucustrine material

has becn moved to a lower level,

4) D.D.6 is in a fault zone in the metamorphic rocks and the sand

recovered is residual material from foult gouge and breccia.

There is evidence to suppert cach of these thecries, but it will
not be described here. It is obvious that, whichever theory is correct, the
engincering geological implications have a considerable bearing on the sclhime

and investigations for it.

Should a deecp sediment-filled subsurface valley exist near D.D.6,
the inference is that such a valley could be found at other places along
the tunnel line, possibly of sufficient depth to either reduce the thickness
of solid rock above the tunnel to a dangecrously low figure, or to be
encountered by the tumel. This question can only be resolved by a seismic

survey supported by percussion and diamond drilling where necessary.

If a great thickness of landslide or slump material exists on the
slopes adjacent to D.D.6 then conditions are unfavourable for constructing
a tunnel portal and surface pcenstock. A seismic survey would give a

continuous overburden-bodrock profilec.

If D.D.6 is in a block of down~-faulted lacusirine material then tho
implicaticns are that either the fault or the lacustrine material could be
encountercd near the tunnel portaly, and that such down faulted blocks could

exist elscwhere in the scheme.

If D.D.6 is in a fault zone in the basement rocks, as suggested undoer
4) above, it is possible that the fault is a major one or that an extensive
fault complex exists in the area, (evidence from costeans supports this).
A seismic survey supported by diamond drill holcs would be the best way of

checking this possibility

A revised drilling programme to be undertaken in conjunction with a

seismic survey is outlined in the next section.

1
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Hole P.5 was commenced and reached a depth of about 30 feet when it
was abandoned on my instructions. The drilling rig was moved to D.D.4y; which
has been re-located, and will be ready to spud-in about 12th June. (The rig
from D.D.6 was moved to the new location for D.D.7 and is ready to commence
drilling.) P.5 should not have been commenced at this stage as it is onc
of 6 holos contingent on the results of D.D.4, 5, and 6, which have not yet

been completed.

REVISED DRILLING PROGRAMME

Because of the difficulties encountered so far in pencirating both
overburden and lacusirine sediments, a modified drilling programme is proposed,
aimed at reducing the amount of diamond drilling and at providing contrcl foxr

a seismic survey.

D.D.1A and D.D.1B should be drilled as coriginally proposed, eoxcepi
that the inclination may be changed slightly.

D,D,2, 24; and 3 will be re-located because of a change in the
alignment of the proposed tunnel at the intake structure, (see new specifi-

cations, scctions and plans).

D.D¢4 hos been moved to chainage 1385' on the tunnel line with the
object of eliminating drilling through the boulder bed., It will now be a
vertical hole 320 feet deep. The new position and angle are less favourablc
geologically but this disadvantage will probably be more than of fset by

better drilling conditions and core recovery.

D.D,5 was drilled to 345 feet at which depth drilling was suspended.
The hole has been cased to 103 feet only, and it is very likely that the hole
has caved in at somo depth below the bottom of the casing. If this is found
to be the case, a decision as to whether the old hole should be drilled out
or a new vertical hole drilled should be made by the Drilling Supervisor.
If the existing hole is drilled out, it should bc decpened until the faulted
shale bed and associated fault zones have beon penetrated. This may require
drilling to a total depth of about 500 feet. The hole should be water prossure
tested from 265 feot (just above the fault zone) to the bottom. Care should
be exercised in scloccting depths for and pesitioning the packer in this lole.
If it is decided to drill a new vertical hole a site should be chosen well

away from the existing onc.

D.D.6 has been abandoned at 81 feet. t is not anticipated that any

further attempts will be made to drill from this site.

A new site (chainage 6500') has been chosen for D.D.7, (see sections
and plans). The now position is plamned to be below the bottom of the sodi-
mentary beds or away from the faulted zone; whichever interpretation is given
to results from D.D.6. The hole will be vertical and it is expected tha

the only difficulties 4o be encountered will be in penetrating the soil and
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rock overburden which may be up to 40 feet thick., The hole is planned to
extend 100 feet below the tunnel line to determine whether or not beds of

crystalline limestone occur at this point.

D.D.8 has also been resited to chainage 6754' and deepened for

similar rcasons. It is not proposed to drill D.D:8A at this stage.

D.De9 will bo drilled as originally planned but will be extendcd to
100 fect instcad of 50 feet.

It is not proposed to drill D.D.10, 11, 13, or 14. Only D.Di12 will
be drilled as proviously planned to provide control far the seismic swrvey

down the penstock slope.
D.D.16 and 17 will be drilled as prcviously planned.

In addition to these holes, it is likely that several cased percussion
holes will be required to investigate any critical zones rovealed by the
seismic survey. The percussion holes may be up to 400 feet decp and should be
large enough to teke NX sizc casing, which should be left in the holes until
it is decided whether or not diamond drilling will be continﬁod int» hedrock.
No delay will be caused while the services of & porcussion rig are obtained,
as the seismic survey has to be completed and plotted and there is ample work

for the diameond drill rigs.

Diamond drilling now firmly proposed totals approximately 1,500 fcot,
about 600 fect less than beforeé. Holes which may be drilled (or redrillod)
dopending on the rcsults of the primary holes or seismic survey total about
500 feect, 600 feot less than before. Porcussion holes might be expected to

aggrogate ahout 1,000 feet.

Specifications for new or relocated drill holes are attached to

this report.

PROPOSED SEISMIC SURVEY

In order to delincate the surface of the metamorphic bascment rocks
and to establish the presence of any subsurface scdiment filled valleys it
is proposed that a seismic traverse be carried out along the tunnel linc.
It is also proposed that a seismic traverse be carried out dovmn the penstock
slope to provide a continuous soil/rock profile, (see attached plan).
Results of these traverses will be of considcrable assistance in interproting

the structure in the vicinity of D.D.6.

Because of other commitments the geophysical perty will only have
time to do a single travcerse along each pegged line with one or two cross
traverses in interesting arecas. Traverses about 400 feet on each side of the

tunnel line would have had the fcllowing adventages: -

1) a subsurface contour map could be drawn showing not only the position
of any "valleys" but also their direction. The length of tunnel likely to

be affected could then be determined more exactlys
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2) an area would be defined within which the tunnel could be realignoed
to avoid any dangcrous zoncss
3) the two traverses would act as a check on cach octher.

However the single traverse as planned should provide sufficient

information for geological interpretations at this stage.

DRILLING TECENIQUE

The following comments are based on observations made during the
visit, and are offered in the hope that drilling teclnique and equipment will

be improved wherc necessary.

Boxing of Drill Core

Neither driller so far is marking the ccre lifts on both the cors
and box partition as recommended on page 44 of Hecord 1962/95. Unless this
is done cstimates of core recovery camnot be made for each 1lift. Wooden

"spacers painted red have only been used in place of lost core in D.D.1.

The heavy NX core boxes with hinged lids are aexcellent, but the
BMLC core boxes with sliding lids are inconvenient to handle and often warp
so that the lid does not fit. The sliding lids are ceasily jammed by pro-

truding picces of corc which cannot always be pressed down.

The core shed is of excellent design but its capacity of 1,800 feot
of NX or NMLC core will probably be exceeded towards the end of the investi-
gation. There is a stock of 1,800 feet of NX or NMLC boxes, and 880 fcet
of BMLC boxes,; but there arc no BX boxes. Additional ccre boxes will probably

not be required for the preosent phase of work.

BX core should not be put in BMLC boxes as hes been done for D.D.5.

Boxes so mistreated have bulged and split,.

Drillers Log Sheets

Neither driller is filling in his daily report with sufficient
information., In many cases there is no information recorded about the colour
or quantity of rcturning drill water, about penetration rates, about diemond
size and bit footage, or about the exact type of core barrel used. All tiis
information is vital to the geclogist when interpreting the core (e.g. fault
zone in D.D.5) and should be carcfully noted and recorded every day. Othcr
information scometimes omitted from the daily report is depth to water table;
exact time spent coring, running in cr out of the hole, and length of core
recovered. In some cases no distinction has been made betweon core and
sludge samples, both being rgcorded as "Core Recovered". It is the Drilling
Supervisor's responsibility to sece that information requested on the report

form or by the geologist is obtained without fail. The following list -
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contains most of the items required daily:-

a) Colour and quality of return water and depth at which changes

occur.

b) Quantity of drill water returning to surface and depth at which

changes occur i.c. full return, partial return, no return.

c) Penetration rates and pressurc on bit = the time (%> nearest 5 mins)
required to drill each run. Time spent running in or out c¢f hole -should not

be included here.

a) Type, diamond weight, diamond size and footage obtiiined for each
bit; also depths.

e) Size and oxact type of core barrel used c.g.
5! NMLC double tube, stationary immer tube.
5! MMLC triple tube, stationary split imner tube.
10Y BX double tube, stotionary tube.
10' BMLC dcuble tube, stationary split irmer tube etc.

f)  Depth to standing water tatle at start of each shift.

g) Length of core recovered.

h)  Length of run drilled and depth.

i)  Depth and sizc of casing.

j) Time spent coring, pressure testing, running casing or rods,
standing, pulling casing, setting up, laying water line, rig shifting cte.

The daily report sheet at present in usc is well laid out and

provides ample spuce to record this information.

Drilling Equipment

Both drillers are seriously handicapped by lack of proper equipnent,
and the speed, cost, and geological results of the drilling programme are being
adversely affected. The Drilling Supervisor has forwarded a list of itcns
roquired, which I have discussed with him, and T strongly urge that this
equiﬁment plus spares be obtained immediately. Particular attention is drawn
to lack of the following items:-

Drill rod clemps and cusing clamps for both rigs - meinly NX and BX

sizes.
Jaws for large Stilsons.

" Core barrel wrenches, (Parmalee wrenches).
Socket and open end spanners and other hand tools.
Brazing and welding gear.
Pressurc gauges and fittings for the hydraulic feed mechanism in both
rigs.
Pressure gauges and fittings for the circulating pumps.
Cement for drill foundations and grouting.
Quick set additives for grouting.

Sparc parts for all pumps.
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In addition to these items of a general nature, there is, or will
be in the near future, a shortage of all types of casing, espcecinlly if holes
have to be completcly cased while awaiting water »ressure testing. The
attached list gives stocks held at the beginning of June. There is an
urgent need for short 1 and 2 foot lengths of NX and BX casing. Their
absence is causing great difficulty in drilling-in casing and results in
deterioration of the hole environs by caving which takes place in the long

delay between drilling and positioning of casing.

With regard to bitsy; a list of those at present held in stock is
attached. At present (June 8th) there are no NX casing bits available which
means that neither rig will be able to spud in on the new sites until more
arrive. The rig on P.5 was idle for about 8 days because no NX casing bits

were available.

Stocks of suitable NMLC and NX bits are inadequate, as are NMLC, NX,
and BMLC reamer shells. '

All bits and reamer shells at present in stock have a diamond size of
30 or fewer diamonds per carat. Many arc about 14 to 25 diamonds per carat.
These diamonds are too large for economical drilling in the conditions
prevailing, and it is recommended that all bits purchased in future have

diamonds rumming not fewer than 50 to 60 per carat.

At present there is only one serviceable 5' NMLC triple tube stationary
split inner tubc core barrel on the site, and onc similar 5' BMLC barrel.
There is one serviceable 10! double tube stotionary core barrel of cach size,
a serviceable 10' BMLC triple tube stationory barrel, a serviceable 5' BHLC
double tube staticnary split inner barrel, and various single tube core
barrels. There should be two barrcls (with spares) of the following to

enable both rigs to drill with M-type equipment:-

5' NMLC triple tube, stationary split imner tube core barrel

5! BMLC i 1" n 1 n n " 1
10! NMLC n " n n fn " n n
10! BMLC 1 " " 1 " 1" " "

Triple tube barrels arc preferred to the double type because of the
better chence of recovering core in fault zones. As recommended in Recard
1962/95, a2ll drilling should be with bottom discharge "M" bits.

It is strongly recommended that suitable pressure gauges be fitted
to both circulating pumps and hydraulic feed mechanism on the drill rigs.
Their use will assist in obiaining good cores if fluctuations in pressure

are carefully noted and responded to by the drillers.
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Rod Vibration

During driliing of D.D.5 it was reported by the Drilling Supervisor
that excessive vibration of drill rods ﬁas occcurring and that core recovery
~ had decreased from 100% to almost zero because of it. The vibration was
thought t0 be duc to the absence of rod grease in accordance with instructions
contained in the report on permeabilify testing. However, discussions with
the driller concerned revealed that he was not in the habit of using rod
grease anyway, cxcept when the drill rods had become rusty through standing
over the weekend out of the hole. In addition, the onset of severc vibrotion
apparently coincided with penetration of the major fault zone ot 285 fceet,
and the sudden drcp in core recovery is due as much to the clay and fault
breccia encountered a2t this depth as it is to vitration pulverizing the corc.
The principal causes of rod vibration are probably lack of rod groase and the
use of A-size drill rod in HX or BX hole. Rod grease should be used at all
times during drilling except within 10 feet of »proposed test seetions. After
a sectionm has beecn tested rod grease can be used on the corresponding longth
of drill rod provided it is not within 10 feet of the next section to be
tested. When 20-fcot scctions eore being alternatively drilled and testod,
the greatest length of core barrcel and rod that nceds to be frec of greasc
is 30 feet. A short 1@ngfh such as this should not give rise to noticeable
vibration in the drill string. The use of A-size rods in WX or BX hole is bad
drilling practicc and it is well known that the large amnulus so created will
permit the drill rods to "whip", causing the bit to pound up and down on the
bottom of the hole and producing severe vibration. The coffect becomes more

pronounced in deep holes.

To avoid rod vibration in the remaining deep koles it is strongly
recommended that cnough N-size rods be obtained to permit both rigs to drill
to about 200 to 300 feet with this size. Sufficicnt B-size rods should be
provided to permit at least one rig tc drill to 500 feet in this size. There
is no doubt that core recovery in bad ground will be greatly improved if this

is done.

Measurement of Standing Water Level

The drillers have no equipment to measurc standing water levels at
the start of cach shift. Until now the depth to water has been sstimated
10 the nearest 5 feet visually or by lowering a line. These methods may be
satisfactory when the water level is ncar the surface but are not relable for
deep measurements. It is recommonded that eithor an electric or sonic
sounding device be provided for each drill rig so that daily mcasurements
can be taken. Readings should be continued daily for about a month after the

hole is completed, until equilidbrium with the ground water table occurs.

Measurements of standing water level are not only of considerable usc
in estimating slope stability and in analysing weathering profiles, but they
also play an important part in determining pressures to be used in

permeability testing.
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PERMEABILITY TESTING

Pressures for Permeability Testing

The test pressures given in Table 3 of the report on permeability
testing are basel on the assumption that the water table will be at or near
the collar of most drill holes, as stated on page 9 of the roport. A
further assumption is made that the full theoretical hoead is exerted by the
groundwater at any point below the water table. With regard to the first
assumption, from the results of drilling to datc it now appears that the
water table will be at 2 considerable depth (about 80') below the surface in
some areas at least. The specified test pressures would therefore be reduced
accordingly, and the new pressures can be calculated using the fofmula cn

page 9 of the report.

The proportion of the full thecretical groundwater head that is
assumaed to act at a test scetion is a rather indefinite amount and should be
arbitrerily choseon as a-% or %-etc. by the geologist depending on his rough
estimate of the permeability of the rocks by inspoction of drill core, i.e.
whether joints appear to be tight or open, and on return of drilling water.
In the case of D.D.5, open joints have been found in the drill core and it is
felt that the ratio used should be about 3, certainly not less than %.

&s the drilling programme progresses, more water table levels and
core will be obtained which will provide a basis for determining actual test
pressures to be used. The pressures given in Table 3 are intended to
demonstrate the type and extent of testing programme envisaged and the
approximate magnitude of pressures required, so that suitable pumping equip-
ment etc. may be brought to the site. In scme, but not all, coscs they will

be the pressures actually uscd,

Results from D.D.5 show that the standing watcr lcvel is approximately
70 to 80 feet from the surface, and that about~%—of the full groundwater hcad
might be cxpected to act at a test scction. On this basis the highest
effective test pressure required for the section 380 to 400 feet (yet to
be drilled) will be about 100 pes.i. (300 x 0.434 x 0.75) and not 190 p.s.i.
as provisionally calculated. The gauge pressure required for an effective test
pressure of 100 p.s.i. would be about 70 to 90 p.s.i, depending on the pipe
friction. D.D.6 has been abandoned and will not be pressure tested. The only
other holes requiring high test pressures are D.D.4 and the new D.D.T, but it
is not possible to calculate the required gauge pressures until some water-

table figures and drill cores have been obtained.

An accompanying map shows the proposed site of a water storage (B)
tank near D.D.5, which will supply water for pressure testing to D.D.5 and
D.Ds4. In the case of D.D.5, the head available is approximately 195 feet,
and if suitable low friction loss large diemeter supply pipe (e.g. 13") is
used between tank and hole it is possible that the required gauge pressures

can be maintained without the use of pumps,
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Test Pressurces for DeDebe

It is not possible to give a detailed testing programme for D.D.5
wuntil the hole is re-opened and the depth to any caved scctions is ascertained.
As described earlier in this report, D.D.5 was drilled to 345 feet before
drilling was temporarily suspended and the rig moved to P.5. Pressure testing
in DeD.5 should hove commenced at 300 feet and continued in approximafely
20-foot scchions (when safc to set packer) as the hole deepencd. The situation
is complicated by the existence of a major fault zone from 285 to 315 fcet,
possibly cxtending beyond the bottom of the hole. It woulld not be wisce to
set the packer in the fault zone because of the danger of jamming and the
poor seal likely to rosult. This means that the scction from 285 to 315 feet
will probably have to be tested in one stage by setting the packer between
280 feet to 285 feet. It is very likely that the hole will have collapsed
up to about 285 foct by the time pressure testing commences. If this is so,

a 20-foot section from 265 to 285 feet should be tested in an attempt to
establish the permeability of unfeulted rocks The hole should then be drilled
through the fault zome to 315 feet and this section tested. Drilling and
tosting should then continue in approximately 20-foot stages until the sone
affocted by faulting is passcd. Care should be takon in choosing setting
depths for the packer in the bed of faulted shale from 315 feet to 345 feot.

The following table gives a tentative tosting programme for D.D15.
It is basged on the assumptions described above and may be altored to suit
ccnditions. In the cvent of it being found impossible or dangcrous to set
the packer in faulted rock, pressurc tests should be done with the packer
set at a constant depth (say about 280 feot) as the hole is deepcned in

20~-foot stages.

Test Prossures for D.D.5

Distance from

collar to test Gauge pressurcs Depth of packer
section Pg
(feet) (DeSeia) (foot)
265 to 285 20, 25, 30, 35, 40 Betwecn 260 to 265
285 to 315 25, 30, 35, 40, 45 Botween 280 to 285
320 to 340 20, 30, 40, 50, 60 Between 315 to 320
340 to 360 25, 35, 45, 55, 65 Betweon 340 to 345

Tosts below 360 fcet will be determined by core recovered.

Hydraulic Packers'

Enguiries have beon made to Triefus Industries and Snowy Mountains
Authority about safe pressures for hydraulic packers. S.M.A. officers advise
that they have inflated the rubber sleeves at pressures up to 250 p.s.i.
without i1l effectsg so it appears that there is an adequate safety margin for

tests at the Ramu should scaling pressures of up to 200 p.s.i. be required.
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This is, of course, providing the rubber sleeve is in good condition. It

was pointed out by the S.M.A. that although the absolute pressure in a teet
soection may be 300 to 400 pes.i. an efficient scal can often be obtained when
the packer has bcen inflated by a pressurc of 50 to 100 p.s.is, only. At first
sight this appears to be impossible until it is remembored that when the
rubber sleeve is in the expanded ppsition the water inside is completely on-
trapped, and the slcove camnot be deflated by external pressure, no matt.r
how great, unless the seals or slecve binding fail « The actual pressure
required in the sleeve to ensure a complete seal will vary according tc the
adhesion and friction forces between the sleeve and the sides of the hole.
The drilling supervisor or engineering gcologist should decide the scaling
pressurc after inspecting the corc and taking into account the degrec of
fracturing at the chosen position. The effectiveness of the seal is checked
by observing whother or not water flows from the collar of the hole during
the initial 15 to 20 minute stabilising period.

It thorefore appears likely that packers can be made to scal ot
pressures cf about 100 pesei. and that they will not usually be required to

withstand infleting pressures of the order of 200 p.s.i. at the Ramu project,

Another suggestion made by S.M.A. is thot BX packers be used in li-size
holes and AX packers be used in B-size hcles, when there is a possibility of
caving causing the packer to jam. There would bo greater clearance betwcen
the deflated packer and side of hole with this arrangement and thereforc less
chance of fragments of rock being dislodged when lowering or raising the

testing string,

Attached is a scet of notes on the oporation of hydraulic packers and
a sectional diagram. The notes.are copied from instructions supplied by
Triofus Industries Litd.

It is suggested that as conditions for water pressure testing at Ramu
are likely to be difficult becausce of the fhinly bedded and broken nature of
the rock in places, it might te advisable to have two "cup" type packers
available for testing isolated scctions in some holes. This type of packer
has been described in correspondence, but a further morce detailed description

is available if required.

Storage Tanks and Supply Lines

Proposed positions for storage tanks for pressure testing are showm
on an accompanying map. Tank A will supply pressure watcr to holcs D.D.T, 8,
and 9; and to any other holes required in this area. Tank B will supply water
to DaDe5 and D.De4ds All holes at the intake, weir, and powerhouse sites will

\

be tested with water from the Ramu river.
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Supply ﬁipos to the tanks from nearby creeks can be any diamcter
compatible with the pumps cmployed. Dclivery lines from the tanks to drill
holcs should heve a nominal diamcter not less thon 15" to avoid friction losses
at high flow rates. Quantitics of pipe required can be measured approximately

from the map.

Communication Equipment

In order to avoid moving the test pump to each hole in turn, it is
suggested that it be located at the storage tank site. This will necessitate
a two-way telephone system between the pump opcrator and persoh carrying out
the testing at the drill hole. Otherwise quick regulation of flow rates and

pressures may be impossible to achicve.

Other Equipment

Only one suitable pressure gauge (0-500 p.s.i.) is at present on the
site, Other gauges rcquired arc described in the report on permeability
testing. Besides the gauges used for tests, a set should be kept at the
drillers' ocamp for calibration purposes. All pressure gauges and flow meters

should be checked after each holc is completed.

The supply line in the hole for pressurs testing should be either
14" or 14" wrought iron or steel pipe, or AX or EX casing. Reliable testing

cannot be carried out using drill rods.

A possible source of water for drilling and testing holes on the
penstock slope is at the limestone cave in Chasm Creek (sece "cave" on map) .
Plentiful water is always available at the mouth of the cave. However,
access to the cave is extremely difficult and it may not be possible tc placea
suitable pump and engine there. In this case it may be worthwhile to considoer
using a small hydraulic ram supplied and driven by water from higher up

the crcek which falls steeply at this point,

8.7.63. J.K. BILL

Geologist, Grade 2.
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GEOLOGICAL LOGS OF D.D.1 AND D.D.5.
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE
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SPECIFICATICNS FOR NEW DRILLING




BUREAU OF MINERAL RESOURCES

GEOLOGICAL, BRANCH

SPECIFICATIONS FOR DRILLING

PROJECT ¢ Upper Ramu Hydro-electric Project.

DRILL HOLE No. D.D.2, (new location).

TYPE OF DRILLING: Diamond drilling with triple tube stationary split
imner tube NMLC barrel,

LOCATION: Collar as shown o plan of intake structure.

OBJECTIVES OF DRILLINGs: To intersect proposed tunnel 100 feet from river
and to extend 40 feect below invert.

SITE INDICATED BY: Not marked.
DRILL SITE PEG, CO-ORDINATES: —

METHOD OBTAINED -

R.L. OF GROWND SURFACE: 3,940 feet approx.
METHOD OBTAINED: From topographic map.

DIRECTION OF HOLE: - INDICATED BY: -

REQUIRED SLOPE (ANGLE FROM HORIZONTAL):  -90°

REQUIRED SIZE:  MNLC

REQUIRED DEPTH (IN TERMS OF OBJECTIVES): To sample rock types invicinity
of intake structure; to detect any faults; and to determine
soundness of rock by water pressure testing.

ANTICIPATED DEPTH: 120 fect,

ANTICIPATED DRILLING CONDITIONS (STRATA, STRUCTURES): Five to ten feet
of overburden then hard strong silicified greywacke, siltstone
with weaker beds of shale., Thinly bedded rock closely jointed.
Dolerite dykes, possibly faulted; may be encountered. Any fault
zones cncountered will consist of soft blue gouge and broken rock.

WATER PRESSURE TESTING REQUIRED: Every 20 ft throughout the hole. Pressurcs
used will be similar to those for original D.D.2, but will be
finally determined by cngineering geologist. Water level to be
measured at start of each shift.

SPECIAL REQUIREMENTS: As for original D.D,2,

SITE SET OUT BYs Not marked. DATE 8.7.63.

J.XK. BILL
Ingineering Geologist




BURBAU OF MINERAL RESOURCES

GEQLOGICAL BRANCH

SPECIFICATIONS FOR DRILLING

PROJECT s Upper Ramu Hydro-electric Project.

DRILL HOLE No. D.D.3 and 34, (new

TYPE OF DRILLING: Diamond drilling

location).

with triple tube stationary split

inner tube NMLC barrel.

LOCATION s Collar as shown on plan of intake structure.

OBJECTIVES OF DRILLINGs D.D.3 1

o intersect proposed tunnel 200 feet from

river and to extend 40 fcet below invert. D.De3A depends on

results of D,D.3 and sh
SITE INDICATED BY: Not marked.
DRILL SITE PEG, CO-ORDINATES: Not
METHOD OBTAINED: —
R.L. OF GROUND SURFACE: 3,965 ft
METHOD OBTAINED: From topographic

DIRECTION OF HOLE: 312° magnetic.

ould be drilled at direction of geologist.
surveyed.
« APPTOXe

map.

INDICATED BY: Not indicated.

REQUIRED SLOPE (ANGLE FROM HORIZONTAL): -60°,

REQUIRED SIZEs NMIC.

REQUIRED DEPTH (IN TERMS OF OBJECTIVES): To test rock at point where

dolerite dyke intersect
D.D.2.

LNTICIPATED DEPTH: 170 feect.

ANTICIPATED DRILLING CONDITIONS (STE

As for D.D.2.

WATER PRESSURE TESTING REQUIRED:

SPECIAL, REQUIRFMENTS: As for D.D.

SITE SET OUT BY: Not marked.

s tunnel line. Other objectives as for

RATA, STRUCTURES)s:

Every 20 feet throughout hole as for D.D.Z2.
2.

DATE: 8-7- 630

J.K. HILL
Inginecering Geologist




BUREAU OF MINWERLL RESOURCES
GEOLOGICAL BRANCH

SPECIFICATIONS FCR DRILLING

PROJECT:  Upper Ramu Hydro-electric Project.

DRILL HOLE No. D.D.4, (new location).

TYPE OF DRILLING: Diamond drilling with triple tube stationary split inner
tube NMLC barrsl.

IOCATION: Collar at chainage 1,385 ft. (approx) on tunnel line,

OBJECTIVES OF DRILLING: To intersect tunnel line 1,440 feet from intake
and to extend 50 ft. below it.

SITE INDICATED BY: White stake marked D.D.4.

DRILL SITE PEG, CO-ORDINATES: Not surveyed.,

METHOD OBTAINED: —_—

DRTLL SITE PEG, R.L. OF GROUND SURFACE: 4,130 ft. approx.
METHOD OBTAINED: From topographic map.

DIRECTICON OF HOLE: —— INDICATED BYs -

REQUIRED SLOPE (ANGLE FROM HORIZONTAL)  -90°

REQUIRED SIZE: NMLC as deep as pcssible.

REQUIRED DEPTH (IN TERMS OF OBJECTIVES): The main objectives of this hole
are:~ to provide a continuous sample of the rock types which
will be encountered in the tunnel from chainage 1000 to 1600 fects
to test the large igneous intrusion crossing the tunnel at this
point for faultings to detect any other faults; and to detcermine
the soundness of rock around the tunnel at the point of intersection.

ANTICIPATED DEPTH: 320 feet,

ANTICIPATED DRILLING CCNDITIONS (STRATA, STRUCTURES)s A few feet of
overburden and soft weathered rock, pagsing into strong hard
thinly bedded greywacke, siltstone and weaker shale, with hard
strong dolerite dykes except where faulted., Rock will be closely
jointed in many places. Any fault zones encountered will consist
of soft blue gouge and broken rock.

WATER PRESSURE TESTING REQUIREDs Every 20 £t from 220 to 320 fect according
to the procedures described in the report on permeability testing.
Pressures used will be determined by engineering geologist but
will bo approximately those in Table 3 of report on permeability
testing. Water level to be measured at start of each shift,

SPECIAL REQUIREMENTSS Hole to be drilled with triple tube NMLC barrel as
decp as possibles If bad ground encountered at tunnel line, hole
to be deepened at direction of engineering geologist. Hole to remain
fully cased on completion until instructions received to remove

SITE SIET COUT BY: J.K. Hill and casing.
R. Campbell.
DATE:  5.56.63.

J.K. HILL
Engineering Geologist




BUREAU OF MINERAL RESOURCES

GROLOGICAL BRANCH

SPECIFICATIONE FOR DRILLING

PROJECT: Upper Ramu Hydro-electric Project,

DRILL HOLE No. D.D.7; (new location).

TYPE OF DRILLING: Diamond drilling with triple tube NMLC barrel, with
stationary split imnner tube.

LOCATION: Collar 16 ft. north of peg 6483.72 on tunnel line.

OBJECTIVES OF DRILLING: To intersect proposed tunnel 500 £t from outlet
portal and to extend 100 ft below it. The main objectives of the
hole are:- +to determine the depth of overburden and weak,
weathered rock, to provide a continuous sample of rock types
likely to be encountered in the tunnel in this areaj; to detect
any fault zones; to determine the permeability and soundness
of rock around the tunnel at this point; and to determine whether
or not beds of permeable crystalline limestone are present.

SITE INDICATED BY: White stake marked D.D.7.

DRILL SITE PEG, CO-ORDINATES: Not surveyed.

METHOD OBTAINED: —_—

DRILL SITE PEG, R.L. OF GROUND SURFACEs 4,050 ft approx.
METHEOD OBTAINED: From topographic map.

DIRECTION OF HOLEs - INDICATED BY: -

REQUIRED SLOPE (ANGLE FROM HORIZONTAL): =90°

REQUIRED SIZE: IX to greatest possible depth.

REQUIRED DEPTH (IN TERMS OF OBJECTIVES): 100 feect below proposed tumnel
linc (at this point R.L. of tunnel is 3,850 ft). If bad rock
conditions are encountered the hole should be deepened at the
direction of the engineering geologist.

ANTICIPATED DEPTHs 300 feet.

ANTICIPATED DRILLING CONDITIONS (STRATA, STRUCTURES): Unconsolidated soil and
rock overburden for first 20 to 40 feet, thence thinly bedded
weathered metamorphic rocks passing into hard strong fresh
silicified greywacke, siltstone and shale. Hard strong igneous
intrusions will be encountered. Fault zones may be met with
which will give rise to difficult drilling conditions.

WATER PRESSURE TESTING REQUIRED: Every 20 £t from 150 £+ to bottom of hole,
in accordance with procedures described in the report on permea-—
bility testing. Pressures to be used will be specified by geologist
when depth to water table is known. Standing water level to be
measured at start of each shift.

SPECIAL REQUIREMENTS: Every effort should be made to drill NX hole to the
full depth. Triple tube stationary split inner tube barrels should
be used at all times. Other requiremonts as for D.D.4., Hole to
remain fully cased on completion until instructions are received to
remove casing.

- SITE SET OUT BY: J«K. Hill and DATE: 5e6.63
R. Campbell.
' J.K. HIIL
ENGINEERING GEOLOGIST




BUREAU OF MINZRAL RESOURCES

GEOLOGICAL BRANCH

SPECIFICATIONS FOR DRILLING

PROJECT: Upper Ramu Hydro-electric Project.

DRILL HOLE No. D.D.8, (new location).

TYPE OF DRILLING: Diamond drilling with triple tube stationary split inmner
tube NMLC barrel.

LOCATION: Collar 31 ft north of peg 6722.61 on tunnel line.
OBJECTIVES OF DRILLING: To intersect proposed twmnel 250 feet from outlet

portal and to extend 100 feet below it. Main objectives as for
D.D.T.

SITE INDICATED BY: White stake marked D.D.S8.

DRILL SITE PEG, CO-ORDINATES: Not surveyed.

METHOD OBTAINED: -

DRILL SITE PEG, R.L. OF GROUND SURFACE: 3,945 ft approx.
METHOD OBTAINED: From topographic map.

DIRECTION OF HOLE: ~— INDICATED BY:  ——
Rmﬁmm SLOPE (ANGLE FROM HORIZONTAL) -90°
REQUIRED SIZEs NX to greatest possible depth.

REQUIRED DEPTH (IN TERMS OF OBJECTIVES): As for D.D.T.

ANTICIPATED DEPTHs 200 feet.

ANTICIPATED DRILLING CONDITIONS (STRATL, STRUCTURES): As for D.D.T.

WATER PRESSURE TESTING REQUIRED:s  Every 20 ft from surface of bedrock to
bottom of hole. Other requirements as for D.D.7. Water level
t0 be measured at start of each shift.

SPECIAL REQUIREMENTS:

SITE SET OUT BY: J.K. Hill and DATE: 5.6463.
R. Campbell.

J.K. HILL
ENGINEERING GEOLOGIST




BUREAU OF MINERAL KESQURCES

GEOLOGICLL BRINCH

SPECIFICATICNS FOR DRILLING

PROJECT: Upper Ramu Hydro-electric Froject.

DRILL HOLE Noc. D.D.9.

)

TYPE OF DRILLING: Diamond drilling with triple tube stationary split inner
tube NMLC barrel.

LOCATION: At proposed site of surge tank (chainege 7004) on tunnel linc.

CBJECTIVES OF DRILLING: To test soundness of foundation rocke.

SITE INDICATED BY: B.M. VI.

DRILL SITE PIG, CO—ORbINATISs Not surveyed.

METHOD OBTAINED: -

DRILL SITE PEG, R.L. OF GROUND SURFACE: 3,847 feet approx.
METHOD OBTAINED: ° Preliminary survey.

DIRECTION COF HOLE: -—- INDICATED BY: -

REQUIRED SIOFE (ANGLE FROM HORIZONTAL)  -90°.

REQUIRED SIZEs NHLC.

REQUIRED DEPTH (IN TERMS OF COBJECTIVES): To determine thickness of soil
and rock overburden; thickness of soft weathered bedrock, and
to deotect any beds cf pessibly highly permeable crystalline limestone.

ANTICIPATED DEPTH: 100 foct.

ANTICIPATED DRILLING CCNDITIONS (STRATA, STRUCTURES): Twenty to forty fcet
of soil and rock dcbris, thoreafter wenthered rock passing into
hard strong silicified greywacke, siltstone and weaker shale.
Crystalline limestone may be encountered.

WATER PRESSURE TESTING REQUIRED:  Any beds of limestone encountored should be

pressure tested as directed by geologist. Water level to be
measured at start of each shift,

SPECIAL REQUIREMENTS: Driller to be on lookout for sudden losses of drilling
water.

SITE SET OUT BY: C.D.W. Surveyor. DATE:  8.7.63.

J.K. HILL
Ingineering Geologist




BUREAU OF MINERAL RESOURCES

GEOIOGICAL BRANCH

SPECIFICATIONS FOR DRILLING

PROJECT: Upper Ramu Hydro-electric Project.

DRILL HOLE No. D.D. 16 & 17 (New locations).

TYPE OF DRILLING: Diamond drilling with triple tube stationary split
inner tube NMLC barrel.

LOCATION: Proposed powerhouse site (see Map 1 - Scheme Layout and
Geological Plan).
OBJECTIVES OF DRILLING:

To determine soundness of foundation rock and degree of
development of solution cavities and joints.

SITE INDICATED BY: Not marked.

DRILL SITE PH3, CO-ORDINATES: 1? —

METHOD OBTAINED:

DRILL SITE PEG, R.L. OF GROUND SURFACE: 3,195 ft.

METHOD CBTATIVED:

DIRECTION OF HOLE:

Preliminary survey.

—— INDICATED BYs -

REQUIRED SLOPE (ANGLE FROM HORIZONTAIL) -90°

REQUIRED SIZEs NMLC

REQUIRED DEPTH (IN TERMS OF OBJECTIVES): To determine soundness of
foundation rock beneath proposed powerhouse., Hole should be
deepened if necessary to investigate any bad rock at dircction
of enginzering geologist.

ANTICIPATED DEPTH: 50 ft.
ANTICIPATED DRILLING CONDITIONS (STRATA, STRUCTURES): Modérately hard
and strong marble with two well developed joint systems.

Drilling water losscs are likely. Minor intrusions of hard
strong doleritc may be cncountered.

WATER PRESSURE TESTING REQUIREDs Every 10 £+, throughout holcs in
accerdance with procedures in B.M.R. report on pcrmecability
tosting.,

SPECIAL REQUIREMENTS:
Driller to note any loss of water while drilling.

DATE: 10.7.63.

J.K. HILL.
ENGINEERING GEOLOGIST
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DESIGN LKD OPERATICN OF HYDRAULIC PACKERS

1. Introduction

In developing this packer the aim was to mecet what is considered to
be the essential requirements of a water pressure tcsting packer for use under
various conditions encountered in both shallow end decp diamond drill holes.
It is considered that these requirements are as follows:

(i) Be capable of boing expanded against the wall of the drill hole
over a length sufficient to prevent water which is being pumped
into the test sectimm from leaking past the seal into the hole
above the test section.

(1ii) Be capable of being readily moved to 2 sound or good scaling porticn
of the drill hole without the necessity of withdrawing the cntire
drill string.

(iii) Have ample clearance botween the vacker and the wall of the hole in
the unexpanded position so that tearing of the expanding sleeve
material cammot occur when lowering and raising the packer to and
from the sealing location.

(iv) Have amplc cxpansion of the sealing matcrial so that slightly
oversize portions of the drill hole may be sealed efficiently.

(v) Be tested thoroughly prior to use in a drill hole so that any defects
may be deotected and ovorcomes The packer should be tested in casing
which is slightly greater in diameter than the hole and should be
tested for long periods over the full range of pressures to be used.

(vi) Be as simple to operate as possible so that it may be used correctly
by the average drill operator under all possible conditions.

(vii) Be as simple in design as possitle to avoid the use of oxtrancous
material which could be torn off or brcken thus causing jamming of
the packer or rods. An example of this is hose for the passage of
compressed air or water.

2. General Description

The hydraulic packer utiliscs a three fcot long rubber slecve which
is expanded by woter under pressure, sufficiently to force the rubber sleeve
outwards against the hole wall. Before the test is commenced the water
inside the skeve is trapped completely by isolating the water supply holes
to the sleeve between a set of seals. At the same time another set of holes
located below the rubber sleeve ore opened to cllow water to pass into the
test section. Because the sleeve is held in the expanded position by
entrapped water the sleceve cannot be deflated by outside pressure; no matter
how great, unless the scals or sleeve binding fails.

Indications are that this packer should solve the problem of
obtaining an efficient method of sealing drill holecs under all conditions
in both bedrock and overburden.
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3. Principles of Design

(1)

(1)

(1ii)

The packer consists of s

3 feet long soft rubber slecve-+-inch thick-23 inch 0.D. for
'W' holes and 1% inches 0.D. for 'B! holes. This sleeve fits
over the outer tube and is bound at either end,

An outer tube containing a plug at its lower end and N or B

rod ferrules above and below the rubber slceve. There are four
holes & inch diameter for the 'N' packer and 7 inch diamcter for
the 'B' packer situated under the rubber slecove. Below the lower
ferrule are sixtecn holes to permit watcr to cnter the test
section. These holes are & inch diameter for the 'N' packer and

4 inch diemeter for the 'B! packer.

An inner tube which slides inside the outer tube. Four holes are
located between two sets of seals and are opposite the four upper
holes on the outer tube beneath the rubtor sleeve. Another two

sets of seals are located on the inner tube such that the sixtecn
holes on the outer tube are isolated betwoen them when the packer
is in the sealing or "DOWN" position. The upper end of the inmer
tube is threaded to take an adaptor coupling to the drill rods.

4. Principlcs of Operation

(1)

(i)

(iii)

(iv)

(v)
(vi)

(vii)

(viii)

The packer is lowered down the hole by mcans of drill rods attachcd
to the inncr tube which is in the "DOWN" position, that is the two
sets of four holes are matching but the 16 holes on the outer tube
are isolated between the lower scets of =eals on the inner tube. At
the same time the adaptor coupling on the immer tube is at the
bottom limit of travel., ‘

As the packer is lowered below the water table, the resistance of
the packer ensures that the outer tube is kept forced up against the
adaptor coupling.

When the packer reaches the desired sealing location the short drill
rod containing the pressure gauge is added and the testing arrango-
ment is attached to this short drill rod which has a sealed coupling
on top.

The pulling plug is connected to the short drill rod and thus the
drill string. The footclamp jaws are then removed and the drill rods
are then supported by the winch rope.

The pump is then started and the water allowed to bypass,
When ready to seal the packer the bypass valve is gradually closcd.

The water then flows down the drill string and passes through the
four matching holes, inclating the sleeve against the hole wall,

When a scaling pressure of from 30 to 100 p.s.i. is rcached the
drill string is raised a little more than seven inches until the
pressure gauge registers a sudden drop in pressure, thus indicating
that the sleeve is isolated and the lower sixtecn holes are opened.



(ix)

(x)

(x1)

(xii)

(xiii)

(xiv)

(xv)

(xvi)

3.

The sealing pressure used will depend on the hole conditions
encountered and must be reviewed in each case.

At stage (viii) the rubber sleeve grips the hole wall while the
inner tube is raised and the four holes on the outer tube become
isolated between two sets of seals on the inner tube and immnediately
the two scts of lower seals move upward teyond the sixteen holes of
the outer tube below the sleeve.

At the limit of upward travel the sixtecn holes in the outer tubc
permit water to flow out from the drill rod string into the hole
below the sleeve.

The test can then be conducted by controlling the bypass valve in
the usual manncr. As the water inflating the sleeve is completely
trapped, it cannot be deflated by outside pressure unless the scels
or binding fail.

When the test is complete all valves are left fully open and the
drill string is lowered tc the initinl or "DOWH" position and tho
slecve allowed to deflate over a period of a few minutes.

The drill string and packer may thon be withdravm from the hole.

However, if at stage (xiii) with the packer in the "DOWN" position
it is found that the depth to the ground water from the hole collar
is greater than fifty feet, water should be pumped down the hole
above the packer outside the drill string to within fifty feet from
the top of the hole and maintained there while the packer is removed
from the hole. This is because in the scaling position, that is the
"DOWNY" position, thore is a trapped columm of water inside the 4rill
string which cxerts a pressure on the inside of the slecve. For the
sleeve t0o deflate the resultant inside pressure must be less than

25 pes.i. and therefore, the difference between the height of the
column of water on the outside and above the slceve must be less
than approximately fifty fect for the slceve to deflate and remcin
deflated during raising.

Tests have shown that cnce the packer is assembled and tosted
adjustments are not nccessary in the field. Howevor, if the .
operation of thc packer becomes in doubt at any time it is likely
that either the leather seals or rubber sleeve are damaged and
these may be replaced provided the necessary core is taken. '



PACKER IN "DOWN" POSITION PRIOR TO SEALING
SCALE : QUARTER SIZE
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PACKER IN "UP” POSITION DURING TEST, RUBBER SLEEVE EXPANDED
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DIAGRAMMATIC LAYOUT OF ARRANGEMENT DURING TEST

PACKER IN °‘UP" POSITION
Note - Arrows indicale direction of witerflow
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APPENDIX 4.

DRILLING EQUIPMENT IN STOCK AT RAMU
AT 8TH JUNE 1963.

TYPE
CORE BITS

NMLC
WMLC (Step Face)
NX

MLC

BX

AX

CASING BITS

WX casing core bits
NX casing shoe bits

BX casing core bits

BX casing shoe bits

REAMERS

NMLC
X
BMIC
BX

CORE BARRELS
KMLC x 10! barrel
NMLC x 5' triple tube stationary barrel
NX x 10' double tube stationary barrel
NX x 10! single tube barrel
BMIC x 10! triple tube stationary barrel
BMIC x 10' double tube stationary barrel
BMLC x 5' double tube (split inner) barrel
BMLC x 5' triple tube stationary bharrel
BX x 10! barrel
AMIC x 10! barrel
X x 10! barrel

NX  Starting barrel

STOCK

w

—_

U oo O O N O = WU

N W D

._\-—L-\.[\)—_L-_S—k-—&.—h—-&-—h-—\

(2 unserviceable)

(inner tube missing)



2.

IYPE
CASING -
H x 10!
H x 5
H x 1!
NX x 10!
NX =x st
¥X x 3¢
M x 2!
M x 1!
BX x 10!
BX x 5!
BX x 2t6"
X x 10t
X x 5!
DRILL RODS
N x 10!
N x 5!
B x 10!
B x K
A x 107
A x 5
A x 3
A x 1
FLOW METERS

DLVIES SHEPPARD
PRESSURE GAUGES

0 to0 500 pas.i. _
DRAG BITS

VATER PIPE
1" x 15
13" x 15
1" x 15
2" x 15
| PUMPS
Mindrill 750 = 1200 Petrol
Mindrill 750 - 1200 Diesel
Ronaldson Tippet Type NAH No.40101
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