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ENGINEER RECONNAISSANCE REPORT 

ON ENGINEER WORKS REQUIRED 

TO IMPROVE THREE EXISTING REEF CHANNELS 

ON TOKELAU ISLANDS 

ORDER FOR THE REPORT 

1. Quarter Master, 25 Engineer Support Squadron, received 
a Tele Printer Message Order to conduct a reconnaissanc e to 
Tokelau Islands. The date/time group of the TelePrinter Message 
was 070337Z Feu 85 and the reconnaissance was to be carried out 
during the period 23 February - 24 March 1985. 

Aim of Report 

2. The aim of the report is to determine the work required 
to improve the existing reef channels on Tokelau Island s to the 
standards laid down in the specifications. See Annexes A and B. 

Specifications (See Annex B) 

3. As detailed: 

a. deepening and widening to 7 - 8 m, the reef channel 
at Atafu; 

b. deepening and widening the Nukumonu reef channel; 
and 

c. removing rubble from the e xisting channel at 
Fakaofo (Fale) and, either: 

(1) realigning, widening by 7 - 8 m and deepenin g 
it, or 

(2) developing the nearby natural channel. 

4. Annex A requests an opinion to be made on ~he Nukunonu 
channel, which was reported to be of satisfactory w1dth but may 
require deepending at the shore. 

Other Considerations 

5. The final designs for each channel and the appropriate 
improvements were to be done by a Ministry of Works and Development 

Construction Engineer. 

5 . The following guidance was given: 

;a. any local 
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any local knowledge pertaining to the reef channels 
and sea action on and around the reef was to be 
sought; and 

the wishes of the Council of Elders' must be 
respected. 

Composition of Reconnaissance Team 

7. The following personnel were detailed to conduct the 
reconnaissance: 

a. Team Leader. Mr B. Prendergast, Ministry of Works 
and Development (Airfield reconnaissance). 

b. Mr P. Asher, Ministry of Works and Development 
(advice on channels and proposed airfield sites). 

c. Mr W. Hill, Ministry of Works and Development 
Environmentalist (Aifrield reconnaissance). 

d. Mr P. Lawless, Commission for the Environment 
(Airfield reconnaissance). 

e. Lieutenant A.M. Skinner, RNZE (Channel reconnais­
sance). 

f. Chief Petty Officer J. Kearney, RNZN (Ship wreck 
reconnaissance). 

B. The above were to depart Tokelau 2 March 1985 except sub-
paras d., and e., who were to depart Tokelau 15 March 1985. 

Completion 

9. The report is to be handed to Chief Engineer, Chief 
Engineer ' s Branch, Army General Staff on 13 May 1985. 
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ENGINEER RECONNAISSANC E REPORT 

ON ENGINEER WORKS REQUIRED 

TO IMPROVE THREE EXISTING REEF CHANNELS 

ON TDKELAU ISLANDS 

INTRODUCTION 

General Outline of Report 

1 . . The report has been written to a ss e ss t he work r equired 
to lmprove three reef channels. The Introdu c ti o n de s c r ib es 1·f 
on Tokelau. The remainder of the report i s divided into tw o 1 e 
parts : 

a. Part I: Summary; and 

b. Part II: Main Body. 

Part II is then divided into Section A, Section B and Section c 
to enable an individual study of each channel. 

Tokelau 

2. Geography. Tokelau is a New Zeala nd de pe nd ancy i n the 
South Pacific Ocean, comprising three co r a l a toll s. It is 
situated between 172°30'W and 171ow, and 8o 30' S and 90 30 ' S, 
approximately 500 km north of Western Sam oa an d 1 , 00 0 km east of 
Tuvalu. Tokelau is of volcanic origin and t h e re m3 i ning circular 
coral reefs enclose a deep lagoon. The t hr ee a t o l ls are Atafu 
(northern most), Nukunonu and Fakaofo in the s outh, 100 km and 
50 km apart respectively. The average width o f t he reef is 600 m 
and this descends steeply into very deep water on t he sea war d 
side. The reef is dotted with numerous i s let s risi ng to a ma x i­
mum elevation of 4.0 m and up to 6.0 km in l e ng th . All islets 
are caused by wave action building up loo s e cor a l ro ck towards 
the lagoon side of the reef. This leave s an e x pa ns e o f u p to 
400 m of reef from the islet to the open sea. There i s no access 
for large shipping into the lagoons and depres s ion s i n t he reef 
top (natural channels) are used by the locals for ac c e ss across 
the reef for small fishing boats. These natural ch a nn e l s provide 
drainage for reef top water and lagoon spillage, thu s mai ntaining 
a sensitive equilibrium between the lagoon water and t he ocean . 

3. Economy. Tokelau does not have an establi s hed export 
industry. The small quanti~ies of Copra e x ported t o We s t ern 
Samoa by individual families, the sale of handicraft s a nd .sta m ~s , 
all provide a small amount of finance to each villag e. F1 nanc1al 
assistance is received from New Zealand and is essential for t he 
Tokelau population. 

4. Population. Figures from the latest cen s us o f 1 9 
October 1984 are as follows: 

/ Atafu 
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Male Female Total 

Atafu 297 292 589 

Nukunonu 205 211 416 

Fakaofo 315 307 622 

Tota l 817 810 1627 

5 . Climate. The mean average temperature is 28oc. 
February is the coolest month and May the warme st. The daily 
rainfall, of up to 80 mm, is heavy but irregular . 

6. Administration. The administration of Tokelau is 
controlled by a Ministry of Foreign Affairs representative, the 
Official Sec r etary, who works for the Office for Tokelau Affairs 
in Apia, Western Samoa. Currently the a ppointment is held by 
Mr A.H. Macey and the Chief Administr at ion Officer is Mr Kasimilo 
Perez . Other official appointments held on Tokelau are as 
follows: 

a. Atafu. 

( 1 ) Faipule Mr Amusia Perez 

(2) Pulenuku Mr Lokeni Malaki 

(3) Administration Officer Mr Maka To loa 

(4) Doctor Dr Semo Koro 

(5) School Principal Mr Tenise Atoni 

(6) Pastor Rev Iosua Faamaoni 

(7) President of the Aumaga - Mr Tiu Kalolo 

b. Nukunonu. 

( 1 ) Faipu l e Mr Tauanau Kele 

( 2) Pulenuku Mr Fatia Perez 

(3) Administration Officer Mr Henry Jose ph 

(4) Doctor Dr Tekie Iosefo 

(5) Sc hool Principal Mr Luciano Perez 

(6) Catec h ist Rev Niko Tuia 

(7) President of the Aumaga - Mr Fatia Perez 

;c. Fakaofo . 
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c . Fakaofo . 

( 1 ) Faipule - Mr Faafoi Sakaria 
( 2) Pulenuku - Mr Tu Matini 
( 3) Administration Officer - Mr Pio Tuia 

( 4) Doctor - Dr Elek ana Sakaria 
( 5) School Principal - Mr Sosene Galo 

(6) Catechist - Mr Pio Tui a 

(7) Pastor - Rev Tui Sopoaga 

(8) President of the Aumaga - Mr Peleni Apolo 

7. Language. Tokelauan is the principle language and is 
used for all official and unofficial correspondence, both written 
and oral. English is spoken well by all Administr ation Officers 
Doctors and Principals, the younger population can, generally, ' 
underst a nd English. 

8. Local Go ver nment. Each atoll has a Council of Elders 
(Taupulega), which acts as the Government and decision making 
body. It is presided over by the Faipule and his Deputy is the 
Pulenuku. Generally, the Taupuleg a consists of the village 
elders and the heads of each family group. The Faipule has the 
role of Island Chief and the Pulenuku is the ' Mayor ' of the 
village. 

9. Work Force . Two work forces exist on each atoll; 
Public Works (about 12 men) overseen by Director of Works in 
Office for Tokelau Affairs, Apia and the Aumaga. All men over 
the age of 18 years automatically become members of the Aumaga 
and are employed by the President of Aumaga on local tasks. 
These are generally, on village improvement s which are directed 
by Pulenuku. Generally, the men work two weeks on, two weeks 
off, and are paid approximately NZ$10.00 per week. 

10. Food. Tokelau's food resour ces are extremely limited 
due to the lack of top soil. The food that is produced on the 
atolls is coconuts, breadfruit, Lu (a broad leafed shr ub), 
bananas, pawpaw and pandanas (which is only chewed for its 
flavour). Fish around Tokelau i s extremely abundant. Pigs and 
chickens are kept by the villagers but are only eaten on special 
occasions. A small amount of tinned food, rice, sugar and flour, 
is brought and used to suppl~ment the diet. 

11. Stores Supply to Tokelau. Th e only transport to and 
from Tokelau is aboard a cargo ship, the "M V AVONDALE", whic~ 
runs from Apia to Tokelau return once every six weeks approXl­
mately. This is the only form of resupply available. 

12. Medical. A modern hospital is established on each atoll 
and has the capacity for minor surgery and theatre operations. A 
qualified Doctor and two Registered Nurses are employed at each 

/ ho s pit al . 
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hospital. The staff is s upplemented by approximately six enrolled 
nurses. The only dentist in Tokelau is on Fakaofo. 

13. Religion. Religion plays a major role in village life. 
Each atoll has a large concrete church built during the late 
1800s/early 1900s by Anglican or Roman Catholic missi onaries. 
Atafu is totally Protestant, Nukunonu is all Roman Catholic and 
Fakaofo has both denominations, each with a separate church. 
Sunday is always observed as a reverent day and no work is 
allowed to be done (including cooking). Everyone is expected to 
attend a church service at least once during the day. 

14. Education. Schooling is provided on each atoll and is 
compulsory for children up to 14 years old (4th form). A few 
children then complete 5th form overse as, mainly in New Zealand. 
English is taught at each school as a compulsory language. 

15. Postal. All mail and written correspondence is tran-
sported by the cargo ship. 

16. Recreation. Tokelau provides for excellent diving, 
fishing and boating. The Aumaga play a ''form" of cricket in the 
village centre every Thursday afternoon. Tennis and vo lleyball 
are played a lot in the school grounds. The women play a lot of 
cards and dominoes. 

17. Communications. A poor radio telephone system is 
employed between each atoll and back to Apia. This pro duces a 
very distorted reception and has caused some confustion in the 
past. A modern telephone system is about to be installed. 
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ENGINEER RECONNAISSANCE REPORT 

ON ENGINEER WORKS REQUIRED 

TO IMPROVE THREE EXISTING REEF CHANNELS 

ON TOKELAU ISLANDS 

PART I: SUMMARY 

1. The aim of this Report is to determine the engineer 
works required to improve three existing reef channels on Tokelau 
Islands. 

Works Required for Improvements 

2. The following is a summary of the work necessary to 
improve the channels: 

a. Atafu. Widen LHS and RHS of the channel at the 
entrance and deepen the channel to achieve a 
depth 1.2 m at Low Tide. This involves approxi­
mately 500 m3 of fines to be removed by local 
labour and approximately 900 m3 by drilling and 
blasting All deepending required involves the 
removal of fines. 

b. Nukunonu. Deepening of channel to achieve a 
minimum depth of 1.2 m at Low Tide. This involves 
the removal of appro xim3tely 1450 m3 of fines by 
local labour. There is no requirement for Army 
tasking at Nukunonu. 

c. Fakaofo. Widen the channel on the LHS and 
achieve a depth of 1.2 m at Low Tide. This 
involves the removal of approximately 1000 m3 
of fines by local labour and appro x imately 1500 m3 
of rock by drilling and blasting. All deepening 
required involves the removal of fines only. 

Time and Space 

3. All calculations for the time required to complete the 
tasks is based on the time available for work to be conducted on 
the reef. This is during low tide. The work period is five 
hours every 12 1/2 hour ti~e cycle and is from 2 1/2 hours 
before Low Tide to 2 1/2 hours after Low Tide. The following 
is a summary of total time required to complete the impro vem ents 
on the reef channels at Atafu and Fakaofo (see TIME AND SPACE): 

a. Drilling. 

b. Blasting. 

Atafu 7 days 
Fakaofo - 11.5 days 

Atafu - 29 
Fakaofo - 47 

days 
day s 

;c . Contingencies. 
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Conting e n c i es . Atafu - 23 days 
Fakaofo - 34.5 days 

Tr a velling Ti me/S t ores Han d ling. 22 Days. 

Total Time Req uire d to C 1 
154 Days . amp ete Work in Tokelau. 

Tot a l Time Ou t o f Country . 
matel y 5 1/2 mo nths . 174 Days, approxi-

4. The f o llowing i s a su mma r y of costs expected to be 
incurred: 

a . Ex plo s i v e s (s e e An nex Q) - $15545 . 52. 

b. POL (s e e Ann ex R) - $1019 1 .94. 

Machiner y 

5. The onl y machin ery required is involved in drilling and 
blasting. (LM-100 a ir t ra c k dr ill and a 375 CFM compressor) (see 
Anne x M). 

Manp ower 

6. The task require s a small team of highly trained 
personnel. The manning i s a t Annex P and consists of one x 
officer and nine x ORs, in c lud ing one x vehicle mechanic and 
one x cook. 

Stores 

7. Sufficient s t o r es are required to be taken to Tokelau 
to enable the team to rem a in i n location and work totally self 
sufficient (see Anne x 0 ) . 

Accommodation and Ration s 

B. While in Tokelau, t he t e a m wi l l be accommodated in 
European style 'Guest House s ' . A c o o k has been included as a 
member of the team and will•pr ov ide meals f r om stocks of fresh/ 
tinned food taken to Tok e la u a nd that loca ll y obtained. It is 
sug§ested t hat a commerci a l patte r n refrigerator approximately 
2 m capacity c/w 6.5 KVA gen e r a t or are also taken. 

Reef Channels 

9. The three reef c h a n ne l s r econ noitred have been summarised 
later in the Report (see blu e pa ges - Atafu , pink pages - Nukunonu 
and yellow pages- Fakaof o) . 

/Local 
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Local Resources 

10. Local labour will be responsible for the removal of all 
fines and infill of the channels prior to the team commencing 
any tasks. The only local resources that can be relied upon for 
use are: 

a. local labour; and 

b. local food, when necessary or desired. 

Conclusions 

11 0 The following are conclusions: 

a. The Atafu reef channel requires widening on both 
LHS and RHS at the channel entrance. 

b. The channel at Nukunonu requires deepening, but 
this involves the removal of fines only and is 
not considered an Army task. 

c. The Fakaofo channel, at Fale, requires widening 
on LHS. 

d. Atafu and Fakaofo channels also require the removal 
of fines from the channel bottom, this is not 
considered an Army task. 

Recommendations 

12. It is recommended that a RNZE team deploy to Tokelau for 
an extended period (5 1/2 months ) to undertake the improvements 
required at Atafu and Fakaofo as stated in paragraph 11. The 
acceptance of the task should only be given on the understanding 
that the removal of fines is not an Army responsibility. 

10 May 1985 





ENGINEER RECONNAISSANC E REPORT 

ON ENGINEER WORKS REQUIRED 

TO IMPROVE THREE EXISTING REEF CHANNELS 

ON TOKELAU ISLANDS 

PART II: MAIN BODY 

General 

1. The reconnaissance party left New Zealand on 23 February 
1985. The party consisted of personnel from three Government 
Departments. These were: 

a. Ministry of Defence, (Army and Navy); 

b. Ministry of Works and Development; and 

c. Commission for the Environment. 

2. The 1 Terms of Reference 1 (see Annex A), proved to be of 
great assistance in detailing specific responsibilities and 
enabled a sound working relationship to be established amongst 
the members of the party. It did, however, have to be used from 
time to time to pursuade reluctant members of the team to impart 
their knowledge for the benefit of others. 

Timetable of Events 

3 0 

Date Activity Remarks 

(a) (b) (c) 

23 February 1985 Auckland - A pia Arrive 22 February 
1985, Western 
Samoan time 

23 February 1985 A pia - Tokelau MV Avondale 

24 February 1985 En-route to Tokelau MV Avondale 

25 February 1985 Airfield reconnaissance Arrive 250530 
Fakaofo . 

26 February 1985 Airfield reconnaissance Depart 261730 
Fakaofo 

27 February 1985 Airfield reconnaissance Arrive 270600 
Nukunonu 

28 February 1 985 Channel reconnaissance Depart 281900 
Nukunonu 

/1 March 1985 
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Date Activity Remarks 
(a) (b) (c) 

1 March 1985 Airfield reconnaissance Arrive 
Atafu D1D530 

2 March 1985 Airfield reconnaissance MWD and Commission Atafu for Environment 
personnel depart 
0201730 

3-11 March 1985 Channel reconnais sance Depart 111700 
Atafu 

12 March 1985 Enroute to Fakaofo Arrive 120500 

13-15 March 1985 Channel reconnaissance Depart 1 51900 
Fakaofo 

15-18 March 1985 Enroute A pia Arrive 1 81 200 

18-22 March 1985 A pia Depart 221900 

23 March 1985 Auckland Arrive 232300 

Channel Reconnaissance 

4. Outline of Problems. As described in paragraph 1., of 
the Introduction, the Tokelau atolls desc end approximately 500 
fathoms to the ocean floor. The mooring of any ocean going 
vessel is impossible at Tokelau and, as in the case of the supply 
ship MV AVDNDALE, the ship drifts approximately 500 m off shore 
whilst loading and unlaoding cargo. The transport of stores/ 
passengers fromthe ship to land is by the use of large aluminium 
boats (see Annex F). The outboard motors are grossly under 
powered for the loads carried and generally the boats are ' carried 
by the waves', rather than steered into the channels. The edge 
of the coral reef is extremely treacherous for boating due to 
the waves building up and then breaking acros s the reef. On 
all three atolls, the channels have been built utilising existing 
natural channel entrances. 

a. Atafu. The channel at Atafu i s correctly alligned 
to the breaking waves but is too narrow at the 
entrance for &afe negotiation. During the 
reconnaissance, boats were overturn ed at the 
entrance with stores and equipment lost. Atafu 

b. 

has an excellent concrete wharf at the end of the 
channel and enables efficient handling of cargo 
on and off the Island. 

Nukunonu. The Nukunonu channel is a very wide 
channel correctly aligned at 90° to the waves. It 
is a natural channel that has had minimal work 
done on improving it. It i s very rare that any 

/ boating 
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boating accident s occur here du e t o t h l · 
1 t e re .ctlvely ea m na ure of the sea and wave s It d , bl . . · oes have a 

pro em of s1lt1ng up with coral sa nd f ro m the 
beach due to wave action. 

Fakaofo. The channel at Fale on Fakaof o i s t h e 
mos~ develope~ channel of the three. It has an 
eas1ly access1ble concrete wharf built a t th e same 
level as the surrounding reef, concrete s id e walls 
an~ a ne~l~ co~structe~ 2.0 m high sea wa l l. I t s 
maJor fa1l1ng lS that 1t is incorrectly a l i gn e d 
to the breaking waves. The Fale channel was 
purposely aligned at an angle to the wa ves so 
that there would be no risk of wa ves s urgin g th e 
1 en g t h of the channel u n impeded . This pro ve d t 0 

be incorrect. It wa s found that breaking waves 
loose 75% of their momentum after travellin g 10 0 m 
across the reef. Numerous boating acciden ts occur 
at Fale as the boats attempt to 'dog leg' in t h e 
surf at the entrance of the channel (see An nex K). 

Previous Survey 

5. An accurate survey has never been conducted on any of 
the reef channels at Tokelau. However, a survey was und ertaken 
in February and May 1976 by Mr P. Benfell. He rec o rd e d h is 
results, on rough sketches. These are at Anne x D. The se drawi ngs 
show that, on an average, there has been an incre ase of 0 . 5 m in 
channel bottom centre line height. Undoubtedl y , th e fines bu ild 
up far quicker than 0.5 m/9 year period, but it wou ld suggest 
that the infill of each channel is relati vel y s l ow. Periodic 
maintenance has not been conducted on any of th e cha nn els during 
the past three years. 

Design Parametres 

6. The specific designs for each channel are l a id d own in 
the respective Sections to Part II for each channel (se e Se ction 
A- Atafu, Section B- Nukunonu, Section C- Fakaofo ) . Ann exes 
A and B stress the requirement to determine wheth e r any of the 
channels need to be deepened. In consultation wit h l oca l El ders , 
Mr P. Asher and Mr B. Prendergast, it was decided to esta blis h a 
constant for the minimum depth of any channel. The con s t ant i s 
as follows: 

Low Tide Level - 1.0 m = channel bottom de pth. 
A further dept~ of 0.2 m was added for c ontingen cies 
such as in fill of fines and wave s well and surge . 
Therefore constant is: 

Minimum Channel bottom depth = Low Tid e Leve l 
- 1. 2 m = Spring Low Tide Level - 1.0 m 

(it was found that at all three channel s , t h e 
difference in height between LT and S LT = 0 . 2m). 

/All drawing s 
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All drawings (at .Annexes I, J and K), and the calculation of 
volumes of mater1al to be removed have been complotod · . . ~ ~ us1ng th1s 
constant. It Wl~l be seen that any deepending required involves 
the removal of f1nes only. 

Nature of Coral Reef 

7. Coral is a living organism and as such dies. Thi s dead 
coral forms a detritus layer of soft, broken, and in cases 
powdery mater~al. It varies from 0.3 - 1.0 m below the to~ of 
the reef and 1s between 0.3- 0.75 m in depth (see Annex E). 
This layer may cause problems when drilling and blasting. 

'MV Avondale' 

8. The 'MV Avondale' is a 33 year old cargo ship approxi-
mately 100 m in legnth and about a 2,200 ton displacement. It is 
chartered by the Office for Tokelau Affairs for approximately 10 
journeys a year from Apia to Tokelau return. At Annex G is the 
1985 schedule including passenger fares. The owner company is 
WARNER PACIFIC SHIPPING LTD. The ship is registered in Tonga and 
has an entirely Tongan crew. The ship has a large cargo capacity 
and is licenced to carry explosives and inflammable cargo. 
Although the life saving equipment is sufficient for 120 passengers 
at times up to 250 are taken aboard as "deck cargo", (this often 
means life boats are taken off to make more room for passengers ). 
The length of journey from Apia to Tokelau is 36 hours at seven 
knots. 

Ship to Shore Transport 

9. As mentioned in paragraph 4., the locals use aluminium 
boats with small outboard motors for the transportation of stores, 
personnel and live stock to and from the ship (see Annex F). 
Typical loads, for example, are: 

a. 24 X people c/w hand luggage/suit cases; 

b. 12 X people and 20 X pigs; 

c. 10 X 44 gallon drums of fuel; 

d. 30 X bags of cement and 12 X bags of flour. 

10. The average distance from the reef edge to the ship 
drifing at sea is SOD m. 

Surveying 

11. Reconnaissance Team. The reconnaissance team that 
conducted the surveying of the reef channels was: 

a. Observer/Booker. Lieutenant A. M. Skinner, RNZE · 

/b . Staffman. 
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b. 

c. 

Staffman . 

Chainman . 

Chief Petty Officer J. Kearney, RNZN. 

Matulin o (local from Nukunonu). 

12. Survey Equipment Used. The survey equipment used 
throughout the reconnaissance was: 

a. Wild NK-2 level, c/w t ripod; 

b. 4 m metric staff, 2 x extensions; 

c. 30 m tape; 

d. 100 m tape; and 

e . compass prismatic. 

All ~quipment used performed well, although the staff proved to 
be heavy, c lu msy and cumbersome in these conditions. Problems 
with serviceability due to constant exposure to salt water, 
increased as the job progressed. 

13. Survey Grid . At each channel a datum was established 
and reduced to RL 100.00. Using the datum, a Survey Control 
Line was established approximatel y parallel to the channel. 
Reading s wer e taken at 10 m intervals and given a letter. These 
point s in turn became the control points for the cross-sectional 
survey across each channel (see Annexes I, J and K). It was 
intended to place permanent survey marks in the coral using 
plastic discs and bridging spikes for future reference, however, 
the coral was found to be too hard and only bent the bridging 
spikes when hammered . 

Work Problems 

14. Problems did occur from time to time when conflicting 
views were expressed by members of the reconnaissance team with 
regards to degr ee of deta i l and accuracy of the survey work. 

15. Short man ning for this task was overcome when it was 
discovered that a man on Nukunonu, Mat ulino, was a qualified 
surveyor, having spent 12 months in Fiji training. He was of 
great assistance a nd also found the surveying practice of benefit. 
Tokelau doe s not have any survey equipment. 

Natural Channels 

16. Natural channels occur on the reef as slight depressions 
in the reef top. These are used by the locals as an expedient 
access, when necessary, across the reef, but can not be r~l~ed_ 
upon in all weather s . The natural channels enable an equ1l1br1u~ 
to exist between t he lagoon water and the sea water. The ~atura 
channels provid e an ' overflow ' for the lagoon and help dra1n 
surface wat er from the reef. 

/17 . The Elders 





- b -

17. The Elders of Atafu and Fakaofo are eager t o ens ur e that 
the natural channels do not get disturbed or altered in any way. 

Accuracy of Survey 

18. The survey w~s conducted as accurately as pos s i ble. Not 
all of the cross-sect1ons were able to be surveyed, bu t were 
measured instead. This was due to the swell and surge o f wave s 
across the reef, thus causing the level to become unsteady. The 
cross-sections that were unable to be s ur veyed are de t ailed in 
Sections A, 8 and C to Part II. 

Infill of Fines 

19. The depth of fines infill in each channel c ould not be 
determined accurately, however, local knowledge sugges t s that it 
is a minimum of 1.2 m deep. An accurate record ha s no t been ke pt 
of changes in channel bottom depth. Therefore no inf ormation i s 
available to suggest the rate at which the channel s are filling 
with fines. This is due to the lack of an accurate s u r v ey ever 
having been done. 

20. The local people have a very slack attitud e tow ards th e 
channels and subsequently do not conduct any form o f r ou tine 
maintenance. Periodic routine maintenance would include the r emoval 
of fines and obstructions. Each c hannel ha s bee n used as a 
convenient disposal source for all sorts of rubbi sh . The t ype 
of refuse found in the channels is as follows: 

a. numerous coconut shells; 

b. iron reinforcing rods; 

c. fishing nets; 

d. cooking pots; and 

e. even the frame of an old bike (at Ataf u) . 

Work Periods 

21. At both Atafu and Fakaofo, the only peri od wh e n the 
is accessible for any form of work is for 2 1/2 hou rs ~e fo: e 
Tide to 2 1/2 hours after Low Tide, therefore work per1 od l S 

hours/12 hour tide cycle. 

Previous Work Undertaken 

r e e f 
Low 
f ive 

22. When previous blasting work has been under take n at anyl t 
Of rubble ha s proved t o be no diffi c u Y· of the channels, removal 

Larg e boulders have been either : 

a. man handled onto the reef top and used for 
reclaimation; or 

/ b. rolled of f 
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b. rolled off the edge of the reef into deep water. 

During the 1963 construction of the Fakaofo channel t 
alls 2 0 h. h 3 o · • wo sea w , . m 1g x . m Wlde and 100 m long, were constructed 

from t~e rub~le. All man han handled into place. These walls 
have Slnce d1sappeared and been used for reclaimat· 
the island. lon around 

23. An air winch -drag line was in use at Fakaofo approxi-
mately 10 years ago for the dredging of the channel duri 
further construction and proved to be very efficient. r~gha s 
since disappeared without any knowledge of its whereabouts. 
Annex H makes comment of the advantages of employi ng this type 
of equipment. 

Channel Revettment 

24. The concrete produced on Tokelau by local labour consists 
of New Zealand cement (generally PORTLAND) and coral sand (due to 
the impracticalities of getting builders mix ashore). This 
concrete proves to be of mediocre quality and weathers relatively 
quickley when constantly subjected to salt water. The locals 
believe that each channel should be revetted with concrete side 
walls to stop the gradual infilli ng of the channels with kilikili. 
This is totally unnecessary due to the assumed slow rate of in­
fill. None of the channels require any form of retaining walls 
to stabilise the sides. At Fakaof o , whe re concrete revettment/ 
retaining walls were constructed in 1963, the result of subse­
quent sea action has been that the concrete walls are being under­
mixed and, in places, have collapsed into the chonnel. The 
natural coral channel sides have proved to be very stable and 
resistant to erosion. 

Local Labour 

25. Local labour on Tokelau is readily available through the 
Aumaga. When considering the removal of fines in the channels to 
achieve the desired minimum depth, th e Official Secretary (Mr 
A.H. Macey) was approached with reference to the locals under­
taking this task. Mr Macey said that he is prepared to direct 
the locals to clean the channels of fines and also ensure that 
the respective Aumaga establish a programme of routine maintenance . 
He also agrees that because the locals believe all work associated 
with the reef channels is not their responsibility but is the 
task of foreign aid teams such as the Army, the channels should 
be cleaned out prior to any aid work commencing. The report has 
been written on the underst&nding that the removal of fines is 
not an Army responsibility. Nukunonu Reef Channel is no longer 
considered a potential Army task because it invol ves the removal 
of fines and infill only . Drawings and calculations have be~n 
done on Nukunonu for the benefit of Ministry of Foreign Affa1rs 
overseeing the local labour. 

Local Attitude Towards Offered Assistance 

26. The local people, particularly the Elder s who are part 

;of the 
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of the Taupulaga, decide amongst themselves: 

a. 

b. 

the employment of any offered aid or assistance·, 
and 

the improvements necessary or tasking required. 

In the past, this attitu~e.has caused problems for the aid teams, 
particularly when the op1n1ons and wishes of the locals are not 
feasible nor the best solu~ion for tha t specific problem. They 
believe that what they des1re to have done is, in fact, what is 
required to overcome the problem. This has often proved to be 
incorrect. However, if the solution to the problem recommends 
work that differs from that which the locals believe is required 
they will not agree to that work being done. ' 

Mini&try of Work s and Development Design 

27. As detailed in Annex A, the Ministry of Works and 
Development were to submit a confirmed and recommended design 
for improvements required for each reef channel. This has not 
been received and, subsequently, the report has been written 
without this guidance. 

Overview 

28. The work required to achieve the necessary results will 
be awkward and perhaps frustrating. The reef surface is 
extremely slippery and requires two persons to support each 
other, arm-in-arm, when moving by foot from place to place. The 
efficiency of borehole drilling will be a major factor in 
determining the length of the task. It was hoped during the 
reconnaissance, to do a test drill and blow of the cora l, but 
the necessary equipme nt was unable to be taken to Tokelau. 

29. In the report by Lieutenant D.W.S . Maloney, it states 
that the drilling of boreholes on the reef edge was e xt remely 
slow and tedious due to: 

a. the inefficient production of drilling with hand 
drifters; and 

b. men working in the surf zone and on a slippery 
surface 

On the occasions that large waves broke on the reef, the men. 
were forced to hang on to each other, letting go of all their 
tools, while the force of the wave dissipated. This proved to 
be extremely dangerous and inefficient. 

Drilling Pattern 

30. The drilling patterns used by Lieutenant Maloney, during 
the construction of Fale (Fakaofo) chan nel varied as sub-surface 
coral conditions altered . The hand drifters proved to be very 

/inflexi bl e 
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inflexible because they could not have the d 
~djusted independant to the drilling forcesp~~e o~orotation 
lndependant-rotation). Subsequently, a lot ~f d;ill ~ot ~ave 
and braking of steels occurred. Jammlng 

Lighting for Night Work 

31 . Whilst researching the possibility of of night work on 
the reef, no company was found that produced the des 1·red 

t . d 1 " ht " . power genera 1on an 1g 1ng equ1pment suitable for the type of task 
proposed at Tokelau. The considerations were: 

a. distance of the work area to the closest possible 
site of generator on reef (approximately 50 m); 

b. generator unable to be floated on a boat due to 
breaking waves; 

c. reticulation of power from generator to task site 
above water; and 

d. anchorage of lights and tripods on coral in wave 
surge. 

Selection of Drilling Equipment 

32. Ingersol-Rand was the only rock drilling company con-
tacted with reference to the supply of an air track drill and 
compressor for the task at Tokelau. This was done on advice 
from the Ministry of Foreign Affairs, and is t he reason that no 
other products from any other companie s are considered. 

ADDITIONAL INFORMATION 

Transportation of Drilling Equipment 

33. There may be a requirement to construct a raft from 
local resources to transport drilling equipment from the ship 
to the shore. 

Power 

34. Each atoll has a 26 KVA diesel generator. This produces 
more than enough power in tfie Village and is in operation daily 
during the hours of 1900 - 2300. Night work was considered as 
optional but was disregarded. This was due to problem s that 
would arise in supplying power to the edge of the reef, for 
sufficient lighting to enable work to continue. 

Finances 

35. 
Ministry 
Ministry 

Allowances. The allowance advance provided for the 
of Defence personnel was initially issued through the 

of Defence. As it turned out, the 

/a dvance 
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~dvance.was under estimated due to inter-departmental differences 
1n term1nology. To date, the allowances have still not b 
finalised. een 

Payment of Locals 

35. As mentioned in paragraph 25, the Office for Tokelau 
Affairs is in favour of the locals clearing fines from channels 
and providing a manual labour workforce to assist any aid 
project team. Prior to the employment of any local labour, an 
hourly rate of pay must be established by the To kelau Administra­
tion and money made available for expenditure as payment for 
workers. This form of payment would also be required if casual 
female labour is provided for employment in 'pot walloping' type 
tasks. 

Food 

37. It became obvious from the locals' way of life, lethargy 
and ability to sleep for large portions of the day, that the 
local food avail a ble lacks any real energy providing substance. 
Whilst surveying, it was found that the New Zealanders could 
withstand longer periods of work and more time in direct sun 
light. The Tokelau people live a su bsi stence lifestyle, working 
and eating only sufficiently enough to stay alive. The locals 
can work extremely hard for short periods of time, for example: 

a. climbing a coconut tree and cutting off nuts, or 

b. unloading boats. 

The food proved to be relatively tasteless and very mon otonous, 
though more than enough was always provided. 

Medical 

38. Although each atoll has a modern hospital.and re~ident 
Doctor it would be advisable to take a comprehens1ve med1cal 
kit. Medical dissorders encountered during the reconnaissance 
were: 

a. numerous coral cuts; 

b. headaches, from heat and glare; 

c. 

d. 

e. 

'coconut bum''continuousbowel motion due to 
excessive consumption of coconuts; 

sunburn; 

shaving rash; and 

f. minor cuts (non-coral). 

/39. It 
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39. It was found that any open wound took an extremely 
time to heal. This was due to: 

a. the damp humid weather; and 

b. flies, which swarm around uncovered wounds. 

Gifts 

40. There is a requirement for any aid team to go to Tokelau 
with sufficient ornaments and gifts to give to the Elders, Admin­
istration and people. This will save certain embarrassment when, 
undoubtedly, the locals with their excessive generosity, will 
give away their handcrafts to the aid team. It is suggested that 
the gifts taken to Tokelau have an association with the military. 
Gifts presented to the locals during the reconnaissance included 
Squadron plaques and Corps badges mounted on native timber orna­
ments. These were keenly accepted and appreciated. 

Manning 

41 . Due to: 

a. the type of task; 

b. working conditions; 

c. period away from home; and 

d. at times, frustrating pace of life, 

the personnel required for the task must be carefully selected 
to ensure a compatible team is established. These personnel 
should be conversant with modern blasting and quarrying 
techniques including the use of delay detonators and the layout of 
drilling patterns. Personnel should also be selected on the 
following criteria: 

Footwear 

42. 

e. health and fitness; 

f. family situation; and 

g. leadership qualities. 

Footwear trialed o~ the reconnaissance were: 

jandals, (wore out extremely quickly on coral ); a. 

b. 

c. 

sand shoes, (were found to be extremely uncomfort­
able when worn in water due to fines causing 
chaffing); and 

"KD" sandals, (plastic, worn by 
proved to be tough, durable and 
These sandals are also an issue 

;sec urity 

majority of locals, 
comfortable). 
item through RNZN. 
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Security 

43. A 24 hour standing patrol at the magazine will be 
required. 

Task Progress Reports 

44. It is suggested that a SITREP format be established 
prior to deployment for use in reporting task progress. This could 
be communicated through the new telephone system to Apia, then 
to New Zealand. 

Pre-Deployment Training 

45. It is suggested that a programme of training be planned 
to prepare the team for the deployment. This could include: 

a. stores preparation; 

b. trade training (explosives and drilling); 

c. medical lecture; and 

d. local customs and language lecture. 

TIME AND SPACE 

Removal of Fines 

45. The following calculations are for the benefit of the 
Office for Tokelau Affairs in determining work required to clear 
fines for channels and removal of rock piles (using Lieutenant 
D.W.S. Maloney's report for constant, for removal of fines from 
channel m3;man/day = 0.5- 0.75 m3/day). 

a. Atafu. 

Total fines to be removed - 1350 m3 
(550 m3 in channel, BOO m3 in rock rubble 
piles) 

so 550 m3 @ 0.5 m3/day/man 
BOO m3 @ 1.0 m3;day/man 

.. 27 men for 40 days clear channel and 
20 me~ for 40 days move rock piles 

b. Nukunonu. 

Total fines to be removed only for area showg 
on drawing at Appendix 1 to Annex J - 1450 m · 

.. 73 men for 40 days clear channel 
37 men for BD days 
20 men for 145 days 

;c. Fakaofo. 
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c. Fakaofo. 

Total fines to be removed - 1 240 m3 
( 1000 m3 1"n eh 1 240 3 
piles) 

anne , m in roc k rubb le 

so 1000 m3 ~ 0.5 m3/day/man 
240 m3 ~ 1.0 m3/day/man 

.. 25 men for 80 days clear channel 
(50 men for 40 days) and 

24 men for 10 days move roc k pile 

47. All further calculations of timings have been don e 
assuming local labour will remove all fines required fo r c ha nnel 
improvements. 

Removal of Rock 

48. Drilling. Timings for drilling are based on the fi gures 
shown at Annex M. 

a. Atafu. 

Total number of holes = 7 5 2 

Overall time per 1.4 m deep hole = 4 . 7 min s 
(see Annex M for definition of 'O ver a ll t i me pe r 
hole') 

Total time for drilling 

Hours per day available for 

sa y 
59.59 hours 
50 hours 

drilling sa y 4 hours 
c yc le 

per 

(5 hours of work per 12.5 hourly t ide c yc le ) 

No night work so 12 hours drilling 
(assuming one 4 hourly work period 
drilling per 2 days is lost due to 
occurring during darkness). 

Total days required for drilling = 

say 

b. Fakaofo. 

pe r 2 days 
a va il a bl e for 
Low Ti de 

5 days + 25% for 
drill jamm i ng , 
breakdown s a nd 
adverse we a th e r 
7 days 

Total number of holes = 1259 

Overall time per 1.4 m deep hole = 4 .7 mins 
(see Annex M for definition of 'Overall tim e per 
hole') 

Total time for drilling 99.41 hours 

Hours per day available for 
drilling say = 4 hours per 

cycle 

(5 hours of work per 12.5 hourly tide cyc l e) 
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No night work s o : 2 hou rs drillin g (assuming one 
4 hourly work per1od a v a ilabl e f or drilling, 
pe r 2 day s i s lo s t du e to Low Tide 
occurring during darkness) 

Total days required for drilling 

say = 

9 da ys + 25% for 
drill j a mmi ng, 
bre ak down s and 
adver s e weather 
11 . 5 da ys 

49. Blasting. Timings used are an asse ss ment based on 
desired results and a +25 % factor for trialing of drill ing and 
blasting patterns, removal of debris etc: 

a. Atafu. 

Prepare e x plosives 

Prepare hole / loading charge s/ 
tamping of charge 

La yout of ring main 

Connecting up of charges 

Layout shot firing cable / test 
continuity 

Final check 

Total time/hole for blasting 

Total number of holes 

s a y 

say 

Total time required for bla s ting 

Work period 

Total days required for blasting 

b. Fakaofo. 

(Time calculations as for Atafu ) 

Total time/hole for blasting 

Total number of holes 

Total time required for blasting 

Work period 

Total days required for blasting 

/ Total Tim e 

3 min s/hole 

10 mins/hole 

30 mins/r i ng main 
2 mi ns/ hole 

4 mins/hole 

15 m ins 
1 m in / hole 

min / hole 

21 m i ns 

762 

267 h ours 

1 2 hrs/2 days 

23 da ys + 25% for 
ad verse weat her 
29 days 

21 min s 

1 269 

445 hou rs 

1 2 hrs/2 days 

37 days + 25% for 
adve rse weat her 
3 7 da ys 
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Total Time Required for Ta sk 

50. a. Atafu. 

Drilling 
7 days 

Blast i .ng 
29 days 

1 day per 7 da ys lost due to Sunday + 5 days 
1 day per 3 da ys spent disposing of 
debris from task site + 1 2 days 
Allow 3 days for off loading stores + 3 days 
Allow 3 da ys for loading stores at 
completion + 3 days 
Total Time for Tas k 59 days 

b. Fakaofo. 

Drilling 11 . 5 days 
Bla st ing 47 days 
1 da y per 7 days lost due to Sunday + 8.5 days 
1 da y per 3 days spent disposing of 
debris from tas k site + 20 days 
Allow 3 da ys for off loading stores + 3 days 
Allow 3 days for loading stores at 
completion + 3 days 

Total Time for Task 93 days 

c. Additional Contingencies. 

Allow 7 days for stores prep/ 
loading ship/Customs at A pia + 7 days 

Allow 3 days for journey on ship to 
Tokelau + 3 days 

Allow 2 days for journey between 
At a fu and Fakaofo + 2 days 

Allow 3 days for return journey to 
A pia + 3 days 

Allow 7 days for unloading ship/ 
Customs/R & R•at A pia + 7 days 

Total time arrive Apia, undertake 
tasks and depart A pia for New 
Zealand 174 days 

(approximately 
5 1/2 months) 

/5 1 . All 
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51. All timings assuming s hip sche dule is 
intended movement s of team. co-ordinated with 

PRIORITY OF WORK 

?2. Removal of :ines from channel bottom at Atafu and Fakaofo 
1s to be.complete pr~or to ta~k ~ommencing. Thi s will allow easy 
off load1ng and load1ng of dr1ll1ng equipment at wharfs. 

53. It is suggested that work at Atafu be done first 
because the volume of fines at Atafu is considerably less 
than that at Fakaofo, this will gi ve local s at Fakaofo more time 
to complete the removal. 

54. 

CONCLUSIONS 

The following are conclusions: 

a. General. 

(1) The Atafu reef channel requires widening on 
both the LHS and RHS at the channel entrance. 

(2) The channel at Nukunonu requires deepening, 
but this in volves the removal of fines only. 
and is not considered an Army task. 

(3) 

(4) 

( 5) 

(5) 

( 7) 

(8) 

(9) 

The Fakaofo reef channel, at Fale, 
widening on LHS. 

requires 

Atafu and Fakaofo channels also require the 
removal of fines from the channel bottom, 
this is not considered an Army task. 

The channels are being used as rubbish tips. 

No routine mainten ance is being conducted on 
any of the channels. 

Piles of loose rock at the edge of the channels 
contribute to the infilling of the channel with 
fines. 

Fines must be cleared from the channels, to 
allow efficient off lo ading of stores, prior 
to task £ommencing. 

Local people believe all work associated 
the maintenance and improvement of reef 
channels is not their responsibility. 

with 

b. Reconnaissance. 

( 1 ) The reef channel reconnaissance party was 
grossly undermanned and had very little depth 
of surveying e x peri e nce. 

/(2) Guidance 
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(2) Guidance on the design for reef channel 
improvements, was required from a qualified 
Civil Engineer. 

(3) A test drill and blast of the coral is 
required for planning data. 

(4) This reco~naissance established an accurate 
survey gr1d for future reference of charges 
in the channels. 

(5) The Army "Anglo", staff used on the 
naissance became unserviceable very 
in the humid environment due to age 
difficulty of carriage. 

recon­
quickly 
and 

(6) The allowances were mishandled due to inter­
departmental misinterpretation. 

c. Proposed Task. 

(1) The long task duration will be demanding 
personally and professionally. This will 
require carefully selected personnel. 

(2) There is no resupply readily available, there­
fore, the team must deploy totally self 
sufficient. 

(3) New Zealand personnel will find Tokelau food 
very monotonous and unsubstantial for the 
work required. Fresh rationing is required 
from stocks take to Tokelau, a fridge 
approximately 2 m3 is also suggested. 

(4) An airtrack drill and compressor are required 
for the execution of the tasks. 

(5) European style accommodation for the team 
will foster a good rapport amongst the team 
members and ensure a degree of privacy. 

d. Shipping. 

e. 

f. 

(1) The shipping schedule to Tokelau is very 
limited. 

(2) The team will require a large deck area for 
storage uf cargo. 

It would be beneficial for personnel selected for 
the team to be given a pre-deployment lecture of 
Tokelau way of life, protocol and customs. 

The team will require time prior to deploying, 
for the procurement and packaging of stores 
necessary for the task. 

/g. Timings. 
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Timings. 
task: The following are the timings for each 

(1) Atafu. To remove: 

550 m3 (a) from channel (using local 27 men for 40 days. 
labour) 

(b) BOO m3 In loose piles (using local 20 men for 40 days. 
labour) 

(c) 900 m3 Of rock: 

(i) drilling of boreholes - 7 days. 

(ii) Blasting - 29 days. 

(2) Nukunonu. To remove: 

(a) 1450 m3 From channel (usi ng local labour) 
37 men for BD days. 

(3) Fakaofo. To remove: 

(a) 1000 m3 from channel (using local labour) 
25 men for BD days. 

(b) 240 m3 In loose piles (using local labour) 
24 men for 10 days). 

(c) 1500 m3 Of rock: 

(i) drilling of boreholes - 11.5 days. 

(ii) Blasting - 37 days. 

(4) Total Time for Task at Atafu. 59 Days. 

(5) Total Time for Task at Fakaofo. 93 Days. 

(6) Total Number of Days of Work Required to 
Complete Both Tasks. 152 Days. 

(7) Total Time on Deployment. (Arrive Apia, 
undert ake tasks and depart Apia for New 
Zealand). 174 Days. 

RE~OMMENDATIONS 

55. The following points are recommended: 

a. RNZE undertake the task of improving the reef 
channels at Atafu and Fakaofo. 

b. No work commences on the improvement of channels 
until the locals have removed the infill of fines 
and necessary piles of rubble . 

/C. 





d. 

e. 

f. 

g. 

h. 
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The purchase of one x P375 portable compres sor 
4 X wheeled, adjustable tow bar, c/w rubber ho ~e 
steel piping and spares be initiated as soon as ' 
possible. 

A programme of routine maintenance be established. 
This could be overseen and directed by the Public 
Works organisation. 

Rubbish is no longer allowed to be disposed of in 
the reef channels. 

The schedule of the dates of charter for the cargo 
ship be organised to coincide with the proposed 
movements of the team. 

The task personnel should concentrate for a period 
of approximately four weeks prior to departure for 
Tokelau. This period should be used for: 

(1) briefings; 

(2) checking of stores; and 

(3) familiarisation courses on new equipments and 
refresher courses on trade related skills. 

i. A good standard of accommodation be made available 
for the tea~whilst in Tokelau. 

j. A cook should be included in the team complete 
with 'tools of the trade' and European style fresh 
rations. A commercial style refrigerator approxi­
mately 2 m3 is also recommended. 

k. The suggested stores list at Annex 0 be considered 
in more depth because of the requirements for the 
team to be self sufficient. 

1. On future reconnaissances of this nature: 

m. 

(1) the survey team should include: 

(a) one x officer, 

( 2) 

(b) one x surveyor (tradesman), 

(c) 

(d) 

tw~ x RNZE personnel, and 

one x Civil Engineer (to assess the 
locals' requests and offer guidance for 
the final designs). 

Arrangements are made for the required equi~­
ment and stores for test drilling and blasting 
be made available. 

A modern, light weight staff be introduced to the 
Army to replace the current stock of outd ated items. 
A suggested replacement is: 

/( 1 
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(1) the 5 m staff produced by 'MIZDGUCHI MFG' CO 
LTD, JAPAN. It comes complete with nylon 
carry bag, is easy to observe and has three 
telescopic extensions. This is currently 
used by Ministry of Works and Development. 

n. Survey equipment be purchased for Tokelau and 
periodically used to monitor the infill of the 
channels. 

0 . The personnel selected for the team are considered 
with the following in mind: 

(1) compatibility; 

(2) leadership; 

( 3) knowledge of explosives; and 

(4) personal home life. 





General 

ENGINEER RECONNAISSANCE REPORT 

ON ENGINEER WORKS REQUIRED 

TO IMPROVE THREE EXISTING REEF CHANNELS 

ON TOKELAU ISLANDS 

SECTION A - ATAFU 

1. The reef channel at Atafu has been developed, using 
explosives from an existing natural channel entrance. Jhe last 
work done on the channel was in 1979 when coral heads, causing 
obstructions in the channel entrance, were blasted. Atafu has 
an excellent concrete wharf at the end of the channel. 

Statistics 

2. Atafu reef channel is on the north-western side of the 
atoll at Vao Island (Atafu Village). 

Referring 
Serial Subject Description Appendix to 

Annex I 

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

Channel 

1 Magnetic Bearing 4340 ~ 1 

2 Length 1 40 m 1 

Datum ---
3 Description Top of LH Mooring 1 ' 4 

Bollard 

4 RL 1 DD. DD 1 ' 4' 5 

5 Distance to SCL 32.6 m 1 ' 4 

6 Magnetic Bearing to 2680 ~ 1 ' 4 
SCL 

Survey Control Line 

7 Magnetic Bearing 4340 ~ 1 

8 Number of Poi'nts . 16 1 ' 4 
Surveyed 

Cross-Sections 

9 Magnetic Bearing 5940 ~ 1 

1 0 Number of Cross- 15 2, 3 

Sections 

/Improvements 





- 2 -

Serial Subject Description 
Re f erring 

Appendi x to 

(a) (b) 
Anne x I 

(c) ( d ) 
Improvements 

11 Requirements Widen channel on RHS 1 . 2 . 3 from cross-section E 
Widen entrance on RHS 
Widen entrance on LHS 

12 Magnetic Bearing of LHS 3650 ~ 1 Excavation RHS 4780 ~ 1 
13 Length of Excavation LHS 58 RHS 45.6 m, m 1 

Tide Levels 

1 4 High Tide RL 100.257 1 . 4 , 5 
15 Low Tide RL 99.1 07 1 • 4. 5 
15 Spring Low Tide RL 98.807 1 . 4. 5 
17 Other structures Wharf RL 100.1 57 1 5 
18 Distance to closest 55 m (Copra Shed ) 1 
19 Survey references Nil, use magn e ti c 

points bearing and di sta nce 
No permanent ma r ks 
available 

20 Other tasks Removal of ro ck rub ble 
piles and e x c av a t i on 
of fines 

Volumes for Removal 

21 Rock 898. 1 5 m3 s a y 9 00 m3 1 . 2, 3. 7 

22 Fines 510.45 m3 s a y 5 50 m3 1 . 2, 3. 4. 
7 

23 Total 1408.6 3 1 450 m3 1 . 2, 3. 7 m s ay 

Detailed Survey 

3. The survey of the Atafu Reef channel wa s co nducted during 
the period 3 - 11 Ma~ch 198~. 

4. Cross Sections A - L were accurately s ur ve d us i ng a level , 
staff, tape and compass. Sea conditions pa s t Cr oss - Section L did 
not allow for any accurate surveying due to s well a nd surge of 
waves. Cross-Sections M, N and 0 were reconn o itr e d using tape 
and compass only. To compensate for the lack of accuracy a 
percentage accuracy ratio must be applied to ea c h of the Cross­
Sections depending on the type of method u s ed t o gai n the Cro•;s­
Section data. Cross-Sections A - L must be c o ns id e r ed applyinq 

/a + 
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a ~ 10% factor and Cross-Sections M, N and o a · 
+ 20%. The removal of all rock at Ataf .PPlyl ng a fa ctor o f 
- . u requ1re s dri lli . 
blast1ng. The coral has an e x tremely ha d t ng e nd 

d . . r cru s (see An nex E) 
an 1n attempt1ng to place permanent surve marks . . ' 
plastic discs secured by bridging spikes yth .k' con~lS tlng o f 

t t • e sp1 e s d1d not 
pene ra e the coral at all but bent very easily All d - 1 . 
at Cross-Sections M, N and 0 will be under wate~ at a r l ~lng 
0.1/0.2 m plus wave surge. ppr ox 1mately 

Air Tools 

5. When determining the type of drilling equip me nt t o be 
recommended for the task, the distance between the s it e f o r th e 
co~pressor (above high tide level ) and the closest po i nt to be 
dr1lled, must be cons1dered. Assu ming the compress or w1·11 t 
f h f th · d · ope ra e 
r~m w ar , ere 1s a 1stance of 8 0 m to the clo sest point t b 

dr1l~ed. Compres~ed air piping, rat her than rubber, sho uld beo e 
cons19ered for _th1s be~ause of the high psi l os s due to fri ct i on 
over a large d1stance 1n rubber p ipes . The depth of inf il l or 
~il~kili, in the ~tafu channel was no t auccuratel y me asu red : but 
1t 1s assumed, us1ng local knowledge and Anne x D, to be gre a t e r 
than 1.0 m deep. This means that all e x cavation re quire d to 
achieve the LT - 1.2 m minimum dept h specificatio n , does not 
require any drilling or blasting. Deepening of At a fu cha nnel is 
therefore not considered an Army tas k . See App e ndices 2 , 3 a nd 
7 to Annex I. 

Improvements 

6. Improvements of the Atafu reef channel ore : 

a. widening an RHS by 2 .0 m from Cr oss - Sectio ns E - I' 

b. widening the channel at the e ntr ance on LHS at 
magnetic bearing of 355 0 ~. and 

c. widening the channel at the entrnac e on RHS at 
magentic bearing of 4780 ~-

These improvements necessitate remo val of the r o c k rubble p i l es 
on RHS of channel. These piles are debris e x-orig inal co ns t ruc­
tion and were manhandled into piles, therefore no proble ms to 
remove (see Annex I, Appendices 1 a nd 2). The r ock piles are 
currently on the extreme edge of both side s of t he channe l and 
consists of approximately 400 m3 eac h . When ob serving t h e 
action of the sea as it moves from High Tide to Low Tide , i t 
appears that the receding w&ter drags large quantiti es o f fin es 
from the rock pile into the channel. The fines a ppear to be the 
products of erosion upon the rock piles and, therefore, are be in g 
constantly produced through wave action. At High Tide , t h e water 
totally submerges all of the rock pi l es. Additi onal dep th would 
be maintained if dumped rubbish was not di s card e d into t he 
channel. There was no evidence that any form of routine 
maintenance was being periodically c onducted. I f this was done 
it would ensure continued servi c eability of the c hannel . 

/A ccommodati on 
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Accommodation 

7. There i s a European s t y l e gu est hou se o n Atafu for use 
and accommodation of official gue s t s . Th e Ad min i stration Officer 
and his family are pre s ently o c cupying it un til the i r house is 
built. A second gue s t house, 'Modulok' t y pe , i s to be completed 
construction by the end of June 1985 . Th is wi l l i nc l ude 2 x bed­
rooms (4 x beds), lounge, kitchen, ba th r o om, s h ower, flush toilet 
electric lights and power (wh e n g e nera tor i s ope rati ng), able to ' 
sleep up to 10 personnel. Thi s would be made ava il able for use 
by the Aid team. 

Resources 

8. The Aumag a will pro v id e loca l l a bo u r as an d when required. 
The only pieces of machiner y on the I sla nd ar e 2 x small concrete 
mi xers. A quantity of hand t oo l s i n va rio us states of repair are 
available for general us e . 

Ex plosive Storage 

9 . There ar e no building s available for the storage of 
e x plosives . The mo s t s uitabl e s i te for a magazine is on the 
northern side of Atafu Vill a g e ap proximately 250 m into the bush. 
Village occupies all a vailabl e c l eare d area. Locals ke2p their 
pigs nearb y , this would mean a sta nd ing patrol to be kept on 
magazine 2 4 hour s a day. The local people are e xtremely inqui s i­
tive. 

Explosives Required 

10. See Anne x L. 

Stores Required 

11 . See Ann ex 0. 

Manning 

12. See Anne x P. 





General 

ENGI NEER RECO NNAISSANCE REPORT 

ON ENGI NEER WORKS REQUIRED 

TO I MP ROV E TH REE EXISTI NG REEF CHANNELS 

ON TOK ELAU ISL AN DS 

SEC TION B - NUK UNONU 

1 . The Nukunonu reef channel is in go od c o ndi tion and 
se r ves the Village of Nukunonu well. Th e ch an nel i s an area of 
the reef where the sea condition s are app a r e nt l y a l ways calm. 
Th e c han nel is relatively wide ( aver a ge appr ox im ate l y 30 m) and 
has never caused any problems for a cc e ss in to a nd out o f the 
cha n ne l. Towards the LHS of the ch an nel , th e movement of t he 
sea wate r at high tide has scoured out a d e ep er c ha nnel (see 
Append i x 1 to Anne x J) . This deeper are a of t he c hannel is 
used particu l arly by the boats at low tid e (see Appendix 2 to 
Annex J) . The continual silting up of t he channel due to sea 
actio n is a problem. 

Stat i stics 

2 . The Nuk u nonu channel i s sit uated o n the south western 
side of the atol l at Nukunonu Island (Nukunonu Village). 

Referring 
Serial Subje ct Description Appendix to 

Annex J 

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

Channel 

1 Magnetic Bearing 3960 ~ 1 

2 Length 13 0 m 1 

Datum ---
3 Descr i ption Bo t t om RH cor ner of 1 

footp a th 

4 RL 100.00 1 

5 Distance to SCL 36 m 1 

6 Mag netic Bearing to . 495 0 ~ 1 
SC L 

Survey Control Line 

7 Mag netic Bearing 396 0 ~ 1 

8 Number of Points 4 1 
Surveyed 

/Cross -





Serial 

(a) 

9 

1 0 

11 

1 2 

13 

14 

15 

16 

17 

18 

21 

22 

23 

Subject 

(b) 

Cross-Sections 

Magnetic Bearing 

Number of Cross­
Sections 

Improvemets 

Requirements 

Tide Levels 

High Tide 

Low Tide 

Spring Low Tide 
Spring High Tide 

Other structures 

Distance to closest 
building 

Survey references 
points 

Other tasks 

Volumes for Removal 

Rock 

Fines 

Total 

Survey 

. 
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Description 

2360 Ill 

4 

(c) 

Locals mentioned 
widening at RHS 
entrance - absolutely 
no need. Requires 
deepening particu­
larly at shore 

RL 99.889 

RL 98.2 

RL 98.00 
RL 100.519 

Nil 

Referring 
Appendix to 

Annex J 

(d) 

1 

3 

1 • 2 

1 • 3 

1 • 3 

3 

21 m (Stores Fale) 1 

Nil, use magnetic 
bearing and distance 
no permanent marks 
available 

Prevention of wave 
action dragging coral 
beach sand from 
beach into channel 

Nil 

1426.8 m3 say 1 450 m3 

1426.8 m3 say 1 450 m3 

- for area only 
detailed at Appendix 

1 to Annex J 

1 • 2, 4 

1 . 2, 4 

Detailed 
3. The survey of the Nukunonu reef channel was conducted on 
28 February 1985. The survey was conducted using survey equip­
ment. A SCL was established on the RHS of the channel but is 
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submerged at all times. The Cross-Sections shown at Appendix 2 
to Annex J and the volume calculations at Appendix 4 to Annex J, 
must have an accuracy ratio of~ 10% applied. 

4. The only improvement required at Nukunonu is deepening 
of the channel, particularly at the shore (see Appendix 2 to 
Annex J). This inolves the removal of fines only and is there­
fore not considered an Army task. 





General 

ENGINEER RECONNAISSANCE REPORT 

ON ENGINEER WORKS REQUIRED 

TO IMPROVE THREE EXISTING REEF CHANNELS 

ON TOKELAU ISLANDS 

SECTION C - FAKAOFO 

1. The reef channel at Fakaofo was constructed by RNZE 
during 196~/64: Due t~ a poor reconnaissance and subsequently, 
a poor est1mat1on of t1me, work and e x plosives requirement s was 
done. The 1963 team, led by Lieutenant D.W.S. Maloney, left 
Fakaofo having not completed their task . Work was continued on 
improving the channel by RNZE, during the following 24 months. 
The cause of the problem at Fakaofo is the incorrect alignment 
of th~ channel to the breaking waves, causing difficulty in 
manoeuvreing boats in the channel entrance. The construction of 
the channel at this angle was intentional to stop the wave surge 
up channel. This appears now to have been an incorrect judgement 
and was made prior to the channel construction commencing. 

2. During 1981, a team led by Mr P. Asher, constructed an 
additional channel on Fakaofo to that existing at Fale. This new 
channel was constructed to the north west of Fakaofo atoll on the 
northern side of the reef at a cost of NZ$75,000. It linked the 
Island of Fenua Fala to the open sea. 

3. Fenua Fala is a large Island approximately 1.5 km north 
west of Fale. It is a spacious Island and accommodates approxi­
mately 100 people of the Fakaofo population . Fale however, is a 
very small Island and is incredibly over crowded. It is reported 
to be the most densely populated Island in the Pacific Ocean, 
being the size of less than 2 x rugby fields, it has a population 
of over 500 people. 

4. The continued inhabitation of Fale stems back to it being 
the tradition 'capital' of Fakaofo. Over recent years, the 
Fakaofo population has been encouraged to move to Fenua Fala by 
the Ministry of Foreign Affairs. 

5. Previous aid teams have constructed the only school and 
hospital there and the recent construction of a new channel make s 
Fenua Fala a far more desirable place to live. However, the 
locals will not move and have begun to outlaw those who have 
begun living in Fenua Fala. They are now not ~llowed to voice 
their opinions individually ~t the weekly meet1ng s of the 
Taupulaga and the number of their respresentative Elders has 
been reduced. 

6. The new channel has proved to be excellent in all respects. 
such as: 

a. construction; 

b. siting; and 

;c. accessibility. 
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c. accessibility. 

However, it is only permitted to be used in extreme emergencies, 
such as a life or death s ituation when the Fale channel is 
totally inaccessible. The Fenua Fal a c hann el is therefore 
wasted. This indicates the abrupt and perhaps stubborn manner 
of the local people . They believe that their points of view and 
opinions are always correct and this often means it is difficult 
to get them to accept any outside advice. See para 25 of Part 
I I. 

Statistics 

7. The Fakaofo channel is on the south western side of the 
atoll at Fale Island (Village). 

Serial Subject 

Channel 

Magnetic Bearing 

2 Length 

Datum 

3 Description 

4 RL 

5 Distance to SCL 

5 Magnetic Bearing to 
SCL 

Survey Control Line 

7 Magnetic Bearing 

8 Number of Points 
Surveyed 

Cross-Sections 

9 Magnetic Bearing 

1 0 Number of Cross-
Sections 

Improvements 

11 Requirements 

Description 

4200 11\ 

180 m 

Front RH corner of 
copra shed on wharf 
at ground level 

100.00 

11 . 5 m 

5030 11\ 

4320 11\ 

18 

2720 11\ 

18 

Widen channel on LHS 
from patch of concrete 
on LH channel side at 
Cross-Section 

Referring 
Appendi x to 

Anne x K 

4 

1 . 4. 5 

1 . 4 

1 • 4 

1 . 4 

2. 3 

1 . 2, 3 

112 Magnetic Bearing 
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Serial Subject 

(a) (b) 

Description 
Referring 

Appendix to 
Anne x K 

12 Magnetic Bearing of 
Excavation 

13 Length of Excavation 

1 4 

15 

16 

17 

18 

19 

20 

Tide Levels 

High Tide 

Low Tide 

Spring Low Tide 

Other structures 

Distance to closest 
building 

Survey reference 

Other Tasks 

Volumes for Removal 

21 Rock 

22 Fines 

23 Total 

Detailed Survey 

3950 11\ 

118 m 

RL 99.944 

RL 98.894 

RL 98.694 

(c) 

Channel has concrete 
area around three x 
sides up to 21.5 m up 
channel. Recently 
constructed sea wall 
2.0 m high. Old 
derrick on wharf . 

6.6 m 

Nil, use magnetic 
bearing and distance, 
no permanent marks 
available 

Removal of rock 
rubble pile and 
excavation 

1454.75 m3 say 1500 

969.15 m3 say 1000 

2423.9 m3 say 2500 

m3 

m3 

m3 

(d) 

1 ' 4' 5 

1 ' 4' 5 

1 ' 4' 5 

1 

2' 3' 4' 6 

1 ' 2' 3, 7 

1 ' 2' 3' 4' 
7 

1 ' 2 , 3' 7 

8. The survey was conducted during the period 13 - 15 March 
1985. An accurate survey was done using a level, staff, tape and 
compass for Cross - Sections A - M. Sea conditions past Cross­
Section M did not allow for any accurate surveying due to the 
swell and surge of waves . Cross - Sections N - X were reconnoitred 
using a tape and compass only. To compensate for the lack of 
accuracy, a percentage accuracy ratio must be applied to each 
of the Cross - Sections depending on the type of method used to 
gain the Cross - Section data. Cross - Sections A - M must be 
considered applying a + 10% factor and Cross-Sections N - X 
applying a factor of +-20%. Removal of all rock at Fakaofo 
requires drilling and blasting . 

/9 . Permanent 
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9. Permanent survey marks were intended to be placed at 
Fakaofo, but the coral here proved to be too hard. 

10. All drilling at Cross-Sections N - X will be under 
water approximately 0.1 - 0.2 m plus wave surge. 

Air Tools 

11. The minimum distance between compressor (above High 
Tide) and the closest point to be drilled must be considered 
when determining loss of psi due to frction of rubber hose. At 
Fakaofo the compressor can be located near the 'pole' (see 
Appendix 1 to Annex K) as the coral here is always above High 
Tide mark. The closest point of drilling is at Cross-Section H, 
approximately 40 m away. This distance will require alternative 
piping of compressed air other than rubber to avoid excess loss 
of psi. 

12. Local knowledge and reference to Annex D suggests that 
the infill of fines in the channel is in excess of 1.5 m deep. 
No blasting or drilling is required to enable efficient removal 
of fines. Excavation of channel to achieve minimum required 
depth of Low Tide - 1.2 m is not considered an Army task (see 
Appendices 2, 3, and 7 to Annex K). 

Improvements 

13. Improvements required at Fakaofo (Fale) channel are: 

a. widening of channel on LHS at magnetic bearing of 
3950 ~ from a patch of concrete on the LH side of 
channel to sea. This bi-sects a relativel~ small 
pile of rock rubble of approximately 240 m . This 
will be required to be removed prior to any work 
commencing on the task. 

14. Regular Routine Maintenance of clearing f~ne~ from 
channel is not being undertaken by the locals. ThiS lS a 
necessary requirement to keep the channel serviceable. 

the 

Accommodation 

15. There are two large European style guest houses on Fale 
and three on Fenua Fala. They all consist of one large room 
with a capacity to sleep 12 pople comfortably, and a flush 
toilet. There are no cooking or washing facilities. The 
Taupulaga stated tha~ Guest ~ouse accommodation would be made 
available for an aid team. 

Resources 

1 6. 
Aumaga. 

d h requl·red, will be provided by Local labour, as an w en 
No other resources can be relied upon. 

/Explosive 
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Explo s ive Storag e 

17. Due to overcrowding e xplained in paragra ph 3 , the 
e xplosives must be stored off the inhabited Isla nd. There is 
an e x pance of reef that remains above water level to the north 
west of Fale (see Anne x C), the area detailed a s ' old hospital' 
is now the Administration Block. The suggested magazine site 
is on a isolated area of this e xpanse of reef. 

Other Considerations 

18. The locals at Fakaofo also believe that th e re is 
insufficient concreted area at the end of the cha nnel to a ll ow 
for efficient loading/off loading of boats. The y s a i d tha t 
they also want ab out 7.0 m of the cha nnel bac kfi l le d then 
concreted. Aft er some advice and purs uasion , th e Elders were 
discouraged from this course of a c ti on and were satisfied wi th 
the sugge s tion o f concreting a larg er are a o f the reef on both 
s ides of the channel. 

Ex plosives Required 

19. See Anne x L. 

Store s Re qui r ed 

20. See Annex D. 

Manning 

21 . See Annex P. 
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i'liNUTE 

Poli cy Branch 

DEFENCE ASSISTANCE TO TDKELAU 

Reference: Cabinet Minute 85/2/25 (coo y attached), sub 
paras b(i) and (ii) 

1. This is to confirm the informal requ ests you have 
rec~ive~ already to provide one naval officer and one Army 
engineer to visit Tokelau betw een-25 Feb and 3 Mar 1985. 
The charter vessel "AVONDALE" will lea ve and return to Apia 
on those dates and the Mini~try of Foreign Affairs has 
reserved accommodation on it. 

2. Objective: to prepare a report for the Minister 
of Defence on the feasibility - using Defence resources to 
the maximum extent consistent with budgetar y provisions and 
established Defence commitments - of: 

a. deepening, and widening to 20/25 feet, the reef 
channels at Fakaofo (Fale ) and Atafu; and 

b. dismantling and removing to deep water a large 
wreck on Fakaofo (the "AI SOKULA") and an older 
small wreck on Atafu (a fishing vessel). 

3. Although it is not mentioned in the Cabinet Minute, 
the Tokelau authorities are also concern ed that the channel on 
Nukunonu, though of satisfactory width, may need deepenin~ at 
the shoreline. An opinion on that requirement should be 
included in the report. 

4. A simultaneous · reconnaissance is to be carried cut 
~y MWD en-ineers, accomoanied by a blasting consultant, 
Mr Peter Asher. Their main interest is in the feasibility 
of constructino coral airstrios on the atolls. If proceeded 
with, that too~may become - at least in part - a Defence task . 
In a ny case, expertise on all three tasks should be freely 
exc ha nged by the two elements of th e reconna issance. 

/5 . The report 
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5. Th e report should be forwarded ~lease via Staff 
chonnels to this Branc h, for pr e parati on of a covering 
s ubmission to the Ministe r . It is believed that both Navy 
and Arm y have carried out reef - ga ppin g assignments in Tokelau 
in the past . Reference to relevant repor ts may assist the 
recon team. 

6. It is desired that the two officers be given a 
briefing by this Branch and the Ministr y of Fore ig n Affairs \ 
before they depart. Could arrangements plea se be made for 
them to be in Wellington in the week begin~ing 18 February" 
at a place and time to be discussed. Phorographs of the 
two wrec ks will be available then. 

7. At this stage, financing of thes e projects has still 
to be agreed, but MFA has tentatively undertaken to meet the 
costs o f the r econnaissance.'\ravel to and from Western Samoa, 
by civil air,will be coordinated by MFA. 

7 Feb 85 
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Prime Minister 

Copies to: 

M,inist er of Foreign Affairs 
Minister o f Finance 
Minister of Transport 
Minister of Pacific Is land Affairs 

~Minister of Def ence 
Minist er of Stat e Serv i ces 

REPORT ON OVERSEAS VISIT : RT HON DAVID LANGE 

At the meeting on 28 June 1985 Cabinet : 

a noted the report attached to CS (85 ) 35 on your visit 
to Tokelau; 

b invited the Minister of Defence t o proyi d e you 

c 

with a .report on the feasibility of the Armed Services: 

i widening the narrow reef passages a t Fakaolo 
and Atafu; 

ii removing two wrecks which are c aus i ng fish 
poisoning; 

iii providing surveillance of t he Exc l usive Economic 
Zone and enforcement pat~ols ; 

noted that cooies cf vcu~ reoor t wil l be ~eferred for 
appropriate actio n or. consid;;,ration to t::-.e :·linis<:.e~s 
of Foreign Affairs, Defence, State Serv i ces, Transport 
and Pacific Island Affairs. 

' . 

t_/-----LJ._)\ 

. ftv0 . 

Secretary of the Cabinet 

I 

\ 
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\1 I N I S T R Y 0 F F 0 R E I G N A F FA 1 R S 

20 February 1985 

Lieutenant A Skinner 
New Zealand Army 

WELLINGTON 

C/o Officers Mess 
Linton Military Camp 

Dear Lieutenant Skinner 

am authorised by the Minister of Foreign Affairs to 
offer you an assignment as a short term adviser to report 
to the Ministry of Defence on the feasibility of deepening 
and widening the reef channels at Fakaofo (Fale) and Atafu. 

Your assignment will be for the period 23 
March 1985 and will be under the auspices 
Zealand Development Cooperation Programme. 

BACKGROUND AND TERMS OF REFERENCE 

February-22 
of the New 

The background to this assignment and the terms of 
reference for it are set out in Major R A Barrett's letter 
of 15 February to Mr Brian Prendergast, Senior 
Construction Engineer. Ministry of Works and Development 
which has been copied by Major Barrett to you. A copy of 
this letter is attached for your ease of reference at 
Annex A. In summary the reconnaisance task requires you 
to report to the Ministry of Defence on the following: 

i deepening and widening to 20-25 feet the reef channel 
at Atafu. 

ii deepening and widening tbe Nukunonu reef channel. 

iii removing rubble from the existing channel at Fakaofo 
(Fale) and (i) realigning, widening (by 20-25 feet) 
and deepening it. Or ( ii) investigating the 
development of the nearby natural channel. 
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It has been stressed that in looking at these options, you 
should consult closely with the appropriate elders. You 
will understand the importance of this. 

The Office for Tokelau Affairs in Apia has advised that 
they have had a brief discussion on the question of reef 
passage clearance in the Pacific with Mr Godfred Shuma of 
the United Nations Centre for Human settlements. Mr 
Shuma, a harbour engineer and based in Rarotonga has 
carried out similar reef passage work in the 'cook 
Islands. He drew attention to the need for a very careful 
assessment to be undertaken before any decision on 
widening or deepening work is made. In particular. he 
emphasised the need to gather extensive comments from the 
local people on how the sea behaves around channels under 
various - weather conditions. We would wish you to note Mr 
Shuma's advice. 

You are aware that during the first sector of your 
assignment a Ministry of Works and Development team, 
accompanied by a Commission for the Environment 
investigating officer will be undertaking a concurrent 
exercise. The Ministry of Works team, comprising Mr Brian 
Prendergast, Construction Engineer and Team Leader, Mr 
Warwick Hills and Mr Peter Asher, have responsibility for 
preparing a design and construction proposal together with 
a firm estimate of cost of the establishment of a land 
based air service in Tokelau . The Commission for the 
Environment officer will advise and report on the social 
and environmental implications of this. 

It has been agreed by your Ministry and the Ministry of 
Works that the Work~ team will liaise closely with you on 
engineering aspects of your assignment. and that the 
design report will be prepared by the Ministry of Works . 
You will have opportunity to discuss how this aspect 
should proceed with the Ministry of Works team prior to 
your departure and during your journey together to Tokelau. 

During the assignment in Apia and Tokelau, you should 
liaise with the Official Secretary for Tokelau Affairs. Mr 
A H Macey or whichever senior member of the Tokela~ Public 
Service he may nominate to assist you. The Off1ce ~or 
Tokelau Affairs is situated on Savalalo Street, Apla, 
Phone: 20-822 or 20-823. 

CONDUCT 

You will appreciate that New Zealand's Development 
Cooperation Programme. besides providing technical 
assistance to the partner government countries, also 
serves to promote goodwill and understanding. You should 
make every effort to reach an understanding of those 
people with whom you will be working and to develop a 
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rapport with them. I am confident that you will avoid any 
course of action which could adversely affect the success 
of your assignment or which would reflect badly on New 
Zealand's reputation overseas. 

REMUNERATION 

Details are attach~d at Annex B 

We 
your 
and 
this 

should appreciate receiving written confirmation of 
acceptance of this offer of appointment on the terms 

conditions set out above and in the attachment/s to 
letter. 

We should like to wish you a successful and enjoyable 
assignment in Tokelau. 

fincerely 

Aid 

Encl 





MAPS 

ANNEX C TO 
TOKELAU RECON REPORT 
DATED 10 MAY 85 

Attached as Appendices are maps of Atafu, Nukunonu and 
Fakaofo showing the reef channel sites and locations of the 
ship wrecks. 

Appendices: 1 . Map of Atafu 

2. Map of Nukunonu 

3. Map of Fakaof o 
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DRAWINGS OF PREVIOUS SURVEY 

1. Attached as Appendices to this Anne x are the drawing s 
made from a previous survey conducted during Feb and May 76 . 

2. These drawings have been used as References, although 
their accuracy is not known. 

Appendices: 1 . Atafu Reef Channel 

2. Nukumonu Reef Channel 

3. Fakaofo Reef Channel 
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BOATS 
E ¥ SF=tll i & EikJfUI 

ANNEX F TO . 
Telephooes: (64) 46-002, 46-022 TDKELA U RECDN REPD I 
Shipyard: Heads Road, Wanganui,DATED {0 MAY 85 I 
Nav.- Z.ealar.d. -

NEW ZEALAND LTD. Postol Address: P.O. Box 8032, 
Wanganui, New Zealand. 
Telex: N.Z.. 3455, 'ALSTEEL' 

WORK BOAT HULL 

WORK BOAT HULL 6.1 Metres X 2 . 14 Metres ( 20' x 7 ') 

ALL WEUJED 5083 ALLOY 

FLAT BOTTOM 4mm PLATE 

SIDES 3mm PLATE 900mm (35") 

·CURVED BOW WITH FORE DECK AND BULKHEAD 

CHANNEL FLOOR STIFFNERS 200mm ( 8 11 ) CENTRES 

TRANSOM FOR TWIN OR SINGLE 20 11 OUTBOARD 

REAR SEAT EACH SIDE AT TRANSOM 

SPLASH-DRAIN WELL FOR OUTBOARDS 

PLY INSIDE FLOOR 12mm 

CLEAR INSIDE LENGTH 5 Metres (16 1 4") 

4 LIFTING POINTS 

4 CLEATS 

HULL DRAIN BUNG 





12 - 28 ,Tanuary 

2 5 Februe!ry - 3 M<;.rc,-. 

9 - 1 9 March 

7 - 13 May 

22 June_ - 2 July 

3 - 9 August 

14 - 23 September 

12 - 18 October 

'1 - 18 November 
or 

16 - 2 5 November 

20 -- 27 D•2cember 

l.l 8 5 

M V A'J• __ -'NDALE 

Visit by ~rime Minister and 
Budget Cowmittee ~eetings 

fuel* 
f, le 

General Fono at -~u 

Inter -Fono meetings 

Genet·a l Fono 

Fuel* (M V " Sami ") 

Committee meetings 

Sch~larship students' home leave 

* Deck passengers not carri.·cd on fuel sailings 

BOAT FARES 

Deck passengers 

Deck passengers with saloon meals 

Cabin passengers with saloon meals 

Ministry of Foreign Affairs 
WELLINGTON 

ll February 1985 

WS$25 one way 

WS$65 one way 

WS$95 one way 
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Nai'FS OF A MEETING WITil MR GOTFRED SHUMA 

(HARBOUR ENGINEER, UNITED NATIONS CENTRE FOR 

HUMAN SETTLEMENTS) 
---------------·-.h·------.---------:--------------

Place 

Date 

Present 

Office for Tokelau Affairs, Apia 

19 March 1985 

Mr G Shuma 
· Mr A Macey 

Mr C Perez . ) 
C P 0 J Kearney 
Lt A Skinner 
Ms D Almao 

Office for Tokelau ' Affairs 

NZ Navy 
NZ Army 
Foreign Affairs 

Hr Shuma is a UNDP consultant currently advising theCook 
Islands Government on the Avatiu Harbour development scheme and 
reef blasting projects in the outer islands. DUJ:ing the meetir.g 
he offered the following general comments on reef channel 
construction projects and maintenance. 

(A) Preliminary Survey Work 

Before any construction or maintenance is carried out, it 
is essential to compile a record of depth soundings throughout 
the length of the channel. This information provides a base 
i or m~asur~ng th~ rate at whi~ h silt a~cumel~tes snd allows the 
per scm(s) resp•msibie tor channei. muincenance t.o decide w!.en 
clearence is necessary. Once the basic dimensions of the 
channel are known, local Tokelauans can be trained · to take 
soundings at regular intervals, · to plot the results on a graph 
and to request dreding maintenance as required. Sophisticated 
depth guages are not needed for this type of work. A simple 
lead line can be used in the deeper water (about 2i - 3 metres) 
at the channel entrance. 

The optimal depth for a chanuel should allow for: (a) t ile 
draught of the vessel (about 4 inches for an e"tpty aluminium 
whaleboat plus 12- 18 inches for the outboard motor); 
(b) a tolerance (equal to 20% of the draught) for underwater 
cl0arance and wa't'e and swell action; 
(c) a margin for silt accumulation. 

In Mr Shuma 1 s experience, the exc:J vatioa fo1· the channel 
should';:o'(; the deep rather than the shallow side: at the same 
time it should not be too deep as this increases the volume of 
l.nc.:oitd.ng water ~.eyor..rl ~.Jr.~c:irable limitfs. 
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(B) Explosives Work 

Whether widening or realig~ing a c~annel, it is very 
important to employ an experienced and reliable underwater 
explosives expert for the job. ·· A "trigger-happy" or untrained 
specialist who deviates from the engineer's design parameters 
can create unnecessary hazards. 

To establish an appropriate drilling pattern for the 
explosives, details of the type of coral and required depth 
should -be known. ICI (Explosives Division) can provide 
i.nformation on ,the suitability of certe:in explosives for 
various types of coral. Delay detonators are generally used 
to remove the fill. During the blasting phase, there are also 
opportunities for the visiting expert to train Tokelauans in 
underwater explosives work. If this is thought desirable, the 
trainees can also attend a course in explosives work offered 
by !Cl. 

(C) Retaining Walls 

It is possible to reinforce the side walls of the channels 
provided the reefs are solid enough. This is done by keying 
gabian baskets into the reef with spikes. The basket netting 
should be coated with pvc to reduce rusting. The retaining 
wall should however not be built right up to the edge of the 
reef. It has to be· realized that as boulders and other 
material are inevitably washed back into the channel constant 
maintenance is necessary. 

" 
(D) Maintenance ~ 

Channel maintenance tends ~ be a problem in remote 
islands. The clearance of rubbl~ and silt is not regarded as 
a traditional task by village labour forces and unless some 
mechanical assistance is provided, channel upkeep tends to 
be neglected. It is not necessary to supply sophisticated 
machinery for this sort of work. A simple dragline operation 
using steel buckets (because the material does not float),-
a small 2 ton air winch, and a compressor or small engine 
as a backup, is adequate for the typical situation. The 
dragline should be designed to suit the ca~acity of the 
compressor or engine attached. An hydraul~c un~t can b~ 
substituted for the· compressor or engine; but although ~t is 
smaller and faster to operate, it has the disadvantage of 
requiring more frequent servicing. 

!1r Shuma recommended the use of reconditioned or second­
hand rather than new equipment (which ages within two months 
of purchase anyway).with replacement regularly scheduled ~very 
2 _ 3 years. Any equipment ordered should b7 tested ~n s~mulated 
working conditions prior to purchase and del~very. 





- 3 - ANNE X H 

-3-

As reef channels generally require dredging once every 
six to twenty-four months, it makessense to rotate the same 
equipment around all three islands and to employ one permanent 
team (including at least 2 trai~ed opera~ors) to use it . 

. TI1e appointment of a select operator• encourage& a sense of 
responsibility for the m~«~inery and enhances the chances 
that regular servicing ""' be carried out. 

Dredging operations ~ take up to several months 
depending on .the accumulation of silts and kilikili. A very 
broad estimate of the · time required could be calculated once 
the rate at which the dragline removet fill and the mass of: 
the silt were known. The work should be done in the off­
hurricane season. 

(E) Shore Facilities 

Mr Shuma recommended that every channel have a basin and 
a large concrete landing platform. The latter should be built 
just above the high water mark for ease of cargo and passenger 
handling. (argo handling equipment, such as derricks, were 
not a necessary accessory. In his experience, derricks tended 
to be too slow at loading and unloading petrol drums, etc. 
and tended therefore not to be ~ed. It was far more important 
to build an adequate landing platform for receiving and loading 
goods. 

(F) Fale Channel 

i·"ir 3huma also asked why the nai:UJ:al t:haunel aL. Fa:e had 
not been developed. The explanation was that the natural 
channel drains water from other areas and its flow of water 
is too great and too strong for boat channel conditions. He 
said this explanation appeared valid. 

D J Almao 
20.3.85 





ANNEX I TO 
TOKELAU RECON REPORT 
DATED 10 MAY B5 

ATAFU REEF CHANNEL 

Appendices to this Annex are the technical details of 
the data obtained during the surveying of the channel. 

Appendices: 1 . Plan View 

Note: 

2. 3D Plan View 

3. Detailed Cross-Sections 

4. Longitudinal Cross-Section 

5. Survey Sheets 

6. Centre-Line Levels 

7. Volume Calculations 

Appendices 1, 2, 3 and 4 are not attached, but are separate 
to this Report. 
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Serial 
Cross Calculation Fines Rock 

Total Volume Section (Blasti ng Req) 

(a) (b) (c) (d) (e) (f) 

1 A - 8 
3. 96 m2 + 4.8 m2 

1 0 m 43.8 m3 Nil 43.8 m3 2 X 

2 8 - c 4.8 m2 + 6.3 m2 
1 0 55.5 m3 Nil 55 .5 m3 

2 X m 

6.3 m2 + 2.63 m2 
44.65 m3 

. 
44.65 m3 3 c - D 

2 
X 1 0 m Nil 

4 D - E 
2.63 m2 + 6. 18 m2 

1 0 m 44.05 m3 Nil 44.05 n) 
2 X 

5 E - F 6. 18 m2 + 9.52 m2 
10 m 78.5 m3 Nil 78.5 m3 

2 X 

6 F - G 9.52 m2 + 8. 41 m2 
10 m 89.65 m3 Nil 89.65 rr) 

2 X 

7 G - H 8. 41 m2 + 5.97 m2 
m3 71 . 9 m3 

2 X 1 0 m 71 . 9 Nil 

8 H - I 5.97 m2 + 6.04 m2 
60.05 m3 60.05 m3 

2 X 1 0 m Nil 





- 2 -

Cross Calculation Fines Serial Section 

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

2.43 m2 + 2.0~ m2 
x 10 m 22.35 m3 

I - J 
2 

9 

/ 3.61 m2 + 6 .12 m2 x 10 m 
2 

10 J K 
8.16 m2 + 18.27 m2 

x 10 m Nil - 2 

11 K - L 
18.27 m2 + 20.52 m2 

1 0 m Nil 
2 

X 

1 2 L - M 
20.52 m2 + 21.42 m2 

x 10 m Nil 
2 

13 M - N 
21 .4 2 m2 + 15.42 m2 

x 10 m Nil 
2 

14 N - 0 15.4 2 m2 + 10.48 m2 
10 m Nil 2 X 

15 TOTAL --------------- 510.453 

APPENDIX 7 TO 
ANNEX I 

Rock 
Total Volume (Blasting Req) 

(e) (f) 

---------- 71 . 0 m3 

48.65 m3 

132.15 m3 1 3 2. 1 5 m3 

193.95 m 3 193.95 m3 

209.7 m3 209.7 m3 

184.2 m3 184. 2 m3 

129.5 m3 129. 5 m3 

898 .15 m3 1408.6 m3 





ANNEX J TO 
TOKELAU RECON REPORT 
DATED 10 MAY 85 

NUKUNONU REEF CHANNEL 

Appendices to this Annex are the technical details of 
data obtained during the surveying of the channel. 

Appendices: 1. Plan View 

2. Detailed Cross-Sections 

3. Survey Sheets 

4. Volume Calculations 

Note: Appendices 1, 2, are not attached, but are 
separate to this Report. 
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NUKUNONU - VOLUME CALCULATIONS 

Cross Calculations Fines Serial Section 

(a) (b) (c) (d) 
.-, 2 

1 A - B 
18o22 mL + 18o52 m 30 55 1 01 m3 2 x m 

2 B ·- C 
18o5 2 m2 + 10053 m2 

x 30 m 435 075 m3 
2 

3 C - D 1 0 0 53 m2 + 12 08 m2 
x 30 m 21il0o95 m3 

2 

4 TOTAL ------------ 1267 0 8 m3 

APPENDIX 4 TO 
ANNEX J TO 
TOKELAU RECON REPORT 
DATED lO MAY 85 

Rock 
Total Volume (Blasting Req) 

(e) (f) 

Nil 551 01 m3 

Nil 435075 m3 

Nil 28Do95 m3 

Nil 1267 0 8 m3 





ANNE X K TO 
TOKELAU RECON REPORT 
DATED tO MAY 85 

FAKAOFO REEF CHANNEL 

Appendices to this Anne x are the technical details of 
data obtained during the surveying of the channel. 

Appendices: 1. Plan View 

2. 3D Plan View 

3. Detailed Cross-Section s 

4. Longitudinal Cross-Section 

5. Survey Sheets 

6. Centre-Line Le vels 

7. Volume Calculations 

Note: Appendices 1, 2, 3 and 4 are not a tt ac he d , but a r e 
separate to this Report. 

, 
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APPEND I> 
ANNEX K 
TOKELA U 
DATED L 

FAKAOFO REEF CHANNEL 

CENTRE - LINE LEVELS . 

Seri a l Cr oss- Section Centre Line 
RL 

(a) (b) (c) 

1 A 98.992 

2 8 98.49 

3 c 98.582 

4 D 98.437 

5 E 98.294 

6 F 98. 171 

7 G 98. 1 09 

8 H 98.134 

9 I 98.337 

1 0 J 98.294 

11 K 98.054 

12 L 97.97 

13 M 97 . 883 

1 4 N 97.75 

15 0 97 . 52 

16 p 97 . 3 

17 Q 97 . 0 

18 X 96.76 

. 

l ,j 





FAKAOFO - VOLUME CALCULATIONS 

Serial 
Cross Calc ulation Fines 

Rock 
Total Volume 

Section (Blasting Req) 

(a) (b) (c) (d) (e) (f) 

1 A - B 
18.15 m2 + 9.4 m2 

10 m 140 .75 m3 Nil 140.75 m3 
2 

X 

2 B - C 
9 .4 m2 + 6.33 m2 

1 0 m 78.65 m3 Nil 78.65 m3 
2 

X 

3 c - D 
6.33 m2 + 8.93 m2 

10 m 76.3 m3 Nil 76.3 m3 
2 X 

4 D - E 
8.93 m2 + 8.36 m2 

10 m 86.45 m3 Nil 86.45 m3 
2 X 

5 E - F 
8.36 m2 + 4.55 m2 

10 m 64.55 m3 Nil 64.55 m3 
2 

X 

6 F - G 
4.55 m2 + 4.28 m2 

10 m 44 . 1 5 m3 Nil 44.1 5 m3 
2 X 

7 G - H 4 . 28m2 . + 6.2 m2 
x 10 m 52.4 m3 Nil 52.4 m3 

2 

8 H - I 6 . 2 m2 + 12.44 m2 
x 10 m 93 0 1 m3 Nil 93.1 m3 

2 





Cross Calcul at ion Fines 
Rock 

Total Volume Serial Section (B la sti ng Req) 

(a) (b) (c) ( d ) (e) (f) 

8o84 m2 + 8o24 m2 
x 10 m 85o3 m3 

----------2 
9 I - J 14206 m3 

3 o6 m2 + 7086 m2 
x 10 m ~ 57 03 m3 

2 

8o24 m2 + 6o89 m2 
x 10 m 75065 m3 

----------2 
10 J - K 166035 m3 

7086 m2 + 10 o28 m2 
1 0 m ~ 9007 m3 

2 
X 

6o89 m2 + 7061 m2 

----------
. 

2 
x 10 m 7205 m3 

11 K - L 179o85 m3 
10028 m2 + 11o19 m2 x 10 m V 107035 m3 

2 

7o61 m2 + 5o54 m2 
x 10 m 65o75 m3 --------2 

12 L - M 179o35 m3 
11 o19 m2 + 11 0 53 m2 

10 m ~ 113o6 m3 
2 

X 

5o54 m2 + 1 0 18 m2 
10 m 3306 m3 ----------2 X 

13 M - N 159o15 m3 
11 0 53 m2 + 13o58 m2 

1 0 m ~ 125o55 m3 
2 X 

14 N - 0 
14o76 m2 + 22o88 m2 

x 10 m Nil 188 0 2 m3 1880 2 m3 
2 

• .-. --;:~ 
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Cross Calculation Serial Section 

(a) (b) (c) 

0 - p 22.88 m2 + 18.37 m2 
1 0 m 15 2 

X 

16 p - Q 
18.37 m2 + 20.64 m2 20 m 

2 
X 

17 Q - X 
20.64 m2 + 14.5 m2 

1 0 m 
2 

X 

18 TOTAL ----------

Fines 

(d) 

Nil 

Nil 

Nil 

969.15 m3 

APPENDIX 7 TO 
ANNEX K 

Rock 
Total Volume (Blasting Req) 

(e) (f) 

206.25 m3 206.25 m3 

3 90. 1 m3 390.1 m3 

175.7 m3 175.7 m3 

1454.75 m3 2423.9 m3 
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ANNEX L TO 
TOKELAU RECON REPORT 
DATED 10 MAY 85 

EXPLOSIVE CALCULATIONS 

1. The following is an assessment of type and quantity of 
explosives and associated equipment required for the task at 
Atafu and Fakaofo: 

5£-A 

a. Drilling Pattern. This can only be effectively 
determined once test drills and blasts have been 
completed insitu at Atafu and Fakaofo respectively. 
However, a suggested borehole depth and drilling 
pattern is as follows: 

t><'flos<""--

(1) Borehole. 
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(2) Drilling Pattern. 
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/b. Calculations 
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b. Calculations to Remove 900 m3 at Atafu. 

c. 

Burden 

Spacing 

Sub grade 

Final stemming 

Face height 

Charge Length 
Stemming 

Delay per hole 

Total charge 
per hole 

Rock Volume 

Powder factor 

1 . 0 m 

1 . 0 m 

0.4 m 

0.4 m 

1 . 0 m 

Face height + Subgrade - Final 
1.0m+0.4m-0.4m 
1 . 0 m 

10 mili/sec 

1. 3 kg/m run of hole x charge 
length 

1 . 3 kg 

burden x spacing x face height 
1.0mx1.0mx1.0m 

bulk measure 
1 . 0 m3 

charge per hold ~ bulk measure 
1.3 kg~ 1.0 m3 
1 . 3 

Number of holes Rock required ~ charge per hole 
900m3+ 1.3 kg 

Explos ives 
Required 

693 holes + 10% 
762 holes 

762 holes x 1.3 kg 
990.6 kg 
990.6 ~ 0.676 gms 
1466 carts + 10% 
1613 carts 

Calculations to Remove 1500m3 at Fakaofo. 

Burden 

Spacing 

Sub grade 

Face height 

1 . 0 m 

1. 0 m 

0.4 m 

1 . 0 m 

Charge Length Face height + Subgrade - Final 
Stemming 1.0 m+ 0.4 m- 0.4 m 

1 . 0 m 

Delay per hole 

Total Charge 
per hole 

Rock Volume 

10 mili/sec 

1. 3 kg/m run of hole x charge 
length 

1 . 3 kg 

burden x spacing x face height 
1.0mx1.0mx1.0m 
1.0 m3 bulk measure 

/P OLuder 





P.owder Factor 

Number of holes 

Explosives 
Required 

- 3 - ANNEX L 

charge per hole + bulk mea s ure 
1.3 kg+ 1.0 m3 
1 . 3 

Rock required + charge per hole 
1500 m3 + 1.3 kg 
1154 holes + 1-% 
1269 holes 

1269 holes x 1.3 kg 
1649.7 kg 
1500.2 kg + 0.676 gms 
2441 carts + 10% 
2685 carts 

Total explosives required 
37 carts, Molanite. 

4298 carts in boxes of 

d. Flexicord Required. For ring main to charge: 

Hole depth 

Length of Card 

.. Atafu (762 
Fakaofo (1269 

For ring mains: 

.. Atafu (762 
Fakaofo (1269 

Totals: Atafu 
Fakaofo 

Total 

1 . 4 m 

2 x 1. 4 m + tying off 
0.4 m + securing of e x plosives 
0.2 m 
3.4 m, say 3.5 m per hole 

holes) 2667 m 
holes) 4441.5 m 

!!! 1 . 5 m/hole 

holes) 11 43 m 
holes) 1903.5 m 

3810 m 
6345 m 

1 0155 m 

e. . Detonators Required. 

!!!- 1 x det/blast 

if 1 x blast average of 25 holes 
82 detonators 

f. Detonating Relay Connectors Required. 

g. 

!!! a x DRC/5 holes = 407 

It must be remembered that there is no readily 
available resupply available on Tokelau. 

h. Shot firing cable = 600 m. 
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FEATURES 
ICI has been manufacturing slurry explosives in 
New Zealand since 1968, and has shown a steady 
advance in technology and periormance. 
'Molanite' is a high strength detonator-sensitive 
slurry formulated from non-explosive ingredients and 
is designed to replace conventional gelatinous 
explosives in many blasting applications. The latest 
advance, automatic cartridging of the slurries, 
provides superior packaging, and accuracy of 
diameters and lengths. 
The 'Molanite' range of products is designed to 
provide good storage qualities, ease of loading, and 
packaging to meet your needs. 

OPERATOR COMFORT 
The ' Molanite' range does not produce the 
headaches symptomatic of the nitro-glycerine 
explosives, and there are no fumes in storage. 

LOW FUME 
TOXICITY 
On detonation 'Molanite' produces 
less toxic fumes and smoke 
compared with conventional explosives. 
This very attractive property makes' 
a good choice when blasting in confined 

SAFETY 
Whilst sensitive to a detonator'Molanite' 
sensitivity to mechanical impact than 
explosives. Tests have also shown that 
engulfed in a hot fire 'Molanite' will burn but 
unlikely to detonate. 



® 

e' in all grades and diameters can be reliably 
1 by a No. 8 detonator or a 1 0 gram per 
Hlljetonating cord e.g. 'Fiexicord' or'Redcord~ 

er, where the ambient temperature is below 
11 primer such as an 'Anzomex Booster'or 
te' is strongly recommended. 

watergels 
WATER RESISTANCE 
The firm gel structure of'Molanite' has inherent water 

resistant properties which permit it to be loaded 
into water filled holes without detracting from 

its explosive properties. The new packaging 
material enhances this feature. 

TECHNICAL ADVICE 
The 'Molanite' range of products is backed 

by ICI's team of experienced and qualified 
field staff for consulation on-site to ensure 

the most efficient use of the products in all 
blasting conditions. 

Cartridging Machine 

Factory 



Cl powermasters at your command 
ICI research and development is your guarantee 

a dependable, powerful product range to 
ise your blasting. 

Service with safely is lhe guiding principle of 
world leaders in research and development of 
explosives and techniques for their application. 

ICI "Molanite" is manufactured in New Zealand to 
satisfy a broad spectrum of specifically local 
requirements. lt is always readily available; and it is 
backed up by a full technical advisory service which 
freely available for blasting consultation. 

with the high standard of reliability of all ICI 
.. v.,,~,.,.,<.e ··Molanite·· is subject to stringent quality 

testing. This extends from laboratory to 
F.n.tho . .;~h situations. 
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Everything for blasting .. . anywhere in N.Z. 
In addition to manufacture, sales 

and techmcal service, ICI supplies a ful l 
range of back-up accessories: 
DETONATORS • DETONATING FUSE 
• IGNITER CORD • EXPLODERS • 
VIBRATION DETECTING EQUIPMENT 
All products are available in continuous 
supply throughout New Zealand. 

16. 'Anzomex' Booster A 25g 
17. 'Fiexicord' detonating cord 
18. No 8/1.8m aluminium electric 

detonator 
19. No 911.8m copper electric 

detonator 
20. No 8/1 .8m submarine detonator 
21. No 8 star/1.8m seismic detonator 

1. AN Gelatine Dynamite .95. 22. 'Redcord' detonating cord 
2. 'Molanite' large diameter 23. 'Metabel" 
3. 'Molanite' sx 24. :se lecte~ Buff' safety fuse 
4._ 'Exactex' 25. N1tropnl ammonium nitrate 
5. AN gelignite .60. 26. 'Amex· 
6. 'Piastergel" 27. Blasting powder 
7. 'Morcor 28. 'Aiuminex' 
8. 'Ajax' 29. 'Shearcord' 
9. 'L' series millisecond delay detonator 30. 'Trunkcord' 

10. Half second delay detonator 31. Electric lighter 
11. lgmter cord connector 32. Igniter cord fast 
12. No 8 plain detonator 33. Detonating relay connector -
13. 'Anzomex· Booster M 2509 gold 35 m/s 
14. 'Anzomex' Booster Q 416g green 45 m/s 
15. 'Anzomex· Booster D 1399 blue 25 m/s 1 black 15 m/s 

Cl New Zealand Ltmited, Box 900, Auckland New Zealand. 
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advantages 
ICI Molanlte: a big advance 

" MOLANITE" high strength 
detonator-sensitive slurry is formulated 
entirely from non-explosive ingredients 
and is designed to replace conventional 
gelatinous explosives in blasting 
applications. 

"MOLANITE" is designed to slump 
into down holes to provide good 
coupling with the walls of the blast hole 
and to achieve a high loading dens1ty .. 
important features in optimising the 
economics of a blasting operation! 

Safety: high standards 
Whilst sensitive to initiation by a 

detonator, "MOLANITE" unlike 
conventional nitro-glycerine explosives 
is not detonated by mechanical impact. 

Tests have also shown, that when 
engulfed by a hot fire "MOLANITE" will 
burn with a strong intense flame but will 
not detonate. 

Fume: less toxicity 
On detonation "MOLANITE" 

produces less toxic fumes and smoke 
when compared with conventiona l 
explosive. This excellent property makes 

"MOLANITE" a good choice when 
blasting in a confined space as in shaft 
sinking or tunnelling. 

Priming: simple and reliable 
"MOLANITE" can be reliably primed 

by a No. 8 detonator or by "CORDTEX" 
detonating fuse as an alternative to the 
use of high exp losive primers. Below 
10° C, an HE primer is recommended. 

Strength: accurately controlled 
"MOLANITE" has an energy yield 

similar to AN Gelignite 60 and is 
designed for the diverse conditions 
encountered in New Zealand. 

Operator comfort: no headaches 
"MOLANITE" does not produce the 

headaches symptomatic of 
nitro-glycerine explosives and there are 
no fumes in storage. 

Water resistant: for all conditions 
The firm gel structure of 

"MOLANITE" has inherent water 
resistant properties wh ich permit it to. be 
loaded into water filled blast-holes 
without detracting from its explosive 
properties. 



technical data 
Weight strength 

The "MOLANITE" grade number represents 
weight strength relative to that of ANFO 
(100) as measured underwater by se;smic 
evaluation. The chart shows these 
relationships. 

70 

3800 mps 

Detonation 
velocity 

(tested 
unconfined) 

Explosive Sizes 

GELIGNITE 

MOLANITE 

ANFO 

80 90 

and Cartridge Counts 

100 

Cartridge Cartridge Cartridge Number 
Diameter Length Weight per Case 

(mm) (mm) 

MOLANITE 25 300 208g 120 
29 300 238g 105 
40 500 676g 37 
55 500 1.5kg 17 
65 500 2.1 kg 12 
80 500 3.1kg 8 
90 500 4.2kg 6 

100 500 5.0kg 5 

Density 
The packaged density of 

"MOLANITE" is 1.18 gram/cc. 

Packaging 
"MOLANITE" cartridges are packed 

into fibre board cases containing 25 kg 
of explosives. Each individual cartridge 
is packed in polythene layflat tubing. 

"Molanite" IS available in these stock sizes 
- /Cl can make any diameter or length cartridge 
on request. 



ICI-powermasters at your command 
ICI research and development is your 

guarantee of a dependable, powerful product range 
to optimise your blasting. 
In keeping with the high standard of reliability of all 
ICI Explosive, "MOLANITE" is subject to stringent 
quality control and testing. This extends from 
laboratory to on-the-job situation. 

Service with safety is the guiding principle of ICI, 
world leaders in the research and development of 

Everything for blasting . . . anywhere in N.Z. 

explosives and techniques for their application. 
ICI " Molanite" is manufactured in New Zealand 

to sat1sfy a broad spectrum of specifically local 
requ1remen ts. lt 1s always readily available; and it is 
backed up by a fu ll technical advisory service which 
is freely avai lable for blasting consultation. 

Included is a Quarry Design Service and Blasting 
Courses. I Cl offer you the complete explosives 
service. 

In addition to manufacture, sales 10. " Anzomex" Booster 'M' 
and technical service, ICI supply a full 11. "Anzomex" Booster 'D' 
range of back-up accessories· 12. "Anzomex" Booster 'A' 
DETONATORS • DETONATING FUSE • 13. Electric Detonator 
IGNITER CORD • EXPLODERS • 
VIBRATION DETECTING EQUIPMENT 14. Submarine Detonator 
All d 15. Safety Fuse 

pro ucts are avai lable in 16. Plain Detonator 
~~~~~~~~~~J~pply throughout 17. Igniter Cord Connector 

18. Seismic Detonator 

1. AN Gelatine Dynamite 95 
2. :·Molanite" large diameter 
3· 'Molanite" small diameter 
4. AN Gelignite 60 
5. Plastergel 
6. A3 Monobel 
7. Ajax 
8· "L" Series Millisecond Delay 

Detonator 
9. Haff Second Delay Detonator 

19. Ammonium Nitrate 
20. "Amex" 
21 . Blasting Powder 
22. "Aiuminex" 
23. Blue Cordtex 
24. Premium Cordtex 
25. Igniter Cord Fast 
26. "Metabel" 
27. Electric lighter 
28. DRC's, L. toR: 35, 45 

25,15m/s ' 

ICI New Zealand L' .t d tmt e ' Box 900, Auckland , New Zealand. 
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ICI New Zealand Limited Explosives Division has marketed the packaged slurry 
explosive "Molanite" for some years now. However, its mechanics of detonation are 
not generully fully understood by blasters. This edition of " EXPLOSIVES IN ACTION" 

·will explain its nature, and examine factors which can influence its performance. 

Slurry Explosives-a review 
of their characteristics 
and initiation requirements 
HISTORY 
In the mid 1950's the development of fuel oil 
sensitised prilled ammonium nitrate (ANFO), 
revolutionized the explosives industry. However, 
this new source of cheap explosive energy had 
two significant limitations. ANFO is readily 
desensitised by relatively small quantities of water 
while its low density and detonati on pressures 
restrict its effectiveness on the hardest rocks, 
particularly in the "toe" of the burdens of 
blastholes. 
Although the addition of aluminium powders to 
ANFO gives improved energy characteristics, the 
water desensitisation problem still remains. This 
disadvantage led to further extensive research and 
a basic knowledge of the mechanics of detonation 
provides the key to understanding the resulting 
development of slurry explosives such as 
"Molanite" 

MECHANICS OF 
DETONATIOf\J 
An explosive consists of solids, gases and liquids 
which rely upon the introduction of a spec1f1c energy 
input for reaction. The detonation thus creates an 
intense supersonic shock wave wh1ch travels 
through the explosive compressmg 1t to a h1gh 
density. Then chemical reaction occurs with the 
conversion of the explos1ve 1ngred1ents behmd the 
primary reaction zone if! ID. mainly gase.ous products 
at high temperature. Th1s 1n turn susta1ns the shock 
wave at a constant velocity throughout the 
explosive. . .. 
1t is therefore most important that the 1n1t1ators of 
high explosives produce the proper pressure and 
temperature conditions to effiCiently promote, the 
optimum reaction from a parttcular explostve s 

:,::'~~edd~ft~~~-al means of sustaining the detonation 

MAJOR EXPANSION 
SCHEME 
ANNOUNCEMENT 
In a major development programme, 
details of which are just released, I Cl New 
Zealand will invest about $1 million in th e 
building of new fa cili ti es to produce water 
gel or slurry explosives. 

The manager of I Cl New Zealand . 
Explosives Division, Or J .A. Kernohan, satd 
the present factory, built twelve years ago 
at Kawakawa Bay in the Firth of Thames, 
has been operating at near full capacity to 
meet market demands for its " Molanite" 
explosive. 

"The new extension will add to capacity 
and incorporates new concepts and th e 
latest overseas technology in terms of 
plant design, formulation and packaging 
design. 

"Increased manufacturing capacity will 
enab le further replacement of imported 
products by local manufactur?, tog~ther 
with expanded customer servtclng. 
Work on the new expansion is expected to 
be completed by the end of the year. 

process of an explosi~e is t~ in.crease the pressure or 
the initiating shock (I.e. pr1m1ng), or by t_he 
introduction of "hot spots" into an explosive. These 



materials to form fnc t1 on 
Jbat1c compress ion of 
1thm the exp los1ve. W1th 
!S the bot spots'' are 
ress1on of tmy a1r or gas 

" Molan1te" retains the 
Jel (metalli c) and 
inium and ammonium 
ches and water are 
1r cohes ive strength and 
1e entrapped air bubbles 
ation . " The quantity and 
JUbbles is critical for 
·furry exp losives." Any 

size of these bubbl es 
urry explosives wi ll 

I explosives are 
ion of pressure, wh ile 

common ly used 
to volu me and 

I is these two areas 
ding as to their 

of all slurry explosives. 

ing of "Molanite" 
owing water such as 
and some ag ri cultural 
ching of the 

· . In such ext reme 
ly recommends th e 
. slotted ca rt ridge 
p losive as soon afte r 

to increase the 
e (part icu larl y in 

able fun cti on of 
ac hieved by 
· prior to load ing 

, borehole loading 
dges bri dge at the 

f i lled deep 
thi ~; probl em in 

ges down the 
. Once th e water level is 
lin e frees the hook and 
The press ure of 
ntribute to the 

s1tes . In thf'se c ~r cums t ances th e dens1ty o f 
Mol<1n1te" 1s 1n creased as th e tin y a1r bubbl es 

w1th 1n the exp loSIVl' an~ co mpressed Th e resu l t1ng 
red uc t1 on m se ns1t1V1ty (I e av~1l a b l e " hot spo ts" 
for co mpression). ca uses lowered ex plosive 
eff1 c1ency and o ft en errati c bl as t results despite a 
higher volum e o f exp los1ves per me tre o f borehole. 
In general terms, " Mol an1te" 1n its normal 
packaging shou ld not be used in un derwater 
blasts more than 20m deep . 
ICI makes spec ial ri gid packaged charges for 
underwater blas t ing task s where " Mo lanite" is 
r eq u ~red . We ca n provide spec ialist advi ce on 
specific exp losive p roblems associated with thi s 
area of blasting . 

"Temperature' 
Altho ug h norma lly sensiti ve to a Number 8 
st rength deto nator fo r ini tia ti on, slurry explosives 
are less sensi t ive when the size of air bubbles is 
red uced by low temp erature. When th e 
temperature drops below 1o•c, it is recommended 
that a booste r from our " Anzo mex" range be 
emp loyed as a p rimer. 

··Tamping" 
Excessive tampi ng of " Molanite " ca n cause 
phys ical destruction of the air bubble and fuel 
relationship. This is parti cularly app li cabl e in th e 
small diameter cart r idge range. Fi rm tamping of 
stemm mg matena l IS sugges ted to prov ide 
max1 mu m charge conf inement. 

DIVISIONAL PROFILE. 

ALAN CHRISTENSEN 

A/an has recently been appointed South 
Island representative far Explosives 
Division. He Is based in Alexandra to keep 
close contact with our customers In Otago 
South/and, and Canterbury. ' 
A/an has been Involved with the distribution 
of explosives at our Waltawa magazine area 
for the last two years. 
Before joining /Cl he was Involved with the 
fishing and transport Industries. 



"Channel Effect" 
Shock waves move through different mediums 
such as air, water and rocks at different speeds. 
Therefore, if there is a significant gap between a 
"Molanite" charge and a borehole wall, the shock 
from a detonation will be moving at two speeds. 
The air shock always has a higher velocity than the 
detonation velocity and as it proceeds, the 
detonation front causes a progressive 
compression of the explosive until the "Molanite" 
density is so. high, the explosive can fail. 
(N. B. Although this phenomenon occurs with N. G. 
sensitised explosives, it does not have the same 
result). 

Dynamic Pressure Desensitisation· 
This phenomenon should be considered when 
using closely spaced boreholes such as "Bu rn cuts" 
in tunnelling, pole holes and some trench blasting 
situations. Bedding planes, or blast induced cracks 
intersecting an unfired borehole from a preceding 
millisecond delay shothole, can provide a path for 
gas pressure. Gas streaming into this closely 
adjoining borehole can therefore pressurise the 
explosive and effectively desensitise it at its time of 
detonation. 
Porous, weak sandstones, limestones, coal. plastic 
clays or material with a density of less than 2.3g/cm3 

could be expected to give difficulties. lt should be 
stressed, that this phenomenon can be controlled in 
the following ways: 
(i) Ensure that the charge approximates the 

borehole diameter, where practicable: 
(ii) Utilize a delay period of at least 50 

milliseconds between the boreholes 
concerned: 

(iii) Use a wedge cut in tunnel rounds, or consult 
ICI technical staff about a revised "burn cut" 
design to suit the conditions. 

These dynamic pressure effects appear to be 
transitory and the explosive can be detonated later 
with a Number 8 strength detonator. 

"Detonating Cord" 
Low order detonation has been seen in secondary 
blasting operations where some slurry explosive 
ingredients have been left on the sides of post 
blast borehole walls and the rock breakage has 
been poor. While temperature, tamping effort, 
degree of confinement, borehole/exp los1ve 
diameters and length need careful reviewing. the 
influence of detonating cord should not be 
ignored. Transfer of the shock energy of 
detonating cord to small diameter/lengths of 
"Molanite" cartridges does not automatically 
ensure that the explosive attams 1ts optimum 
performance. This is particularly critical when 
using 5-8g/m (explosive core) detonating cord as 
the initiator may not be in positive contact with the 
explosive, or, some of the above factors also 
apply. In such cases a Number 8 strength 
detonator may be a more preferable initiator. 

S 0 ~ G~ 
Our experience has shown that age affects slurry 
explosives' sensitivity, and cartndge ng1d1ty also 
suffers. Although we have fired (using a Number 6 
strength detonator), "Molanite" cartridges four 
years old, we recommend a storage l1fe of twelve 
months in New Zealand temperatures. Regular 
explosive stock rotation is most important in 
geographical areas where pronounced 
temperature variations prevail. 

G 

Under most circumstances MoiRn1te IS 
successfully in1t1ated by detonat1ng cord or 
Number 8 strength detonators. Proper priming will 
overcome many of the extraneous pressure and 
temperature effects mentioned earlier . The pr1mer 
must have the following properties: 
(i) A higher rate of velocity of detonation. 
(ii) Produce high shock pressure, 
(iii) Be as close as possible to the borehole 

diameter. 
ICI's range of cast P.E.T.N./T.I\I.T. "Anzomex" 
boosters are ideal for this purpose. 

"Molanite" primers 
Conversely, "Molanite" itself can be used as a 
primer of dry blasting agents (D.B.A.'s) such as 
ANFO, "Amex" and "Aiuminex". The minimum 
length of these primers should equal twice the 
borehole diameter of the common range of 
blastholes drilled in New Zealand for two reasons: 
(i) To prevent bridging when loading into the 

borehole, 
(ii) To ensure that adequate detonation velocity 

and pressure is reached within the primer. 
The diameter of a " Molanite" primer should be as 
close as possible to the borehole diameter when 
using detonating cord as the initiator, to ensure 
intimate contact. This can be best achieved by 
slitting the primer prior to loading, to facilitate 
slumping and full cross sectional filling of the 
borehole. Although special short primers of 
"M olanite" can be made at our factory at short 
notice, the gel consistency of "Molanite" allows a 
blaster to cut primers from the standard cartridges 
to suit his own requirements. This method is the 
most commonly adopted practice in New Zealand 
and has an economic advantage over cast 
boosters for priming dry blasting agents. 
The pictures below illustrate the various methods 
of priming "Molanite" and using this explosive as 
a primer in its own right. 

DETONATING CORD 

1. Tie 8 clove hitCh around the cartridge. 



ELECTRIC DETONATOR 

3 Insert detonator and take two hall ht!ches round tne cartfldqe (as 
sho~n tn Ftg 21 

4 Cartfldge ready tor chargmg 

PRIMING 

The introduction of metrics in New Zealand and its 
implications for product dimensions and blast 
design, led to ICI adopting 200m m and 500mm 
!~ngthsfo,\ smal l and large diameter cartridges of 

Molan1te. respectively. These dimensions 
coupled w1th packaging in 25 kg cases, greatly 
Simplifies blast design calculations. 
Another consideration has been the effect of 
ragged boreholes and worn drill bits reducing the 
nom mal borehole size thus preventing th e loading 
of 65mm d1ameter cart ridg es into 75mm 
blastholes. Recognizing thi s problem, ICI has 
Introduced a 60mm diameter cart ridge into its 

M lantte ' range of exp losives. Th1s size all ows 
for ~ase of boreholc loading in such cond 1t1 ons 
while reta 1n1ng the necessary degree of borehole 
coupltng for opt tmum denst ty per metre o f 
b rehole. This function is most impor tant where 
s~ubborn "toe" cond iti ons apply,_ as well as 
allowing optimisation of th e drtlltng pattern for 
total "work" and cost effi ciency from the 
explosives. f 
The table below lists our current standard range o 
cartridged "Molanite". 

Cartridged 
Diameter 

25 mm 
29 mm 
32 mm 
40 mm 
55 mm 
60 mm 
65 mm 
80 mm 
90 mm 

100 mm 
115 mm 

Genera l 

Cartridged 
Length 

200 mm 
200 mm 
200 mm 
500 mm 
500 mm 
500 mm 
500 mm 
500 mm 
500 mm 
500 mm 
500 mm 

Slurry explosives such as " Molanite " can be 
produced in various strength s and degrees of 
rigidity. Our experience has shown that a 
balancing of these factors (i.e. rigidity versus . 
sl ump), is necessary to meet the general_ blasttng 
requirements of cartridged slurry explosives 1n 

New Zealand. 
With reasonable forward noti ce, it is possible for 
ICI to vary the diameter or length of a cartridge of 
"Molanite", and as for the Bluff Harbour 
deepening project, introduce specially packaged 
rigid unit charges to meet the unusually 
demanding factors applying there. 
it should be appreciated however, that slurry 
explosives are but one of a broad range of ICI 
explosive products. Slurry explosives DO NOT 
fulfil every requirement for blasting tasks and must 
therefore be considered on a "suitability for the 
job in hand" basis. Blast designers should not 
hesi tate to seek our technical assistance on such 
matters, or for general or specialized advice on all 
facets of blasting. 

'"'umrnary t 
Several thousand tonnes of " Molanite" have been 
used in the last few years and ICI 's " Molanite" now 
ranks as the second most commonly used 
explosive in New Zealand - only slightly behind 
ANFO. Provided blasters realise that " Molanite" 
has different properties and characteristics from 
nitroglycerine explosives and recognise the 
factors which influence its performance, they will 
enjoy the user comfort and economic advantages 
to be gained from this explosive. 

I Cl EXPLOSIVES "BINDERS 
A specially printed 2-ring binder is now 
available to file all ICI Technical and Sales 
Literature. 
For a post-free copy, please send $5.00 
cheque/money order to I Cl New Zealand Ltd, 
Explosives Division, PO Box 900, Aucklanq. 

"Explosives in Action" 1s published by 
the Explosives Divis1on of /Cl New Zealand Ltd. 
P.O. Box 900, Auckland, New Zealand. 



'Fiex icord ' is a strong, reliable 
detonating cord especially developed to 
possess properties which meet the 
requirem ents of all detonating cord 
use rs. 

· 'Fiex icord ' has a core of high explosive 
(PETN) treated with a water-repellent 
agent. The core is encased in a tube of 
polyester tape bound by polypropylene 
yarns which are covered in a flexible 
PVC sheathing. Outer yarns are firmly 
attached to the plastic sheathing with an 
adhesive. 
The combination of treated explosive 
core, polypropylene yarns, plastic 
covering and outer covering has 
produced a cord which has excellent 
water-repell ing properties, high tensile 
strength, good flexibility, knottability 
and abrasion res istance. Th e cord has 
high visibility , provided by the white 
outer covering with red and blue stripes, 
and has excellent storage handling and 
firing characteristics in all condit ions 
likely to be encountered in the field. 
' Fiexi cord' has the ability to withstand 
suddenly applied loads and to stretch 
and detonate reliably under severe 
conditions of rock movement 
encountered in delay firing. 

Properties 
Colour White, red/bl ue 

stripes 

Field of application 
'Fiexicord' may be used in conditions of 
severe abrasion. Its superior handling, 
flexibility and knot-holding properties 
are beneficial where water or oil (from 
ANFO) is present. 

Packaging 
'Fiexicord' is packed 1000 metres to a 
case (4 x 250 metre reels). 

Th is product is not waxy to touch or 
grasp in warm weather. Also 'Fiexicord ' 
doesn 't " spring " the knots one ties as 
for our plastic-sheathed Premium and 
Blue " Cordtex" . A special additive to the 
PETN explosive core has been used to 
further improve water resistance. 

VOD 
Tensile strength 
External diameter 
Coreload (PETN) 
Weight 

7140-7500 metres/sec 
125-130 kg 

Safety 

4.5 mm approx 
10.0 g/m (nominal) 
23.5 kg/1 000 m 
approx 

'Fiexicord' is insensitive to initiation by 
ordinary impact, friction or shock, and 
to static electricity and stray currents. 



'Shearcord ' is similar to 
Premium 'Co rdtex' with a core of the 
high expl os ive PETN en cased in a high 
strength carcase which is covered by a 
fl exi ble jacket of polythene. 
The difference between the two is that 
'Shearcord ' is much heavier in 
constru cti on, and the charge weight of 
PETN is seven times that of Premium 
'Cordtex'. The heavy charge weight 
makes 'Shearcord ' suitable for 
smooth-wall blasting techniques. 

Properties 
Colour 
VOD 
Tensile strength 
External diameter 
Coreload (PETN) 
Weight 

Safety 

Orange 
6400 metres/sec 
120 kg 
10.5 mm 
70 gram/metre 
100 kg/1000 m 

'Shearcord ' is insensitive to initiation by 
ordinary impact, friction, or shock, and 
very insensitive to static electricity and 
stray currents. 

Use 
'Shearcord ' is cut to length as required 
using a sharp knife or approved cutter. 
All cut ends should be secured by using 
special end caps to prevent loss of 
explosive powder core. 
Initiation may be achieved by attaching 
longitudinally either a detonator or 
Premium 'Cordtex ' to the 'Shearcord'. 

Packing 
'Shearcord ' is packed on 50 metre reels, 
with 4 reels (i.e. 200 metres) per case. 
'Shearcord' End Caps are packed in 
plastic bags of 50, with 4 bags (i.e. 200 
end caps) per carton, and 5 cartons (i.e. 
1000 end caps) per case. 

POWERMASTERS 
AT YOUR COMMAND 

'I Cl 
Explosives 

fiO\ 
~ ICI New Zealand Ltd 

Explosives Division 
Box 900 Au ckland 



ANNEX M TO 
TOKELAU RECON REPORT 
DATED 10 MAY BS 

DRILLING EQUIPMENT 

1. Attached as Appendices to this Annex are copies of 
brochures produced by Ingersol-Rand Ltd (drilling equipment) . 
The Appendices contain information about the recommended air­
track drill and compressor required for the tasks in Tokelau. 

2. Enclosure 2 contains detailed information. 

3. The recommended airtrack drill is the "LM-100 Crawlair 
Drill". It appears to be a most suitable piece of equipment for 
employment in Tokelau and has the following advantages; it is: 

a. light weight; 

b. easily operated by one man; 

c. able to be transported by local aluminium boats 
with relative ease; 

d. capable of approximately 500% more production 
during the same time as hand operated tools; 

e. suitable for other Army tasks associated with 
quarrying and blasting; 

f. 

g. 

Performance 

cost effective; and 

fitted with an independant rotation drifter, the VD 
90. 

4. The LM-100 will be employed on Tokelau drilling 1.4 m 
deep boreholes of 50 mm diameter. The following data has been 
used for planning purposes: 

a. Rock type - Grey 
coral) 

hole depth 

time to drill 

Wacke (no figures available for 

9 m 1 2 m 15 m 

18 mins 22 mins 27 mins 

overall time per hole - 30.5 mins 37 mins 44 mins 

b. Overall time per hole includes: 

(1) time for drilling, 

(2) rod tube handling, 

/(3) movement 
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(3) movement to next hole, 

(4) line-up and colaring, and 

(5) total time per hole plus 5% contingency factor. 

5. The LM-100 requires a minimum of 375 CFM supply of air. 
It also recommended that the P375 Portable Compressor be purchased 
for the task. The P375 is a diesel compressor and has the 
following advantages; it: 

a. i ~wheel mounted; 

b. has a low centre of gravity; 

c. has a hand brake; 

d. has a tow bar that can be adjusted for height; and 

e. has four wheels. 

6. Detailed costs of LM-100 and P375 compresor are included 
in Enclosure 2. 





LM-100 
Crawlair® drill 

For 44-90 mm (1¥.-.3'12") holes 

INGERSOLL -flAN D •. 
DRILLING EQUIPMENT 
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e versatile LM-100 Crawlair drill. Small in siz« 

r ; a lightweight ) 
etergy-saving 
rlfter rig for 
tf.-64 mm 
r•.t.a-2Y2") holes. 

ln't let the small siz_e of this 
1 v little drilling rig fool you. It's a 

-mechanized, self-propelled 
·lair drill that does all the heavy 

Vd for you. It trams easily from 
1 >•o hole at the touch of a throttle, 
a 1g a portable air compressor. 

jrill tower is quickly positioned 
) effortless hydraulic cylinder 
1pution. 

~th the YD-90 drifter, it handles 
1 J<B mm (10') rod change, with 32 
m1( 1.25") rods, threaded bits and 
:..tings, to depths 12 m (40' ) at 
namum efficiency. 

5mle, safe one-man operation. 
da"amming and positioning con­

:ra are located at the rear of the 
na1ine for easy operation. Drilling 
~arol s, can be mounted on the 
~ r or at the side of the machine, 
1Ci onvenience in either deep-hole 

{lgle-pass drilling. 

R.ged crawler construction. 
i two independently-controlled 

7 a tramming-air motors, it can 
c ID a 35 ° grade. 

frz k oscillation. Heavy steel 
rva frame has walking-beam track 
o•ation that permits each track to 
ti tlp or down to match ground 

rularities. 

ll4te powerful hydraulics. A 3-hp 
li11'aulic pump motor assures fast­

lSitioning. 

nd oil gages. Continuous indi­
ca~n of air pressure and lubricator 
'.Jtr.vel take the guesswork out of 
dirpperation. 

Works well in dose quorters. 

Independent rotation drifter. 
The YD-90 ai r drifter has ample 
power for drilling holes to 64 mm 

(2'h") in diameter. Integral air mo­
tor drive provides independent rota­
tion with infinitely variable speed 
control. 

Uses little air. With a P425 Spiro­
Flo" compressor, there's plenty of 
ai r to operate the drill, ,-ig and op­
tional dry dust collector. 

Lifts easily for shaft sinking . 
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performance. 
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hhoust and impact noise go right down the hole with the bit. 

. ~-:<J~t 
-~::\-~,\ 4-, Y. 

;··,~ 
~i:" ".-i. _ o· 

Th• AT-•10 dt.nt coll•dor, available with Y0-90 drifter or 
OH0-09 Down- hol• drill , ulel only 2 m'/ min (70 dm) of 7 kg / cm' 

(lOO p1i) air . 

If's a low-noise 
deep-drilling 
downhole rig for 
85-90mm 
(3%-3%") holes • 

Equipped with a rotary head and 
larger centralizer, the LM-100 gives 
you all the Crawlair benefits, plus 
the basic advantages of Downhole 
drilling-with the Ingersoll-Rand 
D H D-09 Downhole drill. 

Drills faster on deep holes because 
penetration rate doesn't fall off with 
each rod added to the string. 

Uses less air because the same air 
does double duty, powering the drill 
and then cleaning the hole. 

Drills straighter because the 
Down hole drill is less easily deflected 
off-course by varying strata . 

Extends rod life because no impact 
forces are transmitted through the 
drill rod. 

The DHD-09 Downhole drill is 
engineered a nd built to provide top 
performance at rock-bottom cost. 
Penetration is proportional to the air 
pressure across the drill. Check 
these other 1-R features: 

Stop-action plunger automatically 
stops the hammer action whenever 
the drill is raised. 

Wear sleeve surrounding the drill 
cylinder can be reversed to extend 
sleeve life. It's easy and economical 
to replace. 

Piston delivers full impact force di­
rectly on the bit at any depth of hole. 

Bit retaining key prevents acci­
dental dropout yet permits easy re­
moval for grinding or replacement. 

INGERSOLLflAND 
DRILLING EQUIPMENT 
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-100 Crawlair drill specifications 

Vert teal dnll 
coverage 
1870mm 

(62) 

E 
E~ 

~ ~ Feed Ai r Motor 

(5'9") 

ilrlensions Drilling Range 
!lferolllength Hole diameter 

tower horiz.) 3850 mm 12'8" (YD-90) 44-64 mm 
fltght (tower Hole diameter 
rf'Ori:r..) 1350 mm 4'5" (DHD-09) 85-90 mm 
-.rail width 1750 mm 5'9" Rod diameter 32 mm round 
:lll1bund clearance 230 mm 9" 

Rod length 3048 mm 
tekwidth 204 mm ... 
Kklength 1845 mm 6'¥." Drilling range width 2050 mm 

ck oscillation 20" 20" Horiz:ontol height, 
mo:ocimum 2350 mm 

Mllitioning 
Horizontal height, IDmlift 45" vp, 30" down 

minimum 680mm 
IDrT\ swing 45 " right, 45" left 

tde swing Hydraulic Pump Air Motor 
horizontal) 4SO right, 45" left 

Total Weight• 24i0 kg tdedump as• (two 
positions) Rec:ommended Air Compressor 

l';;~~sg Two 7-hp 
(one per !rock) 

......,mingspeed 0 to 2.6 kph 0 to 1.6 mph 'WitnYD-90drifter. 

""*"bing ability 35" grade 35" grade 
-.dewbor pull 1400 kg 3100 lb 

'~Mitconta1ned on tnos b<ocnure IS 1ntended to extenO any warranty or representallon. 
d or omphed regard.,g lhe products desc11bed here.n Any such warrant1es or other 

~d cond1toons at sale at products shall be m accordance w1th lngersolt-Aand sstandard 
•'fiWid cond•hons at sale tor svch products. whiCh are available upon request . 
"115011-Rand Company 
' 11 Drill Otvision 
"llbsburg . New Jersey 08865 

12 ml/min 
at kg / cm2 

Jlf~-2'h" 

3¥.-JV," 

1'/•" round 
10'0" 

6 '9" 

7'8VJ" 

2'2'/4" 

3 hp 

5400 Jb 

425 cfm 
at 100 psi 

1--- 2.06m(69) ---1 

FACE COVERAGE 
3.4 sq meters 
(36.79 sq. tt.) 

T 

1 h-~----~------~E~ 
E~ 
~~ 

'"'"'==~~~----·-·--·-·-··- "-­
Shaded area can be covered by relocatmg 

gwde ex.tenston cylmder. 

Model YD-90 Drifter 
Bore and 

stroke 90X 85 mm 3'hX3~" 

Blows per minute 1600 
Rotation 0 to 150 rpm 

Weight 85 kg 187 lb 

Model OH0-09 Downhole Drill 
Weight(leubit) 24 kg 531b 

length (bit utended) 965 mm 35.6" 

Outside diameter 76 mm 3" 
Bit diameters 85 mm 3Jfa" 

90mm 3VJ " 

Air usoge 3.5 mlfmin 125 cfm 
at7 kg/cm1 ot 100 psi 

ZD4\ Rotary Head ·-** 
Max. torque 79.5 kg-m 575 ft-lb 

RPM range 0-65 

Horsepower 4.0 mo:oc 

Air usage at 25 rpm 3.4mlfmin \20cfm 

Weight 91 kg 200 lb 

INGERSOll-RAND® 
DRILLING EQUIPMENT 
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250 
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140/P175/P250/P375 WHISPERISED® 
'ot pre-cisiOn t'ngrneered pol1a01e compressors. designed tor 
lrl'ltl'f'lance, maJumum et1rcrency, economrc operatiOn and 

n ••m operatronal hie 

o•>peretlon 
o11"1s meet or surpa~s CAGI PNEUROP norse emrssron 

s. •·ds. and can therefore be usE'd rn areas where s1nct noise 
er ~nstafldardsaretnlorce 

H .. Duty Ertglne• 
odels Incorporate rndustrial lype dreset engrnes which. 

"'tent on unrt selected, are Btr or water cooled and deliver from 
t (38 kw) to 112 bhp (83 5 kw) er a speed ol 2.500 r p m All 

111 provrde ootstarN:ling fuel economy. 

nsor rotors are prec•Sion-machined to the ideal design 
Other components are precrston dre-cast The result. greater 
cy and to.,.,er luet consumptron 
1es and air-end assemblres are mounted on heavy gauge all· 

t' tmme de comptesseurs mobiles labnqu6e avec precision et 
1 pour un e11trehen redutt, un rendement maximum, un 

t • ~~emenl 6conomtque et una duree de vte operattonnelle 

Fa. onnementsllencleux 
r !S modt!les sattslont ou d6passent tes normes d'6mtssion de 

11 :AGI·PNEUAOP. et peuvent done etre uttlish dans les 
o soU des normes strictes d'6mtsSiCK:~ de brut! soot en vigueur. 

rs grande puissance 
· es mod61es son! equipes de moteurs diesel industrials qui, 

la machtl'le chotste. sont refrotdts par air ou par eau 
une putssMce de 38 kW (51 eh) a 83,5 kW (112 eh) 

1 t.mn Tousles modt!les oHrent une excellente e<:onomie de . .,, 
resseurs 
·ors du compresseur son! usmes avec prOCision seton te profit 

Les autres composants sont 
s par movlage mecanique de precision Le rhultat: un 

•nent plus 61eve et une consommation de carburant plus 

'--Dteurs et tes compresseurs sont mentes sur des chassis en 

the lahrbarer Schraubenkompressoren mtt geringem 
VI ngsautwand, !anger lebensdauer und winschaltlichem 

b 

JSchpeget 
'llfModelle unteiSchreiten dte AVV·Normen Ste k6nnen 

selxl werden. wo Ger<iusche auf ein MtndestmaB 
geselxlwerdenmUssen. 

111teistung5motoren 
lodelle besttzen Oieselmotoren. doe je nach Modell entweder 

ufxter wasserge~uhlt sind Dte Leistung dieser Motoren tiegt 
•1en 38 und 83.5 kW bet 2500 Ulmtn. Ste zeichnen stch alle 

1u hoheWtnschal1hchkettaus 

lle~ressor 

ichraubenpaar Wild mtt engsten Toleranzen geler1tgt urn das 
Jl, Laulerproftt zu erretchen_ Andere Komponent~n sind 

.tonsgegossen Das Aesultat grOBere E1t1zienz und noch 
amerer KraltstoHverbrauch Motor- und Kompressor werden 

•eztellen Gummtdamplern in etnem Chassis aus hochwer1tgem 
monhen. um eme grollere lautruhe zu erz•elen 

ma d1 motocompresso11 trasponcibtlt. progettati per ridurre al 
~la manutenztone, con la massima elltctenza ed ec~ia dt 

Muroslta' 
1411 modellt sono dtspontbtli sia in versione standard che silenziata. 
n ~sto secondo ea so s_ono contormi a!le nor me europee vigenti e 

lrl'to possoi"IO ventre tmptegatt in zone con ngorosi regolamenti 
«.tmore 
•iDieset 
• motocompresson sono equipaggia tt con moto1i diesel che. a 
••do dot modello. sono rallreddatl ad aria o ad acqua ed 

t.' no una polenza vanabtle da Sl HP (38 kW) a 83.S HP (83.5 

'"-olare anenzione e stata posta nella riduzione del consumi. 
IIC)teuort • Vile 
.f tt sono stall tavoratt con ltnitura di altissima precisione cosl 

ea lunt g!t ;;ltn componenti Come nsultato si sono ottenute una 
llae ellictenza e ndotti consumi di carburante. 

e e compressore sono montalt su dt un robusto telaio in accieio 

.... ama de compresores por1l!1tles de precisiOn. concebidos para 
Gllfctonar una duraeton operattva mAxima con economia, mb· 
• t•ctencia y reducidas necesidades de mantenimiento. 
oiWonsmlento altencloso 
'- Ios 1!10delos cumplen o e~ceden las no1mas de emisiOn de 
r• CAGt-PNEUROP y pueden, por lo tanto. ulthzarse en zonas 
• se aphcan normas estrictas de emistOn de rutdo 
..,., p.ra lrlbsjos pesados 
"-Ios modelos mcorporan Ios motores diesel ttpo lndust11al; de 
"''do con la unidad seleccionada, pueden ir enlriados por ague o 
• entregan de 38kW a B3.5kW a una velocidad de 2.500 r p.m. 
'- Ios modelos son excepctonalmente ecoo6mtcos en el con· 
~e combYstoble. 
Qpr••o•es 
14:1fores de Ios compresores se hacen mecanozaclos con preci· 
~ acuerdo con el perttl de dtseflo tdeal. Otros component as se 
,., lroquetados a precostOn. El resultado es una mayor eltciencta 
"" bato consumo de combtJsttble 

CC•nJuntos de molor y compresor van montados sobte un 
S ()t, a't-~V grue~<J por meoJ10 de monturas de goma espectal, 

~.:IStdeta~tb<aciOn 

!:;:~,::'''' by means ol special rubber mounts, thereby isotaling 

Air Aeguletlon 
The Steptess system, from idle to lull engtne SPeed. allows for a 
~~~;~:s, smooth flow of compressed a or output in response to air 

Air 011 Separation 
Less than tOp.pm due to a two·stagesaparahonsystem 
Untqua Cootlng 
All models ate designed to operate wtth doors closed. The unique 
cooling system allows the units to opera~e in ambient conditions 
depencltl'lg oo the machtne model, of up to 12s• (S2--q. ' 
Two Stage Dry Type Air Filters 
The engtne and air·end are pro\ected by separate air intake filters 
aqutpped wtth litter element restricttontndiCators. 
Running Gear 
Two types or torston bar suspended running gear are available_ The 
hrst ~ncorporates a tow·bar that can be adjusted to sutt the hetght of 

~2:~ d~ act~~ots d:,ec.~~.:e on epatsseur par l'in:erm&d· 
des vtbratton'; "' " caoutchouc tSOiant atnsl 

R6gulatlond'alr 

L~ syst~me progressit, du ralentl a la pleine vilesse. pemet un 
~=~~O:ea~'at~mpnme umtorme repondant totalement a la 

S6paraUonalr·hulle 

~~~egrieesure a 10 PP m. grAce au systllme de separation a deux 

Relroldlssement unique 
TO\.Is tes modE!Ies sont con~s pour pouvoir tonCitonn.er avec 
les pot1es fermees. le systeme de refroid•ssament unique 
permet aux umhis de foncttonner dans des conditions ambiantes 
allant tusqu'a 52"C. en fonctton du modllle de machtne. 
Flltres8alrsecs bl-fitages 
l~ mo_teur et !'ensemble compresseur sont proteges par des flltres 
1e~::;;'~~~~~~ra~;~ares. 8qutp9s d'indicateurs de colmatage de 

ChAssis 
Deux types de chassis a suspension par barres de torsiOn sont 

Uelermengenregelung 
Die stutenlose Uelermel'lgenreg~lung von Leerlaul bis Vollast sorgt 
~~H~:rl.gleichmiiBtgen. konhnuterliche lielermenge Je nach 

luft·Ot·Abscheldung 
Aulgrund etnes 3uBerst wirl<samen Zwetstuten -Abschetd systems 
betragt der Rest·Oigehalt der Drucklul1 weniger als 10 p.p.m 
KOhlung 
Alle_ Modelle werden mit geschlossenen TOren und Ktappen 
betneben. Oas werksa_me Kuhlsystem ermOglicht es, die 
~i~~~;:~z':~~n. selbst be• Umgebungstemperaturen bis zu 52"C, 

Zwei·Stulen·TrockeneinlaBiuttfilter 
Motor und _Komprassor werden durch separate LuMeinlaBiilter 
geschutzt. Ftlter1tontrolle durch verschmutzungsanz.etger 

Fahrgestell: StraBenlege 
Es smd zwei Varianten mit Orehstablederung lieferbar. Ein 
Fahrgestell hat eine hOhenverstellbare Zugvorrichtung, die den 
Spezthkationen europ.!ltscher Under entspricht. Die andere 
Variante besttzt eine m der HOhe nichtverstellbare Zugvorrichtung, 

per mezzo di adQ&uati supponi in gomma che isotano dalle 
vtbrazioni. 
Regolszlone della portata 
La regotazione di ltpo continue e progressive, del regime dt min1mo 
al massimo nume1o di giri del motore. consents di soddisfare la 
richiestad"ariaconunaerogaztoneumforme. 
Separazionearla cllo 
Meno dt 10 ppm grazte dt oho al ststema dt separaztone a due stadi 
AatTreddamento 
Tuni i modelli sono statt progettati per operare a ponelloni chiusi. 11 
sistema di raHreddamento consente di operare. a seconda del 
modelle. lino a una temperature ambiente di 52•. 
Filtrlarlaa duestadl dltlpo asecco 
Motore e compressor& sono dotali dt liltri di aspirazione completi di 
indiCatori di intasamento dell'elemento ftltrante 
Tlmone 
Sono dtsponibili due dtHelenti ltmone di t1a lno. 
Un !tpo incorpora una barra regolabile in funzione dell'altezza del 
veicolo tralnante e risponde alle vigenti norma europee. Un secondo 

Aegulacl6n neum8ttca 
Et sistema progresivo, de:sde la march a Jenta a la velocidad m.tltima 
del motor, permtle una producci6n continua de llujo constante de 
aire comprimido en respuesta a las necesidades de aire. 
SeparaciOn de alre y ecelte 
Menos de t()ppm debido al sistema de separaciOn biet&pico. 
Enlriemlenlo excepctona1 
Todos Ios modelos sa han diser'lado para que functionen con las 
puer1as cerradas. El excepcional sistema de enlriamienlo permite 
funcionar a tas unidades en c:ondiciones ambienta!es que, de 
acuefdo con et modelo de mtlquina, pueden alcanzar S2"C. 
Flltros n-umatlcos bletaplcos de llpo s.co 
El motor y et rompr6SOr est.in ptotegidos por lil1ros indivlduates de 
admisiOn de a11e. equipados con indicadores de restricciOn del 
etementodeli~ro 

Slslotms cM rodadura 
Se dispone de dos tipos de sistemas de rodadura con suspensiOn 
por batlestas El ptome<o tncorpora una ba11a de remotque que se 
pueda a1ustar para adaptar1a a la altu1a del vehlculo remolcaclor y 
cumpte las espocolicaciones europeas. El otro es un Ststema de 
rodadura con barra de remolque rigtda que cumpte las espectlt· 

dispontbles. Le premier comporte un timon regtab!e en loncbon de la 
haut!~' du vllh!C\lle de remorquage et est oonforme aux 

=~f:~~~~~~e~~~::::~;ed~~~ ~~~~n ~::sr:!s'i':;e~: 
espac&es, une garde au soltmponante et un centre de grav1te bas 
rendent tousles modE!Ies trE!s stables. mllme sur les terrains les plus 
acetdentllS:Lesysre~detretnd'emballementolfred'excellentes 
caraCiaflshques de lretnage. Un !rein de stalionnement est foumi en 
eqUtpement standard 
Facuttll d'acds 
les grandes pones verrou•llables, doni l'ower1ure est assiste par 
des equthbreu~s a gaz, s·ouvrent sur une grande 1argeur et donnent 

~~;a~~~!srt~~:~~~~ed:::~,!:.s organes a entretenir et au grand 

Commandes et Instrumentation 
le syst~me de commando sans el)trent!en a$$Ure un arrlll 
aut()lflaliqueencasdetemperatureelev&ed"airdeSBNice.delaible 
pre_sston dhutle ou de haute temperature du motew. Des lampes 
tndiCatnces donnent la causa de !'arret. Les instruments 
comprennent un manometre d'air de service et un compteur horaire 
du moteur. les commandos de mtse en marche et d'explottalton 
sont regroupees dans un boiher antt·vavdahsme. 

die EG·Bestimmungen gerec~t wird Die bJeite Spurweite, der hohe 
B:OOenabsland und der mednge Schwerpunkt sorgen fOr etne sehr 
stchere StraBenlage des Kompressors beim Schleppen sowohl aut 
der SlraBe als auch tm Geliinde. D•e Au!laul- und Festste\lbremsa 
wtrkensehrzuverlilssig. 

LelchteZugingtichkelt 
Die groBen verschliel)baren Klappen. die sich leieht durch 
G.asdruckl~e~n anheben las_sen, machen alle Wanuogsbereiche 
letcht zuganghch. AuBerdem tst etne groBzugige Werkzeugablage 
vothanden 

Reglerundlnslrumente 
Das Sichefhettssystem sorgt 1iir eine automatische Stillegung des 
Kompressors bet zu hohen luHiemperaturen, zu niedrigem Oldtuck. 
zu hohen Motortemperaturen. Signalleuchten weisen aut d1a 
Ursache etner ~orbeugenden . Ausschaltung hin. Zu den 
lnstrumenten gehbren etn Betnebsdruck·Manometer und etn 
B.errrebsstundenz.1hler Stan- und Bet1iebsregler k6nnen durch 
etne verschheBbare Ktappe vor unbelugtem Zugf•ll gesichen 
werden. 

modello e eq_uipaggiato di barra lis sa. L'ampia carreggiata. l'a\tezza 
da terra ed tl basso bancentro garantiscono la massima stabilit:t 
anche sui tereni piU accidentati. l"impianto trenante di tipo a 
repulstone e sinonimo dt eccellenti carattensttsche cli lrBfiBtura un 
lreno meccanico di stazionamento manuale equipaggiadi sarie tuttt i 
modelli. 
Accesslblllta' 
Due grandi sponelloni con seratura a chiave il ciu sottevamento e 
racilitato da ptstoncini a gas. permeltono tl massimo aceesso a turt1 i 
component! che possono richiedere un intervento manutenltvo a ad 
uncapiente vanoper lo sltvaggiodi anrezzl. 
Pannello strumentl e comandl 
Un circuito che non richteda manutenzione. comanda rarresto del 
motocompressore tn seguito ad alia temperatura a11a allo scanco. 
bassa pressione olio del motore o alia temperature motore 
Apposite spie segnalano la causa detrarresto 
Gli stwmenti comprendono unmanometro aria di scarico ed un 
contaore motore. I pulsanli per l'awiamento sono posiziona\J In un 
vano dotato di $p0flelto a chiave contro ani vandalici 

caciones de la CEE. La amplia base entre ruedas, elevada separa· 
ciOn del suelo y bajo centre de gravedad. hacen que IOdos Ios mod· 
elos seen muy e-stabtes incluso en Ios terrenos mas eKabrosos. Et 
sistema de lreno de sobrevetocidad proporciona unas caract8fiS· 
ticas excelentes de trenaja. El freno manual de aparcamtento que 
permite un aparcamiento seguro es un dispoStbvo norm.~ 
Facllldad 08 acceso 
Las grandes puer1as con cerraduras. cuyo levantamlento se laetltta 
por medio de ctlindros de gas. se abren amp~amenta perrnttoendo 
una accesibitidad complete a lodes tas zonas de mantenimtento yet 
ampllo espacio de atmacenamlento de tlerram•entas 

Controles e lnstrumenlos 
El sislema de control exento de mantentmlento proporc»::fla una tn­
terrupctOn autom&ttca del tunc•onamtent~ debtdo a erevadas tern· 
pet"aturasdel airededescarga,batapre-siOndelacetleOetmotoro 
elevada temperatura del motor Las luces tncltcadoras ser'latan la 
causa de la interrupcl6n protectora del tuncttOnamiento Los tn­
strumenros tnctuyen un manometro de a11e de ~ar~ y un con· 
1ador de ttoras de Juncoonamtento del motor Los controles oe 
puesta en marctoa y tuncionamoento se hall an dentro de un oompar 
llmtento con candado para protegertos oont•a et ~andahsmo 

... 





Standard Portable 
Compressors 

from 85cfm to 375cfm (2.4-10.5m3/min) 





MrrC.IIJU J.}.. j 1 U 
ANNE X M 

Standard Spiro-Fio® Portable 
Compressors. P85-SD to P375-SD 
85cfm to 375cfm at 102 psig (2.4m3min to 10.5m 3min at 7.0 bar) 

------ F --- ---i 

A 

General Data 
Model P85SD P100ASD P1 40SP P1 75SD P250SD ' P375SD 

Measurements & Weights 

3150 3150 3560 4200 A- Overall Length mm 2460 2460 
8 - Overall Width mm 1285 1285 1530 1530 t 910 1580 
C-Overall Height mm 1250 1250 1610 161 0 1630 1680 
D - Track Width mm 1120 1120 1321 1321 1625 1420 
E - Canopy Height mm 895 895 1066 1066 1066 1070 
F - Canopy Length mm 1578 1578 1930 1930 2340 2875 
Net Weight 
(incl. lube oil) Kg 625 625 1130 1050 1300 1787 
Gross Weight 
(incl. fuel) Kg 660 660 1180 1120 1400 1920 
Tyre Size 5.60x 13 5.60x13 6.70 X 13 6.70x 15 6.70x 15 6.70x 13 

4PR 4PR 6PR 6PR 6PR 6PR 

Compressor & Performance 
Compressor Type SINGLE STAGE SCREW 
Free air delivery 
cfm/m3 min 85/2.4 100/2.8 140/3.9 175/4.9 250/7.1 375/10.5 
Normal Operating Pressure 
psig/bar 102/7.0 102/7.0 102/7.0 102/7.0 102/7.0 102/7.0 
Max Pressure psig/bar 120/8.3 120/8.3 120/8.3 120/8.3 120/8.3 120/8.3 
Air Outlets 2x R3f4" 2xR 314'' 3xR%" 3 x R3/.!" 3x R%" 3 x R'i4" 

1 X R1 %" 1 X R1 v.'' 
- 23° t0 - 23° tO - 23° tO - 23° 10 - 23° tO Operating ambient temperature - 23° t0 

52°C 52°C 52' C 52°C 52°C 52°C range at sea level 

Engine Data 
Perk ins Deutz Deutz Deutz Type Deutz Deutz 

F3L912 F4L912 F6L912 Model F2L511D F2L511D 3.1522 

3 4 6 No. of Cylinders 2 2 
100 X 120 100 x 120 100x 105 100 X 105 91.4 x 127 100 X 120 

2500 
Bore x Stroke mm 

2500 2500 2500 2500 Rated Speed rpm 2200 
1400 1400 1400 No Load Speed rpm 1600 1600 1400 

55·2/74 83/11 2 20·9/28 23/31 33·2/44·5 40·3/54 kW/bhp at Rated Speed 
118 163 36 64 80 Fuel Tank Capacity (ltr) 36 

'P375SO with 4-wheel running gear 

tJ INGERSOLL-RAND 



~Dependable~ Etc· 
lngersoii-Rand's range of small 

portable compressors covers all mator 
applicallons for general construction. 
All un1ts have the latest technology 1n 
screw compressor. regulation and 
diesel engine design. 

The advantages are: 
e Increased Productivity- for more 
Workpower 
e Compact Design- so lighter in 
weight 
• Fuel Efficient- so more air per 
gallon/Ltr fuel 
• High Amb1ent Capability- up to 
52'C (125.F) 

OTHER FEATURES include: 
e Torsion Bar Suspension 
e High Ground Clearanc,e . 
e Brakes- both Overrun and Park1ng 
• External Lifting Bail- Easier 
Handling 
• Toolbox- For Breakers and 
Accessories etc. (Optional for 
P85/ P100) 
"P-375 SD with 4-wheel runmng gear 
and has no overrun brakes. 
· · P85/P100 not equ1pped 
with sohd-state monitormg system 
or high-temperature sw1tch for eng1ne 

Gas spring door lifts 
. . Both side doors open wide with 

m1n1mum effort for easy access by 
means of gas-filled door lifts. 

t:J INGERSOLL-RAND 
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Reliable and fuel efficient diesel 
engines 

All units are powered by reliable 
Deutz and Perkins engines. 

Instrument and controel 
for ease of operation and s· 

·'Instruments include d1sce 
gauge, hourmeter and a solire 
monitoring system which pro: 
automatic shutdown in the evf 
high discharge air temperatu 
low engine oi l pressure and ~ 
engine temperature. --""'"""ar-_,_,. 

Two stage air filtrati 
Engine and air end, '• type" 

replaceable filler elemenhth 
restriction indicators are Id as 
standard. 



• 
~Compact 
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Asymetrical profi le, prec ision matched rotors 
The rolors are machine finished to assure closer tolerances. 

e Optimum Seal Strip Efficiency e Minimum Slip Losses 
e High Fuel Efficiency • Reduced Operating Costs 

Cooling fan 
Direct driven by air end. 

• Less Power Required 
e Lower Operating Costs 
e High Ambient Operating Capability 
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ANNEX M TO 
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DATED 10 MAY BS 





APPENDIX 4 TO 
ANNE X M 

lngersoii-Rand IR38 Spi-Ral® Steel System: 
-'- Up to 4" (102-mm) holes 

!I 
(' STRIKING BAR 

SYMBOL DRIFTER COUPLING 
MODEL SYMBOL 

SB38S3B VL-120/ 140 

C38SBB 

SB38F17A F-170 

• Full length reconditionability- The steel is threaded 
over its full length. When an end wears. it can be 
simply cut off and the remaining length chamfered 
and put back into servlce. This can extend steel life 
as much as six times compared with ordinary steel. 
reducing inventory and overall drilling costs. 

• Rolled thread reforms the grain structure of the 
steel. giving greater shear strength than with cut 
threads. Rolling also improves tensile strength. 

• Case hardening provides extra toughness for wear 
resistance. minimizes fatigue and retards corrosion. 

• Lubrication groove in the crest of each thread (an 
1-R patent) retains lubricant and assures easy 
detachability. 

lngersoii-Rand Company 
Rock Drill Division 
Phillipsburg, NJ 08865 

Nrm 4508-A (l 1980. 1981 lngersoii-Aand Company Pr1nled in US A 

38 mm DRILL STEEL BUTTON BITS 

SYMBOL 

E38SB10 

E38SB12 

LENGTH SYMBOL BIT SIZE 
FT. M IN. MM 

2V,B38S 2V, 63 
10 3.1 

3 B38S 3 76 

3V,B38S 3'12 89 
12 3.7 

4 B38S 4 102 

• Easier detachability- IR38 thread form has a 
steeper helix angle that requires less torque to 
break thread connections. saving time and extend­
ing steel life. 

• Longer thread life- The thread also has more 
flank area and greater contact area between mat­
ing threads. This reduces thread deformation and 
wear. contributing to longer thread life between 
reconditionings. 

o Corset® button bits- Advanced metallurgy pro­
vides the best combina tion of carbide wear and bit 
erosion. to maintain proper button exposure. Preci· 
sion manufacture prevents stress concentrations. 

INGERSOLL -fiAND 
DRILLING EQUIPMENT 

l 





ANNEX N TO 
TDKELAU RECON REPORT 
DATED to MAV 85 

TRANSPORTATION OF DRILLING EQUIPMENT CALCULATIONS 

1. Annex M shows details of the airtrack dr 1·11 th t and compressor . a are recommended for use in Tokelau for proposed 
1mprovements. channel 

2. The criteria is: 

a. 

b. 

c. 

width of machinery, (airtrack 
1.33 m); 

length of machinery, (airtrack 
compressor= 2.88 m); and 

weight of machinery, (airtrack 
mately, compressor= 1920 kg). 

1.75 m, compressor 

2.13 m, 

2000 kg approxi-

3. The 'MV AVONDALE' has four forward derricks, each with 
a lift capacity of 5 tons. The ship can therefore load and off 
load airtrack and compressor. 

4. Annex F details the design of the boats employed by the 
locals for transporting stores from the cargo ship to the Island. 
The internal capacity of these work boats for cargo storage is: 

a. bow to stern - 6.1 m; and 

b. side to side - 2.14 m. 

Therefore, there is sufficient floor space in the boats for the 
airtrack drill and the compressor on separate trips. The boat's 
internal floor is plywood and will require additional reinforcing. 
It is suggested that a quantity, say 25 x 3 m lengths, 250 mm x 
75 mm timber is taken to Tokelau. This can be used as dunnage 
for protection on the bottom of the boat. 

5. The local outboard motors employed on the boats will 
not be sufficiently powerful to transport these loads and will 
require the use of the 40 hp outboard motors recommended in the 
Stores List at Annex D. 

6. A requirement made of the manufacturers when the boats 
were purchased for Tokelau, ·was that they must be capable of 
carrying a 2 tonne load. This requirement was apparently 
achieved. It must be realised however, that the two items of 
equipment weigh about 2 tonnes each. It is suggested that six 
44 gallon drums be available for securing to the sides of the 
boat, should it prove to be unsafe when loaded. The transporta­
tion of the drill will require the main boom and drifter to be 
removed to reduce its weight. 

/7. Consideration 





- 2 - ANNEX N 

7. Consideration was given to constructing a raft us ing 
Tokelau boats, but was disregarded due to: 

a. the possible problems associated with supporting 
relatively heavy loads above the height of the 
sides of the boats; and 

b. the difficulty that would be encountered in 
safely entering the channel (two boat widths). 

8. The off loading of the drill and compressor at each of 
the wharfs will have to be co-ordinated with mid-tide levels to 
allow the side of the boat to be level with the top of the 
wharf. An expedient ramp will be required from the wharf to 
the bottom of the boat to allow off loading and loading. It is 
suggested that the expedient ramp be constructed from the 
quantity of timber suggested in paragraph 4. If necessary, the 
ramp ·can be supported at mid-point by timber and if a lack of 
traction occurs, cleats can be cut into the timber. 

9. The airtrack drill will be required to be off loaded 
so that it can tow the compressor off the boat. 

l 





ANNEX 0 TO 
TOKELAU RECON REPORT 
DATED fa MAY 85 

SUGGESTED STORES REQUIRED 

Ear Protection 

Gloves Industrial Leat her 

Explosives 

Ex plosive signs 

Gloves rubber 

Red Flags 

Barbed Wir e 

Short pickets 

Fire Extingui shers (explosive and kitche n ) 

Ex ploder 

D10 c / w reef 

Shot firing cable ( 100 m coil) 

Test Set 

Crimpers 

Demolitions Pamphlet 

Ruler 1 m 

Personal Support 

14' x 14' tent 

Tent 2 Man 

Mosquito net 

Blanket Light weig h t 

Beds collapsible 'safari' 

Chair folding 

Stool folding 

Table Folding large (eating off and kitch en ) 

Table folding small 

Form GS 

Basins Wash 

Jerry can wat er 22 li tre 

Plates and eating utensils 

Tarpaulins 5 x 5 mm 

Cooks gear including cooker, pots, utensils etc 

Refrigerator commercial patt e rn 2 m3 capacity 

44 Gallon drums (for buoyancy and rain water 
co llection ) 

Qty 

10 prs 

2 

10 

2 

qty 

10 

3 

qty 

5 

2 

3 

9 

9 

9 

4 

2 

2 

2 

prs 

coils 

prs 

4 sets 

qty 

5 





Generator 6.5 KVA 

Dart Board 

Cards 

Projector 

Films 

Screen 

Expendables 

Fly spray 

Sandbags 

Bags multiwall 

Soap powder 

Bags plastic 

Swarfega 

Toilet paper 

Tape Insulation 

Tape Masking 

Twine 

Cordage 

Dazzle paint 

First Aid 

Solar screen 

Sunburn lotion 

Foot powder 

Antiseptic Cream 

Coral cut cream 

Insect Repellant 

Elastoplast 

Chapstick 

Painkillers 

Drilling Equipment 

- 2 - ANNEX 0 

Rockdrill (airtrack) (see Appendi x 1 to Anne x M) 

Drill steels (see Appendix 3 to Annex M) 

Drill bits (see Appendix 3 to Annex M) 

Compressor 375 CFM (see Appendix 2 to Anne x M) 

Hand drifter c/w steels, bits and hoses with 
under water connections 

Qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

qty 

6 

6 

2 

., 





Survey Equipment 

Tape 30 m 

Tape 100 m 

Level c/w tripod 

Staff 

Compass Prismatic 

GS Tools 

Shovel GS 

Shovel LHRM 

- 3 -

Sledge Hammer 10 lb 

Wire cutters 

Grease Guns 

Jumping bars 

Crow bars 

Chainsaw 

Diving Equipment 

Diving set incl: Mask 

Fins 

Snorkel 

Knife 

Hard soled booties 

Cylinders c/w back pack 

Spares 

ANNEX 0 

Protective Heavy weight wet suit 

Regulator and mouth piece 

Weight belt 

Bouyancy compensators 

Compressor 

Zodiac boat 

Paddles 

Outboard motor 40 hp 

Fuel tank 

POL 

Petrol marine 
compressors 

Diesel compressors 
- generator 

12 Stroke 

2 

3 

2 

2 

3 

2 

pr 

3 sets 

2 

2 

l 
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2 Stroke Oil - outboard motor 

Engine oil - all non-2 stroke motors 

Protective - grease 
- CRC 

Rationing 

Own resources from New Zealand 

ANNEX 0 

Supplementation of fresh rations from Apia 

Repayment to locals for purchase of local food 

Timber, 250 mm x 75 mm x 3 m 

qty 
qty 

25 lengths 





ANNEX P TO 
TOKELAU RECON REPORT 
DATED 10 MAY 85 

SUGGESTED MANNING 

1. The following is a suggested manning for an Army team 
tasked to widen channels at Atafu and Fakaofo: 

a. one x officer; 

b. one x Senior Non Commissioned Officer (SNCO); 

c. one x Junior NCO'; 

d. five x Field Engineers (to include three x divers 
for reef edge inspections and one x person qualfied 
in First Aid); 

e. one x cook; 

f. one x vehicle mechanic. 



• 



ANNEX Q TO 
TOKELAU RECON REPORT 
DATED tO MAY 85 

EXPLOSIVE COSTING 

1. The costing for explosives required is as follows and is 
costed at Government Stores Board prices: 

a. Molanite Ex prosive (4298 carts) = 2 905 kg 

40 mm dia, (31 Dec 84) @ $79.22 per 25 kg = $9205.35 

b. Flexicord = 10155 m 

(31 Oec 84) @ $151.99 per 334 m coil 

c. Detonators. 

Electric No 8/1.8 metre aluminum 82 

(31 Dec 84) @ $97.14 per 100 

say 100 = $97.14 

d. OCR. 

15, 25, 3~ ~nd 45 milliseconds = 407 

(31 Oec 84) ~ $2.83 each 

102 of each ORC so say 408 = $1154.54 

e. Shot Firing Cable 500 m 

(15 Feb 84) ~ $27.20 per 100 m coil 

f. Desirable Purchases. 

Atlas Galvonmeter $243.99 
(15 Feb 84) 

Nissan 30 shot 
(15 Feb 84) 

$421.47 

Total cost for•explosives 

(including sub-para f. • 

$15545.52 

$15210.98) 

$4925.18 

$15 3 .20 



• 



ANNEX R TO 
TOKELAU RECON REPORT 
DATED \0 MAY 85 

ROL REQUIRED AND COSTING 

1. The following is an approximate POL expenditure 
calculation using the hourly rates shown: 

a. 375 CFM compressor ~ 15 l/hr 
(diesel ~ $0.5304/1) 

b. 

c. 

usage 

6.5 KVA generator ~ 3.5 1/hr (petrol) 
(petrol ~ $0.8559/1) 
assume usage of 14 hrs/day x 152 
days 

Outboard motor 40 hp @ 18 l/hr 
(Petrol 2-stroke) 
(petrol @ $0.8559/l) mixt11re 1:50 
(oil 2-stroke @ $1.3654/l) 
assume usage of 6 hrs/week for 22 
weeks 

Total POL expenditure 

222 hours 
3330 1 
$ 1766.23 

2128 hours 
7448 l 
$ 6374.74 

132 hrs 
23761 
$ 64.86 oil 
$ 1986. 11 

petrol 
$ 2050.97 

$10191.94 





SCHLAGE 
Part of worldwide lngersoii-Rand 

10 May 1985 

Ministry of Defence 
Army Department 
25 Engineer Support 
Linton Camp 
PALMERSTON NORTH 

Squadron 

ATTENTION LIEUTENANT A.M. SKINNER 

Dear Sir 

Schlage (N.Z.) Limited 

Head Office: 
437 Rosebank Road 
P.O. Box 19-347 ' 
Avondale, Auckland 
New Zealand. 
Telephone 885·096 Telex NZ 21491 

TOKELAU ISLAND PROJECT OUR REFERENCE : NZ8348/85 

In reply to your letter of 17 April 1985 and our meeting recently, 
I have enclosed herewith details of the equipment we discussed. 

It would be impossible in my mind to use hand-held jack hammers, 
as used on the previous project, under the conditions you will 
experience; due mainly to the tidal situations and the terrain you 
will encounter. For this reason, we suggest the use of a light 
mounted crawlair rig. This will give you flexibility to traverse 
the unit across the coral reef and will speed up the operation to 
enable you to meet the project deadline. It will also enable a 
much cleaner drilling technique with little or no plaining of the 
finished channel walls. 

The portable compressor can be installed on the shore and air piped 
across the reef to the rig, thus alleviating the need to drag the 
compressor through the surf. For this, we suggest using a galvanised 
pipe to take the air supply to within 50' or so from the drill rig. 
We have included pricing for this pipe in our offer. 

The various sections enclosed deal with performance and output 
potential, description of rig, engineering data and pricing. 
Hopefully, these will enable you to fully evaluate the proJect . . 
We would welcome the opportunity to further discuss this project 
and our offer with you. · 

Yours faithfully 
SCHLAGE (NZ) LIMI TED 

{]~s 
(C.J . Benny) 
IR SALES MANAGER 

l 
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SECTION GENERAL DESCRIPTION AND SPECIFICATION 

INGERSOLL-RAND LM100 CRAWLAIR DRILL RIG 

The LM100 drilling rig is a track mounted, air powered, 
self-propelled, rock drilling unit. The tracks are driven 
by powerful air propelling motors, also incorporating a 
1300 psig hydraulic system, heavy duty boom, and a drill 
guide for 10 feet drill steel changes, that supports the 
Ingersoll-Rand drifter drill. 

It is designed to tow its own compressor by means of a 
tow hitch mounted to the rear centre of the main frame. 

Attached is a more detailed set of specifications for 
the drill rig. 





GENERAL DESCRIPTION & SPECIFICATIONS 
OF 

li~lOO CR/l.111LAIR DRILLING RIG 

Th~ l~lOO C~aw1~ir Drilling Ri~ is ~ track ffiounted, air operated, self-propelled, 
·o dnl11 ng un 1 t w1 th pc~:erfu l , a1 r d:--1 ven propelling motors; a 1300 psi hydraulic 
;y5em; a heavy duty boom; and a drill guide for 10ft. steel change, which will · 
; ~ort a drifter or a downhole drill :o meet various drilling conditions. 

The U~lOO is a compact, powerful unit designed to drill 1-3/4 in. (44rrm} through 
~ 2 in. (64mm) holes with the YD90 Drifter, and 3-3/8 in. (85rrm) through 3-l/2 in. 
( m) holes 1vith a rotary head and the DHD09 Do~mhole Drill. It is capable of 
jr·ling ver~ical to horizontal blastholes, and is ~ecorrmended for shaft sinking, 
"7ESplitting, :rench wcrk, sewer construction and bridge demolition. 

The LMlOO is a pioneering drill rig, capable of climbing steep grades over rough 
t~~in. Its low stance and compact design enables it to work well in tight quarters. 

The lifting eye located on the boom allows balanced hoisting for posi tior.ing the 
naui ne on the job or on your tra i I er. 

3EI:RAL SP'ECI FI CATIONS ENGLISH (METRIC ) 

"• Weight (1-1ith Drifter) 5,400 lb. (2,450 kg) 

:l ·a 11 length (guide horizontal) 12'8" (3,850mm) 

Jv,·all Width 5'9" (1 ,750mm) 

Jv,·all Height (boom vertical) 15'8" (4, 77Qnm) 
( 1 ess boom) 3'11" ( l ,200rrm) 

wr :h of Grcuser 8" (204mm) 

GrJnd Clearance 9" (230mm) 

T :k Oscill~tion 20° (20°) 

B Jn :~ovement: 
45° (45°) 

~bove Center1ina 
3elow Cer.teriine 30° (30°) 

)wing Range goo (900) 

Gude Movement: goo (90°) 
Swing 

75° (750) 
)ump 

Tr.:tming Speed 1. 8 MPH 3 km/hr 

U!Jlbing Ability 35° grade (35°) 

P~ellin~ Air ~1otor 7 HP 

~bar Pull 3,100 1 b. (1,400 kg} 

1 vel Speed 
Q-1.8 MPH 
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QfiONAL EQUIPMENT 

Va~os~l Dust Control System - The Vaposol system is an improved method f d 
dr1ll1ng, developed for use on track-mounted . rock drilling rigs to redu~e t~:P 
health_hazards caused by inhalation of rock drill dust particles during drilling 
opera t1 ons. 

2 Dust C~llector System - The dust collector system is a dry fan-induced d ft 
pulse Jet, self-cl~aning unit designed to draw dust and ro~k .cuttings awa;afr~~ - · 
the h~le and ~epos1t th~m on the ground away from the operator. The air con­
sumptlon requ1red to dr1ve the suction fan is 90-100 psi . 

Downhole Dr~ll P~cka~e - The YD90 Drifter can be removed in favor of the ZD45 
rotary hea~. Th1s l1ght-weight rotary head is powered by a 4 HP reversible air 
motor, des:gned to provi~e independent rotation for the DHD09 downhole drill. 
Th~ DHD09 1s a hammer dnll which is capable of drilling 3-3/8" - 3-1/2" holes 
us1ng less air. 

~IN FRAME 

The ~ain frame is a rugged steel fabrication, which is the mounting base for 
vrious assemblies of the LMlOO. A hydraulic reservoir is mounted on the rear center 

the main frame, with the air line lubricator mounted directly to the left. 

A tow hitch is mounted to the rear center of the main frame which enables the 
cill to pull along a portable compressor. It can also be used to pull the drill 
~o~th a primary mover over very rough terrain. 

All controls for boom movement are located directly behind the machine near the . 
i~m controls for ease of set-up when tramming from hole to hole. 

A 1.5 HP vane type air motor drives a hydraulic pump which supplies power for the 
trious drilling functions. The motor and pump are mounted on the left hand strut, 
Hween the two track assemblies. The system operates at 1300 PSI. This low pressure 
rstem ensures long component life, and cuts down costs on hoses and fittings. 

Drill controls can be mounted on the drill guide or on the hydraulic boom 
11ntrol console at the side of the drill. The rear mount is used when two men are 
andatory on the job site. 

NDERCARRIAGE 

The undercarriage consists of a right and left hand track assembly. Each track 
; driven by an independently controlled, reversible air motor. These a:e ~iston 
ir motors with 7 HP each to supply power for towing a compressor and cl1mb1ng steep 
ades. 

. The LMlOO has a maximum of 20° oscillation. This is accomplished through heavy 
uty struts welded to the track assembly and hinged under the main frame. 

The braking system is mechanical with positive engaqement, which is a safety_ 
ature. A de~utchina device allows the brake to be disengaged when _ the c~awlalr 

l5 being towed · Each assemb 1 y has 5 ro 11 ers for even wear on the cha1 n~ wh~ eh supper· 
"nrnOJ<;Pr<; . The tr~ck tPnsion is easily adjusted by tiahteninq the adJUStlnq spring 
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The ~oom as~embly cons~sts of_a round tube with a forked clevis welded to each 
r ; a l1ft cyl1nder; a sw1ng cyl1nder; and the attaching components. 

The rear clevis of the boom is attached by a pedestal to the boom base clevis · 
the main frame. This attachment produces a universal joint which permits a 
erage of 45° right or left of centerline and 45° above 30° below the horizontal 
terline. The clevis at the front end of the boom supports the dump and swina - ·-

a! emb ly. -

The swing cylinder is attached at its piston end, to the side of the boom, by 
+;wing clevis, _pin, and a welded clevis on the boom. The blind end of the cylinder 

attached to a pedestal which is pinned to the boom base_clevis on the main frame. 

The lift cylinder is located underneath the boom. Its piston end is attached 
~iard the front of the boom through a swing clevis pinned to a clevis welded on the 
J·ttomside of the boom. The blind end of the cylinder is pinned to a clevis -welded 

the center of the main frame cross member. 

A lifting bail is welded on the top side of the boom, which allows machine to 
~positioned in confined areas. 

1 DILL GUIDE & MOUNTING 

The drill guide is constructed of 411 steel channeL The guide is equipped with 
alatch type centralizer which is bolted to the drill guide, and a heavy duty foot­
~ece is welded to the base of the guide below the centralizer. Feed pressure for the 
cifter is supplied by a 3 HP, five cylinder piston air motor, mounted on the bottom. 
tck side of the guide. 

The dri 11 guide is supported by guide extension m~unti ng w~i eh . in tu~n is 
~pported by the dump and swing assembly. The extens1on mount1ng 1s ~es1gn~d to 
Etend the drill guide for additional coverage and to plant the footp1ece f1rmly 
fainst the drilling surface for added stability. 

The dump and swing assembly is a hydraulically powered drill g~ide positionigg 
~~vice, supported at the front end of the boom. 0 Th~ asse11_1b l Y p~rm1 ts g full 180 
!"ill guide dump (end over end rotation) and 85 dnll gu1de sw1ng (50 left, 
:;o right). 
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LM·100 
Crawlair® drill 

For 44·90 mm (1%-3'1•") holes 

INGERSOLL -RAND"' 
DRILLING EQUIPMENT 



The versatile LM-100 Crawlair drill. Small 

it's a lightweight 
energy-saving 
drifter rig for 
44-64mm 
(1%-2112") holes. 

Don't let the small size of this 
husky little drilling rig fool you. It's a 
fully-mechanized, self-propelled 
Crawlair drill that does all the heavy 
work for you. It trams easily from 
hole to hole at the touch of a throttle, 
towing a portable air compressor. 
The drill tower is quickly positioned 
by effortless hydraulic cylinder 

operation. 

With the YD-90 drifter, it handles 
a 3048 mm (10') rod change, with 32 
mm (1.25 ") rods, threaded bits and 
couplings, to depths 12 m ( 40') at 
maximum efficiency. 

S im ple, safe one-man operation. 
A ll tramming and positionin g con­
trols are located at the rear of the 
.1achine for easy operation. Drilling 

controls, can be mounted on the 
tower or at the side of the machine 
for convenience in either deep-hol~ 
or single-pass drilling. 

Rugged crawler construction. 
With two independently-controlled 
7-hp tramming-air motors, it can 
climb a 35 • grade. 

Track oscillation. Heavy steel 
main frame has walking-beam track 
oscillation that permits each track to 
tilt up or down to match ground 
irregularities. 

More powerful hydraulics. A 3-hp 
hydraulic pump motor assures fast­
er positioning. 

Air and oil gages. Continuous indi­
cation of air pressure and lubricator 
oil level take the guesswork out of 
drill operation. 

lndependent-rolotion drifter. 

Independent rotation drifter. 
The YD-90 air drifter has ample 
power for drilling holes to 64 mm 
(2 Y2'') in diameter. Integral air mo­
tor drive provides independent rota­
tion with infinitely variable speed 
control. 

Uses little air. With a P425 Spiro­
Flo ' compressor, there's plenty of 
a_'r to operate the drill, rig and op­
tiOnal dry dust collector. 

lifts easily for shaft sinking. 



n performance. 

Exhaust and impact noise go right down the hole with the bit. 

If r 
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The AT-480 dust colledor, available w ith YD-90 drifter or 

OHD-09 Down- hol• drill, u••• only 2 m,/ min (70 cfm) of 7 kg / cmr 

{lOO p1i) air. 

It's a low-no 
deep-drilling 
downho/e rig 
85-90mm 
(3%-3%") h 

Equipped with a rot· 
larger centralizer, the 
you all the Crawlair 
the basic advantages < 

drilling-with the In 
DHD-09 Down hole dri 

Drills faster on deep t 
penetration rate doesn1 

each rod added to the s: 

Uses less air because 
does double duty, paw< 
and then cleaning the h 

Drills straighter l 
Down hole drill is less e< 
off-course by varying s 

Extends rod life becat 
forces are transmitted 
drill rod. 

The DHD-09 Dow 
engineered and built t1 
performance at rock­
Penetration is proporti1 
pressure across the 
these other I-R feature 

Stop-action plunger 
stops the hammer acti 
the drill is raised. 

Wear sleeve surroun• 
cylinder can be reven: 
sleeve life. It's easy an 
to replace. 

Piston delivers full im 
rectly on the bit at any c 

Bit retaining key p 
dental dropout yet per 
moval for grinding or r 

INGERSOLI 
DRILLING EOI 



LM-100 Crawlair drill specifications 

Dime nsions 
Overall length 

(tower horiz.) 
Height (lower 

horiz.) 
Overall width 
Ground clearance 
Tra ck width 

T rock length 
T rock oscilla tion 

Positioning 
Boom lift 
Boom swi ng 
Guide swing 

(horizontal) 
Guide dump 

Tramming 
Air motors 

T ramming speed 
Climbing ability 
Drawbar pull 

Vertical drill 
coverage 
1870 mm 

(62) 

(5'9") 

3850 mm 

1350 mm 

1750 mm 

230 mm 

204 mm 

1845 mm 

20 " 

45 ° up, 30 ° down 
45 ° right, 45 ° left 

45° right, 45 ° left 
85 ° {two 

positions) 

Two7-hp 
{one per frock) 

0 to 2 .6 kph 
35 ° grade 
1400 kg 

lngersoii -Rand Company 
Rock Dnll D1v1sion 
Ph1il1psburg , rJew Jersey 08865 

12' 8" 

4 ' 5" 
5' 9" 
9" 
8" 
6 '%" 
20 " 

0 to 1.6 mph 
35 ° grade 
3100 lb 

m44f.(IA 19t/,19811niJ~'~ -AandCo Pnnte-d1n US A 

Drilling Range 
Hole diameter 

(YD-90) 44-64 mm 

Hole diameter 
(DHD-09) 85-90 mm 

Rod diameter 32 mm round 

Rod length 3048 mm 

Drilling range width 2050 mm 

Horizontal height, 
maximum 2350 mm 

Horizontal height, 
minimum 680 mm 

Hydraulic Pump Air Motor 

Total Weight• 2•so kg 

Recommended Air Compressor 

12'1n11min 
at kg/cm2 

"With YD-90 driher. 

1 1/~-2'/z" 

Jlf•-JV2" 
1 V.~." round 

10'0" 

6'9" 

7'8%" 

2'2 3/~" 

3 hp 

s•oo lb 

425 cfm 
at 100 psi 

f--- 2.06 m (69 ) ----1 

T 
FACE COVERAGE 

3.4 sq. meters 
(36.79 sq. ft.) 

Model Y0-90 Drifter 
Bore and 

stroke 90 X 85 mm 

Blows per minute 1600 
Rotation 0 to 150 rpm 

Weight 85 kg 

Model DH0-09 Downhole Drill 
Weight (less bit) 24 kg 
length (bit extended) 965 mm 

Outside diameter 76 mm 
Bit diameters 85 mm 

90mm 
Air usage 3.5 m3 /min 

at 7 kg/cm2 

2045 Rotary Head 

Max. torque 79.5 kg-m 
RPM range 0-65 
Horsepower 4.0 mox 
Air usage ot 25 rpm 3.4 m3 /min 
Weight 91 kg 

Jlf2X 3¥.'' 

I 87lb 

53 lb 
35.6" 
3" 
3 1/t" 
31/J" 
125 cfm 
at 100 psi 

575 k-lb 

120 cfm 
200 lb 







SECTION 2 DRIFTER DRILL SPECIFICATION 

INGERSOLL-RAND YD90 DRIFTER DRILL 

The YD90 air drifter has ample power for drilling 
holes to 64mm (2~") in diameter. Integral air motor drive 
provides independant rotation for infinitely variable speed 
control. 

For short holes; ie holes up to 30' in depth, a 
P375SD Spiro-flo compressor has plenty of air to operate 
the drill. It handles 3.048m (10' ) rod change, with 32mm 
(1.25") rods, threaded bits and couplings. 

Attached is a more detailed specification of the 
drifter. 





GENERAL DESCRIPTION AND SPECIFICATIONS OF YD90 DRIFTER 

hammer 
type, 

DESCRIPTION 

The YD90 drill is a 3.5" (90mm) bore, valveless, pneumatic 
drill that Incorporates an independently controlled, gear 

air powered rotation motor to rotate the drill steel and bit. 

The YD90 drill is recommended for use on the LM100 self­
propelled mountings, and for surface applications with feed chain 
mountings on any type of fixed or mobile drilling rig. It is 
capable of drilling 1. 75" (45mm) to 2. 5" (62 mm) diameter holes in 
alr types of rock formations. 

The YD90 is designed with an independently controlled, air 
powered, gear type rotation motor that provides continuous drill 
steel rotation - forward and reverse. This heavy duty motor is 
mounted on the top of the drive gear cover at the lower end of the 
drill. The motor drive gear and idler gear convert the force of 
the operating air to rotation power. The rotation power developed 
by these gears is transmitted through a drive gear shaft to the 
chuck drive intermittent gear and then into the drill steel and 
bit. The drive shaft serves as a torsion bar which absorbs energy 
and prevents damage to the motor drive gear teeth if the drill 
steel gets hung up or stuck. 

The air required to operate the drill is dependent on the 
pressure at the drill main air inlet. The cylinder houses the air 
valve piston, and piston stem bearing. It includes main air front 
supply ports, exhaust port, and vent ports which direct lubricated 
air onto the drill mounting feed chain. Ports in the air distributor 
body (and the bronze liner) direct the main operating air through the 
front and rear piston supply ports. Three oil rings, cut in the 
piston head, act as small oil reservoirs which deposit a film of 
lubrication between the piston head and the cylinder wall. 

The final air requirements for the YD90 passes through the 
hollow drill string and is used to blow the cuttings out of the 
hole. The amount of air consumed depends on the pressure at the 
blow inlet in the backhead, and the number of steels in the drill 
string. In uniform rock formations, improved drill performance 
can be obtained by throttling back excess blow air and diverting 
additional air to the hammer, ~o that the drill runs at a high 
pressure . 

An air line lubricator must be used with the YD90 drifter, 
all moving parts of the drill are lubricated by the oil-laden 
operating air which is directed to all critical points. When the. 
drill is used on a "Crawlair" mounting, a lubricating oil reservou 
is built into the main frame. 

. .. / 2 
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SPECIFICATIONS 

DRILL SPECIFICATIONS ENGLISH METRIC 

Net Weight of Drill 187 lbs (85 kg ) 

Bore of Cylinder 3.5 ins (90 mm ) 

Working Stroke 3.5 ins (90 mm ) 

Size of Main Air Inlet Hose Required 1. 5 ins (38 mm ) 

Size of Blower Hose Required in (25 mm) 

Air Consumption at 1DD psig (7 bar ) 368 cfm (10.3 m3/ min ) 

Blows per Minute 1600 
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When to replace drifters 
on crawler drilling equipment 

INGERSOLL-RAND., 
DRILLING EQUIPMENT 



When to replace drifters 
on crawler drilling equipment 

The quest1on of whether to rebuild or replace 
eqUipment as it wears 1n serv1ce has a lways been 
complicated by an almost infi n1 te vanety of qualifi­
cations. Most decisions are made on th e bas1s of 
costs-to repair equ ipment at an early stage 1n 1ts 
working life; or to keep the equipment working, 
although at lower effic iency, until it can operate no 
longer. In the latter case. a prolonged period of 
operation at low productivity may be more costly 
than initial rebuilding. 

w1th the drifter uni ts mounted on crawler drill ing 
equipment. there are some very defi nite indications 
when rebuilding is needed, and some very potent 
reasons to rep lace some types of drifters rather 
than to rebuild them 

Two Types of Drillers 
Pneumatic drifters are available in either valve­

operated or va lveless designs . Val ve-operated 
drifters had, until recen tly, been more popular. The 
valveless des1gns were deve loped first, but were 
large and heavy. Around the turn of the century, 
and through the 1920's, moving drills from one hole 
to another was done manually. Therefore, the 
lighter va lve-operated drills won greater acceptance 
when they became available. Today, with drifters o f 
every kind mounted on hydraulic booms or arms of 
crawler equipment, moving from one location to 
another requires little or no manual labor so drifter 
weigh t or size is of little concern . The complexity of 
drifte r design , sensiti vity to wear and ease of recon­
ditioni ng , however, can be vital to performance 
and operating costs of crawler drills. 

Valve-Operated Drifters 

The spool valves of valve-operated drifters tend 
to reveal the wear of pistons and cylinders at a 
fairly early stage. 

Illustration (I) demonstrates the operation of a 
typical "kicker-port" valved rock drill or drifter. The 
kicker-port valves are spool valves activated by air 
pressure applied through the passages or kicker­
ports in the cylinder, opened by the piston as it 
reciprocates. The valve operates by directing 
pressure to the front or rear side of a flange on 
the valve. 

In the illustration, the piston is shown moving 
forward, on a power stroke with compressed air (S) 
passmg through ports (A) to the back chamber (B). 
Just before the piston reaches exhaust port (E), it 
uncovers a kicker port that directs air through 
another passage to the back side of valve flange (H). 
Th1s snaps the valve forward to shut off air flow to 
the back chamber (B). Immediately afterwards, 
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KICKER PORT VALVE SYSTEM 

exhaust port (E) opens and the back chamber (B) 
drops to nearly atmospheric pressure. 

The piston now strikes the striking bar and drill 
steel and begins its return stroke driven by air 
pressure still flowing th ro ugh port (C), into the 
front chamber (P). On the return stroke the piston 
opens the kicker-port on the fo rwa rd side of 
exhaust port (E). This admits air to the front side of 
the valve flange at (0) causing the valve to shift 
back, cutting the air supply to the front chamber (P). 
The air pressure is now redirected to the back 
chamber (B) through ports (A) . This air cushions 
the piston at the top of its stroke and the 
cycle repeats. 

Although details may vary, this is the principle of 
operation for all spool-valve-operated drifters. 

Valveless Drifters 

With valveless drifters, the piston acts as its own 
valve. The sequence of operation following, is 
typical of the valveless drifters produced by 
lngersoii-Rand and other manufacturers although 
deta1ls may d1ffer. 

In illustration 11 , the piston is driven forward by 
air passing the "tail" diameter at (A) from the air 
supply (S). When the piston tail closes the ports 
at (A), air is shut off and the piston continues to 
be driven forward by the expansion of air in back 
chamber (B). Further forward the piston head 
uncovers exhaust port (E) and the piston tail 
uncovers the front chamber ports at (C). 

The piston delivers its blow to the striking bar 
and begins its return stroke, driven by air flowing to 
front chamber (P) through (C). When the returning 
piston tail covers ports (C), air flow to (P) is dis­
continued but the piston is still driven back by the 
expansion of the air in chamber (P). A little further 
back the piston head uncovers the front edge of 



VALVE LESS SYSTEM 

'xhaust port (E) and the piston tail opens the back­
:hamber air supply at ports (A). This air cushions 
he piston at the end of its return stroke and starts 
1 new cycle. 

5ymptoms of Wear 
The use of a good rock-drill oil injected into the 

:ompressed air that drives the drifter, delivered at a 
:onstant rate, will minimize wear and lengthen 
Norking life. However, all mechanical things wear 
Jut eventually. With drifters, the bu shi ngs or bear­
ngs that support the piston will be one of the areas 
most subject to wear. The piston and the cylinder 
will wear where they are in running contact. The 
part of the piston which strikes the striking bar 
delivering percussive force to the drill steel will 
show wear. The mating surface of the striking bar 
and the threads that join the drill steel are designed 
to withstand the impacts necessary to drill three to 
five thousand feet of hole in hardrock before being 
replaced. And of course, the valve in valve-operated 
drifters will manifest symptoms of wear. With valve­
operated drifters, as the clearance between the 
piston and cylinder increases, air can escape past 
the piston and trip the spool valve prematurely, 
causing erratic performance. Before that happens, 
there will be a noticeable reduction in penetration 
rate. If an air pressure gauge is placed at the inlet 
for the drifter, it will show a substantial drop in 
pressure, compared to a new unit. By the time the 
wear or clearance between piston and cylinder 
reaches .25mm (.0097 in.) the drifter will be virtually 
inoperable. 

With valveless drifters. as wear progresses, there 
will be a drop in pressure as air escapes past the 
piston, and a noticeable reduction in penetrat1on 

·rate will occur. However, since there is no spool 
valve involved, the valve\ess drifter can continue to 

operate much longer-until clearance between 
piston and cylinder approaches 45mm (.0175 in.). 
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Replacement is More Economical 

With both types of drifter, at this point a decision 
must be made whether to rebuild or replace. As 
can be seen, the valveless drifter is a simple design 
and, therefore , easier to rebuild. In addition to its 
greater tolerance to wear between piston and 
cylinder, it has another advantage. The piston is 
supported by two widely spaced bearings or bush­
ings. This minimizes contact wear between the 
cylinder and piston, and helps reduce bearing wear 
as well. For all practical purposes, this means that 
this type of valveless drifter will operate signi ficantly 
longer than valve-operated drifters in the same 
service. it can be more economical to replace 
valved drifters with valveless designs, rather than 
rebuild them. 
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WEAR CHARACTERISTICS 
VALVED VS. VALVELESS DRILL 

ERRATIC 

AIR I CONSUMPTION 

PENETRATION 
I 

ERRATIC 

L-__L0""05c---,oo!,;;-, --~017,--7,020m . 

'----,,':-, ---,:!;,----;.,;;----~50 mm Ill 
PISTON TO CYLINDER CLEARANCE 

lngersoii-Rand Valveless Drifters 
One supplier produces valveless drifters su1table 

for operation on virtually any crawler dnll1ng ng. 
The lngersoii-Rand VL-120, designed to drill holes 
from 2Y, to 3y, inches in diameter (64-89mm) and 
the VL-140 valveless drifter for holes from 2V, to 
4 inches (64-1 02mm). both provide penetrat1on 
rates at least equal to original equipment. and at 
reduced air consumption. 



• Operating Advantages 
Valveless drifters have several operating advan­

tages. First, they requ1re less compressed air. Illus­
tration IV compares the pressure in the back 
chamber of valved and valveless drifters. Pressure 
in a valved drifter is supplied continually, until just 
before the valve is tripped or just before the exhaust 
port is opened. Pressure in the back chamber of a 
valveless drifter is cut off long before the exhaust 
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PISTON STROKE IV 

port is opened. Expansion of the compressed air is 
used to provide power for a greater part of the 
piston stroke. As a result air is conserved. 

Fuel Conservation 

Illustration V compares penetration rates of 
valved and valveless drifters under the same con­
ditions. The valveless drifter uses approximately 
3m' less air for the same penetration rate. There­
fore, the compressor plant doesn' t have to produce 
as much air. lt can conserve fuel, and in addition, 
reduce wear on that unit as well. The c.ost of fuel 
makes this an increasingly important advantage. 

Low Noise 

Further advantages resul ting from the use of air 
expansion during piston travel are that there is less 
noise, and less tendency to "diesel" when the 

lngersoii-Rand Go. 
Rock Drill Division 
Phillipsburg, N .J. 08865 

Form -4524·" C.. 1981, 19821ngersoii·Rand Co. Pnnted '" u.S.A 
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PERFORMANCE 
VALVEO VS VALVELESS DRILL 

SUPPLY PRESSURE 

1 bar. 
V 

drifter is run as the drill steel is withdrawn from the 
11ole. The dieseling phenomenon occurs when the 
lubricating oil entrained in the compressed air 
ignites due to high pressures developed in the front 
chamber of the drifter. Because of the improved 
piston support in valveless drifters, lubrication is 
less critical and less oil can be used . Less oil 
produces less oil fog in the exhaust; a considera­
tion for operator comfort and health. 

From the viewpoint of maintenance and operat­
ing costs, it is apparent that it wi ll pay to replace 
valve-operated drifters with valveless designs 
rather than rebuild the former. 

PISTON SUPPORT 

VALVED VS VALVELESS ~ 
DRILL 

""'" 

VI ~= 







SECTION 3 PORTABLE AIR COMPRESSOR SPECifiCATION 

INGERSOLL-RAND P375SD 

The P375SD is a single stage, oil flooded, rotary screw 
air compressor. The air compressor is driven by the diesel 
engine through a flexible coupling and rotor optimizing gears for 
part load fuel economy. 

It is capable of delivering 375 cfm (10.5 m3/min) of free 
air at 102 psig (7 bar) pressure, at full load rpm. (Maximum 
115 psig/7.9 bar). Rated pressure and output is measured AFTER 
oil separation. 

The diesel engine is an in-line air cooled, Deutz, Model 
F6L912, delivering 112 hp at a rated speed of rpm; no load speed 
is 1000 rpm. It is equipped with 24 volt starting system. 

Built into the unit are the following safety features:-

1. Automatic engine shutdown in the event of: 

(A) High air discharge temperature 

(B) Low engine oil pressure 

(C) High engine coolant temperature 

(D) Low engine coolant level 

2. Automatic blowdown valve. 

3. Safety valve. 

4 . Minimum pressure valve . 

5. Air filter restriction indicators. 

The complete assembly is mounted on rubber mounts on a. 
welded steel frame. The uniti zed chass1s lS supported on tors1on 
bar suspension on a single axle~ fitted with rubber tyres: Park1ng 
brakes and lifting bail is standard. The canopy surround1ng the 
package is sheet steel with lockable s1de doors for complete 

accessability. 

Enclosed are leaflets fully describing the P3755D air 

compressor . 





PERFORMANCE DATA 

FUEL CONSUMPTION 

P375SD 

Engine Manufacturing Deutz 

Model F6L912 

Available BHP 112 

RPM 2500 

Rated Operating Pressure 100 psig 

~~ RATED CAPACITY 

50~~ ACFM 187 

Cub. ft. I lb Fuel 507 

Litres/ hour 

75% ACFM 281 

Cub. ft. I lb Fuel 596 

Litres/hour 15.2 

100% ACFM 375 

Cub. ft. I lb Fuel 608 

Litres/hour 20 
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Introduction 

In 1902 Ingersoll-Rand introduced the world's first truly 
Portable Air Compressor, and has pioneered every major 
advance in the field since then. We introduced the two-stage 
air-cooled unit, followed it with the first sliding-vane rotary 
Portable, and then with the first screw-type Portable. Today 
we are acknowledged leaders in Portable Compressor 
technology. 

Wherever in the world compressed air is used - on 
construction sites, in quarries or open cast mines, for road 
maintenance or water well drilling - the chances are an 
Ingersoll-Rand compressor will be at work, providing efficient, 
cost effective performance. 

Ingersoll-Rand is a world-wide organisation with a 
manufacturing, service and distribution network covering 
virtually every corner of the globe. We maintain our leadership 
in the Portable Compressor industry because we employ 
precision manufacturing methods and the most exacting 
quality control standards. 

This brochure is designed to give you an insight into the 
unmatched development, manufacturing, quality control and 
back-up service facilities we provide with every Premium 
Portable, from the smallest 65 cfm (30 it/sec) unit to the 
largest, which is capable of delivering 5000 cfm (2350 it/sec) 
of air. 
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Research and Developntent 

Our track record in Portable Air 
Compressor technology from the 
beginning of this century illus­
trates the importance Ingcrsoii­
Rancl places on Research and De­
velopment. The work goes on 
today to help us ensure that we can 
supply the right machine for any 
and all customer requirements. 

As well as producing many product 
'firsts', the continuou-, research 
and engineering development 
programmes help to create new 
materials and new manufacturing 
methods and skills, which can be 
applied to the design of new 
machines and can also con tribute 

Every new idea is thoroughly 
tested by our compressor techno­
logy professional> and Lli scusscd 
with end-users. Om Research and 
Development test cells provide the 
environment for theoretical ideas 
to be put to practical examination. 
Only when they have passed all 
the tests will they be incorporated 
into new product designs. 

Creative engineering has kept 
Ingersoll-Rancl Portables ahead of 
the field by bringing new ideas into 
action to produce premium pro­
ducts which combine the highest 
levels of efficiency with outstand­
ing performance and economy of 

to the improvement of existing operation. 
products. 

Quality Control and Testing 

At every stage of manufacture 
Ingersoll-Rand Portable Compres­
sors arc subjected to a rigourous 
regime of quality control testing, 
in order to en sure that our 
standards are met, and that the 
customer receives the premier 
portable he expects. 

For example, all the critical 
dimensions on rotor housings arc 
examined on computer-assisted 
inspection machines. Permanent 
records are produced of every 
inspection. 

Once total assembly is complete­
when the air end, engine, chassis, 
auxilliarics and controls have been 
brought together - each unit is 
acceptance tested. 

Every new lngcrsoll-Rand Portable 
undergoes many hours of operation 
to provide the break-in, regulation 
and performance test data 
required. 

Only those that pass this final 
examination get our coveted seal 
of approval - an Ingersoll-Rand 
nameplate. 

Whisperised"' versions of the 
compressors are tested on the most 
advanced sound-testing facilities 
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in the industry, which enable our 
engineers ro monitor and analyse 
the noise levels around a com­
pressor with a high degree of 
accuracy and make sure they meet 
noise-control regulations where 
necessary. 



Precision Manufacturing 

Creative engineering counts for 
nothing if it is not matched with 
the highest manufacturing 
standards. 
Ingersoll-Rand has the ability to 
match its engineering standards 
with manufacturing excellence. 
Wherever in the world Ingersoll­
Rand Portable Compressors are 
produced only the most advanced 
metal-working equipment is used, 
so the same level of accuracy is 
achieved globally. 
Rotor housings are precision-bored 
with great accuracy. C lose rotor 
clearance is an important factor in 
improving efficiency - rotors 
must turn freely within the 
housings, bu t the clearances must 
be close enough to minimise air 
slippage . The right machine tools, 
operated by well-trained staff, pro­
vide the assurance that Ingersoll­
Rand rotor housings are manu­
factured to the highest s tandards 
possible. 
The manufacture of the rotors is 
the most critical operation of a ll. 
It involves the precision-machin­
ing of extremely complex rotor 
shapes from cylindrical blanks of 
high-g rade so lid s teel. Highly 
spectahsed contour milling 
machines - a part of the lngersoll­
Rand worldwide investment in 
producing only the finest com­
pressors- are used to generate the 
rotors from bar stock. 
All rotors for compressors of 175 
cfm capacity and over are precision 

ground to J gli"tlcning mn1ur· li kc 
fin1 ...,h 111 un..lc1 to ;!pptu;lch thl' 

t11l.'OIL"l!Cal tdl';d of ;I rotor prulik· 
;.l nd ;il~o to reduce llu1d lncuun on 
all rotor ..,urtacc-> - ;Ino tl1l·r 

in1p{Ht;lnt lacu.H in improvin.~ 

cificicncv. 
Roto" for the sm;dkr lOO ;md 17'0 
cfn1 con1prcs~o r..., arc produced in a 
two-stage ope rat ion c;tllcd Rotor 
Hobhin~. In these "nail s izes 
when: the con1pn:ssors run inter-

4 

111ittcntly and l'nginc hor:--cpowL'r 

"small , huhhed rotors provide the 
level ol efficiency n:qui•cd . 
I he 111;\tlng of rottll"' is the fin ;d, 

cri tical step. Male and female 
rotors arc pn;ci:-, ion Inatchcd <lnd 
then each pair is inspected for 
hack-la~h ;md interlohc c learance. 
The attention p;Iid to this critical 
operation produces the nc;ncst to 

..,crew con1pn..:ssor perfection attain· 
able today. 



Parts and Service Worldwide 

lngcrso 11 -lta nd eo m pr e"or' .ne 
hu ilt to 'ray the cour;c. T hey will 
prov ide long hours o f tro uble-free 
operation - hut at son1c -,t~lgt: they 
w ill need se rvicing. 

With our own ~luton1atcd 2~ botus- geared to provide our custon1crs 
:1-day pans 'crvicc, and a network with the fast, efficient back-up 
of our own autonomous Com- required to keep the machines 
p:mic; and Dist ributors located in operational. 
e\·ery part of the world, we arc 

Distributors and the autonomous 
Companies hold inventories of 
spare parts. If, by chance, the part 
you requ ire is not in stock a call 
to one of our srrategically-locatecl 
computer-controlled parrs stores 
will have the missing item on its 
way in a hurry. 

"" Parts availability and worldwide 
back-up service are additional 
reasons for selecting an lngersoll ­
Rand Portable Compressor. 

Ingersoll-Rand Genuine Parts 

5 

To keep your Portable Compressor 
at peak performance, you should 
insist on only genuine Ingersoll­
Rand replacement parrs. 

Substitutes may c9st less at the 
time of purchase, but their useful 
life will be shorter, and the risks 
of fa ilure and consequential damage 
to your Portable Compressor are 
much higher. 

Don 't take the risk - insist on 
Jngerso ll -Rand's precision­
manufactured and tested spare 

parts. 



Products 

XHP 900 skul-mourHcJ oil field Hnit. 

Illustrated here arc four examples 
from the comprehensive range 
of Ingersoll-Rand Portable 
Compressors: 
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' Nothing conuin~d in this brochure: is imc:ndc:d to c:xtc:nd any 
warranty or rc:pr~sentation, ~xpressed or implic:d, rc:garding th~ 
products d~scribed h~r~in. Any such warrantic:s or otbc:r t~rms 

~~~~i~-=~~!t5~~~~~~sc~dhc~~:f~f~n~c~r;:l~nf~~ :~~~ 
~~h~~;~;~~~ be~ !Jt!i::~ ~~Jlho~~~~~~is;~ ~;:~t;c:i':;s and INGERSOLL -fiAND 



INGERSOLL-RAND 
WORLDWIDE DISTRIBUTION 

Ingersoll-Rand Product Lines 

Air hoists and winches 
Air and gas compressors 
Air and electric tools 
Aircraft support equipment 
Anti-friction bearings 
Automated production systems 
Centrifugal and reciprocating 
pumps 
Coal mining machinery 
Construction equipment 
Door hardware 
Electronic access systems 
Engine starting systems 
Fluid jet cutting systems 
Gas turbines • 
Gears and couplings 

Industrial process machinery 
Mobile drilling and well 
service rigs 
Pavement milling equipment 
Pellet mills 
Portable air compressors 
Power recovery systems 
Pulp processing machinery 
Reciprocating gas engines 
Rock drill s 
Separation equipment 
Specialty steel products 
Steam turbines 
Vibratory compactors 
Water well drills 
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175 
250 
375 



l.lfle gamme de compre$S601'$ mobiles labnquee a~ec prt\oSIOn et 

~~ ec::,':u:e:;:-.,eu~~~;~ ~;~,;~~~~ 
~~ 

~=:::::;! ~~=~ dep.tssent les normes d"6misSion de 
bi'UOI CAGI-PNEUROP. et peovenl clone Qfre utthst!s dans Ios 
ll'f"O()rOitS oU aes normes stnctes d·em•sSJOil de brut! sont en v.gueur 

Moteurs grande puissance 
loos In mc::d*le5 sont 8Qu•ptos de rnoteur1; diesel industrtels qui, 
~lamac:hinechoiSie.sontrelroid•spara.roupareau 
et ont una puissance de 38 kW (51 eh) a 83,5 kW (1t2 eh) 
a 2So:l0 tiNt. Tousles fl"lOdeles onrent un-e exceltente Gconom•e de 

~""""" 
~==~:~esseur sont us1n&s avec prkislon seton le profit 
Ideal. Los autres composants soot 
1'$.111S8s par movtage mecaruque de prk\ston. Le u~sul\at· un 
rOI'Idemetlt plus &!evil et une consommation de carburant plus 

~~blemoteono et les eotnpfOSSetJIS son! montes sur des chassis en 

Baureohe tahrbarer Sch1aubenkompressoren m•t geringem 
W~rtungs.autwand. !anger Lebensdauer und wirtschalthchem 
Belrieb 

Gerauschpegel 
Alle Mode-lie untenchretlen dte AW·Normen Sie kOnnen 
eongesetzt .,.,erden. wo Gerausche aut e10 MtndestmaB 
herabgesetzt werden mUssen 

Hochteislungsmoloren 
Alle Modelle bes•l.zen Dieselmotoren. d•e 1~ nactl Modell entweder 
tuft- oder wassergekUhlt Sind. Dte Leistung diesel Motoren liegt 
lWISChen 38 und 83.5 kW bei 2500 U'min. $10 zeichnen sich alte 
durch hotre Wlftschaftliehkeit aus 

KompreS$or 
Oas Schraubenpaar wird mrt engsten Toteranzen gelertrgt, um das 
ideale Laulerprolil zu erretchen. And01e Komponenten s•nd 
praz•Sionsgegossen. Oas Resultat gr6Bere EHizienz und noch 
spars.amerer Kraltstoltverbrauch. Motor- und Kompressor werden 
mrt speZJeUen Gummidamplem •n einem Chassis aus hoctlwerttgem 
Staht montJCft, um e•ne grOBere Laulruhe zu erzielen 

Gamma dt motocompressori trasport<ibtli, P.rogettati per ridurre at 
~~~~la manulenztone, con la masstma eHtcienza e-d economia di 

Rumorosita' 
Tultl i model!• sono disponibiti sia '" versione standard che s•lenziata. 
In quMto secondo ea so sono conl.ormi a lie nor me europee Vigenti e 
pertanlo possono ven~re tmpi09a11 in zone con ngorosi regolamenll 
anll·rumore 
MotoriOiesel 
Tunr i motocompressori sono equ•paggiati con motori diesel che. a 
secondo del modetlo, sono ralfreddat• ad ana o ad acqua eel 
::ano una potenza vanabtle da 51 HP (38 kW) a 83.5 HP (83.5 

Parttcolareattenztoneestataposlanellatiduztonedeiconsumi 
CompressoreaVite 
I IOIOfi sono stall lavorati con hntlura dt att•ssima precisione cosi 
oome tuttt g~ altn component! Come 1isu1ta1o si sono onenute una 
grande elfiaenza e lidottt consumi di cafburante. 
Motore ecompressore sono montall su dr un robusto telaio in acciato 

Una gama de c-ompresores portS tiles de precisi6n, concebidos pa1a 
proporc~a' una duraci6n operattva mbtma con ecooomla mb­
ma ehCiencia Y redUCidas necesidades de mantentmiento ' 
Funclonamlentosllencloso 
lodes Ios .modelos cumplen o Ol(Ce-den las normas de emisK"m de 
Ntdo CAGI·PNEUROP y pueden. por to tanto. uhlizaiSO en zonas 
donde se apllcan normas estnctas de emis•on de rurdo 
Molorea para trsbaJos paaados 
Todos 10s modelos•ncorporan Ios rnotores d1ese111po •nduslnat· de 
acuerdocon La uflldad selecdonada, pueden" enlnados por ag~a o 

;::,~=:~s38= :.~;;~:~~~~~~e=~~:: ~e; ~~: 
$Umo de combustible 
Comp1esores 

Los rotor" de Ios oompresores se hacen mecanozados con prect· 

=~~==::~:~~de~l·~~~::'e?~~=~~~~~~t!~~= 
Y mU ba,o COO$Umo de combus!Jble 

Los oontuntos de rnotOl y compresor van montactos 50bre un 
~~~~~ ~r,o:~ae~~~ediO de mr:mturas de gr.rma especral, 

reJtngtt•IOI·R,md 191!5 
F"ormt~o Lt~t04 
P"nted111UI' 

tOte d'ao&f de !Ofte E!paisseur par l"in:ermed· 
lalf8 de plots speciau,. en caoutctlouc, isolant amsi 
dOS'ilbi'ations 

Rigulatlon d'alr 
Le systeme progress•!, du ralent• a _la pleine v•tesse, pemct un 
d6bil d'a~r oompnme untlorme repondant to!alcmenl a la 
demanded'a•r 

s&paratlo!lalr-hulle 
lnl!!lrieure a tO p.p m. grace au systllme de separahon a deux 
et ages 
Retroldlssemenlunlqua 
Tous les mod81cs sont ccm~us pour pouvolr tonctionner avec 
les portes lermf!es Le systeme de relroidissement unique 
permel aux unt!6s de lonct10nner dans des cond!hons ambtantes 
allanttuSQu'a sz--·c. en roncllon du modllle de machine. 

Flltres.alrsecsbl~tages 
Le moteur et !'ensemble compresseur sont proteges par des fillres 
d'adm!SS!on separes. !!Quipes d 'ind•cateurs de colmatage de 
rerementltttrant 
Ctlbsls 
Oeu .. types oe cMss!s a suspension par barres de torsion sont 

Llelermengenregelung 
Die stufentose L•elermengenr09etung 1100 Leerlaul bis Vot!ast sorgt 
fur e•ne gteichma.Btgen, kontinuietliche Lietermenge je nach 
Lullbedart. 
Lutt-01-Abscheldung 
Aulgrund eines aunerst wirksamen Zwetstulen -Abscheid systems 
betrligt der Rest-Otgetlalt der Drucklull weniger als tOp p.m 

KUhlung 
Atle Model1e werden mit geschlossenen TOren und Klappen 
belrieben. Das werksame KUhlsystem errnOglicht es. die 
K_ompressoren. sclbsl bet Umgel>ungstemperaturen bis zu 52"C, 
etnsuzelzen. 

Zwei·Siulen·Trockeneinlalllult1iller 
Motor und Kompressor werden durch separate LuHeinlaBiiller 
geschul.zt, Filtetkontrolle durch verschmutzungsanzeiger 

FahrgesteU: StraBenlage 
Es sind zwei Varianten m1t Orehstablederung helerbar. Ein 
Fahrgestetl hat etne hOhenverstellbare ZugliOrlichtung. die den 
Spezthkallonen europaischer L3nder entspricht. Die andere 
Vafianle besitzt eine tn der Hi:itle nichtversteltbare Zugvorrichtung. 

per mezzo d• adtlJIJUali supporti in gomma che isotano datte 
vibrazionr 
Regolazlone delta portata 
La IOQOiazione di 11po contmuo e progressivo. dal regime di minimo 
al masstmo numero di gin del motore. consente di soddislare la 
rictliestad'anaconunaerogaziOneunilorme. 
Separazlonearia olio 
Meno di 10 ppm grazie d• oho at sistema dt separaztone a due stadi. 
Aaffreddamento 
Tunr • modelh sono sta11 progenah per operare a portetloni ctliusi. 11 
Ststema d• ralfreddamenlo consente d• operare, a seconds del 
modelle. lino a una temperatu1a ambiente d1 52 
Fl ltrl aria a due stadi ditipoa secco 
~otore e compressorc sono dOtati dt flltn d• aspirazione complet• di 
tndrcaton d1 •ntasamento detretemento hllrante 
Tlmone 
Sono dtspontbili due dtlterenlt llmonc d1 traino. 
Un hpo tncorpora una bana regolabtte in lunztonc delt'allezza del 
veicolo trainante e risponde a lie vtgentt nor me europee. Un sccondo 

Ae-gulacl6nneum6\lca .. 
Et SIS\ema progresivo, desde la marcha lenta a la velocidad mflxlma 
del mo1or, permtle una producet6n conhnua de lluio cons1ante de 
a~re compnm•do en respuesta a las necesidades de aue 
Separacl6ndealre yacelte 
Menos de tOppm debtdo at s•stema de separaci6n bie13pico. 
Enlrlamlenlo excepclollal 
Todos Ios modelos se han disel'lado para que tunctionen con tas 
puertas ce<radas. El excepctonal ststema de enlriamiento permite 
lunciOf'lar a las un•dades en cond•oones ambientales que, de 
acuerdo con et modelo de m3qutna. pueden atcanzar 52"C 
Flltros neumlillcos bletapli::os de Upo aeco 
El motor y et compresor ustan protegidos por liltros individuales de 
admtsi6n de aue. OQu•pados con indtcado,es de restricci6n del 
elementodehllro 
Slstemsderodadura 
So dispone de aos hpos de sis!emas de rodadura con suspens•on 
POI ballestas. El pnmero tncorpora una ban a de remolque que se 
pueda 8-justar pa1a adaptarla a la altu1a del vehlculo remolcadOI y 
cumple !as especthcac•ones europeas Et otro es un StStema de 
1odadura con barra de 1emotque nglda que cumple tas especih-

E .. e ol Aeceu 
The large lockable doors. !he I1M1rog ol wh1ch Is aided by gas struts. 
open wide allowing lull access1b11ity to all maintenance areas and !he 
Jargetoolstoragespace 
Controls and tnstrumentaUon 
The maintenance·lree control system proYides !or automalic 
shutdoWn by tllgh discharge a1r temperatures, low eng1ne oil 
pressure, or high eoome temperature. Signal lights show the cause 
of protective stlutdown Instruments include di5Ct'largo air pressute 
gauge and engine hour meter. Starting and operating controls are 
rocated in a lockable enctoswe !or protection against vandalism. 

disponibles. Le premier comport& un limon regtable on lonction de la 
t1auteu1 du vllhlcule de remorquage et est conlorme aux 
sp&crtications europ(lennes. Le second est un ctltlssis a limon riglde 
con!Olme aux spedt•caiiOns de la C.E.E. Des roues largement 
espacees. uno garde au sol importante el un centre de grallit8 bas 
rendent 1ous les mod lites tres stables, mAma sur les terrains les plus 
accidences. Le systeme de lrelll d'emballement oHre d'e .. cellentes 
caraclllnsttques de !re1nage. Un !rein de slationnemenl estloumi en 
(lquipement standard 
Facllltl!ld'eccb 

~:: :;~~~~!~~e:~~r;~~~~:~~~·u?~~~~:,~~:~~~g~~r~5C::n:: f 
uno accessibi!tt6 totale a tous les organes a enlletenlr et au grand 
espace de rangoment dos outils 

Le syst8me de commando sans OIJirentien assure un an-~ 1 
Commandos et lnstrumentallon • 

automatique en cas de temperature 8tev6e d'air de service. de larble 
press10n d'hulle ou de haule temperature du moteur. Des tampes 
indicatrices donnent la cause de l'arrec Los instrumeniS 
comprennenl un manomlllre d'air de service et un comptaur tloraire 
du moteur. Les commandos de mise en marche et d'el(ploita!Jon 
sont regroupees dans un boitier anti·vaudalisme. 

die EG·Besttmmungen gerechl wird. Die breite Sputwette, der hohe 
Bodenabstand und der nieclnge Sctlwerpunkt sorgen fUr eine sehr 
sichere StraBentage des Kompressors beim Schleppen sowohl aul 
der StraBe als auch im Gelllnde. Die Auflaul- und Feststellbremse 
wtrkensehrzuverlll.ssig. 

LelchteZug3nglictlkeit 
Die g10Aen ve,sctlheBbaren Klappen. d•e sictl IBtCht d,..A., 
Gasdruckledern antleben lassen. machen alle Wartungsbe1 
le~eht zugang!ich AuBerdem ist eine gtoBzUgige Werkzeugal 
vorhanden. 

Reglerund lnstrumente 
Das Sichertleitssystcm sorgt fUr eine automatisctle Stillegung des 
Kompressors bei zu tlohen Lufttemperaturen, zu niedrigem Otdruck, 
zu hohen Motortemperaturen. Signalleuchten weisen auf die 
Ursache einer vorbeugenden Aussctlaltung tlin. Zu den 
lnslfumenten gehOren ein Betriebsdruck·Manometcr und ein 
Betnebsstundcnzahler. Start- und Betriebsregler kOnnen durch 
eine ~erschheBbare Klappe vor unbelugtem ZugriH gcsichert 
werden 

modello e equipaggtato dt barra lissa. L'ampiacarreggiala, fatteua 
da terra eel il basso baricentro garantiscono la massima stabilita 
anche sui tereni piU accidcntati. L'impianto lrenante di tipo a 
reputsione e sinonimo di ecccltenti caratleristische di !renature un 
lteno meccanico d• stazionamentomanuale equipaggia di serie tutti i 
modelli 
Accessibllita' 
Due g•andi spor1elloni con se1alura a chiave it ciu sollevamento e 
facilttato da ptstoncm• a gas. permettono if masstmo accesso a tut1i i 
componenli ctle possono rictliedere un intervento manutenti\10 e ad 
un captente vano per lo shvaggio di attrczzi 
Pannello strumentl e comandl 
Un circu•to che non rich•ede manutenzione, comanda rarresto del 
motocompressore '" segutto ad alia temperature aria alto scarico, 
bassa pressione ot•o del motore o alia temperatura motore. 
Appos•te spie segnatano la causa delrarrcsto. 
Gli strumenti comprendono unmanometro aria di scarico ed un 
contaore motore. I pulsanti per l'awiamento sono posizionati in un 
vano dolato di sportello a chiave contro att• vandalici. 

c~Ciones de la CEE. La amplia base entre rue-das, elevada separa­
c•On delsuelo y baio centro de gravedad. tlacen que todos Ios mod­
elos sean muy estables incluso en Ios terrenos mas escabrosos. El 
ststema de lreno de sobrevetocidad proporciona unas caracterls­
tieas e .. celentes de lrena,a. Et treno manual de aparcamiento que 
permtte un aparcamiento seguro es un disposttivo normal. 
Facllldad de •cceao 
Las grandes puertas con ceHaduras, cvyo tevanlamlenlo selaeilila 
por me(ho de cilindros de gas. se abren ampliamenle permitrendo 
una aoc:estbilidad completa a todas las zonas de manlenimiento y el 
amplio espacio de atmacenamiento de herramientas. 

Controles einstrumenlos 
El sistema de control exento de mantenlmiento proporciona u1 
tet~upcion autom311ca del luncionamiento debido a etevadas ,/ 
peraturas del &11e de descarga. baja prMi6n del acetle del motVO" 
elevada temperature del motor. Las tuces indicadoras seflatan .. 
causa de la interrupcion protectora del luncbonanuento. Los in­
strumentos inctuyen un man-6metro de airo de de!Carga y u.n oon-­
tador de horas de luncionamiento del motor Los COfllrotes de 
puesta en marctla y tuncionamtento se halt an dentro de un cor-npa~· 
lim•ento con candado para pro1egerlos contra et vandaltsmo 
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Measurements and Weights Dimensions et poids Masse und Gewichte Dimensioni e Pesi Dimensiones y pesos P375SD VHP260 

Overall Length Longueur hors tout Gesamtlaenge Lunghezza totale Largo Total 

Fixed Towbar A m limon fixe A m Feststehende A m con barra di traino A m Lanza fija A m 4.23 4.23 
Zugvorrichtung fissa 

Overall Length Longueur hors tout Gesamtl~enge Lunghezza totale Largo Total 

Max. Adjustable Towbar A•m limon reglable A·m verstellbare A·m con barra di traino A·m max. Lanza graduabte A·m 3.36 3.36 
Zugvorrichtung regotabile . 

Overall Width B m Largeur hors tout B m Gesamtbreite B m Larghezza Totale B m Ancho Total B m 1.56 1.56 

Overall Height c m Hauteur hors tout C m Gesamthoehe C m Altezza Totale C m Altura Total C m 1.70 1.73 

Track Width D m Voie D m Spurweite 0 m Passe D m Ancho de via D m 1.33 1.33 

Canopy Height E m Hauteur capot E m Hoehe Geshaeuse E m Altezza cella E m Altura de la carena E m 1.07 1.07 
carrozzerla 

Canopy Length F m Longeur capot F m laenge Gehaeuse F m Lunghezza della F m Largo de la carena F m 2.88 2.88 
carrozzeria 

Ground Clearance G m Garde G m Bodenfreiheit G m Altezza minima G m Luz libre G m 0.23 0.23 
da terra 

Gross Weight kg Poids brut kg Bruttogewicht kg Peso Lordo kg Peso bruto kg 1920 2025 

Tyre Size Dimensions Pneus Reifengroesse .. Oimensione dei Pneumatici Tama'no neumilticos 670 X 13 6PR 

ln~ersoii-Ra~d reserve the rig~t t_o change specifications INGERSQLL..ftAND 
Without not1ce. Errors and om1ss1ons excepted. ~ 
LN 8117 4/85 



VHP 260 

Rated Pressure Gamme pression 

Model Modele 

Compressor and Performance Compresseur et performance 

Compressor Type 

Free Air Delivery 
cfm, [m3min), f 1/s~ 

Rated Operating Pressure 
psig lbarl, IJ<Pa] 

Maximum Pressure 
psig lbarl {KPa l 

Air Outlets 

Operating Ambient Temp. 
Range @ Sea Level 

Engine Data 

Type 

Model 

Number of Cylinders 

Rated Speed R.P.M. 

BHP/KW Available at 
Rated Speed 

No load lldlel Speed R.P.M. 

Fuel Tank Capacity 
Imp Gai/(Litrel 

Type compresseur 

DE!bit eHectif en air libre 
cfm, (m3/minl, [1 /s] 

Pression de service 
psig, (bar), IT<Pa] 

Pression maximum 
psig, lbarl, [KPa] 

Sorties d'air 

Temp. ambiante d'utilisation 
atJ niveau de la mer 

D~tails moteur 

Type 

Mode le 

Nombre de cylindres 

Vitesse t/mm 

Ch/KW regime nominal 
(DIN 8 62701 

Vitesse au ralenti t/mn 

Ca~Jacitll r~servoir combustible 
Gallon imp~riat/litre 

Nenndruck 

Modell 

Kompressor und Leistung 

Kompressor Typ 

Liefermenge 
cfm, (mlminl, [1/s] 

Betriebsdruk 
psig, !barl, [KPaJ 

Hoechstdruck 
psig, lbarl, (KPa] 

Luftablasshaehne 

Umgebungstemperatur Bereich 
ueber Meeresspiegel 

Motor-Oaten 

Type 

Model I 

Zylinderanzahl 

Nenndrehzahl U /min 

Leistung bei 
Nenndrehzahl U /min 

Leerlaufdrehzahl U/min 

Kraftstofftankinhalt 
Gallonen/liter 

Pressione di esercizio 

Modello 

Caratteristiche tecniche 

Tipo di Compressore 

Portata d' Aria Effectiva 
cfm, lm3minl, [l is] 

Pressione Normale d'esercizio 
Psig, lbarl. [KPal 

Pressione Massima 
psig, lbarl, [KPa) 

Prese d'aria 

Temp. d'Ambiente per Funzione­
mento Norm. al Livello del Mare 

Caraneristiche del Motore 

Tipo 

Modello 

Numero di Cilindri 

Velocita a pieno carico 

Potenza (BHP/KW) Disponibile a 
pieno carico 

~~a Regime Minima (Giri/min.) 

Capacit.tl serbatio carburante 
Gallon : lmp/(litri) 

Presi6n normal 

Modelo 

Compresor y A ctuacion 

Tipo de compresor 

Caudal de aire libre 
cfm, (m3 mini , [1/s) 

Presi6n de trabajo 
psig, lbarl, [KPal 

Presi6n mcixima 
psig, lbarl. [KPal 

Salidas de aire 

~~-
KOMPRESSOR UND 
COMPRESSORE A MOTORE 
COMPRESOR Y MOTOR 

10217.01 700 200113.61 1360 

P375SD VHP 260 

Single Stage Screw 
Avis Mono etage Monostadio a Veti 

Einstufige Shraube Tornillo una Eta 

375110.51 [177] 26017.381 [ 123] 

10217.01 1700) 200113.61 [1360] 

11417.91 [7901 210114.41 

3 X R y. .. 1 X A l Y." 

Temp. ambiente para operaci6n al 
nivel del mar - 23°C to 52°C - 23°C to 46°C 

Dates del Motor 

Tipo 

Modelo 

/ 
Numero de cilindros 

Velocidad normal R.P.M. 

BHP/KW disponible a 
velocidad normal 

Velocidad sin carga fen vacio) RPM 

Capacidad tanque combustible 
Gal. lmp./{Litro) 

Oeutz Deutz 

F6L912 BF6L913 

2500 2400 

112/83 143/107 

1400 1400 

38(1631 36(1631 

INGERSOLL-RAND 



PRESSURE IS 
PRODUCTIVITY 



Higher pressure air provides 
significant boost in rock drill rates. 

Problem: You have been producing 
rock for years with the same drill and 
compressor, which have given few 
problems and have been very re liable. 
You might have forgotten them except 
for the weekly paychecks to the driller 
and the monthly charges from your 
powder company. 

You have a problem and probably 
don't realize it. 

How would you like to reduce over­
time paid to the driller, reduce the num­
ber of days of drilling, possibly de­
crease the cost of bits and steel per 
foot of hole drilled, and generally in-

100% 
>-
·u 90 ea 
0. 
ea 80 () 

?f!. 
E 70 
u 
~ 60 
Q) 
> 
Qi 50 
0 

40 
<( 
Q) 

30 Cii 
E 
·;;: 

~ 
J' , 

/ 
0 

a. 
0. 
<( 

J 
I 

crease the overall productivity of your 
quarry? 

Solution: The answer is "pressure ." 
First, you must establish what produc­
tion you have now and under what con­
ditions. Observe on your drill and com­
pressor while the driller is putting in a 
typical hole: 

A. Engine rpm while drilling. 
B. Pressure at the compressor. 
C. Time required for one hole: i.e., 

from the time the bit first touches 
rock to the time the bit is no long­
er going down. Add to this the 
times required to remove the bit 

~ ~ A 

..... ~ _, I' 
./" 

1000 1200 1400 1600 

ENGINE RPM 

1800 2000 

The relationship of engine rpm to the air delivered by the compressor. 

from the hole and for the driller to 
set up on the next hole . 

With these three items of data, the 
following parameters can be estab­
lished. 

1. Engine rpm is a direct relationship 
to the compressed air delivered 
by the compressor. The graph 
may be used to determine the ap­
proximate percent of full-load elm 
output tor rotary (screw or vane) 
units. Most applications are 
probably 100 percent. However, 
if the engine is running at less [ 
than full-load rpm, then the eo"\. __ 
pressor is not putting out its rated _, 

capacity. (Note that the com­
pressor will only deliver the air 
[elm] used by the drill plus air 
leakage, etc.) Determine the ap­
proximate elm output. This is the 
elm consumed by the air system 
or drill . 

2. Pressure at the compressor. 
Sounds easy, but look out for bro­
ken gauges. lt would not hurt to 
check the accuracy of the gauge 
because pressure is critical to 
your productivity. Also, deter­
mine where pressure is measured 
by the gauge on your compressor. 

Take the pressure reading you get 
and deduct 5 psi if pressure is mea­
sured prior to the separator element on 
rotary units. This can easily be deter­
mined because, if pressure gauge con­
nection is on the large separator tank. it 
measures before oil separation. If the 
connection is on the discharge line that 
goes directly to the air hose, it is after 
oil separation and do not deduct 5 psi. 

Deduct 15 psi tor an approximation 
of the pressure loss through the rock \.__ 
drill-lubrication, hoses, valves, etc. 
prior to the hammer or drifter. (Note: 
If you have a needle gauge and can get 
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··••ading at the inlet (goose-
' drifter. you can more accu­
•eteline this pressure loss.) 

lA/ ~:p ssure number you have is 
1, ation of the air pressure on 
"'Ffl ammer). 
r 11ft le time required to drill one 
,,,le s described) and divide the 
1· Jf the hole (feet) by this 
,,,,lllninutes). This number rep­
•e•.es actual penetration for 
w~tminute of operation using 
'hn<•lume (Step 1) and pressure 
'·"• 2) available. Then take the 
~'!8 me (bit penetration plus 
>IOI!Idditions plus bit removal 
· .. he hole and set up on the 

,,,. ole) and divide it into the 
'rD of the hole. This number 

· rr. ;ents how many feet Can be 
(overall penetration) con­

.,,. 1g all phases of the driller's 
nnelion. 

' '" ,.eple may clarify this method. 
' ~~ •Jt ~uarry had a 600-cfm corn-

, dling a 40-foot-deep hole with 
s •Is. The compressor en-

cu ing at 2100 rpm. The corn­
'" r ssure gauge reads 1 00 ps1 

'1!1'll•'"'' , :);;Je connection is to the large 
1\llill<lmtt• •onnk. Time required to dril l 
l'e& ~~t.;..... "~' d.tt 40 minutes, including 1 min­

r en steel change. This is 
" minutes of actual drilling 
' 1•, the dri ller takes 5 minutes 

I r•tJf the hole and 2 minutes to 

If you have a drifter with 80 psig 
'tr'he rock at a rate of 200 feeVhour 

~s/ minute and you want to know 
t · imate actual penetration to expect 
IL'ri.Jressure is raised to 110 psig. Go 

u at 110psigandreadplus55per­
" se in penetration. Multiply 200 

~p:·>i• "W nes 1.55, or 310 feet per hour . 
. IJ$1~ adjusted for steel changes, drill 

.,..H"P , to get the overall penetration. 
J'' (For drifters with pressures dif-
~JJW psig) . If you have a drifter with 

ra (l etrating the rock at a rate of 200 
GJt 3.3 inches/ minute and you want 
.., • approximate actual penetration to 
: d ~drifter pressure is raised to 110 
bd the curve at 90 psig and read plus 

"-dl Go to the curve and read plus 55 
~ 1110 psig. Mulliply 200 feet/hour 
L and divide by 1. 17. 200 X 

..., J = 265 feet! hour. Adjust this 
,_.steel changes. drill setups, etc., to 

eral/ penetration. 

reposition the drill for the next hole. 

1. Assume the compressor is putting 
out 600 elm. 

2. Estimate the pressure at the 
hammer: 
Compressor gauge pressure: 

Deduct pressure drop: 
Separator element 
Hoses and fitt ings 

Pressure at the 

100 psig 

- 5 psig 
- 15 

hammer = 80 psig 
3. Estimate actual drill rate. 

Feet drilled: 40 feet 
Time: 37 minutes 

Therefore, actual drill rate~ 
37 

= 1.08 feet/minor 65 feet/hour 
Now, you want to estimate your actu­

al drill rate with higher pressure air. 
Consider a portable compressor that 
would hold 125 psig (measured after 
the separator) at the compressor and 
estimate the actual drill rate. 

1. Compressor gauge pressure 
(measured after the separator 
element); 125 psig 

Deduct pressure drop 
through hoses 
and fittings - 15 
Pressure at the 
hammer = 110 psig 

2. Estimate actual dri ll rate: 
Percent increase in penetration 
at 110 psig = 55 percent 

(Fr 
In ere 

55 
65 
10 
or 

3. Time 
hot 

40 lE 

the advanta: 
two ways: 
creased op1 

lncreasec 
pattern and 
per foot of 
creased ro 
in your marl 

Pattern 7 X 

(63 ft3 per f 
X 20- le 
/27 ft3 / y< 

'Diflereoce betwe 

This is a1 
rock for ev1 



drill 10 hours a day for 5 days a week, 
you will get 5250 tons more with 125-
psig air than with 1 00-psig air. If the 
rock is sold for $2 per ton, you will in­
crease your revenues by $ 10,500 a 
wee~ ($42,000 per month or $504,000 
per year and so on.) 

Decrease operating cost. Assume 
that you only want to produce a certain 
tonnage of rock per year-4,000,000 
tons. 
Actual: 4,000,000 tons. 

(4,000,000 tons X 27 ft3 / yd3) 

/(2.25 tons/yd3 X 51 feet/hour 
X 63 rt3 per foot of hole drilled) 
= 1494 hours drilling 

Projected: 4,000,000 tons. 

4,000,000 X 27 

2.25 X 71 X 63 

= 1073 hours of drilling 
Difference: 1494 - 1073 

= 421 hours 

Time-saving using 125 psig is 42 1 
hours of drill ing. If 1 hour of the opera­
tor is valued at $20/hour, the savings 

lngersoii-Rand Company 
Portable Compressor Division 
Mocksville, North Carolina 27028 

Form 2047 Printed in U.S.A. 

TABLE 1. 

Drill rate 

Time to drill 40-foot hole 
Add time for steel change 
Add time for steel removal from 

hole 
Add time to reposition drill 
Total time to drill hole 

Overall drill rate 

Or 

minute 
37 minutes 

3 minutes 
5 minutes 

2 minutes 
47 minutes 

__:4.:.0..:.fe:.:e:.:t_ = 0. 85 
47 minutes 

feet/minute 
51 feet/hour 

24 minutes 
3 minutes 
5 minutes 

overall 

per year would be $8420 or for 10 
years, $84, 200. The money involved 
is considerable, especially in the long 
term. You should get the numbers for 
your rock-drilling operation, crank out 
the results, and you will believe that 
" pressure is productivity." 0 

WILUAM L. BISHOP is manager of 
port, Portable Compressor Division. 1 
Rand Company, Mocksvi11e, North Carolina. 

-Will/am L. Bishop 
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SECTION 4 UNDERWATER OPERATIONS Of INGERSOLL RAND 

CRAWLAIR DRILL RIGS 

The versat ility of the Ingersoll-Rand Crawlair drill rigs 
is unsurpassed. One of the many uses of the rigs has been for 
underwater blasthole work. 

The particular project in the Tokelau Islands does not 
call for completely submerged drill rig operation . However, 
it is recommended that the modifications mentioned be carried 
out to ensure maximum drilling efficiency and trouble free 
operation. 

Attached are reproductions of several articles describing 
the ability of our rigs on underwater drilling. The lesson 
learned from these applications has been that drillers should 
not be deterred from trying the different or unusual when a job, 
such as the Tokelan Island project, requires a novel approach. 
As invariably these lead to faster and more efficient project 
results. 





RECOt•i!"iEJ:.'DED CPJ\I·iLAIR HODIFI CATIONS 

FOR UNDERI·iATER OPERATIONS 

1) Air supply - pressure to be 125 psig 

2) Drifter -

c) 

Exhaust to be piped to surface. 
Drifter to be cycling at part throttle before 
submerging. Do not shut off under \va ter. 
After under\Vater operat-ion, the main air hose 
should be disconnected at the drifter, rock 
drill oil poured in, and the piston cycled for 
a brief time to ensure oil coating on all inter~ 
nal. surfaces. 

3) Remote Manifold - exhaust elbows to be piped to 
sur.face 

4 ' .I Feed Mot_or - air bleed exhaust elbows to be pip~"1 

to surface 

5) Hydraulic Pump Air Motor - pipe both exha ust e P.•c::•,.,s 
to surface 

6) .Hydraulic Tank - vent cap to be piped to surfac:_, 

7) Propelling Motors -

a) Vent caps to be piped to surface. 
b) Exhausts to be piped to surface. 

8) Propelling Control Valves - exhaust elbows to b0 
piped to surface 

9) Lubriqator - nozzles to be adjusted for greater oil 
flow than normal 

In ·order to avoid running individual holes to the 
surfaces for each exhaust or vent connection, it is rec­
ommended that all these hoses be connected to a manifold 
~-lith a single hose of at least 3" diameter which is then 

' · run to the surface. At the surface, the single hose 
could be supported by so~e type of float. 

The Crawlair would be submerged for drilling, but 
then be brought immediately to the surface \vhen not ac­
tually drilling. All lubrication fittings should b e well 
qreased betHeen drilling shifts. 

• 
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land crawler drill plunges.into the briney waters of Amlwch Harbor 
for ~nether underwater dnlling shift. The lngersoii-Rand land d '11 
requ•red only minor initial modifications and a few changes in ma~~­
lenance_ pr~cedures to handle thi s task of subaqueous drill in 
Shown m P• ~tur~ at bottom ri ght, partially submerged crawler ?~ 
steered by d•ver mto operating position. Below, diver--drill er goes 
underwater with his rig. 

Portable compressor, an lngersoii-Rand 600-cfrn 
Gyro-Fio, supplied air for submerged rig. ·rr,e top 
of the drill tower can be seen protruding rrcr:1 the 
water at the left. 

tLAND DRILL RIG GOES UNDERWATER 
An unusual appcouch to harbor deepening has proved to be fa st and efficient 

Crawler drills, like most land construc­
tion equipment, have rarely been used in 
marine environments; it may never have 
occurred to most drillers to take a stan­
dard rock drill into water for submerged 
blasthole work. particularly in corrosive 
salt water. However, with the year-long 
success of a land crawler drill working in 
sea water off the coast of North \Vales, a 
nc\v dimension in equipment versatility 
has been demonstrated. 

\Vorking in the rough shallmvs of 
Amlwch Harbor on the Welsh island of 
Angk o;; l.!y, a pneum~tic crawler rig has 
drillt:d the shot holes for blasting more 
than 12,000 cubic yards of harbor bollom 
for '\.'orth Sea oil shipping fncilitics in its 
fir ... t 5 months. Apart from minor mndifi-

cations and a few special maintenance 
steps, no special prep<.~rations were neces­
sary, and no major problems were encoun­
tered in drilling. 

lt is difficult and ~cnerally inefficient 10 

drill underwater blastholes in waters too 
shallow and rough for pontoon vessels to 
negotiate. Hand drills operated by divers 
can handle enough shot-hole work for 
blasting 40 to 50 cubic yards per day of 
harbor bottom. according to Precision 
Blasting, Ltd .. the British contractor on 
!he Anglesey job. However, by minor 
adaptions to a conventional self-propelled 
crawler drill-in this case, an lngersoii­
Rand CM 150A Crawlair unit-plus cer­
tain special maintcn;.1nce precautions. the 
firm averaged five time' a-. much drilling 

as possible manua lly, to permit bi:J. s ting 
250 cubic yards da ily. On the best days, 
Precision Blas ting ma naged as much as 
eight times more blas ting volume tha n 
manual drilling, for 400 cubic ya rd~ pe r 
day remova l of s ilt and rocky sea noor. 

Amlwch Harbor is little more tha n a 
cove in Anglesey's windy north coa<;; t, only 
650 feet wide a t its mouth a nd poking 
1200 feel into the c liff-s tudded shoreline. 
In the eighteenth century, it was a bus tling 
shipping ccnter for sma ll vesse l ~ loading 
ore from nearby copper mines. More re­
cently, with mines exhausted , the onl ) 
traffic in the ha rbor ha -. bee n fi -. hing 
smacks and. once in a while, J.wnchc-. 
boarding pilots for ... hip' in wJn..l ·bound fur 
Liv~rpoo l. 
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Underwater drilling to deepen 
Wales' Amlwch Harbor involved 
a special, yet simple, adaptation 
to a standard land rig, enabling it 
to effectively bore sh9t holes in 
water depths less than 15 feet. 
A diver sets lJP the business end 
of the air-powered rig prior to 
actual drilling. The novel ap­
proach to shallow-water drilling 
proved better than pontoon ves­
sels or manual methods. See 
page 6. 
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Or!lll~~ rig enters water in different ways, depending on the 
conditions. Close to shore, it moves into position as it would 
on land. Farther out, barge-mounted derrick was used to 
plac~ lngersoii-Rand Crawlair machine on harbor bottom 
Mounted on this 400-ton barge was 600-cfm portable Gyro~ 
Flo compressor to supply air for drilling. 

LAND DRILL 
it is operating. At Amlwch, the divttf. 
needed a bull hose of 180 feet, three times 

' ) the usual length. Air power to the dciil 
' was further tapped by water pr~::ss 1u·r::. 

'"You have about 20-psi water pressure at 
a 40-foot depth underwater," explnir•s 
Duff. "Having lost 20 psi to friction, ;·cu 
lose another 20 psi to the water pressure. 
A pressure of 120 psig coming from th e 
COJI'Ipressor ends up at about 80 psig." 

To compensate, Duff attached a 40-foot 
hose to the hammer exhaust. As soon as 
the hammer started, air pressure drove the 
hose to the surface. Exhausting the ham­
mer at the surface equalized surface and 
underwater pressures, cancelling the 
depth's innuence. 

Since the hose also eliminated one 
source of bubbles that annoyed the divers, 
Duff proceeded to eliminate the others, at­
taching hoses to the two air motors power­
ing the tracks, the motor driving the hy­
draulics powering the bottom system, anci 
to the exhaust from the main drifter feed. 
Finally. one more hose led from the hy­
draulics breather-a necessity. This one 
had to stay clear of the water altogether. 
lt was tied to a free-noating buoy, which 
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V1ew from shoals is of diver moving 
H1e Craw:ai:- t!rill into position. 

i:-1 turn f0llowed the rig around as it drove 
b;,ck and forth on the sea bed. 

Work In earnest started in June 1974. 
Ti1e drillers grew so accustomed to their 
submarine working habitat that, visibility 
n:-gardlcss, they routinely changed drill 
steels and performed other minor operat­
irrg adjustments underwater. One sugges­
tion by fascinated government industrial 
safety inspectors on the site produced a 
further 3-foot modification of the controls 
at the back of the rig. The inspectors 
were worried that, in the close underwater 
visibility, a diver tracking the rig might 
turn it upside down on an unseen obstruc­
tion, trapping him\elf underneath. The 
extension meant the divers had to walk be­
hind the rig instead of riding on the plat­
form provided, theoretically with more 
time to get out of the way. {In practice, 
say the divers. it is safer to stand on the rig 
because any .. untoward movement" of the 
machine can then be felt at once. If the 
rig is about to topple, the diver can easily 
noat out of the way. Everything under­
water haepens in slow motion.) 

The sa lt water itself forced a last modi­
fication. The divers found they were ha-

bitually having to tighten bolts on the rig 
when it came out of the water. It turned 
out that the sea was acting as a penetrat­
ing oi l, loosening everything. All bolts 
were then either wired tight or secured 
with a nonsetting gasket cement. 

Five month~ after it started work in 8-
hour shifts on the bottom of the harbor, 
the Crawlair had enabled 12,000 cubic 
meters of sea bed to be blasted. 50 percent 
of it rock. \Veather seldom inhibited the 
rig, which performed routinely in 30-mph 
winds and, as expected, tides had no ef­
fect. High winds and heavy swells did, 
however, hinder support to the drill from 
the surface. occasionally forcing a halt. 

The working procedure goes thusly. To 
submerge the rig, a diver either drives it 
down a beach and walks underwater with 
it or hoists it overboard from an NCK 605 
crane on a 400-ton steel pontoon stationed 
in the harbor. One diver at a time works 
underwater, wearing a standard dry suit 
and full face mao;k, with a single hose, 
two-stage regulator, and 30 pounds of belt 
lead . He is linked by 300 feet of air hose 
to two !SO-cubic-foot air bottles on the 
pontoon, where a o;ccond diver is o;tanding 
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Starting this year, however , S hell super­
tankers will unload oil at a single-buoy 
mooring 2 miles offshore. The site was 
chosen both as port for a nect of tenders 
needed to serv ice the ta nkers and as th e 
point at which the oil pipeline will come 
ashore before running overland 80 miles to 
a Shell refinery at Sta nl ow in Cheshi re, 
\Vales. Precision Blasting, a subsidiary of 
England's Northern Rockdrillers Ltd 
~as hired for the cha ll enging drilling a~~ 
s1gnmcnt to prepare for extens ive harbor 
deepening requ_ircd by th e ta nker moo ring . 
13rcakwatc~, p•crs, a nd spending beaches 
v.cre re4ut rcd a long v.ith moorings for 
tanker tend ers 
_ ·r ht: dccpcn1n£ c;.d kd fur drilling 4-
lnth-d,:llnl'ter bLt·,thok... 20 feet deep 

along a 10-foot grid interval over 3500 
square yards of harbor bottom to permit 
bbsting tO )Q.foot depths in schist. 
Along with the saltwart::r environment, 
drilling was complica ted by water depths 
under 15 feet, too sha llow for pontoons to 
negotiate. The shoreline at points rises 50 
feet. further complicating pontoon maneu­
vcring. Then too, the harbor is subjected 
to st iff Iri sh Sea winds from the northeast 
and heavy tides, known to ri se 25 feet, and 
as rapidly as 5 feet in an hour. 

Accepting the unusually challenging 
drilling subco ntract from general contracw 
tor J ohn Howard (Northern) Ltd., Prcciw 
sion Blas ting's first decision was to train 
four drillt:rs to operate underw:l.ter with 
th ~ ,\..,j l\ , of a divl'r, on the theory that no 

diver cou ld be traineci. ' lS quic~ly to dupli­
cate an exper ienced driller's skill•. Next, 
Preci•ion Blasting'• J ack Du[f · lookd 
around for th e concept's linchp:n, a su'r. 
face drilling rig capable of operating un­
derwater. None are designed for that 
purpose. However, the firm already had a 
stock of Jngersoii -Rand Crawlair mount­
ings. When Dufrs divers were ready, he 
gave thenl one :tnd sent them underwater 
to try it out. 

The Crawlair rig drill s vertical and an­
gular primary blast holes in hard and abra­
sive rock. It travels on two ftve~rollcr 
tracks, each governed by an independent 
7-hp motor, and is equipped with ID-inch­
wide stability grousers. 

The rig carries a hydraulically powered 
boom and drill guide to support and posi­
tion a 43/4-inch URD475 hammer drill. 
The rig requires a portable compre"or to 
supply operating air for the track motors, 
the hydraulics, the universal drill rotation, 
and the hammer itself. The compre.sor 
used is a portable DR600 Gyro-Fio. It is 
a two·stageo machine, manufactured by In· 
gersoii-Rand Company and rated for 
100-psig operating pressure at 600 cfm. 

There was never much question of a hy­
drau licall y operated rig being used. Duff 
se vs that "with a hydraulic rig, you need a 
tclH~ for every operation: one hydraulic 
pip:! ancl a return for each hydraulic 
mowr·- ~tp to four for each track, about 
25 in the end; and then, you have air lock 
problems. You only need one tube with 
compressed air." 

A hydraulk rig could have been used, 
he 5ays, if the power pack were powered 
fron1 ll·e surface by compressed air, but 
standard compressed air equipment simply 
requ ired far fewer modifications. Even 
watc.r seeping into a compressed air motor 
pr<:sc nted no difficulties. It is blasted out 
wh~n the motor starts. 

Duff favorcd the rig he used because it 
is easy to set up and move around. No 
pins h2d to be removed, for example, nor 
do the cylinders have to be disconnected 
and rr.ccnnected when the guide is swung 
frum horizuntal to vertical. 

The Crowlair drill also offered a 14-mm 
nush tube inducting air through the ham­
mer into the drill steel, twice as large as 
offered by some •imilar equipment. Duff 
considered this a key benefit. He also 
liked the penetration rate. Once the rig 
was modified, Duff worked it continuously 
at 120-psig pressure. 

With first trials underwater, the divers 
found their problems lay with visibility 
and pressure loss. Much of the bottom of 
Amlwch Harbor is silt (Amlwch, in the 
Welsh language, means dust) and visibili­
ty ranged from difficult to none at all, 
forcing the men to work by touch. Every 
air·opcratcd function in the crawler rig 
has to exhaust; the air bubble emission 
rendered even good visibility hopeless. 

A certain amount of air pressure is al­
ways lost to friction as compressed air 
travel' through a bull-hose link to the tool 
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. They are in consta nt telephone con­
:t. If the re is a ny cha nce of air hoses 

11oming entangled with the rig in the 
1Se working quarters. the divers put on 
Jba a ir bottles. 
The firs t d ive r drives the rig along the 
1floor to the a pproxima te drilling site. 
1e second diver watc hes the location of 
; a ir b ubbles from the pontoon. Since 

shot holes have to be sunk a t a s tric t 
· foot' grid interval across 3500 square 
rds of ha rbor bottom, white s tripes 
inted on c lifrs fla nking the harbor were 
ed to loca te the grid. To line up the 
ill prec isely on shot-hole target. the 
11er on the pontoon sights the surfacing 
bbles against the painted markers and 
.ucs ma nc uvcring direc tions over the 
lephone. 
Shot holes a rc drilled up to 20 feet dee p. 
aving drilled one, the dive r moves the rig 

feet in a s tra ight line and s inks the 
Xl. Air nush combines with the water 
s:ssurc for highly effic ie nt scol!ring . 
olcs arc either cased or cha rged immedi­
ely a fte r d ril ling to keep them from re­
ling. The dia me ter o f the a verage bore 
'th i-. job is -l inches. 

AHLI I J C)7t~ 

Dive r _on oc~an floor (left and on cover) gets set to sink first 
of da1ly senes of blastholes. Rubber hose to lead drill' 
com~~er.~ed air exhaust bubbles out of diver's way was on: 
mochflcat1on required to adapt I~R drill rig for submarine work. 

Driller~ (below) fit 43f4-inch bit to UR0475 hammer drill prior 
to startmg day's work. 

Bbst danger to a fragile eighteenth­
c~ntu ry pier a nd some s tretches of ancient 
""n il on the ha rbor perimeter, both regard­
ed :~s his toric relics, has required charges 
~o be fi red with electric millisecond~delay 
detonators. Ea rly tests with Vibrograph 
readings showed maximum risk tolerance 
by the relics of 120 pounds of explosive. 
T o accvntmoda te this limitat ion, only ten 
holes or so a re detona ted at a time, each 
with on average I S-pound charge. The 
diver uses salmon n oats to keep detonator 
leads in s ight while he is setting t he charg­
es, fastening them 2 or 3 feet a bove the 
hole. 

If the pontoon were used for a ny of the 
drilling, it would have to be withdrawn 
200 ya rds from a blast to avoid damage. 
This ma ncuver means easing and winch ing 
four s tee l cables. probably in unfavorable 
weathe r. It means a tug sta nding by to 
help. In toto , it would be a tedious, time~ 
consuming opera tion. The Crawlair rig 
o n the bottom is not subject to any risks, 
there be ing no flota tion seams, as on the 
pontoon. to spring. \V hen a diver h:ts prc~ 
pa red a detona t ion. he s imply backs the 
rig 10 feet from the nearest shot hole and 

goes back to the pontoon, leaving the rig 
on the bottom. 

A t the end of an 8-hour day. the 
Crawlair r ig is driven or hoisted out of the 
water. Fitters then operate all motors at 
fu ll~cock. discharging sea water instanta­
neously. It has been found advisable to 
change the hydraulic oil and strip the 
pneumatic hammer more freq uently than 
would be required in surface work, how­
ever this is done as "an ounce of preven­
tion." Otherwise, the only specia l main­
tena nce found necessary has been a da ily. 
thorough wiping down of the whole r ig 
with o il to protect it against corrosion. So 
fa r, a spot of rust on the chrome of the 
rig 's hydraulic boom chamber marks its 
on ly conce~sion to its 9 months in sa lt 
wate r. (T he rig was 8 years o ld when it 
we nt to work on this assignment.) 

Pe rhaps the ultimate lesson learned from 
the Amlwch I I arbor drilling c'<pcrience is 
tha t drillers should not be deterred from 
t rying the different or the unusual when a 
job requires a novel approach. Precision 
Blasting d id. and the rc<>ults made the har~ 
bor deepening job far fa<;;ter anrlmore cffi~ 
c ien t as a result 
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progress 
Blasting requires considerable 

caution and expertise under the 
hest of conditions. But when the 
work is to be conducted under­
water, there is an additional hazard 
to life and limb. Nevertheless 
methods and procedures have bee~ 
developed to handle such oper­
ations in a safe and efficient 
manner. 

by B10m Kihlstr6m 

THE TREND toward larger ships, par­
ticularly in tankers and bulk carriers 
has increased the demand for deepe~ 
harbors and ship channels all over the 
world. And because channel and 
harbor floors often consist of hard 
rock, the deepening has to be per­
formed by blasting. 

Oil and gas pipelines from offshore 
terminals need protection from the 
elements, and underwater trenches 
offer one way of protecting them. 
And here again underwater blasting 
may be necessary. 

Often, blasting has to be carried 
out close to sensitive structures and 
installations so that blasting oper­
ations must be carefully controlled. 
The vibration hazard is more severe 
underwater and shock waves more 
readily transmitted. In short, careful 
calculation is .required to determine 
the size of the round and the most 
appropriate blasting method to use. 

There are three principal methods 
for performing underwater blasting: 
(1) By having divers do the drilling 
with hand-held rock drills or with 
crawler drill equipment on the 
se abed. The divers would also do the 
charging. (2) By drilling and charging • 
operations carried out from the sur­
face, either from a floating raft, or 
from a platform on legs or spuds. The 
latter eliminates the effects of the 
tides, waves, and currents. (3) By 
placing suitable amounts of ex­
plosives in a quadratic pattern on the 

Bjorn Kihlstrom is chief cons1<ltant 
1cith Nitro Co>tsult AB of Stockholm 
and has an international reputation 
for so lving delicate undent:ater bla~t­
iug problems. 

surface of the rock on the s·ea floor. 
Con~entrated chargings without any 
sl'ec1fic form, but in good contact 
wtth the rock, may be used. How­
ever, when the rock has to be re­
moved to a depth of several meters a 
special type of charge must be used. 

When to use divers 
The first method is economically 

pr_act1cable only in small-scale oper­
atiOns and at modest depths. How­
ever, divers have worked at depths 
exceedmg 200 m for short periods,· 
when saturated diving equipment 
and a pressure chamber were avail­
able. 

The comparatively small diameter 
of the drill holes put down in this 
fashion result in correspondingly 
small amounts of explosive being 
placed. The small cooperating charge 
reduces ground vibrations and water 
shock waves and is suitable for cau­
tious blasting close to sensitive con­
struction. (See Figure 1.) 

Rafts and platforms 
The second method is probably the 

most commonly used in undenvater 
blasting for harbor deepening, chan­
nel clearance, and pipeline trenching. 
The drilling is performed from a raft 
or platform on the surface. The type 
of platform used depends on the con­
ditions at the site. In narrow canals 
and those having considerable boat­
ing traffic, it may be difficult to use a 
floating raft or an elevated platform 
with all its wires and anchors. 

The drilling is carried out with 
equipment adapted to the over­
burden. Guide tube< are used for the 
o.verburden part to steer the drill 
steel during collaring and to keep the 
hole open for charging. Prefabricated 
cardboard pipe charges having a 
diameter of more than 50 mm and a 
length of more than 600 mm are used. 

The Overburden Drilling Jl!ethod 
developed in Sweden for underwater 
drilling from a platform, is a further 
development of the guide tube 
method. (See Figure 2.) The drilling 
equipment consists of an outer easing 
tube with a ring bit of cemented car-
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OVER_BUROEN ~RILUNG method makes use ot a ca·sing tube to guide 
the dnll and to Stmplify charging. The tube is withdrawn once the 
explos,ives and detonators are set in the bedrock borehole. 

SPECIAL CHARGES are set in a pattMn atop the bedrock to blast out a trench. 
Note cone configuration which S&Nes to force the energy or the exploston 

::lo·..wnward in each charge. 

hi<le at the lower end, and an inner 
drill steel with a cross bit. In most 
"'''"' the drilling is performed with 
nnl;· the casing tube equipped with a 

1 nr.~ bit through the overburden and 
! :1<• tu :iO cm down into the rock. The 
I drilling through the rock down to the 

· 1 '.'''!reel depth is performed with the 
l tnn•·r <!rill steel with the cross bit. 
! fh·· ca.-ing tube remains in the hole 

>no! :<erves as a channel for charging. 
: '"••· •·harging operations are finished 
.:-.'" tt.;hl" is removed. 

R.-,·au>e of the hazard of drilling 
'"\"a •·harged hole, a new hole should 
'·"t h,. drilled nearer than 2 m from an 
,:, •. ,~dy charged one. When the hole 
'i'·1t'l!":\.!' is less than 2 m the whole 
'"·'·!:. ·:illed round is loaded at the 
:~"'·· \i:nt through plastic tubes with 
~~·:· ''""e outside diameter as the drill 
.... , •. '. Gelatine explosives of the 

•V.:~lO CONSTRUCTION 

dynamite-type are used, either as 
prefabricated cardboard pipe charges 
or cartridges. By using pneumatic 
cartridge chargers it is possible to 
obtain the theoretical degree of pack­
ing. The charging procedure gener­
ally calls for two detonators with the 
same delay number-one at the 
bQttom and one in the column charge.· 
In d~per drill holes, three to four 
detonators may be necessary to pre­
vent undetonated explosives from 
remaining in the round, thereby re­
ducing the result of the blasting. 

Surface rock blasting 
The third method is used when 

drilling is inconvenient or impossible. 
Usually, a thin layer of rock covers a 
v.ery soft rock or sand or clay .. In 
such cases, concentrated explostve 
charges are placed on the sea floor, 





,·a in·a c;uad~atic pa~tern. The 
. ,,, mC:;t'bc .esistant to water 
· nsider::hle period; it must 
a igh detonation velocity, and 

Je' in good contact with the 
· 1! rounds are usually initiated 
·•111•eously by detonating fuse. 

a deep trench is to be 
t • n homogenous rock, special 
-~ ter ex:plosive units should be 

1 achieve the desired deep-
or nd fragmentation. These 

are usually metal or plastic 
;.!•1 divided in two parts by a 
1' one with the tip pointing 
, r. The explosive is packed on 
~p·r side of this metal cone; the 
•p neath the cone is enclosed to 
•., water from entering the cyl­
•r. )ee Figure 3.) 
,,... the explosive detonates, the 
at me is hurled toward the Ion­
,~, 1 axis of the cylinder, there­
' t:ting the explosive energy 
111 rd into the sea floor. The 

o&:harge explosive energy is so 
m .I that the rock can be crushed 
'd th of approximately 5 m. The 
tb epends on the magnitude of 
d~ges. These charges are gen· 

!Jysed for producing underwater 
1:! · trenches or for clearing the 
ll•r. Blasting by this method 

~, >wever, cause serious ground 
1 •ns and water shock waves in 
'>. roundings. 

\Jt us blasting 
!'lroint blasting ·is very common 
I -111 built-up areas and· close to 
utg power stations and tunnels, 
,nblasting can be carried out in 
1 c y and where visibility is un­
arted. In. undenvater blasting 
ot!r, there are pressure prob­
~)d visibility is generally lack­
. is therefore important to find 
~ ·erything possible about the 
1!1{ ;hrough preliminary investi-

<3, such as test drillings and 
tsr : exploration. It is particularly 
tac:ant to follow the drilling work 
•ry:arefully and to record all the 
u~,s in the rock, whether they are 
!11<, open, filled with clay, and so 

r'.IUl'ed rock can result in flash­
lttrbetween adjacent drill holes 
ittdifferent delays. Because the 
oa1t o! explosives being simul­
ua~sly initiated exceeds the calcu-

ics, greater ground vibrations 
'>illock waves than anticipated will 
til Flash-over often leads to 
'tqr vibrations, inferior fragmen­
:. , and a breakage of the rock 
••t<le the calculated contour. 
Cnsequently, pinpoint blasting 

,.,, blasting to keep the ground 
•btions, the water shock waves, 
~he breakage within permissible 

limits as determined by the site . 
• The ground vibrations from an 

underwater blast can generally ba 
calculated in the same way as fo; 
blastmg elsewhere. The risk of 
flash-over in case of clay or water 
fissured rock stresses the importance 
of recording the observations made 
d~ring drill work and taken into con­
Sideration during charging. 

The only way to reduce the ground 
~ibrations from undenvater blastings 
ts to reduce the cooperating charge. 
In the case of large rounds, the time 
needed for the vibrations to reach the 
vibration sensitive structures can 
cause interference and result in a 
lower vibration level than the co­
operating charge alone should have 
caused. This can be effected through 
the performance of careful ground 
investigation and calculation. 

• The underwater shock waves 
arise from the detonation of an ex­
plosive in water. The most powerful 
shock waves occur when the ex­
plosive is suspended free or lying un­
covered on the sea floor. Explosives 
enclosed in drill holes give rise to 
considerably smaller shock waves 
than charges which are not enclosed. 
The enclosure and the breakage of 
the rock by the detonating explosive 
reduces the maximum pressure of the 
shock wave only 10 to 14% of the 
maximal pressure of a shock wave re­
sulting from the detonation of an ex­
plosive hanging (ree in the water. 

The maximum pressure of a shock 
wave can be reduced to a consid­
erable extent by using an "air bubble 
curtain" in the water. The magnitude 
of the weakening effect depends upon 
the quantity of air released per 
second and per meter. However, the 
impulse of the shock wave is not 
moderated. The protective influence 
of the "air bubble curtain" system is 
therefore questionable, because even 
though the maximum pressure is re­
duced, the protection of the shock 
wave is longer. A transitory shock 
wave with a high pressure can cause 
less damage on a structure than a 
shock wave with low pressure but a 
long-term effect. The influence of the 
impulse on the construction can only 
be stopped by using a shield. 

0 To prevent breakage of rock 
beyond the limits prescribed is an­
other important aspect of under­
water bbsting that calls for control 
'as, for e~ample, when deepening of 
waters close by a quay. 

Smooth bla.ting car, be carried out 
~bout the same way as by surface 
blasting, and even presplitting is 
possible. . 

Presplitting requires that certatn 
precautions be observed. There IS no 
burden to be ·blasted away, but the 
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explosi\·e gases are encloser 
drill holes and the pres 
fissure. If the rock is fissure 
taining clay, earth, or wat 
shock wave; horn the blastin 
through these fissures and ea 
ground dbralions differin: 
those calculated. In most cas 
ever, the influence of the bla! 
the snrroundings can be kcp 
control by careful obser 
during drilling and chargin1 
at ions, and by monitoring the 
vibrations and shock waves. 
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FACTORS IN SUBSEA BLASTING 

by Albert Teller 

'""rei/er is president of tht• International Society of 
~lo ves Specialists. He is v1ce president of Explo­

. ::'~rr·:ctional, a bla:;tin~ coatracting end conS'J!ling 
~'cia:izing in unden'later and demolition projects. 

m delivered technical papers on explosives at the 
rd Engineering Conference, Trondheim, Norway, 

1 #I Society for Building and Construction in Hungary. 
r ~ly auihoring a book on blasting between consult-

'cS and contracting work, he Is a tesident of /ssa· 
,,., lash. Teller is a member of the American Society 
~·•ty Engineers and holds a masters degree from 
·rk lniversity. 

/ ) yeam or blasting, much of it underwater, it is 
m ession that most blasters know little about diving 
~ st divers know little about blasting. There are 

· ·.: ·ly few men who have specialized in underwater 

·~ rr.0st axiomatic· in the construction and dredging 
~sies; when all else fails, use explosives. Never 
s: Jle3s there simply is no other way out. When one 
.,i ,rs t~1at ti1ere is more energy in one small stick of 
~:te th~n in several dozen rippers or cuttherhead 

>. ;;nr, wonders why this attitude is so prevalent. 

a:;on is not too difficult to discover. Which ever 
lt!irst. the chicl,en or the egg - there is little use of 
• rives because there are so few men really qualified, 
.r.r :a\1:;, t.o do the work. · 

Hllake site at Homestead, Fla .• Navy derr:onstration preseoted 
• probler:lS, includi"9 a very steep shoreline. The drill operated 
.4feet ol w3te4" without adaptors or changes. 

Yet the_ technically sound application of explosives is 
not only economical but efficient . 

Firs t apparent costs may seem high, but on most projects, 
the overall cost of properly-applied use or explosives is 
much less than without their use - referring now not only 
to those projects where explosives must be used, but on 
projects where explosi.ves could be used. 

USED OR MISUSED? 
It ls well to remember that on tbose projects where ex­
plosives must be used, too orten !bey are misused or 
mlsapplled. 

In 1961 on an island in the Pacific, hundreds or metal 
beams and dock supports were being eaten away by 
undersea growth and erosion due to we?.ohering al the 
splash zone. The problem: devise a c:etbod of ciPa.ning 
the pilings, place concrete at the ';ptasb zone und save 
the. cost of replacing pilings and du.:ks. 

First, divers using wire brushes pro.w.,d futi!e. Sand 
blasting, entailing tbe use o! di vc·:>; and cornvressors, 
attempting to get tbe blown sand n<: the piling while· 
holding fast against currents and • ·<>v~.> - d.ifiicult and 
dangerous - proved unsuccessfuL '} 'i1C: next try wu.s with 
explosives. 

Ten pilings later, all blovm over, du.Jt>ged, >aith ;:arts 
of the dock thrown in the air and c·t!'\er ~li. shalJS, tbe pro­
ject was abandoned. 

Continued on Poge 7 
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1111 >derwater drilling demonst:!~tloo :er the U.S. Navy, a thr..,..ton Worthlngton drill 
J 1oe floated out and ~ cNerOO nen~ ly Into thtt water. The teat was accomplished with 
, ~of 55-gallon tanks 1as!0<1od to !t.a underwater tractor drill, then flooded • 

Underwater lngersoii-Rand C-2 tracte< wl th 
a drill, rigged to be driYeO Into the Mlssi,. 
slppi River .. In spite of near-freezing t81Tp­

eratt.we:s, drill worked efficiently. 

. :;t; point, a researcl! project was started at Honolulu. 
•~hives • HawaE (nmv Explosives International, 
_ ah, Wash.) took on the study tu see if the use of 
iN ives could s~tely remove the incrustation from 
ta surfaces under?l:!te<. Rest!lts were "perfect re· 

:r' complete safety ." 

SlWCK EFFECT 
:~ rocess develope-d used tile shock effect of deto· 
.. _ cord, carefully placed inside the web of the 

1>. Every effort was made to avoid direct contact 
. :~~tal, and to allow pressure and shock waves to do 
~ 'Jrk. This techni~;.u~ "ill clean hulls of ships and 
;;;, incrustation f;om sea walls, metal caissons and 

eepipes. That the process could be developed is not 
I elf astounding. What is astounding is that no one 

•d one it before, and even more is that no one does it 
cw Our company has used the technique on[y on rare 
cc ions. We have had. little call for its application, 
'" Ll we are perfectly aware that there are many uses 
1 is particular technique. 

~hl[y blasting river crossings, reefs, channels, and 
:eke is pretty much a cut and dried process. Once the 
t•Jj:t is under way, drills are mounted on barges, holes 
re rilled, and powder loaded through the drill stems or 
rtgh casings. It is a tedious, laborious job, haphazard 

•!lxpensi ve. Yet this is the standard method of drilling 
na.tasting for any type of underwater project. It is 
i the most economical nor the safest. To the con-

Ill; it is fairly dangerous, particularly if movement of 
fttarge is required from time to time. A drill wh1ch IS 

~ d and then wrongly repositioned can, and has, 
•d detonation of the explosives already loaded, with 
tltant damage and loss of life. 

A portion o! the Mississippi River was drilled and bb , t · 
ed from the top of an Ingersoll-Rand C-2. ri:;ged wit'' ''· 
platform. Controls were moved with the use of hydraulic 
hoses and the entire operation was performed by a driii ~; 

from the platform. The weather was unbearably cold a:orl 
ice floes posed a constant probl em. The drill wo:~.d 

very efficiently and, though a diver was required to k ' li 
the holes, even this was accomplished with a minlr.cc."'l 
of delay and effort . . 

Assembling a barge and floating it down-river would have · 
cost almost as much as the whole drilling and blasti,·:a;. 
operation with a "swimming" drill. Although efforts ~ 
keep the drill from freezing consumed a great deal c.: r 
time, as many as 50 10-foot hole s were drilled in a six­
hour day, and 600 yards of ro ck pe r day was reali zed_ 

ONE DRILL 
This method entailed one drill, a 600 cfm compressor, 
one driller, one helper and one diver. Explos ives were 
kept on the platform with detonating cord payed out and 
the correct distance maintained by measuring th e amou nt 
of cord. The operation saved the prime contrac tor many 
thousands of dollars. Rigging platforms and a tt endant 
problems are not always required. 

Early In 1962 Explosives International us ed a fullY -sub­
merged drill to blast a reef in Hawaiian wa ters. Since 
that time it has become a more frequ ently used techmque . 
Air track drills, the kind normally used on rock proj ec ts 
on the surface, are modified to fun c ti on below the su rf:lce, 
or the water. Air vents are manifolded to th e s urface by 
air hose. Hydraulic systems are a lso vented to the su r­
face and the exhaust ports from th e d ri ft e r nnd the an 

· Conrinued on Page 12 
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I H.:> ar~ vented similarly, Other than these changes, 
t;h can be accomplished in a few hours, no others 
• I be made. Holes are loaded by a diver or the operator 
1e drill, H he is qualified to do so. 

t 970 a demonstration of underwater drilling was made 
1the U.S. No.vy !'.<.Homestead. Flo.. Explosives Jnter-

o:".:ll \·;r~ :3 ~·.vn.rd~d c. "sole sourc13" COI!liilct to pro..-e 
tofeasibility of the technique for future Navy use. The 
nlems presented were many. First, there was no 
~ pment available to lower the drill into the water. The 
s:e line or the lake, in which the demonstration had 
1 be conducted, was very steep, thereby demanding 
' ethod of floating the three-ton drill into the ·.vater, 
l vly lowering 1t to the bottom. The feat was accomp­
: ed by strapping 55-gallon tanks around the drill 
1nming it into deep water, and floating the tanks. Th~ 

re process was later used in the Atlantic Ocean, off 
Azores, in the drilling and blasting of a cable trench . 

. CALCULATIONS 
t.ling underwater is very .expensive. From a barge, 
~ts in excess of $2 per cubic foot are not uncommon. 
' 1 a drill in the water, this cost can be cut by some 
!percent. when calculations are made, drill spacings 

depth of hole, water involved, pay llne and quantity 
powder able to be placed in a single hole must be 

1sidered. 

' with drilling holes on the surface, burdens and spac­
s must be calculated. Certain rules of thumb may be 

t d. Burden and spacing should be nearly equal but in 
case, the spacing always should be equal to, or 

1~er than the burden. Spacing between holes should 
~·er be more than the depth of the hole. In underwater 
sting, more explosives have to be placed in the hole 

!the depth or the .water increases. 

calculating removal of six feet of rock under 25 feet 
water, the depth of the water should be assumed to be · 
, half the weight of the rock. For a surface trench 20 

, t wide, six-feet deep and lOO-feet long, holes can be 
!lced on six-foot centers with each accommodating a 
lal of 16 pounds of dynamite. 

CALENDAR OF EVENTS 

bruary 8- 10 

5th National Western Mining Conference and Exhibition, 

·enver Hi/ton Hotel, Denver, Colorado. Exhibits and 

apers on: Mining, Milling, Public Lands, Geology, Coal, 
·ealth & Safety, and General Session (discussion) on 

·nvironment. 
aonsored by the Colorado Mining Association, 402 Maj­

slic Building, Oenver, Colorado 80202. (303) 222-0889. 

•bruary 12- 16 
:xhibition space is still available for the Second Annual 

:onference on Drilling and Blasting sponsored by ISES. 

;on/act Marvin· Pope, Convention Chairman, Oaf Wabb 

owne House, Phoenix, Arizona. 

Bla3t!ng Joumo 

Underwater, instead of basing calculations on six feet o! 
. rock, .18.5 feet· is calculated with 23.4 cubic yards of 
· rock assumed, and 17.5 pounds of explosives used in 

each hole. By adding two feet a! sul>-drill, or a total or 
11 feet of hole, allows more than enough explosives to 
break the rock and move it sufficiently for excavation. 

DRILLJ~;G 3 ,\VES 
It is in the drilllng whera the savings can be found. If, 
as is normal with six feet of rock, drilling is on four-foot 
centers, holes are drilled eight feet into rock. (double 
spacing for depth of bole). A 20-!eet wide trench, 100 
feet long, would require 1000 feet a! drilling on six-foot 
centers, 11-feet deep drilling three holes wide and 16 
long. Eleven feet depth, or a total of 528 feet is required. 
With costs of $2 per foot there is a considerable saving. 
The drilling cost is j4st about one hale. This is a small 
trench. Consider excavation a! a harbor 500-!eet wide 
by 1000-feet long. ' 

The calculation a! tbe water Into the problem is a rela· 
ti vely simple process, but in most cases this calculation 
is rarely made. Whether m· cot drilling is done from ~ 
barge, or wit.'l a drill submerged is not at Issue. There 
are certainly circumsl:un::es where a drill underwater 1! 
not feasible , 

Wm EXPLOSIVES 
New exploslns (:allP:d "slunies" lend themselves es 
pecially weU ro uoder:;ater wrnk. They are,. first a! all 
waterproof, >'-!Id v;!.l! \';iths :and great pressures wlthou 
deterioratior.. They a:P: :;afe to handle, and easy to use 
They have d~r,siti<es in ;,~cess of 1.3, and therefore will 
sink in wat.••- They wll! toot "float" out o! holes, and 
will remain fi'xed in~n place. 

Slurries fill !he entire boret10le, and there ·is not annula 
space loss. Most. slurries are less expensive per pouno 
than standard <:artridged dynamite. . . :, · 

Slurries ·n\re).y are "cap sensitive". That is; they wil 
not detonate if Initiated with a blasting cap only. In thl. 
regard there are a::lvantages and disadvantages. 

They are usuall:r not classified as Class "A" explc 
sives (call datonable), and require less sophisticate 
means of storage and transportation. High veloctt 
primers are required to bring them to their peak velocit:Y 

Primers which are classified as "HDP" (high densit 
r;Jrimers) are always waterproof, simple to bandle, . an 
will detonate when initiated by a blasting cap or p1ec 
of detonating cord. O!ten times slurries can be brougl 
to detonating velocity with the use or a. large detonatin 
cord, thereby eliminating the need for a cap primer. The 
are probably the blasting agent o! the future where !arE 
underwater blasting projects are encountered. 

Underwater blasting Is a specialized field, which ro 
quires those in it to be highly qua.lified in the_ use or e . 
plosives. and thoroughly trained m the ~ll:c1al. physlc 
or underwater work. They must be sr;Jectalists ltl eve 
sense of the word. 





SECTION 5 PORTABILITY OF RIG AND COMPRESSOR 

The total operational weight of the LM100 rig, fitted 
with the YD90 drill, is 5400 lbs (2450 kgs) and occupies a 
volume of 260 cub.ft. (7 .3 cub.m.). likewise, the P375SD 
compressor has a weight of 4232 lbs (1920 kgs) and occupies 
396 cub.ft. (11.2 cub.m.). 

Consequently, lighterage from ship to shore would need 
to be conducted using a combination of the one tonne capacity 
barges connected together to form a pontoon capable of 
handling 2.5 tonnes. This will accommodate the rig initially 
and secondly the compressor and other ancillary items on a 
separate voyage. 

Also for your information are details of the Hercules 
C-130A aircraft compartment loading limits, should you be in 
a position to airlift the units. 

Once on shore, the rig can be driven under its own air 
supply to a suitable storage area and consequently to your 
drilling site. 
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SECTION 6 PRODUCTION CAPABILITIES 

Enclosed in this section is a summary performance and 
output potential chart for the LM100 drill rig, fitted with 
a YD90 drifter drill and powered by a P375SD portable air 
compressor. 

The chart is based on assumptions, since actual ground 
conditions are not available. 

We have based our calculations on biostromal limestone, 
which is an organic limestone derived from sedentary organisms 
such as occur in coral limestones, It is understood the rock 
is competent and good to drill, leaving a clean "shiny" hole. 

We have suggested 2.5" (62 mm) diameters since it will 
be difficult to contain any blast in holes bigger than this 
with the shallow depths you intend to drill. Using this size 
hole, a drill pattern of 6' x 6' will achieve a fragmentation 
size easily transportable by hand. 

However, depending on conditions actually encountered, 
will depend on actual patterns used. Nevertheless, it is 
believed our suggestions will be a good bench mark. 





T : 
1 SUMMARY 

PERFORMANCE & OUTPUT POTENTIAL 

~OJECT TOKELAU ISLANDS 

fROCK CONDITIONS BIOSTROMAL LIMESTONE 15-20,000 PSI 
PRODUCTION TARGET 

: EQUIPMENT 
INGERSOLL-RAND LM100/YD90 RIG, P375 COMPRESSOR I BIT DIAMETER 2.25" (57 MM ) 

BENCH HEIGHT ft 3.5 
1 m 1 

HOLE ANGLE 0 -
PAY HOLE DEPTH ft 

m 

BURDEN ft 6 
m 1. 75 

SPACING ft 6 
n 1. 75 

SUB GRADE ft 5.0 
m 1.5 

TOTAL DEPTH ft 5.0 
m 1. 5 

YIELD PEA HOLE yd3 4.66 
!SOLIDI m3 3 
YIELD PEA HOLE/ FT yd3 1. 33 
YIELD PEA HOtL METRE m3 3 

·"AVERAGE PENETRATION in min 

SPEED OV ER HOLE cm min 

PEN ETRA Tl ON RATE ft hr 100 
m hr 

TIME ACTUALLY DRILLING m ins 5 
ROD TUBE HANDLING !i ...... mins each N/A 
~IOVEMENT HOLE -TO-HOLE m ins 3 

•. ~LINE UP AND COLLAR n~111s 3 
. , TOTAL TI~IE PER HOLE m ins 11 

CONTINGENCY FACTOR 1m~ 1 . 1 
OVERALL TIME PEA HOLE m ins 12. 1 
OVERALL DRILLING RATE ft hr 42 

Ill hr 

INDUSTRIAL ·a· FACTOR 10 o, 5 
EFFECTIVE HOURS PER .. 1.u .. HOUR SHIFT ':i 

INDUSTRIAL DRILLING RATE ft hr 37.8 
m hr 

HOLES PER HOUR PER RIG 7.5 

YIELD PEA HOUR PER RIG yd3 35 -
11\J 

YIELD PER SHIFT yd3 315 

.,.... 

-
- EXCESS OVER TARGET 

t ... EXCESS PfHEN TIAL ..__ --- -- ·- --





A 
"-lE IMPORTANCE 
i ACCURATE 
OSUREMENTS 

. , 

) 

8 
'-TYPICAL 
JRILL.PAITERN 

I. True Burden 

f!<". Spacing Blastholes. 

1-7 11 
The Purpose of a . 
Blasthole •.• Dlstribute7-
Exploslves I ne Rock· 

---tnAMETER OF BLASTHOLE 

..; I f-4 

AENGTHOF~ 
BUSTHOLE :; 

SPACING 

e>-----BLAST HOLE 

CONVEX 





A-
TIME LINE 

, 8 
EXA~PLES OF 
DETONATORS 

1-10 11 
The History of ExplosiVe& ··.}I 
A Thumbnail Sketch 

1000 A.D. BLACK POWDER 

1800 A.D. NITROGLYCERIN 
I 

I 
1860 DYNAMITE 

I 
1950 ANFO 

(Ammonium Nitrate 
Fuel Oil) 

Blasting Cap 

J 
GELATIN DYNAMITES.::. 

I 
SLURRIES AND 
EMULSIONS 

Safety Fuse ... control 
detonation with length 
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) 8 
THE MULTIPLE HOLE 
BLAST 

The Delayed Blast 

Every hole should be 
detonated at a different 
time than any adjacent 
hol&. 

he tight hole or holes at 
e end of any row must 
detonated later than 

the adjacent hole. 
Rock movement of the 
complete blast will be 
toward the first hole 
r1<>t n n"lt<><1 "l"rl "lW 3 V from 

,_,, -
The Dynamics of the · 
Explosion 

EBC 

OF!GNmON 





1-13 11 
Production Basics_ 

A 
DRILL .PRODUCTIVITY 

1. Actual Penetration Rate 
2. Overall Penetration Rate 
3. Production Drill Rate...,_ __ 

8 
MATERIAL PRODUCTION · 

1. Production Drill Rate...,_ _ ___, 
) 2. Amount of Explosive per Hole 

3. Powder Factor . 

r··· 
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A 
GENERAL 
DESCRIPTION 

GEOLOGICAL 
DEFINITION 

8 
DRILLABILITY AND 
PRODUCTION FACTORS 

1. Consistency 

2. Unconfined 
Corn pressive 
Strength 

l.. Abrasive Index 

Very Heavy, 
Strong Rock 

Hard Igneous, 
Diorltes 
Granites 

Intermediate-" 
Rock 

Medium-to- · 
Hard Limestones. 
Soft igpeous 

Very Soft, 
Weak Rock 

Soft Shales, 
Weak Sandstones, 
Soft Limestones 

Varies with local formation . .. ask drillers and superintendent 

Drill and explosives must overcome material's unconfined 
compressive strength 

Varies with grain size and structure ... obtain samples 
for testing 





) 

SECTION 7 DRILLING ACCESSORY USEAGE 

The nature of the Tokelau exercise will have a small 
requirement for drill accessories. 

The drill rods can be expected to have a good 1\ times 
the normal life since only half the rod is being used in the 
hole. However, sea water may have an effect on the thread 
life. Similarly, couplings, because the material is soft, 
which take little wear and a good life can be expected. Shank 
ends should also have an extended life. Drill bits may take 
on a certain amount of annular wear at the bit body, with the 
wear constant from water and limestone mix, causing a mild 
grinding paste. 

It is recommended that the following be carried on the 
project site. 

(A) 

(B) 

(C) 

(D) 

Shank ends 

10' drill rods 

Couplings 

2-1/4" button bits 

3 

5 

10 

5 

In order to achieve maximum life from your accessories, 
a good quality thread grease must be used. 



• 
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lngersoii-Rand IR38 Spi-Ral® Steel System: 
Up to 4" (102-mm) holes 

STRIKING BAR 
DRIFTER COUPLING SYMBOL MODEL SYMBOL 

SB38S3B VL-1 20/ 140 

C38SBB 

SB38F17A F-1 70 

• Full length recondit ionability- Thesteel is threaded 
over its full length. When an end wears. it can be 
simply cut off and the remaining length chamfered 
and put back into service. This can extend steel life 
as much as six times compared with ord ina ry s teel. 
reducing inventory and overall d ril ling costs. 

• Ro lled thread reforms the grain structure of the 
steel. giving greater shear strength than with cut 
threads. Rolling al so improves tens ile strength. 

• Case hard ening prmides extra toughness for wear 
resistance. minimizes fatigue and retards corrosion. 

0 lubrication groove in the crest of each thread (an 
l·R patent} retains lubri cant and assures easy 
detachab ili ty. 

lngerso ii-Rand Co mp any 
Rock Dril l Division 
Phillipsburg, NJ 08865 

38 mm DRILL STEEL BUTTON BITS 

SYMBOL 

E38SB10 

E38SB12 

LENGTH SYMBOL BIT SIZE 

FT. M IN. MM 

2'12 B38S 2V, 63 
10 3.1 

3 838S 3 76 

3V, B38S 3V, 89 
12 3.7 

4 B38S 4 102 

• Easier detachability- IR38 thread form has a 
steeper helix angle that requires less torque to 
break thread connections. saving time and extend· 
ing steel life. 

• longer thread life- The thread also has more 
flank area and greater contact area between mat· 
ing threads. This reduces thread deformation an< 
wear. contributing to longer thread life between 
reconditionings. 

• Corse t® button bits- Advanced metallurgy pro· 
vi des the best combination of carbide wear and bit 
eros ion. to ma intain proper button exposure. Preci· 
sion manufac ture prevents stress concentrations. 

INGERSOLL-RAND 
DRILLING EQUIPMENT 
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SECTION 8 PRICING SCHEDULE 

One Inger soll-Rand LM100 dri ll ri g , comp lete with YD90 
dr ifte r drill. 

PRI CE 

PLUS 10% SALES TA X 

TOTAL 

$63, 188 . 00 

6,318.80 

$69,506.80 

One Inge r soll-Rand P375SD port able ai r compresso r . 

PRI CE 

PLUS 1 O?o SALE S TA X 

TOTAL 

50' 2" diameter air hose. 

PRICE 

PLU S 1 O?o SALE S TAX 

TOTAL 

ADDITIONAL AIR LI NE FITTI NGS 

2" Dia galvanised air pipeline . 

PRICE 

PLUS 10% SALES TAX 

TOTAL 

2" Mac unions (used one every 10M ). 

PRICE 

PLUS 10%"SALES TAX 

TOTAL 

2" Sockets. 

PRICE 

PLUS 10% SALES TAX 

TOTAL 

$33,109 . 00 

3,310.90 

$36,419.90 

$1,163.00 

116.30 

$1,279.30 

$11.44/M 

1 . 14 

$12.58/M 

$28.47/each 

2.84 

$31.31/each 

$4.91/each 

.49 

$5 . 40/each 

.. ./2 





DRILLING ACCESSORIES 

One Shank End 

One Coupling 

One 10' Drill Rod 

One 2" dia Button 

) DELIVERY 

DELIVERY POINT 

CONDITIONS OF SALE 

... 2 ... 

COST SALES TAX TOTAL 

$147.00 $14.70 $161.70 

$42.00 $4.20 $46.20 

$210.00 $21.00 $231.00 

Drill Bit $151 .00 $15.10 $165.10 

All items can be available ex Auckland 
within eight to ten weeks from receipt 
of your firm order. 

Free into store Linton. 

As per form attached. 





Definition 

Payment 

Guarantee 
and 
Liability 

Tax 

Prices 

Delivery 

Exclusion of 
other terms 

CONDITIONS OF SALE 

In the following General Condn1ons, ref~renc<> to the 'Company' shall mean lngersoii-Rand Division Schlage (N.Z.l Ltd. 

Unless otherw•se stated, payment shall be net cash by the 20th of the month follow•ng date of despatch of goods. 

The Company warrants that the apparatus delivered herewith shall be of the kmd and quality descnbed herein but no other 
warranry or cond•llon whethef w1th resoect to descnption Qt.!ality merchantability o r fitness for any panicular puroose whether 
express or impl1ed by statute or otherwise shall bmd the Company. The Company will repair at its factory or replace without 
charge f.o.b. factory any part or parts w1thin 90 days from the date upon which the apparatus is first used by the purchaser 
being a date not more than oneyear a her the date of despatch sr.a!l be proved to have been defective when despatched. 
provided th.:u the purchaser shall promptly notity the Company in writing of such despatch and promptly deliver the oefective 
part or part' to the factory wr,ere rr.ade, delivery prepaid. No allowance will be granted for any repairs or alterat•ons made 
by the purchaser without the Company's wrmen consent. The Company reser.,es the nght to make, at any 11me, such changes 
in detail of destgn. construction. arrangement, or equipment as shall in its judgment, constitute an Improvement over former 
practice. Upon payment of an extra charge the Company w1ll make tests for economy and performance. Because of varying 
condtuons of installation and operation. all guar3ntees of performance are subJeCt to a variation of 3%. Equipment and 
accessories furn1shed by thHd par.ies are guaran!eed only to the e:xtent of the original manufacturer's guarantee to the 
Company. In case of fatlure of the Company to fulfil any performanc~ guarantee, it tS agreed that the Company may r1move 
and recla1m apparatus covered by this Contract at its own expense and discharge all liability by repayment to the purchaser 
of all sums received on account of the purchase price. The liability of the Company (e)lcept as to the warranty of title and on 
the liabiltty resoect•ng an..,· performance guarantee) arising out of the manufacture or sale of sa•d apparatus, or its use, 
whe!her on warrant•es or otherw•se. shall no:. in any case exceea the cost of repairing or replacing defecw.-e parts as aforesatd, 
and, upon the e:xpiration of the said one year. all such liability shall terminate. The Company shall not be held liable far any 
special, indtrect or consequential damages arisi(lg out of this Contract or any breach thereof, or any defect in or failure or 
malfunction of tt'H~ apparatus fur:1ished hereund.er. nor shall :he Coml)any be liable for any loss or damage of any kind what­
soever caused by force rnateure or circumstances beyond its controL 

All pnces are quoted exc!us•ve of Sales Ta:x. In the event of any additions or alterations in Sales Tax and Government 
imposts being brought .n:o force before delivery of the goods which the Company has to pay and/or collect, the prices 
menuoned herein shal! be vaned by the amount of such tax, impost or imposts and this condition shall be deemed a term of 
the contrJct of sale. 

All prices QUOted for goods ,T.anufactured or procured by the Company are based on wages awards conditions ~nd mat7rial 
costs as at the date of quotation and all prices Quoted for overseas goods are based on current manufacturer's pnces, fre1ght 
rates, insurance. exchange rates and customs duties. as at the date of quotation. The Company reserves the right to adjust 
quoted prices to compensate for any alteration therein and any such adjustments will be to the purchaser's account. 

Any period or date of desoatch QUOted is given and 1ntended as an esttmate only and the Company will not be liable for any 
loss or damage arising out of any delay in despatch howsoever caused. 

The above cond•t•ons sr.all apply to all quotations given and orders acceo;ed by the Company to the exclusion of any other 
terms and cond1ttons contatned •n any document submttted to the purchaser to the e:xtent that such last mentioned terms or 
cond•t•ons are mconsistent therewith or with any rights o f the Company expressed or implied by law. No rr:odtfication herev' 
snail ~ binding upon the parties hereto or either of them unless such modification shall be in writing duly executed by tt'ta 
purchaser and approvec ':>y a Director or Secretary of the Company. 
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