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1. NT7 - Za—FX_7DHEDHEER
(B . EERHESEA BAHEEER (2000 £58) i oikP)

INTFPZa—F=7
Xy ONTIBHRAEE  EE

1999 EFIHIL. BEEZOCHIAREROLLOERWR L OFRBIAL ENH o722, 7T ADEK
BERIZLD . BEREETDRESREATE R, Mekere Morauta HI % E 3 & ¥ 2 FEHED B
B3, BURDO%E, ¥ ORE. AHEHPADNRT —< L ADKE, BWERURERRIINTS
BEDKRETHD,

PNG $R771C L B EEF DT — #12 LHUT. 1999 £EDA 7 LI 18. 2% Th o7, FFOKIE
RETHAVIT, FTBTCORENIOEKBIZEBMLZBOD, 1999 £ 1~9 BHOBBRNIII
7,700 BT DOFRFE o7, 72, 1999 FONREBIIEERO2EKREQEK FA) LT,

PNG BREIZE 2 T BRI AINF—SEHORLTHREIIBH TRE < L% - FildS GDP @ 25%
BELED, F LTHHEOMTEZ2ED T2, TORTHLHESFORMIIAE < BHD 46%
BAEEH, AEEBEBOEELFELR>TWD, gt & LTIE, OkTedi. Porgera, Misima,
Lihir R OKBE T V7 b ERRED Tolukuma, REREH D,

BEFEREIOWVWTIE, ZNETIERICHEE L TETWED, ZOFRIIH>VTIERLT LHES
TEARBMITIZE N, ZI 10FEDOE, R HOEER. FIZI-TEBRHS LODKR LU TIE
FHEL TR, PTHLERIIODVWTIERECEEERBOTV S, Ll BBEFDOSSDE
EHWLO S H 5 FEERITII Misima FEIAS, 10 FEIT1T Ok Tedi UMD TFETHHIT LD
P54, Highland Pacific o EE L T2 Ramu = v 7T o=y MABRREFFTHIIEN
2, MIZB S o7c KB T oY= 7 MIEY,

T, PEEOLIUBMEOCEME RS2 LTEEREHLKE L. 20 0 EMEBD /KT TR .
1988 £E121X 8,000 F KA THho7- L OAs, 1998 13 1,500 F FACE TEA L. HERBE
£ (Chamber of Mines and Petroleum) Tid., 1999 =M I HIL 1,000 F KAZRE Ao L HEET
LTW3,



2O LR O T, PNG BUFIZ, FRBITOBAOTIZ, SESHFOBMBRECHIT - EEL
EORKRIBE. AMER, ITREESEN 70/ 5 L2 BETTHY . TORBOEN - Bl
DRIZHBRFE LN TN D,

NRIT Za—F=T7 D&, . DL EHER

4 (kg) #R (kg) # (1)
1994 58, 654 65, 695 209, 329
1995 51,701 65, 153 212, 737
1996 51, 573 59, 036 186, 665
1997 48, 482 49, 165 111, 515
1998 61, 357 58, 033 152, 200
1999 45, 900 (Sept) N/A 103, 500 (Sept)

() Bank of PNG Quarterly Reports and Graeme Hancock, Director, Mining
Division, Department of Mineral Resources, PNG Review, Mining Journal,

1999 4 10 A
FEHUDOEEE
% (kg) R (kg) # (1)

1998 & 1999 4 1998 £ 1999 £ 1998 4 1999 ££
Ok Tedi 12, 860 n. a. 26, 084 n.a. | 151,556 n. a.
Porgera 22, 606 19, 622 2, 849 2, 758 - -
Misima 5,783 6, 163 18,120 | 19, 664 - -
Lihir 14,734 | 19,445 413 n. a. - -
Tolukuma 2, 362 2,233 10, 304 8, 817 - -
Small Scale 1, 948 n. a. 170 n. a. - -

Source: Mining Annual Review 1999 and Company Reports

(EEHLLOEM)
Ok Tedi #4iL

Ok Tedi SKIUDAFEAMERIEE L2 LDOO, FLLIZEHE L BERENS K L HEREL A
D OMLIZ & - TIERIZRBELE 22TV 5, ZORMBEIRFEFIIEN T, BFOEE, 8%, &
SR BRB IUBEY TR THR I 2 BREREE L2,

V= DRAL NI, ERE. AT T AHILOBREL IS & LT, Fly JI|FsSEE
~SOFIL 2010 FLRBTRVERNT, TOBROBRELMELIZBED 10%BRETLIAL
W EWD D ETHD, T2hb, MBLRs TV ARNIFEOA — -7 o —F 208



HENVEETTRR D IE S (Dieback) 73, 2010 - Tlid, BEZMLR L72HE & RHR OB THITL
W L OEREINDI EAn, BEPINT I D HBEEE-CHUR O & ERE ~ 0o i e) e R
Fh e LD, BEHEOD 20%., BFIRAD 10%. GDP @ 8.5%. BRI 1.5% % 58 HBULION]
L AEOREA~DY A=Y FROXMER, FRICHT 2REREOIEHE L E 27200,
BEDIFELNIFT T3 COERIBHTEETHL VD I ETHD, IR TR, R
ELE ZEXHRENBETTHY . 5% 0 PN BFFOHB B HFEIER SN TV 5,
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MINING IN PAPUA NEW GUINEA:
OPPORTUNITIES FOR JAPANESE INVESTORS

INTRODUCTION

Mining is one of the most significant contributors to the economy of Papua New Guinea.
The mining industry has a relatively short history, which is primarily a reflection of the
very recent geographical exploration of the country. The first significant discovery of
gold was on Sudest Island in 1888 and other islands in the Louisiade Archipelago. Since
this time the mining industry has been an integral part of the economy. The early
discoveries led to an ongoing exploration and development effort, which continues to the
present day. Initially, attention was focussed on alluvial and high grade hard rock gold
targets on a reasonably small scale, mainly in the Papuan region controlled by the British
authorities up until 1914. The New Guinea region was under German colonial
administration until 1914 and was not open for prospecting until after the establishment
of the Australian administration in 1914. The early discoveries were mostly in the
islands and coastal regions of Papua. Early discoveries and developments included the
Umuna and Kulumalia underground workings on Misima Island, the Kulumadau mine
on Woodlark Island, and several small copper mines at Laloki near Port Moresby. The
discovery of gold near Wau in 1922 by William ‘Sharkeye’ Park triggered the first
significant exploration of the New Guinea mainland. The discovery of Edie Creek
followed in 1926 with the development of the Edie Creek, Karuka and Day Dawn mines.

The first major investment in mining came with the development of alluvial gold
dredging operations in the Wau-Bulolo area in the 1930s. The Bulolo Gold Dredging
Company operated up to a total of eight dredges in the Bulolo Valley form 1932 to 1965.
Apart from a short break during World War II the dredging operations continued until
1965, when they closed down due to a combination of depressed gold prices and
exhaustion of the available resources. At their peak, the dredging operations recovered
up to 250,000 ounces of gold per year from a total of six dredges.

The first major hard rock discovery to be developed was the Panguna copper deposit on
Bougainville Island. It was first discovered in 1962 and seriously explored in 1964
during a world wide exploration effort targeted at the identification of copper resources.
This period saw not only the discovery of Panguna but also the Ok Tedi, Frieda River
and Yanderra copper deposits.

With the development of the Bougainville copper mine in 1972 Papua New Guinea
entered an era of large-scale hard rock metalliferous mining. The development of the Ok
Tedi copper mine in 1984 and later the Misima, Porgera, Tolukuma and Lihir gold mines
have resulted in a further extension of both the scale and scope of mining operations in
Papua New Guinea.



In addition to the mining projects currently in operation, there are a significant number
of other identified resources which may be developed in the short to medium term (Table
7). As aresult of these potential future developments, the contribution currently made
by the mining industry to the national economy is likely to continue well into the future.

The contribution of the mining industry to the economy is significant and multi-facetted.
The government receives significant taxation, royalty, duty, and dividend revenues from
the industry. Mineral exports account for the majority of total exports and therefore the
majority of foreign exchange earnings. Employment is generated both directly by
mining and exploration companies and also indirectly through service suppliers and
companies. The non-mining private sector also benefits from spin off business activity.
The industry has contributed to infrastructure development in areas of otherwise
trackless jungle. The early exploration of many of the remote areas of Papua New
Guinea has to a large extent been fuelled by the search for minerals and oil.

THE MINING INDUSTRY IN PAPUA NEW GUINEA

The Industry Today

The mining industry in Papua New Guinea revolves around a small number of very large
projects. There are currently four large-scale mines and one medium scale mine in
production. The large-scale operations are the Ok Tedi, Porgera, Misima and Lihir
mines. In addition to the producing mines there is the large scale Bougainville Copper
mine at which operations are currently suspended. Production rates at all of these
operations are large by world standards. Ok Tedi rates as the eighth largest copper
producer in the world with Porgera and Lihir rating in the top ten gold producers in the
world. At the time of its closure, Bougainville Copper Ltd also rated in the top five
copper mines in the world.

Over the last few years there has been a movement towards the development of smaller
scale mining operations. To date this has resulted in the successful development of the
Tolukuma gold mine in Central Province and the granting of three other mining leases
for smaller scale gold mines.

Copper production has varied from a high of 207,000 tonnes per year in 1992 to a low of
111,500 tonnes in 1997. The average production of just under 200,000 tonnes per year
places Papua New Guinea as the ninth largest copper producer in the world.

Gold production from all mines has varied considerably over the last ten years from a
high of 71 tonnes in 1992 to a low of 48 tonnes in 1997. Papua New Guinea ranked
number 10 in the world as a gold producer in 1995 although this position slipped in 1997
as a result of production losses caused by the severe El Nino drought. Commencement
of full scale production from Lihir (approximately 20 tonnes per year) in 1998 pushed
Papua New Guinea back up to a total gold production rate of 60 tonnes per year in 1998
and a further increase to 68 tonnes is expected in 1999. This would place Papua New
Guinea into the position of eighth largest gold producer in the world. Combined



production from all likely sources in the next ten years could result in production rates in
excess of 90 tonnes per year.

Contribution to the National Economy

The mining industry in Papua New Guinea has played a pivotal role in the development
of the economy and the country as a whole, and will continue to do so for many years to
come. Since the 1890’s, mining and petroleum exploration efforts have often been the
cause of the establishment of basic contact and infrastructure development in many
remote areas. With the development of larger scale operations this contribution to the
economy has dramatically increased. Mining has today emerged as the primary exporter
of Papua New Guinea produce and a significant contributor to Gross Domestic Product
(GDP). Mineral product exports accounted for 46.6% of total exports in 1998, and when
combined with petroleum exports jointly account for 69.8% of total exports. Mining and
petroleum were the second largest contributor to GDP in 1998 after agriculture (Table
1). Mining and petroleum contributed 25.2% of total GDP in 1998. This percentage is
expected to increase in the immediate future with the achievement of full scale gold
- production from Lihir, expansion of oil production from the Gobe and Moran Oil
Projects, as well as a possible gas pipeline to Queensland.

Table 1: Sector Contributions to Economic Activity - Percentage Share.

EXPORTS % GDP % EMPLOYMENT %

1998 1998(Est) 1990
A griculture/Forestry/Fisheries 30.2 30.5 30.0
Mining and Petroleum 69.8 25.2 24
Manufacturing _ - 7.6 8.3
Electricity - 14 0.9
Construction - 5.1 13.8
Wholesale, Retail Trade - 7.7 8.5
Transport - 4.8 8.5
Business Services - 0.9 S.1
Other Services - 16.7 22.9
Total 100.0 100.0 100.0

Exports

Tables 2 and 3 present mineral and petroleum production and export statistics for the
period 1987 to 1998. In Kina terms there has been more than a doubling in the value of
both gold and copper production over the period. Copper production reached a peak in
1988 when Ok Tedi and Bougainville were in simultaneous production, only to fall in
1989 with the closure of the Bougainville mine. The general upward trend in gold
production is expected for at least the next ten years as new mines are developed.

The significant decline in 1997 mineral export figures occurred as a result of the
prolonged El Nino drought in Papua New Guinea. This caused operations at the Ok Tedi
mine to be suspended due to low river levels in the Fly River. The Fly River is the
logistics lifeline for the Ok Tedi operation, used for shipping fuel and supplies into the
mine site, and for shipping copper concentrate out. In the 1997 calendar year, mine and
mill operations were suspended for a period of over five months. This situation led to a



significant reduction in copper and gold exports in 1997. Ok Tedi is not only a
significant producer of copper but also a large producer of gold as a co-product in its
copper concentrate. In normal operating years gold production from Ok Tedi averages
15 tonnes.

The drought also impacted copper and gold production figures in 1998, with full
production at Ok Tedi not being re-established until the end of the first quarter 1998.

TABLE 2: PNG MINERAL PRODUCTION 1987-1998

YEAR GOLD (kg) SILVER (kg) COPPER (tonnes)
1987 34,903 62,224 217,699
1988 34,593 68,915 218,642
1989 25,380 92,507 203,825
1990 32,323 112,327 170,221
1991 59,810 123,630 204,459
1992 69,241 93,108 193,359
1993 60,096 96,017 203,184
1994 58,654 77,758 206,368
1995 51,701 65,153 212,737
1996 51,573 59,036 186,665
1997 48,482 49,165 111,515
1998 61,357 58,033 152,200

Table 3: Mineral and Petroleum Exports by Value: K(million) F.O.B.

Year Copper Gold Silver 0Oil Total
1985 164.2 318.8 6.9 489.9
1986 156.0 398.5 6.7 561.2
1987 281.9 422.9 10.1 714.9
1988 446.9 405.1 : 9.5 861.5
1989 3449 316.9 14.3 676.1
1990 349.2 393.2 - 15.1 757.5
1991 323.8 666.9 14.6 1005.3
1992 3135 745.9 10.7 3014 1371.5
1993 2563 681.6 12.1 817.8 1767.8
1994 367.4 702.3 10.3 702.7 1782.7
1995 754.5 840.1 13.1 827.7 24354
1996 387.0 773.6 10.1 1073.9 2244.6
1997 259.8 718.7 82 852.2 1838.9
1998 3957 1227.8 155 813.1 2452.1

Source - Bank of PNG Quarterly Economic Bulletin.

Table 4 presents comparative statistics on the export performance of the main industry
sectors in Papua New Guinea. The contribution of mineral and petroleum products to
total exports has increased from 53 percent of total exports in 1985 to nearly 72 percent
in 1995. It experienced a slight reduction in 1996 to 68.1% primarily as a result of
weakness in the world copper market and a slight decline in gold exports. 1997 figures
show a significant decline with mineral and petroleum exports account for only 60.3% of
total exports due to the drought. 1998 saw an increase in mineral product exports to
69.8% as a result of a retwrn to full production by all mining operations. Mine
production figures for 1998 are presented in Table 5.



Table 4: Total Exports by Value: K(million) F.O.B.

[Year Total Agriculture Forest Marine Other Total Mineral &
Minerals Products Products Exports Petroleum
share%
1985 489.9 330.2 67.3 12.1 26.7 926.2 52.9
1986 561.2 331.9 74.7 7.9 25.1 1000.8 56.1
1987 714.9 268.9 110.9 11.0 17.5 11232 63.6
1988 861.5 255.2 1975 7.5 344 1256.1 68.6
1989 676.1 270.1 96.2 8.1 61.1 1111.6 60.8
1990 757.5 204.6 79.6 8.2 72.5 1122.4 67.5
1991 1005.3 180.9 90.2 10.4 80.0 1390.5 723
1992 1371.5 203.1 148.2 9.3 110.0 1862.6 73.6
1993 1767.8 270.1 410.4 7.8 71.2 25273 69.9
1994 1782.7 . 374.6 494.4 10.3 0 2662.0 67.0
1995 24354 498.0 449.7 16.7 0 3399.8 71.6
1996 2244.6 573.7 467.3 104 0 3296.0 68.1
1997 1838.9 770.3 409.3 9.5 0 3051.6 60.3
1998 2452.1 846.5 170.9 41.5 0 3511.0 69.8
Source - Bank of PNG Quarterly Economic Bulletin.
Table 5: PNG Mine Production 1998
MINE GOLD (kg) SILVER (kg) COPPER (tonnes)
Ok Tedi 12,860 26,084 151,556
Porgera 22,606 2,849
Misima 5,783 18,120
Lihir 14,734 413
Tolukuma 2,362 10,304
Small Scale Miners 1,948 170
Source — Department of Mineral Resources Quarterly Report.
Table 6: PNG Mineral Export Statistics 1988-1998
Year Gold kg Export Value Copper t. Export Value
millions millions
Kina US $ Kina USS
1988 31,874 378.3 312.6 218,700 500.9 414.0
1989 18,811 287.9 176.3 204,000 482.8 295.6
1990 31,021 361.0 3434 170,200 398.5 379.2
1991 58,749 748.3 712.8 204,500 4447 423.6
1992 68,327 745.9 765.0 193,359 3135 320.0
1993 58,690 681.6 690.0 203,184 256.3 260.0
1994 58,654 702.3 600.0 206,329 3674 310.0
1995 51,701 840.1 630.0 212,737 745.5 560.0
1996 51,573 773.6 580.0 186,663 387.0 290.0
1997 48,482 718.7 395.0 111,515 239.8 143.0
1998 61,357 1141.0 | 343.1 152,200 629.7 299.7

Note: US§ export values are calculated from year-end exchange rates of Kina to USS.




Linkages to the Non-Mining Economy

As a result of the very localised impact mines have on their economic, physical and
social environment, as well as low labour intensity, mines are often referred to as
enclave developments. There is the perception that linkages to the outside business
community are poor. This does not mean that the general economy does not benefit
from the operations, rather that the direct impact is localised. The claim that mining is
isolated from the rest of the economy requires careful examination. The contribution of
mining to downstream business and employment opportunities in associated industries,
contractors and retailers in Papua New Guinea has not been quantified. It is, however,-
known to be significant as evident by the severe dislocation of businesses in many parts
of the country following the suspension of mining operations at Bougainville.

Exploration Expenditure in the Economy

Mineral and petroleumn exploration budgets have contributed in a major way to economic
growth over the last 20 years. During the period 1988 to 1990 combined Mineral and
Petroleum exploration expenditures reached a peak of K281 million per year, and
averaged K225 million per year. Mineral exploration accounted for close to K70 million
in 1988. Over the period 1988 to 1992 exploration expenditures progressively declined
and stabilised at a rate of around K40 million per year thereafter. Exploration
expenditures in 1997 totaled K46.7 million. Table 6 and figure 1 provide a summary of
exploration expenditure and exploration licensing activity over the period 1987 to the
present. At the end of 1998 there were 156 Exploration licences in force and a further 42
applications pending covering a total area of 97,803km?. The exploration expenditure
figures presented in Table 6 are broken down into grassroots and advanced exploration.
Advanced exploration refers to those projects which have sufficiently identified the
characteristics of a mineral resource to undertake order of magnitude development
studies.

Table 7: PNG Exploration Statistics 1987-1997

GRASSROOTS ADVANCED
EXPLORATION EXPLORATION TOTAL Number of
YEAR (K millions) (K millions) (X millions) Els
1987 24.0 259 49.9 195
1988 27.5 41.2 68.7 217
1989 24.1 402 64.3 167
1990 19.8 36.5 56.3 135
1991 16.8 33.9 50.7 112
1992 11.9 26.9 38.8 99
1993 8.6 32.0 40.6 89
1994 17.5 27.0 44.5 108
1995 . 12.8 33.1 459 108
1996 113 30.6 419 105
1997 14.6 32.1 46.7 125
1998 11.26 19.91 312 116

Source — Department of Mineral Resources Quarterly Report.



Figure 1: Mineral Exploration Expenditure 1987-1997 (K millions)
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The situation reflected in Figure 1 does not illustrate the full picture with respect to exploration
expenditures. The Kina figures mask the impact of the declining value of the Kina against the
US Dollar since 1994. Figure 2 presents exploration expenditures in US Dollars.

Figure 2 Exploration Expenditure in Papua New Guinea (US$) 1999 estimated
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Ongoing mineral exploration is essential to the future well being of the economy.
Without exploration there would be no new mineral discoveries and the mining industry
would be a short to medium term temporary industry. The time period from discovery to



production is variable but often quite long. From discovery to the commencement of
production at Panguna was 8 years, which for a mine of that scale is very short. By
contrast Ok Tedi was discovered in 1968 and did not reach development until 1984.
Likewise, the Frieda copper deposit was discovered in 1967 and has still yet to be
developed. Lihir was discovered in 1983 and finally reached production in 1997. This
long gestation period demonstrates that the mines of the next decade must be in the
process of discovery now. The decline in grassroots exploration in Papua New Guinea
since 1988 and the change in focus to advanced projects is a cause for concern for the
long-term future of the industry.

MINING PROJECTS
Lihir

The Lihir mine completed construction in late 1997 on Lihir Island in New Ireland
Province 590 km north east of the mainland of Papua New Guinea. Lihir Gold Limited is
a publicly listed company with the principal shareholders being; Southern Gold (Rio Tinto
75% and Vengold 25%) holding 22.8%, Niugini Mining Ltd, 17.1%, Mineral Resources
Lihir, 10.3% (8.5% of which is on behalf of the people of Lihir), Vengold Inc, 6.8%, with
the balance of 43% held by private and institutional investors. The mine is managed and
operated by the Lihir Management Company, a wholly owned subsidiary of Rio Tinto
Ltd. -

Mining is by open pit methods, with a production rate of 2.85 Mt of ore per year to the
mill. The current 37 year mine life plans for mining in the pit to take place over a 15 year
period with high grade ore being fed direct to the mill. Low grade ore is being stockpiled
for later reclamation and processing over the 22 year period following the cessation of
open pit mining operations.

Apart from a small tonnage of surficial oxide material, the Lihir ore body is refractory
with a high sulphide content. Metallurgical treatment is by whole-ore pressure oxidation
followed by CIL for gold recovery.

Commissioning commenced in May 1997 with 1998 being the first full year of
production. Gold output reached 519,824 ounces for the year despite some downtime
caused by problems with the pressure oxidation autoclave brick linings. Relining of the
autoclaves will continue into 1999 and is likely to have some effect on 1999 production.

The Lihir project presents the developers with some unique challenges with the reserve
lying within an active geothermal area and immediately adjacent to the ocean. At the end
of 1998 the base of the open pit was already over 30 metres below sea level. A major
well-point de-watering system is in place along the coastline and is reported by the
company to be operating successfully. Rock temperatures in a significant proportion of
the ore exceed 100 degrees Celsius and special explosives and detonating cord are
required for blasting at these high temperatures. To date these challenges appear
manageable and have not caused any delays in development.



Throughout 1998 the company constructed a new 300tpd oxygen plant to supplement
existing oxygen capacity. This was commissioned in the first quarter of 1999 and is
expected to increase gold production by an average of 100,000 oz of gold per year over
the following two years. Expansion plans are also under consideration to increase
production to over 1 million ounces per year.

Ore reserves at the end of 1998 were 96.3 million tonnes, grading 3.81 g/t gold for a total
of 11.8 million ounces. Total resources are 500 Mt grading 2.65 g/t gold for a total of
42.6 million ounces.

Ok Tedi

The Ok Tedi mine is a large porphyry copper deposit in a very remote area of the Star
Mountains of the Western Province of Papua New Guinea. It lies some 18 km east of the
border with the Indonesian province of Irian Jaya. The mine lies at an altitude of 2000m
in a very high rainfall area receiving between 8.5 and 10.5 metres of rain per year.

Ok Tedi Mining Limited (OTML) is owned 52% by BHP, 27.5% by the PNG
Government, 18% by Inmet Mining Corporation of Canada and 2.5% by the project area
traditional landowners. '

Total mine production averages 235,000 tonnes per day of which 80,000 to 85,000 tonnes
per day 1s ore treated through the mill.

The El Nino drought of 1997 saw mine production severely reduced due to transportation
difficulties on the Fly River for a period of over six months. Copper concentrate produced
in the 1997 calendar year contained a total of 111,515 tonnes of copper, 8,182 kg of gold
and 15,846 kg of silver. Of this, a significant amount remained stockpiled at the river port
of Kiunga or at the mine until the drought finally broke in February 1998. The mine had
returned to full production by the end of March 1998. Total production for the 1998
calendar year was 12,860kg of gold, 26,084kg of silver and 151,556 tonnes of copper in
concentrate.

OTML has received some controversial press coverage over the last few years concemning
the disposal of tailings and waste rock into the Ok Tedi and Fly River system. Monitoring
and research continues in order to reach a greater understanding of the environmental
impact of the mining project on the river systems. In late 1996 OTML had identified its
preferred waste management option involving the dredging of mine derived sediments out
of the Ok Tedi River. The mobilisation of the dredger to the dredging site in the Lower
Ok Tedi River was significantly delayed as a result of the prolonged drought causing river
levels to be too low for the dredger to be mobilised up river. Trial dredging commenced
in March 1998 and operated successfully up until the end of the year producing sand from
the river at a rate of 17 million tonnes per year. A major review of the success of the
dredging trial is being carried out and a decision on whether dredging is a viable
environmental option for the future is to be assessed around mid 1999.

Ore reserves as at the end of May 1998 were 343.9 Mt at 0.88% Cu and 0.92 g/t Au.



Porgera

The Porgera gold mine lies in Enga Province in the Highlands of Papua New Guinea. The
mine commenced production as an underground mine in 1990 and has subsequently made
the transition to an open pit. The underground operation ceased in October 1997 and
currently ore is derived solely from the open pit operation. Based on current ore reserves,
open pit mining operations are scheduled to be complete around 2010. Gold production
will continue until at least 2015 from low grade stockpiles. The open pit mining rate is
currently 210,000 tonnes per day of ore and waste.

The mine has produced close to 8.3 million ounces of gold since commissioning in 1990
with a peak annual production in 1992 of 46.2 tonnes of gold (1.48 million ounces).
Production rates for the remainder of the mine life are expected to be in the range 600,000
to 800,000 ounces of gold per year. Gold production is from a refractory gold ore body
where sub-microscopic gold is bound within pyrite grains. The gold recovery circuit
includes flotation of the sulphide minerals followed by pressure oxidation, leaching and
conventional CIP gold extraction. The mill has a throughput capacity of 17,000 tonnes of
ore per day.

Placer Dome has acquired a 50% shareholding in the operation through its takeover of
both Highlands Gold Ltd and Placer Pacific Ltd. Goldfields (RGC) Ltd holds 25%,
Orogen Minerals holds 20%, and the Porgera landowners and Enga Provincial
Govérmment, 5%:.

Production in 1998 was 726,806 oz (22,606kg) of gold and 98,614 oz (2,850kg) of silver.

The Porgera Joint Venture announced a 12% upgrading of ore reserves in 1998 and
- exploration is continuing to identify additional ore. Proved and probable ore reserves as
at June 30, 1998 were 104 Mt at 3.6 g/t Au containing 12 million ounces of gold.

Misima

The Misima mine is located on Misima Island in the Milne Bay Province in eastern Papua
New Guinea. The mine is an open pit gold mine, which has on average produced over
300,000 ounces of gold-per year. The mine commenced operations in 1989 and has to
date produced some 88.2 tonnes (2.8 million ounces) of gold and 472.9 tonnes (15.2
million ounces) of silver. The mine works a low-grade ore body but is able to maintain
low operating costs due to its strategic location in an island setting, adjacent to the coast.
Gold and silver are produced from a conventional CIP gold processing plant.

Ownership of Misima Mines Pty Limited is Placer Dome 80%, and Orogen Minerals Ltd
20%.

Gold production declined from an average of 330,000 oz (10,300kg) over the years 1990

to 1995 to 186,000 oz (5,788 kg) in 1998. Silver also declined from an average 1.9 Moz
(60,000kg) per year from 1990 to 1995 to 590,000 oz (18,366kg) in 1998. These



reductions were forecast and occurred primarily as a result of a combination of harder ore
and lower head grades as the mine approaches the end of its life. Present indications are
that open pit operations will continue until mid 2000 with processing of low-grade
stockpiles continuing until 2005.

Ore reserves as at December 1998 were 29.8 Mt grading 0.97 g/t Au and 9.2 g/t Agata
0.7 g/t gold equivalent cutoff.

Tolukuma

The Tolukuma resource was discovered in 1986 by Newmont Exploration and was
ultimately developed by Dome Resources Ltd with first gold production in December
1995. The mine lies in the Central Province, 100 km north of Port Moresby in the rugged
Owen Stanley Mountains. Access is only by helicopter and all mine activities are
helicopter supported.

Gold production commenced in December 1995 at a rate of 100,000 tonnes of ore and
50,000 ounces of gold per annum. Production in 1998 totaled 76,000 ounces of gold and
331,000 oz of silver. The ore is free milling and treated with a conventional CIL plant
followed by Inco process tailings detoxification.

The mine initially operated as a small open pit and in 1997 commenced underground
mining operations. Head grade from the open pit for the years it operated averaged 15.5
g/t Auand 49.4 g/t Ag. By mid 1997 all ore production was being derived from the newly
developed underground mine. Underground head grades for 1998 averaged 21.6g/t Au
and 164.0 g/t Ag.

The mine life was initially estimated to be 5 years, however exploration activities
surrounding the known mineable reserves have been positive, and potential exists to
extend the mine life by several years.

Reserves and resources as at the end of 1998 were 909,000 tonnes at an average grade of
21.9 g/t gold and 93.0 g/t silver.

Wapolu

The Wapolu gold mine is located on Fergusson Island in the Milne Bay Province. The
resource was discovered in 1985 and finally developed in 1995. A mining lease was
granted to Union Mining NL for a combined heap leach/vat leach and CIL gold mining
project. Mineable reserves were initially estimated to be 1.6 million tonnes at 2.4 g/t gold.
The estimated mine life was 3 to 4 years at a planned production rate of 34,000 ounces per
year.

Construction-commenced mid 1995 and production started towards the end of 1995.
Commissioning and production problems continued into 1996 with heap leach proving
unsuccessful. Vat leach was also attempted but the high clay content of the ore resulted in
slow percolation and low production rates.



The mine ceased operations in 1997 and was decommissioned and rehabilitated. The area
surrounding the old mine site contains potential for the identification of more resources
and exploration activities are targeted to identify sufficient resources to undertake a larger
scale operation.

Simberi

The Simberi gold project lies in the Tabar Islands some 40 km north west of Lihir. It was
granted a Mining Lease in December 1996 for the development of a medium scale gold
mine treating oxide ore overlying a sulphide resource of unknown size. The project is
owned by Nord Pacific and proposes to produce 40,000 oz of gold per annum for 5 years.

Oxide ore reserves were last assessed in August 1996 as 4.4 Mt grading 1.54 g/t Au. This
ore reserve is based on a zero stripping ratio and a 0.5 g/t Au cut-off.

The project remains on hold as a result of depressed gold prices. Exploration is ongoing
and it is expected that the project will be developed in the near future.

Mt Sinivit (Wild Dog)

The Mt Sinivit mining lease (previously known as Wild Dog) lies in East New Britain
Province some 75 km from Rabaul. This is planned to be a small scale open pit mine to
produce 10,000 ounces of gold per year. Ore reserves are 306,000 tonnes grading 4.0 g/t
Au. Initial development activities were halted due to the depressed gold price and are not
expected to recommence until there is a significant shift in gold price to above US$350
per ounce.

Bougainville

The Bougainville Copper Project commenced operations in 1972 and was producing at a
rate of 166,000 tonnes of copper and 450,000 ounces of gold per year at the time of its
forced closure in 1989. Over its operating life it produced 3 million tonnes of copper and
305 tonnes (9.7 million ounces) of gold in concentrate.

The mine was forced to close in May 1989 following an armed rebellion by disgruntled
mine area landowners. Although there are significant moves towards a peaceful
resolution of the conflict on the Island there is no time frame for recommissioning of
mining operations on the island.

The suspension of operations at the Panguna mine in 1989 was a major blow to the
economy of Papua New Guinea. At the time of its closure the mine accounted for nearly
10% of GDP, 36% of export earnings and 18% of government revenue.

Access to the mine site on Bougainville to enable a detailed review of the mine and its

infrastructure is still not possible. When conditions on Bougainville permit, Bougainville
Copper Ltd (BCL) intends to review the costs of reopening the mine. Pre-conditions to



reopening the mine necessarily include the restoration of political stability on the island,
and a clear statement from the Bougainville community in favour of re-establishment of
mining operations. Resumption of production would take approximately 2 years from the
complete restoration of stability on the island and would be subject to an assessment of
the economic viability of resumed operations.

Bougainville Copper Limited is owned 53.6% by Rio Tinto, public shareholders 27.3%
and the PNG Government 19.1%.

Remaining ore reserves are 691 Mt at 0.4% Cu and 0.47 g/t Au, sufficient for a mine life
of 15 to 16 years at the production rate prevailing prior to closure.

FUTURE PROSPECTS AND OPPORTUNITIES FOR JAPANESE INVESTORS

Papua New Guinea is still considered to be under-explored and highly prospective for
the discovery of new mineral deposits. There are a significant number of deposits which
have already been discovered but not yet developed. These include both large and small-
scale deposits which are likely to be exploited in the years to come as infrastructure
development and commodity prices enhance their economic viability. The following is
an outline of some of these potential future developments. Summary information on
future developments is detailed in Table 7. Opportunities for Japanese investors and
construction and development companies arise from all new operations. Three projects
are nearing development, being the Frieda Copper Project which already has Japanese
investment through the OMRD consortium of Japanese companies. The Ramu Nickel
Project is nearing development and is seeking Joint Venture partners for the project and
will need considerable technical support and construction expertise for the development
of its specialist refining technologies. The Morobe Gold Project is a conventional gold
project with an estimated capital cost at this stage of US$ 75 million. This also offers
opportunities for construction companies. Other less advanced exploration projects also
require investment at this point in time and offer more speculative investment
opportunities for those companies willing to take exploration risk.

The projects offering these opportunities are summarised below.
Frieda Copper

A large porphyry copper deposit was first discovered at Frieda River near the border of
the East Sepik and West Sepik Provinces in the 1960's. In 1987 Highlands Gold Ltd (now
Highlands Pacific Ltd) took over the Exploration Licence and embarked on an aggressive
exploration and metallurgical testing programme to develop a mining project based on the
Nena and Frieda deposits. In 1997, Cyprus-Amax Inc entered the joint venture and has
become the manager of the Frieda exploration project.

The total porphyry copper resource is estimated to be in excess of 1000 million tonnes at
0.5% copper and 0.3 g/t gold. The high sulphidation Nena resource, which lies adjacent
to the porphyry system, is 60 Mt grading 2.0% copper and 0.6 g/t gold with an additional
oxide gold cap of 14.5 Mt grading 1.4 g/t gold.



A mining pre-feasibility study was completed by Highlands Pacific in early 1996 resulting
in a proposed development strategy including a leach, solvent extraction and electro-
winning circuit to produce LME grade A copper. Estimated capital cost of the project was
US$1.6 billion, whilst operating costs were projected to be in the lowest quartile of the
global cost curve. Exploration on the site is ongoing with the project being progressed
towards feasibility by a joint venture consortium led by Cyprus Amax Inc.

Opportunities for Japanese investors include an increased share of the project through
increasing the profile of OMRD Frieda, construction and infrastructure development.

Ramu Nickel

The Ramu Nickel Cobalt project is located in Madang Province. This project is based on
a lateritic nickel occurrence discovered in 1962. Highlands Gold Ltd (now Highlands
Pacific Ltd) took up the area in 1990 and has undertaken both resource and metallurgical
studies. Total measured and indicated resources are currently estimated at 72.2 Mt
grading 1.0% Ni and 0.1% Co. Inferred resources add another 71 Mt, bringing the total to
143 Mt grading 1.0% Nickel and 0.1% Cobalt.

A bankable feasibility study was completed in December 1998 and demonstrated
attractive rates of retumn on investment and low overall operating costs. The feasibility
study and a proposal for development and environmental plan have been submitted to the
PNG Government for approval. It is anticipated that government approvals will be
received in the third quarter 1999 with construction commencing late 1999 or early 2000.

Opportunities for Japanese investors include an opportunity to invest directly in the
project as the main project proponent, Highlands Pacific Ltd may well be seeking a new
Joint Venture Partner in the project. Construction and infrastructure development
opportunities also exist with infrastructure needed including a wharf, 60 MW thermal
power station and a limestone calcination plant. Shipping opportunities also exist with
project consumables being largely imported.

Morobe Gold

The Morobe gold project lies in the Wau area of Morobe Province. Wau is the site where
the first large scale discovery of gold took place in Papua New Guinea in 1923. The
project comprises three principal prospects, the Hidden Valley, Kaveroi Creek, and
Hamata prospects. The ground adjacent to the three identified targets is also highly
prospective.

The Morobe Gold project took a major step forward in 1996 as a result of the
amalgamation of the Rio Tinto Hidden Valley - Kaveroi Creek prospect with the adjacent
Goldfields RGC Hamata prospect into a single project. The combination of the three
prospects under one project significantly enhances the viability of mine development.
Exploration activities were aggressively advanced throughout 1997 leading to the
preparation of a pre-feasibility study presented in early 1998.



A new joint venture company comprising Aurora Gold Ltd and the Commonwealth
Development Corporation gained control of the project in 1998. Evaluation of the
prospects continues with a feasibility study planned for presentation around mid 2000.

Opportunities for Japanese investors include construction and infrastructure development.

Wafi

Rio Tinto holds the exploration licences over an advanced exploration prospect at Wafi
situated in the Morobe Province near Lae. The prospect has two distinct mineral
occurrences. A porphyry copper prospect has been drilled out giving a resource of 100 Mt
~ grading 1.27% copper and 0.67g/t Au. An epithermal gold prospect on the same tenement

contains in the order of 26.1 Mt grading 3.5 g/t Au. Recent drilling by Rio Tinto has
identified a new high grade zone, which has significantly expanded these resources, but no
new resource estimate is as yet available.

Rio Tinto are currently seeking new joint venture partners for this project.
Mount Kare

Located in the Enga Province of PNG the Mount Kare gold mining project has had a short
but colourful history. It was the location of a significant landowner gold rush in 1988
which is reputed to have produced nearly 1 million ounces of gold.

Exploration of the hard rock potential of the Mt Kare area has continued through 1998 by
a joint venture comprising Carpenter Pacific Resources of Australia and Madison
Enterprises of Canada. Drilling results to date are encouraging with uncut identified
resources of 20.4 Mt grading 5.6 g/t gold and 28.7 g/t silver at a cutoff grade of 1 g/t Au.
Drilling is ongoing and further increases in resources are expected.

The geology of the area has significant similarities to the Porgera mine which lies some
11 km to the north east on what appears to be a structural trend.

Other Prospects

Several promising small mining ventures are in the advanced stages of feasibility studies.
The Kainantu Gold project in the Eastern Highlands is also the focus of a new exploration
programme following announcement of a joint venture between Highlands Pacific Ltd and
Nippon Mining of Japan. On the outskirts of Port Moresby at Laloki lies a small massive
sulphide copper gold zinc prospect which is being evaluated for possible development.
The Woodlark Island gold prospect has completed a mining feasibility study but with
currently depressed gold prices further reserves are required to justify development.

New prospects which have been identified in the recent past which appear interesting

include the Left May River copper/zinc/gold massive sulphide occurrence near the Frieda
River Project, and the Crater Mountain Gold discovery.



Sea-floor Mineral Exploration

Of considerable interest has been the granting of Exploration Licences covering two
offshore areas in the Manus Basin to Nautilus Minerals Corporation. The licences cover
known areas of sea-floor massive sulphide mineralisation, (VMS black smoker deposits).
The mineralisation in the Manus Basin is associated with andesitic and dacitic source
rocks with high gold, silver, copper and zinc grades and low lead grades. Average copper
and gold grades for 59 samples collected to date from the Pacmanus deposit are 9.9%
copper and 15 g/t gold. Grades from 24 samples from the Suzette deposit average 15.3%
copper and 21 g/t gold.

These areas lie in water depths of around 1600 metres and raise interesting possibilities
for the future of sea-floor mining within Papua New Guinea’s territorial waters. Offshore
mining technology has to date been focussed on either shallow water diamonds or very
deep water (>5000m) manganese nodules. New technologies for the exploration and
mining of these deposits will be required and perhaps provide the greatest challenge for
the project. A research cruise to the area will soon be testing the effectiveness of a
remotely operated drill rig for testing the grade and thickness of the deposits.

Japan is at the forefront in marine mining and exploration technologies and this project
offers exciting opportunities in this area.

Small Scale Alluvial Gold Mining

Small scale alluvial gold miners produced over 62,000 oz of gold in 1998. This is
primarily from hand method operations although there are a small number of mechanised
operations in production. A new Government extension service for small scale miners
commenced in 1998 and it is hoped that production from this sector will continue to
increase over the next few years.

Undiscovered Resources.

Papua New Guinea is considered to be geologically highly prospective for new mineral
discoveries. Its geological setting on the “Pacific ring of fire” makes it highly favourable
for further discoveries of large scale porphyry copper/gold and epithermal gold deposits.
There are also large areas of ultramafic rocks which are prospective for lateritic nickel
deposits in many parts of the country. The country remains relatively unexplored
compared to Australia, and holds promise of many more discoveries in the future. The
major limiting factor to future discoveries is the difficult logistics of working in remote
and rugged country as well as some difficulties with land access resulting from the
customary land tenure system.

FUTURE ECONOMIC CONTRIBUTIONS FROM THE MINING INDUSTRY

With production from currently operating mines and expected future production from new
mines in the medium term, some preliminary estimates of the future value of mineral



production can be made. The currently very low commodity prices for both gold and
copper do not encourage new developments at an early stage.

Gold

Gold production is expected to increase over the next decade with new production
coming from a number of both large and small operations. Large scale gold
developments such as Morobe are expected to add to the increased gold production
resulting from the ramping up of Lihir. In addition to the new gold mines, production of
gold as a by-product of copper mining from the Frieda Copper deposit is also expected
to contribute to gold exports before 2010. The Wafi Zone A gold prospect and the Mt
Kare prospect also have significant potential for development as future gold mines.

A number of small to medium scale mines such as Woodlark, Kainantu, Simberi and
Sinivit could also add to the total. Production from these new mines will more than
offset the expected slight decline in gold production resulting from the closure of the
Misima mine around 2005.

The small scale alluvial gold mining sector is also set to make significant contributions
to gold production from both hand and mechanised alluvial gold mines around the
country. Total gold production from this sector is expected to increase to in excess of
2.5 tonnes (80,000 oz) per year by the year 2000.

A large unknown with respect to future gold production levels is whether operations are
ever re-established at the suspended Panguna mine on Bougainville Island. Bougainville
Copper Ltd was not only a major copper producer but also exported a large quantity of
gold each year in the copper concentrate. The average gold production from BCL over
the last five years of operations was close to 15 tonnes (480,000 oz) per year.

Copper

Production from Ok Tedi is expected to continue at current levels through to at least
2010. Copper production is expected to rise with the commissioning of a new mine at
_Frieda River in the West Sepik Province by the Cyprus-Amax, Highlands Pacific joint
venture. Copper production is currently estimated to commence at a rate of 220,000
tonnes per year. The development of the Wafi copper-gold resource is also possible in
the medium to long term. Production from Wafi is unlikely before the year 2010. An
additional small source of copper production is the small scale Laloki copper prospect
near Port Moresby. This mine would also produce small quantities of zinc, gold and
silver.

In the event that the Bougainville copper mine is re-commissioned, a significant increase

in copper production would occur. Production from BCL, if re-established, is likely to
be at a rate of 150,000 to 175,000 tonnes per year.



Nickel and Cobalt

Nickel production from the Marum deposit in the Ramu Valley is potentially a new
commodity for Papua New Guinea, diversifying the industry base away from the current
strong copper and gold bias. In addition to nickel the Marum deposit has by-product
cobalt which would add to the value of production. The deposit also contains chromite
but this does not at present appear to be economic to exploit. The project developer,
Highlands Pacific Ltd, has completed a feasibility study into developing the resource and
has applied for project approvals from the Government of Papua New Guinea. Production
is projected to commence in 2001 at a rate of 33,000 tonnes of Nickel and 2,800 tonnes of
Cobalt per year.

Implications for Government Revenue

As a result of an increase in the number of mining developments, government revenues
from the sector are expected to increase over the next decade. All tax revenues from the
mining industry are directed to the Mineral Resources Stabilisation Fund which is a fund
administered by the Bank of Papua New Guinea (Central Bank) in order to smooth the
effects of mining related revenue collection on the economy. Direct tax revenues from the
mining and petroleum sector over the period 1993 to 1998 have averaged over K300
million per year (Bank of PNG, 1999). These revenue streams should be able to be
maintained by new projects coming on stream to replace those reaching the end of their
productive lives. The low commodity prices currently being experienced are likely to
negatively impact on company profitability and therefore reduce direct taxation in the
1999 year.

Non Fiscal Benefits to the Papua New Guinea Economy.

All mining projects require the establishment of basic infrastructure in the area of the
mine development. This is often a cost carried by the mine developer in order to ensure
the effective operation of the mine. This is especially so in remote areas where basic
infrastructure is generally non-existent. The infrastructure developments usually last well
beyond the life of the mine and provide centres for economic development into the future.
In addition, mining companies are allowed to develop non-mine related infrastructure
under a tax credit scheme. This is currently seen as an effective way of delivering
infrastructure in remote areas which the government finds difficult to service.

Employment opportunities will also increase significantly with the proposed mine
developments. Direct employment in the mining industry could double over the next
decade and employment in mining related service industries will follow suit.

Conclusions
The mining sector remains the driving force behind the Papua New Guinea economy.
The current contribution provided the industry is expected to continue in the medium to

long term with the likely establishment of several new mineral developments over the
next five to ten years. The direct effect of these new developments on the economy will



be significant in terms of both increases in GDP, exports and foreign exchange as well
government revenue.



Table8: Current and Future Mineral Production Estimates*

Mine Commodity Rate Value Start Mine
K mill/yr Year Life Yrs

Currently Producing Mines

Ok Tedi Copper (1) 150,000 570 1984 25
Gold (0z) 500,000 350

Misima Gold (0z) 200,000 140 1988 14

Porgera Gold (0z) 750,000 525 1989 18

Tolukuma Gold (0z) 60,000 42 1995 5

Lihir Gold (0z) 600,000 420 1997 40

Alluvial Gold Gold (0z) 60-100,000 42-70 1880 7?

Future Developments

[Ramu Nickel (t) 33,000 580 2001 30-40
Cobalt (t) 2,800 175

Morobe Gold Gold (0z) 300,000 210 2001 15

[Nena Frieda Copper (1) 220,000 660 2005 20
Gold (oz) 365,000 255

Wafi Gold (0z) 200,000 140 2005 10
Copper (1) 100,000 300 2010

Simberi Gold (oz) 40,000 28 2000 5

Woodlark Gold (0z) 50,000 35 2000 7

Mt Sinivit Gold (oz) 10,000 7 2000 4

Laloki Copper (t) 4000 12 2002 4
Zinc (t) 1300 1.8
Gold (0z) 15,000 10.5

Future Restoration ?

[Bougainville Copper (t) 160,000 480 2005? 12
Gold (0z) 350,000 245

Price Assumptions: Gold =K 700 /oz Copper K 3000 / tonne NSR.

* These are Dept of Mineral Resources estimates only and may not reflect company policy.
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