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IMPORTANT NOTICE
e ——— e —— =

This study is intended for the sole use of the Cook Idands Government (The
Client) in support of thetr considerasion of wheether and how (o proceed with @
deep-sed nodule mining praject in the Cook [lands Exclusive Economic Zone
(the Project). This Study is not intended to be or to provide the basis for any
credit or other investment evaluation and should not be construed or othrrwise
considered as a recommendation that any veciptent of this Study participate in
the financtnyg for the Project

Bechtel Financing Services, Inc, has prepared material contained in this Study
which |s belicved 1o be accurate o of its date, with respect w the Projert. No
representation or warranty, expressed or implied, is made with respect to the
completeness, accuracy or validity of this Stady or any findings, conclusions,
recommendations, tnformation, estimates, procctions, assumptions or othes
muitertal set forth hevein or as to any other matter concerning this Study of the
Profect. The summaries of and references to all documenty, statutes, reports
und pther instruments referved 10 Berein do not purport o be complete, compre-
hensive or definitive, and cack such summary and refrrence is qualtfied inits

entirety by reference to each such document, statute, report of Interment

This notice must accompany any coptes made of this Study
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INTRODUCTION
——— e — e

The putpose of this prefessibility study s to

examinie vanous aspects of exploiting the deep-sea
polymetaliic nodule resources in the Cook Islands
Exclusive Economic Zone. The study deals with
the following subjects:

Harvesting of nodules by the use of modem
bottam trawling technology

Handling and transportation of the nodules to
o processing plant

Examination af various processes of exiract-
ing vatuable meats from the nodules
Refining inlermediae process products
pute mcials

Development of capital and operating cost
cstimates for the entire operation
Development of a financial model [or the pro-
ject and performing o financial analysis of the
project economics, including sensitivity stud-
Ies

Generanng a plan for exploraton, sample col-
lection, equipment and process westing as nec-
essary for the performance of basw engineer.
ing design anc the updating of the capiial and
operating cost estimate for the project
Development of a schedule [or the engineer-
g, procurement, constriction and preopera-
tonal tesiing of all sctlives

This study does ot deal with the sale of the

product metals, nor does 1t attempi to forecast
luture metal market rends

PROJECT SCOPE

The Cook lslands Deep-Sea Nodule Mming

Project s a grass-roots project for explaiting the
manganese nodule deposits in the territorial
waters-0f the Cook Istands: |t can be divided mto
four phases, as lollows:

Phase | conststs ol the present prefeastbiliy
stuly,
Phase 1| encompuasses exploration work ot the

testing of the smeliing and refining processes,
plant site selection, designing of the tawl,
outfitting o mawler and conducting test har-
vesting, and establishing the environmental
baseling conditlons In the harvest ares.

Fhase 111 15 the engineering; procurement and
copstruction of the project and preoperational
testing of the tactlines.

Phaise 1V desigristes full-scale production

Physically, the project extends into several

prograplic aneas ax follows:

Harvesting will wake place in the Altutaka
Passage near latitide 16°S and longuude
WO0PW, Four dedicaed oawlers will be used
for harvesting,  Each irawler will transfer the
nodales into.a bulk carmer vessel of about
H0,000 tons capaciy for transporation (o the
process plant. There will be three tanspont
vessels employed by the project. One will be
stationed o the harvesting site 1o recetve the
nodules [rom the trawlers, whiie the other
two will be sailing 1o or from the processing
plant

Far the purpese of this study only, the pro-
cessing plant is assumed to be located af
Marsden Point near Whangarei, New

Zealand, Exssting harbor facifities will be
nsed to nlaad the transport ships. The nod-
ules will be stored at the plant site and
rectanned for smelung The smelier will uii-
lize coal for the reducing process and elemen-
tary sullur for convernng cobali, nicke| and
copper o 4 sulflide matte. The granulated
matte will be processed in a hydrometallurg.
cul reflinery adjacent to the smelter, The
residue of the smelting operation (slag) will
be stored at the plant

The exsstence of manganese nodules on the

targel harvesting site, recovery of bulk sample ocean floor was discovered abowt 120 vears ago;
however, detailed and systematic study of therr

wf the noslules, bench testing and pilot-plant
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location, abundance and chetnical cotmpasition
didd not commence until the late 10505, Two
developments spurred high levels of uctivities dur-
ing the next decade or sa. One was the discovery
of the extstence in the nodules of significant quan-
\ities of strateige meats, such a5 nicked, cobalt and
copper, besides the busic iron and manganese.
The other was the political instability in prime
srategic metal-producing regions, such as the
Shaba Province ol Zaire

The result of these two lactors was the emer-
gence of numerous exploration and development
projects financed by various governments and pri-
vate organisations: The primary targei metals of
these efforts weee nickel and cobalt. The harves:-
ing of the nodules was proposed to be by means.
of technologically complex mechanical or
hydraufic systems that invalved deep-ses sub-
mersibile robot machinery and plants or similarly
complicated devices

Most of the manganese nodule resources lle
in mternational waters and come under the jurts-
dictson of the United Natons. The prospect of
having to deal with the U.N., the high cost of the
harvesting systema, the inherent risks of develop-
ing a pioneering technology, and the long
prospective payback on investment discoursged
most private invesiors and many governments
[rom pursuing the commercial explotiation ol
manganese nodules,

During the years 1974 through 1990, the
government of the Cook Islands permitted
exploratory expeditions by scveral nations and
orgamizations in the Cook lalands Exclusive
Ecomomic Zone, which covers an ares of approxi-
mately 2.3 million km?® Within this area lie the
Atintakl Passage and the South Penchyn Basin,
both characterized by waters of some 5,000
metres m depth. The seabed there lorms a flow
channel for cold, mineral-rich, highly oxygenated
Antarctic bortom water currents,

The combination of these factors and the pre-
vailing high-pressure concitions at the abyssal
depthy is believed 10 result in the deposition of
metal pxides on solids resching the seabed and,
thuss, the formation of metal oxde nodules. The
exploratory expeditions in the ares of the Altutaki
Passage and the Penrhyn Basin revealed a great
abundance of nodules, which in certain places
cover up to 80 percent of the seabed and comain

up to 50 kilogrms of nodules per mé.

Additionally, nodules in this ares contan excep-
tionally high cuantities of cobai.

In 1993, the East-West Center, Hawall, pet-
formed an sssessment of the Cook, lslinds man-
ganese nodule resources and concluded that the
in-place mineable nodules in an area of some
650,000 km* in size contain about 3235 million
tons of cobalt. Assuming that only 50 percent of
the nodules can be harvested and only B0 percent
of the contained cobalt can be recovered. the
deposits represent 13 million tons of coball 1o be
produced. Since the world cobalt consumption
amcunts 10 approximately 25 000 1ons per year,
the Cook 1slands cobalt resource by ttself could
sartafy the current world demand for 320 yean
The current value ol this quantity ol cobalt ata
price of LIS $25.00 per pound i1 US $710 billion.

The government of the Cook Istands 15 ams-
bos to utilize the nation’s deep-sea nodule
resources and obtained o grans from the LS.
Trade and Development Agency for the partial
financing of the curreni study. An equal share of
the cost of the study Is paid by Bechtel, The
prime objective of the study 16 to identify and
investigate novel methods of harvesung, handing
and processing the nodules. Novel methods in
this context means technologies and processes
that have been used in endeavors other than the
minersl industry, or in applicattons within the
mineral indussry which are net relned 10 nodule

processing.
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HARVESTING AND TRANSPORTATION
e

The hurvesting of deep-sea manganese nod-
ules has been the subject of R&ED work for
approximately twenty years. The 1993 East-Wedl
Center study “Cook Istands Manganese Nodule
Resource Assessment, Foonomie and Pollcy
Analysts” states that three systems of thase that
wyre considered have reached a stage of develop
ient where pilot-stale models were tested in an
ocean envitonment. All three systems are assaci-
ated with high capital and operating costs, howey-
er. they may be jusiified when the target harvest-
ing quantity is sufficierly high. This |s not the
case with the proposed Cook lslands Deep-Sea
Module Mining Project, The basic criterion lor the
Cook lslands aperation s the production of 2,652
tons of cobult per vear, which representy approxi-
mately 10 percent of the current world consump-
tion of the metal. In ordet to produce such quan-
thy. 1,097 360 woms ol wer nodules must be har-

vestedd and processed annuatly

Because of this relatvely low production rate.
o corsultant ol the government of the Cook
tstands suggested usiny trawlers and bottom
trawls, such as are vsed in harvesting bottori-
dwelling lish and sheflfish. The current swdy
made an evaluation of trawhing, lound o leasible
and proceeded with the wiilization of such a har-
vesing method. There are clemenis of unceratn-
ty related to harvesting by trawls, the main one
bemg that bottom trawling has never been done in
waters deeper than about 1,200 mwttes, and the
Cook lslands nodules lie ot mote than 5,000
migtres in depth. Oceanographic research vessels
have hrought wp nodules from those depths in
numerons nodule resource sites by the use of
dredges, reporiing no difficulties with the opera-
von. These sampling operations produced a few
hundred kilograms of nodules ot o yime. far less
than required for a commercial operarion,

PMB Engineering, Bechtel's marine and off-
shore entity, evalusted the proposed trawling
operation and a basic 1raw! design provided by a

promitient supplier of trawls and fishing gear. It
also used sophisticated computer simulation pro-
grams 1o examine the expecied behavior of the
rrawling system. including the trawl rope, during
deployment, trawling and retrieval. The studies
lound the proposed method technically feasible
with no [atal Naws, however, they pointed o the
need fof a rigorous design, testing and evaluation

program m the course of the implementation of
ihe preect.

HARVESTING

The harvesing of the nodules will be by the
use of beam trawls towed on the scabed by
trawless. The harvest aren Is tenyuively located
between south latiudes 13 30° and 16 30" and
west longitudes 159° and 1607 In order 1o pro-
duce 2,632 wns of cobalt, 1,097,360 tons of wet
nodubes must be harvested anmuatly. Allowing lor
330 harvesting days per year, this necessitates 3
duily harvesting rte of 3.325 wns

Four trawlers will be required to mest the
harvesting quartity reguirements. The trawlers
will be spproximately 100 metres in length, with
20«mietre beam and 3 S-metre draft They will be
equipped with dilferential GPS and dynamic posi-
Honing systems so s (o accurately control move-
ment o the extent of being able w execute fully
preprogrmmed harvesting oycles

The harvest arca of cach tmawler will be
demarcated by o number of hydroacoustical
transpotiders anchored to the seabed to lorm a
lomg-baseline army of locatars  The location of
the rransponders will be vilidated by the dilferen.
tal GPS ol the trawler

The mawls will be of the beam trawl design
with a igid fromt [ranie, 8 loot chain of heavy steel
strung across to cause the nodules to hounce up
in front of the trawl  The top and sides of the
trawl frame will be fitted with hydrofotls o give
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proper orientation 1o the irawl (ie.. to keep it
upnght} during lowering and iawling  The bot-
tom of the trawl net will be made of steel netting
o ensure contact with the hottom, while (he sides
and top will be made of SPECTRA filament to
make it float. The bottom will be protected by
wear liners 1o minimize the abrasion damage 10
the net.

Each yrawl wall be equipped with a sonar
imnsponder which will query the long-baseline
ansponders and from their respotse calculaie s
own location within & 1-metre radis. The samie
Instrument package will contain an alttude sonar
tovsense the distince between the trawl and the
seabed. Net guard monitors will keep track of the
stretch m the nel in order o tense the process of
filling up with nodules.

Trawling will be at & speed of | metre per sec-
ond, while lowering and raising will beat 2
metres per second, resulting in o harveésting cycle
of approximately 180 minutes. This alfows eight
trawlz per day at 100 percent availability, Each
trawd will be able 10 recaver a payload of 120 10ns,
The wrawlers will be designed 1o take on a nodule
load of 2300 (ons, representing 2.6 days of con-
tinuous harvesting, At the end of thm period, the
trawler will rendezvons with a manspert ship and
transter is cargo to it by pumping a misture of
seawater and nodules. R

TRANSPORTATION

The smelter and refinery for the processing of
the nodules is, for the purpese of this study only,
tentatively located nesr Whangarei, on the Norih
lsland of New Zealand. Customn-built ships with
30,000 tons capacity and approsimately 175
metres length. 29 metves beam and 10 metres
dhraft, will e used for ranspotting the nodules
from the harvest site to the process plant. Three
vessels with a urilization factor of 88 percent can
accommodate the transporation operations.

The unloading of nodules will be by use of
Marconsflo pumps, using seawater as the pump-
ing medium. The loaded ship wall the up avan
existing wharf, which wall be equipped with two
rmil-mounted hotsting derricks to suppon the
Marconaflo pumps, The holds of the ship will be
flooded with seawater, and the Marconaflo units
will be hotsted on board and lowered mio selected
holde. The lowering of the pump unit will contin.
ue untl the hold = emptied 10 the required level.
then the pump will be moved to the next desip-
nated hold, The process will be repeated unul the
ship s unloaded.

OPERATIONS

The base of the harvesting operations will be
a Rarotonga. A warehouse lor spare parts and
supphies; including lood: will be provided. The
erews of the harvesting trawlers will be on dusy
for four weeksand off duty lor iwo weeks, Every
time & transport ship salls o the harvest site, it
will stop at Rarotonga to take on boand the crews
of two trawlers gnd such supplics as are necessary
At the harves site, the fresh crews will replace
erews on two trawlers, which will board the
loaded transport ship for the urip back 1o
Rarotonga. After the debaricanon of the crews. the
transport ship will proceed to New Zealand

The crews an the tmnspore ships will work
six weeks with two weeks off.  The crew change
will take place either at Rarotonga or in New
Zealand, as determined by operations. The trans-
port ships will 1ake on supplies and fuel during
nodule unboading in New Zealanid and will resup.
ply the trawlers-at sea while on station 1o receive
nodules.

A helicapter will be available in Alutakl for
emetgency use by the harvesting trawlers and the
transport ship stationed at the harvest site.
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PROCESSING
_

The harvested nodules will be deliversd by
transport-ships 1o the process plant at an annual
rate of 1,007 360 wet tons, which equuls 665,000
dhry tons. The nodules will be stared in two circus
tar storage basins. Ar (ull capacity, 130,000 tons
of nodules can be stored 10 provide the process
plany with feedstock for 50 days

The extraction ol cobalt, nickel and copper
will be in o two-stage process, lirst using pyromel-
allurgy to make & gransfated sulfide matte At the
planned production rate, approximately 8200
tons of mane will be made armually, This product
will be treated further m the hydrometallurgieal
plant 1o make pure cathode cobalt and mickel, and
unrelined copper powder in quannities of approxi-
mately 2,632, 1,718 and 955 1ons per year,

respectively,

Wt nodules will be reclaimed with o
Marconallo system, dewatered and fed (o a rotary
deyer that will be fired with pulvenized coal.

[ned nodules will be ranslerred by conveyorvia
w gurge bin 1o o rotary reduction Kile. Crushed
conl will be metered to the reduction kitn a a
reducing agent alomg with dry nodules. The
reduction kiln will be fired with puberized coal to
a temperatire of abour 930°C, which will result in
the partial reduction of the metal axides contained
In 1he nodules:

The caleme will be discharged o transfer
pois and moved by mil-mounted cars and crane 1o
the charge bins of an electric fumace, where the
final melting will ke place. Mangmese and most
of the iron, in the larm of extdes, will report to
the alag, which will be tupped and granulated for
disposal  The molien alloy of cobalt, nickel, cop-
jper. and some tron wiil be wpped into prehested,
refraciory lined pots for iranafer into one of two
Perrce-Smiuth converters. Flux will be added in
the converier, the hath will be Blown 1o oxadize

the iron, and the iron oxide will be collecied as
slag. The convener slag will be recycled 10 1he
electric lurmace.  The blown bath will be sulfur-
tzed to convent the alloy o sulfide matte, which
then will be granulated.

Granulaed matie will be received mn a storage
bin, from where it will be metered into a tower
mifl lar comminution by wet gnnding:  The pulp
will be pumped 1o 4 e storage tank s feed 10
the leaching operations

Leaching will take place in o two-step coun-
tereurrent lesch circuit in which the first step will
be cementation leaching and 1he second comple-
van feaching  Solids will llow forward from the
crmentalon w the compledon leaching, while lig-
lﬂdi 'hlll]l “‘Jw lrom mmp-tmuﬂ 1O CEIMENLItnn via

copper removal,

The leach solution, containing & variery of
heavy metal lons, will be subjected to oxdation
by the addition of chlorine gas and by blowing air
through the solution. lron, considered a contami-
nant here. will be removed by using solvem
extmetlon i1 4 serlgs of mixer-seitlers,

COBALT EXTRACTION

Purified liquor from the iron oxidation will be
cansicted with an organic solution 10 a seties of
maxer-seillers 1o extract the cobalt. The advance
clevtrolyte circulating between the cobalt stripping
and cobalt elecrrowmmming will be purified by neu-
tralezation with cobalt carbonate |n a series of agl.
tated tanks, lollowed by a clanfying filter press.

Cobalt will be electrowon on cobalt starmer
sheets, which will be made by electrowinning
using ruthentum-nelde-coated DSA ttanium
anodes: The passage of electrical current through
the EW cells will result in the deposition of cobali
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metal and the release of chlorine gas that is associ-
atedd with the cobalt in s agueous chloride solu-
ton. Anodes will be contained in fabric bags to
capture chlorine gas, which will be recycled 10
leactung. A 10wl of 18 EW celis wall be required,
2 for starter sheeis and 16 for commiercial cath-
odes The celle will be designed for | m* elec-
trodes, Each cell will conuin 39 cathodes and 40
anodes.

NICKEL EXTRACTION

Aguecus solution leaving the cobalt solvent
extraction: crrount will be fed 10 the nickel solution
purilication circuit, where organics from the
cobalt solvent extraction step will be removed in a
curbon column. Then, as with cobalt purification,
the raffinate will be contacted, In three agtated
feaction tanks installed in-seres, wath mckel car-
bante, to precipitate nickel hydroxide, lead sul-
fare, munganese doxide, and other shightly soluble
sulfates  The shurry extiing the third reactor tank
will be fed to a filier press which will deliver clari-
fied electrulyte to the nickel electrowinning,

Nickel will be electrowon on starter sheets
and DISA titanium anodes 1o niake the sarer
shiets. The size and construction of the EW cells
will be tdentical 1o those in the cohalt circutt. The
chlonine gas generated tn the elerrowinmng will be
recirculated to leaching, There will be 12 W
cetls. two for making starer sheet and 10 for pro-
duction.

Sollds from the completion leach snd from
the filtratton stage will consist primarily of ele-
mental sulfur.

The residue material from the completion
leaching will be dried in & Holollive-type dryer
and melted in o steam-heated sulfur meling ves-
sel. The molten sullur will be recycled to the

smelter converters lor making sullide matie
Process losses of sulfur will be replaced by adding
commercial sulfur 1o the mehing vessel.

COPPER REMOVAL

The completion leach lilirate, where copper is
present as both cuprous and cupric chionides, will
be pumped to copper removal in # seven-cell elec-
trowinning operation. Copper EW will operate w
high current density using utanium cathodes and
oanium DSA anodes, and will employ elecinc
vibrators to agliate the cathodes continuously.
Copper will be collected lrom the cathodes as 2
powderwhich will fall 1o the bottam of the EW
cells. The powder will be recovered, washed, fil-
rered, packiged and sold for lurther refinmg

RESIDUE HANDLING

The smelter will produce approximately
1,430 tons ol restdue - or slag - per day, which
contains about 330 tons of manganese, The
residue will be granulated for easy handling and
discharged im0 an elevated hopper with a toadout
gate at its bottom. Trucks, with-40 10ns capacity.

‘will drive under the bin and load the residue.

They will imnsport the load 10 & sockpile for rear
dumping.

In order to stockpile 25 years’ of residue
prod-uction of 11,3 million dry tons, an 80-metre
high stockpile will be built with sloping sides and

-a base of 34 m in both length and width. The

manganese content of such a stockpile 15 approx.-
mately 2 6 million tons. Although the availability
of manganese (rom terresteial sources 15 %0 abun-
dani that it currenly I8 not economical o extract
it from the residue of nodule smelting, the sitoe-
tion may change in the future, For Lhis reason, it
may be prudent to stockpile the nesidue lor poten-
tial future use, Alternately, the residue can be
wsedd for road building or landfilll
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MATERIALS MANDLING

Coal will be recelved in bottom-dumping 40~
ton ratlears, discharged into a tecetving hopper,
and transported by a bell conveyor 1o a conieal
stockpile. Rechrming will be by front-end loader,
which will dump 1o a reclim hopper. A belt
feeder will draw coal from the hopper and dis-
charge muo a lump breaer. The sized coal will
travel via a belt conveyor w vither the coal pulver-
tztng plant or the reduction coal feed bin
Pulverized coal will be transporied pneumatically
to the use points.

Flux will be delivered in trucks and stored in
a covered shed for reclamanon by a front-end
losder. A belt feeder will draw from a reclaim
hopper. and the flux will be conveyed to-4 scaip-
ing screen. The overdtze will be crushed and
combined with the screen undersize for trans-
portation by belt conveyor into a silica flux feed
bin. A leeder system will deliver measired
amounis of fux on demand to the conveners

Sulfur will be received in bulk containers and
stored in the vicinity of the sulfur melter. Sulfur
will be added to the melter as required, using 8
hotst.

Fucl oil will be delivered by trucks and
received into a storage tank. A pomp will tramsier
the oil via a distribution pipe system (o the use

points.

Hydrated lime will be recetved in bags and
diszolved In an agiated mixing tank, A pump will
transfer the mitk-of-lime to the sump of the scrub-
ber as requited.
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NONPROCESS FACILITIES

A one-story building will be provided 1o
accommodate nonprocess facilities such as the
olfices, tabormories, change rooms, shopsand a
warchouse. The offices will be located in one end
af the butlding. white the shop and warehouse
will cecupy the other end.

The general office will oceupy an ared of 800
m?, divided into individual offices, lunchroom,
conlerence room and seraice rooms. An additon:
1 300 m? will be allocated for the metallurgical
lahomtory and s associated offices and computer
rooms. In addition to the comion heating and
vennbaion system, industrial exhatst systems will
be provided in the labomtory us required. The
change raoms wifl have a floor area of 300 m?

The shops will be allocated 1,000 m? of floor
aren, while 1he warchouse will occupy 600 m*. in
addition 10 the enclosed warehouse, there will be
# fenced area ourside the building for laydown
wmd stomge.

UTILITIES

Water iz assamed to be purchased from
aviklable sources A tank will be provided for
combined plam water and fire protecnon waer
storage. The distnbution of plant water will be
thraugh underground pipes. A portion of the
incoming water will be chilorinated lor use as
potable water, which will be stored in o dedicated
tank and distribined through the potable water
pipe system

Water will be used for the granulation ol slag
It 15 estimated tha the water evaporated m the
granulation process and taken up by the slag will
be approximately 150 m' per day. There will be
no waier discharge from the plant other than the
moisture content in the grantated slag.

Fire protection. The bowom porion of the
plam water storage tunk will be dedicated to fire
protection water, (One electric and one diesel-
engine driven pump will be Installed In paralle] w
supply water to a closed-loop buried fire water
distribution system, which will be pressurized by

4 jockey pump

Pressurized spray sysiems will be provided
the conveyor winnels, warchouses and offices as
determined by the requirements of the imsurer
and approved by the Owner

Electrical power will be delivered to the
plant via 115 kV, 50 Mz, 3-phase overhead lines
One 30 MVA tranaformer will step down the voli-
age 10 11.5 kV for the smelung furnace feed, while
twi 16 MVA mmansformers installed in paralle] will
reduce the voltage to 5.3 kV for medim voltage
plani distribution. Power will be siepped down 1o
420V in the local electrical mooms for low-voltage
tse.

Compressed Air. Two air compressors
mnstalled i 8 compressor room will supply pres-
surized wir 1o a reticulation system for the purpose
of plant maintenance s

Sanitary Sewer. The plant will utilize o
modulanzed below-grade packaged sewage treat-
ment plant. Eflluert will be pumiped 1o the slag
granulation operation

Communications. A commumications sys-
wm customary lor mdustral plants will be provid-
ed. The sustem will include a telephone neswork
and iwo-way radiosas requited. Instrumentation
it communication will urilize a Nber-optic sys-
tem
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CAPITAL COST ESTIMATE
e e ——— e — e

The capital cost estimate for this prefeasibility
study &= in first quanter 1996 US. dollars with no
future escalation provided. The accuracy of the
estimate t5 =25 percent.

ESTIMATE BASIS

The estimate 15 based on the mechanical and
electrical oquipment lisis and the following draw-
ings, which are contained i Appendices A and C
of the tull repon

Drawings
it plas i
Flew diagrams 1
Efectrical sinple lines 5
Plans and sectons of ihe process logiiitisy [

Civil quantity take-offs are based on historical
data of smmilar facilities and planis. Roofing und
shling were developed from the general amange-
ment drawing, Mechanical bullet are from the
equipment list with provisions made for insula-
van, duct work and refractory. Yard piping was
developest from the plot plan; all-in process pip-
ing wais lactored from mechanical equipment.
Yard efectrical equipment was defined Trom the
equipment list and the single line diagrams.
Electrical bulk materials and instrumentation were
lactored on the hasts of mechanical equitpment,

Construction labor rates were based an cur-
rent expenence in New Zealand and reflect recent
productivity data. The hourly rutes include base
wages, Irnpe benelits, small tools and consum-
shles, Insurance, construction equipment, con-
tractor nonmanual costs, overhead and prolis
New Zealand craft produciivity was derived by
multiplying North Amenican Mining and Metals
stardards by a lactorof 1.2

An allowance for common distrbutables was
added at 3.5 percent of the direct costs 10 cover
such expenses as common warchousing. mlanes
of managers, temporary facilities and vehicles, and
surveying and testing services. Trawlers and
transport ships were exempted.

The following allowances were added: 10
pereent lor ocean freight for imported equipment;
and 2 pereent for mland Inetghn and pont fees lor
local snd imported material ind equipment

Spare parts have been provided lor al 5 per-
cent of the equipment coste, except for the elee-
trowinning cells and manne vessels, which have
no proviston ingludid

Engineering, procurement and construction
management costs were proviced forat 15 per
cent of field direct costs, except for nuarine vessels
which were put at | percent

A provision for all nsk insurance has been
made at 0 5 percent of all the above costs.

Contingency 1= an amount of money allowed
in an estimate for costs which. based on past
experience, are likely to be meurred but are diffi-
cult or impossible to ldentlly m the time the est-
it bs prepared. It is am amount which =
expected to be expended during the course of the
project for the scope #s defined. Contingeney
does not include scope changes. Examples of
contingency tems include:

»  Esumating errors or omissions

¥ Design development

}  Pricing changes

» Schedule defays

P Delays In equipment and material deliveries
?  Contractor's claims and their impacts

A provision of 15 percent was included ax a
contingency, except for the manne vessels, where
10 percent was provided.

i

-};

L
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Flant equiprient prices are hased on budge!
and phone quotes for this study, and on recent
price quotes for other studies, ax indicated In
Table 1. The remaining equipment was estimated

uging in-house dara
Tani 1
Sources of Pricing
(in §1,000°s)
Description Quotes Quotes Quotes Values Total
Marine facility 41,148 75,000 - 326 116,475
Process plant 45,244 -— 5.088 17,173 67.506
Site development and ulllities 291 - 171 8,180 0,642
Total 96,684 75.000 5,260 25,679 192,623
Parcen! of overall sguipment (%) 45 J4 k] 13 -
ESTIMATE QUALIFICATIONS ESTIMATE EXCLUSIONS
The following items ure presented as gualifi- The lollowing ttems are excluded from the
catians (o the estimate: estmme:
»  The proiect will be constructed on a green- P Financing charges and interest during con-
field site with no unusual soil conditions ar struction
requirement for major esnhwork where P Costof any fuure stuclies except for an
spread footings can be utilized. update of 1his scudy in Phase 11
b Initial [ilis of reagents and resins are included. b Plant operating supplies, [uels and marine
10 P Thete is no lsbor avallability problem tnsurance beyond initial fills
An exsting port will be available at no capital b Escalution beyond first quarter 1996
sl b Taxes and duties
¥ Usilities will be available a1 the site bauery
limua The capilsl cost estimate 1s summarized in
¥ Allowances have been provided for admimnis- Table 2, including the Phase 11 and Owner's costs.
tration building furnishing and equipment as
follows:
= Laboratory equipment. $£350,000
- Shap equipment 100,000
= Ofice equipment and lurnishing: $200,000
Cook Islands Deop.Sea Nodule Mining Preleasibility Btudy Exsculive Summary
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Tip J
Capital Cost Summary
{Casts and Manhaurs in 1,000s)
Equipment
Material &
installation Subcontract
( Description Manhours Labor Costs  Costs Total Costs
'
Plant Equipment 192,623 192,623
Bulk Materials 43,109 43,104
Subcontracts 55 5,100 5,100
Installation Labor 1,346 53.798 0 53,7498
Total Direet Casts 1,401 53,798 240 832 254 638
Spare Parls 4,570
Comman Distributables 6820
Ocean Freigh! and Inland Freight 9,480
EPCM Services 31,370
Praject Insurance 1.730
Contingency 47.400
Total Projoct Cosls JGE_ 100
!mn Work 11,600
| Development Costs 5.000
| Ownar’s Costs 19,000
| Tolni capital Costs 435,100
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OPERATING COST ESTIMATE

The operating coss estirmate lor the Coole
Islands Deep-Sea Nodule Miming Project s divid-
ed into five cost ceniersas follows:

P Marine operations consisting of harvesting

and transportation ol the nodules .

P Smelter, including nodule unioading. smelt-

g atad slag digposal
?  Hydrometallurgical refining to produce

mitals

Mumtenance for fixed plant facidities

EXCLUSIONS

Mo allowanee was mude lor the following

potential expenses

» Royalties, permbs and licenses

P Escalation (all costs are in 101996 LS $)

P Credit lor the sales of any products other thar
cobalt, nickel and copper

P Cowms for environmenial compliance other
than those indicated on the process flow

P Geneml and administraion diagrams
b First-year startup cosis or passible procucti
The estimute I8 based on the process sum- Iy gains
manzed above smd on the material balances e P Major whuild costs
shown in the process design criteria in Appendix Overtime osts
B of the full report. The opemiing cost estimate {5
in fisk quarter 1996 USS and s aceurmcy 18 £ 25
percent fable 3
Operating Cost Summary
“The operating costs for the marine operations
werr developed on the bass of informauon Tolal Cost
obtalned from nterviews with experienced marine Description (Sy)
shipping operators. Bechte! developed the flow-
sheets lor the smelting imd reflining areas ol the Marine Operations.
plant and estimated the consiimahle quantities Harvesting 7.707.000
and lsbor reqguirements. Transportation 8,914,000
SUBTOTAL 17,821,000
The labor cosis are waken from a New Zealand -
national wage and price survey anid presented as
total remuneration costs, including the hase alary Smelting:
and] value of gll benefits, as of the Tourth quanes Consumables 16,044,500
of 1894, Bectnaty and coal budgetary poices Labar 2,522,000
were obtained from Northpower. Lud and Solid SUSTOTAL 18,566.500
Energy Nonh, respectively. Other constimmable
" prices were available from Bechitel studies of simi- Retining:
lar operaticns. Maintenance suppies have been Consumables 3,517,410
estimated @ 4.3 percent of the plant equipment Labar 838,000
cost. A L0 percent contingency has been added SUBTOTAL 4,355 410
for the consumables only, given the level o
process delinition developed lor the surly, Maintenance Labor 2,328,700
General adminisiration staff was estimated for the General and Administration 4,183.500
operation, and an allowance was made lor oflice
siipjilies, travel coss and the like. The estimated TOTAL DPERATING COSTS 47.035.110
operating vost summary = shown in Table 3.
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The Cook Islands Deep Ses Nodule Mining
Project will produce three end produocts: cobal
and nicke! metal und copper powder. Of these.
cobalt accoums-for the majority (over 00 percent)
of the revenues, In additlon, the world market for
cobalt 1= much smaller and less lquid than are the

- markets for nickel and coppet. Because the mar-

ket [or cobalt has such a significant impact on the
Project's feasibility, an overview of the cobalt
medustry has been provided i the study repon

COBALT MARKET OVERVIEW

Cobalt production declines occurred in the

- 19905 due largely wo political and social unrest and
tmadequate investment in Zalre, which was the
. world's dominant producer. It sppears that cobalt

consumption is not kely 0 grow as fast as the
world economy in genoral. This s pardy confirmed

by U5 consumption, which has grown signifi-

L

cantly slower than GDP since 1963, probably duc
to reduced military airemll engine procurement,

Seven [irms currently account for 70-85 per-
cent of the warld's jotal coball producnen. Gecu-
mines (Zaire), with production averaging over
10,000 tons per year, dominated the marker nntil
1901, A1 s projected level of oucpur of over
2,600 tons per year, the Project would be the
world’s fifth larges: cobalt producer, accounting
for over 10 percent of the world's estimated 1996
output, Major future expansions of global pro-
duction cupacity could come from the Dismond
Fields project i Canada, Australia and Cuby, as
well ax expansion of capacity of existing mines
As in the case of about 60 percent of current
cobalt production, Diamond Fields, Australia and
Cuba are primarily nickel resources; and cobal)
production will largely be determined by nickel

preduction.

Another major factor in the supply of cobalt
& the release to the market of US Defense

PROJECT ECONOMICS

| 7

Logistic Agency stockpiles These releases appar-
emtly are being mamiged to muixamize revenue 1o
the LS, Treasuty and may be completed or near
completion before Cock Islands production could
come on stream. Releases rom stockpiles of the
former Soviet Union apparently are now small and

nearing completion.

There are indications that glabal cobalt refin.
tg capacity will be adeguate for the indefinie
future. I i3 not clear, however. whether all of this
capacity 18 economically efficient or whether refin-
crs are interested m taking on new sources-of

hg:ml..

Fragmenlary evidence saggests that US. con-
sumption patems ate more of less typical of the
rest of the world.  However, because of its sircrakt
engine ind unility turbine industes, the U S
share of superalloy consumpuion s relatively gh:
Compared (o Japan, LS, consumption lor chemi-
cal applications ts latrly low. 1t appear that the
share of superalloy/handfacing applicutions fius
stayed canstant at somewhat over 40 percent,
while the share of chemical applications has
tncressed. und the share of magnetics has
declmed. Demand will probably continue to be
fatrly high In the superalloy srea since much of it
15 accounted for by aircrafl engines and power
generativn turbines, two applications that are
expected to grow at o fatrly healthy rate lor the
indefinite future.

Cobalt in not traded on a regalar commaodity-
market basis us are other metals, |t appears that
most coball issold on a spot market basis by pro-
ducers or producers’ agents. Because of the faa
that cobal: is usually » by-produc of nickel o
coppet production, is own production s ot dic-
tated by market condttions. Thus; in penods of
excesa cobalt supply (due to the production of
copper and nickel growing fastér than the demand
for cobalt), producers typically butld up cobalt
inventories. When the demand for coball grows
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[aster than 1he production of copper and nickel,
producers release their inventories to the market.
Sinee the size of cobalt mventories are not large
relative to the wual memls production of the pro-
ducing companies, it Is relatively easy for produc-
ers 10 hold large inventaries when necessary. The
producers’ ability and willingness 1o build and
refeasz inventonies tends o sabilize prices in the
cobalt market

In lurther mvesugations converning the com-
mercial viability ol the development of the Cook
lilands resource, more should be leamed about
the specific mechantsms of the cobalt market. In
particular, it should be learned how much cobalt
15 sold undet fong-term comract. Koowledgs
chould be developed concerrung what types of
custamers ire lkely to negotlue such conemcts
and the contracts’ terms and conditions,

During the 1980y and belore, the price of
cobalt was largely controlled by Gecamines (Zaire)
and ZCOM (Zumbia) Beginning in the 1990s,
Zawe and Zambe encountered severe production
problems, and metal owput fell sharply. The fll
i output of these two major sources comcided
with rapid escalavion ol prices for every year
except 1993, It &5 reasonable 1o infer thar the
excalation of prices in the 1990s was due In latge
pari to the colncident drop o supply.

The most likely scenario for future demand
would seem 10 be-slow growth. somewhat less
than world GDP growth. Probably the major
uncertainty concerning demand ts the long-run
possibility of substitution of sther materials for
cobalt in some applications: It appears that some
substitutabliity 1 possible, sid it may become
quite Important if the current price level is sis-
talned  Another factor that helps limit price esea-
lation 18 the possibility of recovery of cohalt Tram
secondary and intermediare materials: A markes

study should look mw where substitution and
recovery tight occur, st what prices, and 1o whin
extent

The major uncenatnties lor cobalt pricing
exist on the supplyside. Il supply increases faster
than demand, prices will lall. This would certain-
by be the case if Gecamines were 10 regaim its his-
torical levels of production. This would require 3
permanent reduction in polivcal unrest and an
ahily and willingness of the government ol Zujve
v mvest (ot let others invest) in production and
relitiing. The prospects for a government that
would be accommaodating to dramatically
meressed production are unlibely in the shont
run. However, over the time frame for the
Project, the emergence of an enterprise-onented
government that would aggressively expand pro-
duction of Gecamines cannot be discounted com-
plelely.

Another uncertainty 1s when production will
begin it major nickel deposits. This study was
not able to develop a clear pacture of how much
cobalt would come from the new projects when
they reach lull producnon, but some estimates pw
18 high as 3,600 1pns per year. This inurease in
world supply could have a staniticant depressing.
ellect on cobalt prive. In addition to new supply
sources, improvements n cobali extraction
processes could boost production at existing
cobalt operitions. A new cobalt leaching technol-
ogy which improves recovery significantly isnow
being deployed at locations in Ausiralia, 1f this
technology proliferates. world supplhes of cobah
coubd expand and prices could decline,

To mmiiniain the recent price level of abow
$24 per pound would requite an increase In pro-
duction corresponding to the increase of demand
caused by world cobalt consumption growth
Sorme simple assumpoons will give a general
notion of the potential range of prices. 111 15
assumed 1hat 1he growth of world demand tor
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cobalt s 2 percent per year, then by the yenr 2003

t production would have to grow by about 5,000
1ons 1o matntsin current prices i itis (unrealisti-
cally) assumed that nothing else would change  An
mcrease of this magnitude could be atmined by
Gecamines alone retuming 10 Its previous level of
outpul, even withour any contribution from Coolk
Islands, Diamond Hills, Australia or Cuba. 1l Cook
telands, Diamond Hills: Australia and Cuba came
e production and Gecamines returmied (0 s

. previous level of production, it seems Tikely that

| priceswould recede 10 aromnd €20 in 1993 dollas

PROJECT COMMERCIAL STRUCTURE

A-prelimmary Project commercial structure
wis developed based on Bechtel's undersianding
ol the metals industry, on the likely concerns ol
potentiul lenders, on the interests of the Cook
Islandds Government, and ot the Interests ol
potential Project spomsots. I1was sssumed that
the Project sponsors will choesé 1o employ 4 imi-
ed recourse financalstructure for the Project. In
limmited recourse siructures, lenders and iInvestors
look 1w Project revenues for repaymen of debn
andd veturm on investment.  Equity investon'
poteniial lesses ure limited to the smount of their
equity Investment, A limited recourse structure
allows sponsors to take equity interest in the pro-
fect and attract debt financing without placing.
their other corporate sesets at nisk

In such 4 struciure 8 Special Purpose
Company (SPC) would be formed 10 own and
operate the Project’s assets. The SPC would then
borrow ditectly from lenders; and the Project
sponsirs would invest equity In the SPC withowt
being subject to direct recourse from lenders in
the event the Project encounters financial disiress
Because debl capiial 1s so critical to a nonrecourse
project structure, the lenders” requirements will
dictate many of the Profect’s resulting credir sup-
poris and ohier commercial features:

o it 4

Under the limited recourse Bnancing sirue-
ture, sevetal important commercial arrangements
must be developed to assure the Project's linancial
viahility and tw provide (he credit support neces-
sary to attrmct financmig to the Projece.

These include the following
Shareholder agreement

Government approvals and permits
Lump sum tarmbey EPC contract
Marine services commact
Operations and muintenance contrict
Matertals supply contmcts

Proctuct marketing contractis)

Debi service reserve fund

Insurance

A group of sponsors would likely fund the
Phase 1l costs and provide the bulk of the Project
equity. In addition to their capital commibutions
to the Project, these firms could 1deally also pro-
vide contract services to the SPC in their paricy-
lar areas-of expertise to help mitigate specific and
sigmficant project tisks. Firmss thit might pantici-
pate 1n the sporsor group could include credit-
worthy entlties with expertise in the following
FISTR
P Shippitig and yrawling operations, including
ship building
P Engineering, procurement and construction
(EPCY of processing facilities
P Metals refining and smelting operations
P Metls marketing
Lenders will likely require that significant L
project risks be nutigated through long-1erm con-
tracts. To the extent th the sponsom may wish
to provide these services, they would contmct
independently with the SPC to do so.
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ECONOMIC ANALYSIS and the technical aspects of the proposed harvest-
ingmethods, smeliing and relining operations.
While potential investments can be evaluated Phase 11 activities would probably be funded by
far thelr noneconumic benefits, such as jub reten- the Project sponsors prior (o lnancial closing.
tondicreation, environmerntal benelits, ete, this

analysia focuses only on the potemial economic Following the successtul completion of the

benelis. Phase 11 ests, it s sssumed that the sponsors will
arranpe financing and thar the Phose Tl acivivies

A computer model ol the expecied Project would begin at linancial closmy, Phase 11

commercial operations was developed 1o 1west the includes the actual construction of the trawlers,

Project’s ecomomic petformatice on a pretax basis transport ships and processing facilities.

with o fees or royalties paid to the Cook Istands Commercial operations would begin at the com-

Government, as the Base Case. (As an Alternate pletion of the Phase 11l construction. The timing

Case, Ul 5. corporate tax structure, $13 million parameters of the analysis are shown i Tabile 4

uplront fee and 2.5 percent of the operating

income as 3 royalty payable 10 the Cook Istand Tabie d

government were taken into account.) Using this Praject Time Tahle
model, econpmic projections and measures of
financial performance were generated. o addi- L..mr Assumptions
tion, o series ol senaliivity shalyses were comdic-
ed to determine the Project’s economic viability

under downside seenarios and e profitability in [CHTEE— RIS
upstde scenanios Financial Closing Dacember 1897
For the purposes of this unalysis, It wis Siart of Gonstraction Sanesry 1604
assumed that the Project will be funded with 30 |Phase i)
percent equity and 79 percent debl in a limbed Start of Full Operations January 2001
recourse linancial structure. The Project 1=
assumed to support the operating costs, Including Froject Liy £y
debt service, and generate retums for Investors >
solely trom s own cash llows. Fér detalls of the The analysis is based on total unescalated
methodology, assumptions and hasi= of the analy- capital costs of $435 million. Momhly vessel
sis the full report should be perused soquisilion. engimesnng, procurement and con-
struction (EPO and Owmer's costs are assumed 1o
. The analysis is based on escalaved U.5. dol. be expended on g stemght line basts throughow
lars, with all original cos estimates expressed in the construction period.
April 1996 dollars which are then subjected to 3.0
percent inllation per year. Ship vosts inclode bullding and owdining the
vrssels to meet thetr unigue requirements. The
The Buse Case analysis nasumes that the EPC costs cover the construction ol the processin,
Project will be implemented in three phases, facilities, as well as the assoctited infrasructune
including this prefeasibility study a3 Phase L In The Cwiiers costa reflect the sponsor costs
Phase |1, o number of lechnical atel Held teste will tneurred prior o commercial operations, inciud-
be completed to canlirm the resaurce avallabilivy ing rraming of stafl, eversight. permittng and
Coock Islands Deep-S5ea MNodule Mining Prefessibility Study Executive Summar)




gon’ recovery of costs incurted prior to financial

costs. Development coss rellect the spons

ang. They include an allowance for she finan-
and legal advisor cost=and other cosis related

#o reaching financial closing. The Initial working
“gapiral 1z an allowance 1o cover the working capi-

gl requirements which commence @ the begin-
*ming of the project operations,

The operation is designed to harvest and

; process approximately 1.1 million wet tons of

nodules per year, hased on lour trawlers opersting
330 days per vear and using three vessels 10 1rans:
pon the harvesed nodules from the Cook lalands
w0 the processing facility in New Zealand. In
additiom, the services of a research vessel will be
engaged to monitor the environmental effects and
to assist i the planming of harvesting,

The processing facility will operate at a con-
stani production rate. In the first full year of
operation, overall produciion efficiency 1s expeet-
ed 10 be B0 percent as the plant mmps up to the
full production level. During this period the fixed
aperling costs (Le | insurance, labor, ete ) will
accrue at the same rate as they would under 100
percent production efliciency

The Project’a sole source of revenue lor the
Base Case Is the sale of cobalt and nickel mewl
ind copper powder, For this analysts it was
azsumed that the inttial product prices are showt
10 percent below current spot market prices (in
V996 USS) und that these prices would escalate at
3.0 percent anmually over the Life of the project

All operating costs have been estimated in
April 1996 dolluss and then escalated st 3.0 per-
cemt anmually over the lile of the projecs. A
detailed breakdown of moat of these coss i= pro-
vided im Sectim 7 of the report, Additional oper-
ating costs include the following tems:
¥ Reésearch vessel costs o operate and maintain

a spectally equipped vessel to manitor envi-

ronmetital impact and to map sea bed

resources @ required.

P Insurance expenses for property and casialty
msurance and other muscellaneous operating
expenses that might be incurred.

b Marketing fees would be paid w s metals
marketing firm for selling the project’s prod-
ucts. An allowance has been made lor these

fees 10 be 0.3 percent of gross product

rEvenues

It was nesumed thal 4 base amount of work-
ing capital for the first year of operations will be
funded & Brnancial closing  For each operating
year the reqaired amownt of working capical is
calculated as fallows:

Working Capital = Beceivabies (at 45 doys of revenuis)

Payabies (at 45 duys of operating
expenses)

+  Opecating Cash (2t 30 days o!
aperating expanses)

= [nventories {36 days of mvenoas of

alf produets)

It was sssumed that the Profect will be
financed on a limited recourse hasis, wherein
lenders depend solely on the assets end cash Now
of the progect for repayment without having any
claims on the Sponsars. Typical of financingy of
this type, 3 debt/equity matio of 70/30 was
assumed. and that debt and equity funds are pro-
vided pro rata during the construction perid.

It was also pesumed that lenders will require
level principal repayments and have assumed loan
interest rates, tenof and [ees representitive of the
wpecific Project risks and location  In additton,
provisions were included for a Debt Service
Reserve Fund 10 be funded at the complerion of
consiruction and to be mamiained atan amount
equal ¢ 6 months of the current year's debt ser-
vice Required increases in this reserve lund
weuld be paid out ol pperating cash llows und
wontld be senior to any distributions (o equity.

Cook lelands Deep-Sea MNodule Mining Proteasibilitly Study

Exscutlive Summary

17



18

PERFORMANCE METRICS

The following cconomic performance metrics
were constdered in the course of the financial
analvsis:

Return on Investment (RO1) s the internal
rate of returm on the project’s unleveraged afier-
tax annual cash flow. beginmng an financial clos-
g 1 is independent of financial structure and
thus isa basic and fundamental indicaror of pro-
ject ecomormics. The RO calculation used inthis
anplysis is based on the project's pretax cash
flow, determimed us:

CashFlow = Revenuss
Operating Expenses
- Ingrease In Working Capital
Capital Costs

Return on Equity (ROE) s 1he imermal rate
ol return on the pre-tax fiet equity cosh flow for a
project which includes delst In Its capttal structure.
Assuch, 1t 15 based on the cash flow alter the repay-
ment of the principal und interest to the project’s
lenders.

Debt Service Coverage Ratio (DSCR) -
cates the project’s annual abiliy worepay debt. It
i galcutated as the anmual matio of funda available
for debt service (earnings belore depreciation,
interest and taxes) 1o the total current portion of
debt service payable (principal plus interest).
Potential lenders would fikely devermine a mini-
mum annoal DSCR value based on the Project’s
exposure w specific operating and commercial
nsks. This exposure will, by necessity, be based
o the results of the Phase 11 investigaitivns, which
will help establish base-line mezsures of operating
performance

BASE CASE RESULTS

The Base Case analysts projects positive cash
flew in all operting years and demonsirates un
ROM of 22 percent and an ROE of 24 percent
These economic indicators are likely to be above
the assumed minimum threshold levels tha
potential lenders and imnvestors might require for a

project of this 1ype

The mimimum DSCR value was lound Lo be
139 percent which, while posttive, cannot be
deemed acceptable or unscceptable for a project
ol unknown risk, As nated above, however,
potential lenders will determne an acceptable
nsmmmum bevel of DSCR by performing sensitivity
analyses based on the Phase 1 resulis

Attached as- Appendix to Section 8, Project
Feonomies, s oupu lrom the modet lor the Base
Case, Including the Diata and Key Results, Sources
and Uses of Funds during Construction, a Cash
Flow Statettient and an income Statemem

A sensitivity amalysis was conducied 10 deter-
munc the ceononnc mmpact of changes in the
pasurned values of selecred Project assumpons
This analysis tesis the relative impact of changes
irr inclividual project assumptions, using ROI,
ROE and DSCR as indicators of the Project's sen
tivity to each particular assumption

Based on the current understandmg of the
Project’s economics, three assumptions were
sclected 10 be tested i this manner, For consis-
tency, each assumption was varied by the same
percentage amount relative 1o the Base Case. The
lactors selected wete,

»  Caphal costs, including vessels and process
plant EPC costa

P Operathig costs

»  Product prices (all products)

¥ The resulis of this sensitivity analysis are pre-
sented n Table $.
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These results indicate that the project's eco-
pomics are relatively mote sensitive Lo changes in
ot prices and capital cous, respectively, than
o changes in operating costs. The resulis imply
Bt the project’s econamibes could be most signifi-
sely improved by securmg higher product

and would benefit less [rom comparahly
d operating cosis.

1t should be noted that the prices of the prod-
et metals have been guite wolatile in the past and
may well continue to fluctuate significantly in the

ure. These price-assumptions were used as an
| andicaror of the Projeat’s economics under current
L t conditiens and do not purport-to predict
e price movements or imply a prediction ol

pe stability duning the hife of this Project.

Potential investors should Investigate the oco-
memics of this Project using price expectations
developed by experts in metals marketing It ks
expected that a credivworthy entity with metals
marketing experitse will ultimately provide prod-
| wct marketing services 10 the 5PC under a market-
g agreement. This agreement could include a

or pricing mechantsm sulficient to guarantee

......

Cabali prices have been lomoncally volatile
and difficult o predion, paiticulaly over the past
few years. Because cobalt provides the bulk of the
project revenues, several ahernate cobalt price sce-
furios were considered.

i Note that the smdicated cobalt prices are as of
April 1096, which sre then escalated af an anmual
rate of 3 percent over the lile of the project.) The
results of this analysis are summarized in Table 6.

Table

Alternate Cobalt Price Sensilivitees

Cobali Price (April 1995 §) ROV ROE  Min. DSCR
%) (%) (W)

$25.00 per pound (Base Lase) 2 79 139

$20.00 per pound [ 2 1ar

$15.00 por pount 12 13 53

If the long-term price of cobalt falle to 320
per pound (in April 1996 dollars), the project
remiins economically viable, although a mini-
mum BSCR value of only 101 percent would be a
comcern for potential lenders. At $15 per pound
(alsa in April 1996 dollars) the project fmls 1o
generate enough revenue o cover deln
service, even with the compleie draw-
down of the debt service reserve fund.
Al this price, which was seen as recently

Min. DSCR as 1993, additional funds would be

() needed from outside sources 1o maintain
operations. Further analysis indicares

) that the project “breaks-even” as long as

12 the long-term cobalt price does not drop

162 from the sssumed level by more than
about 1/3 (1,¢., 25 long as the price stays

128 above $16.75 in April 1996 dollars)

150

170

108

]
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ALTERMNATE CASE

An Alterriate Case was analyzed to show the
potential impact of fees, royaities and taxes on the
project economics. The Cook Istands Government
(CHGOV) 1s likely to require an uplroni Hcense fee
1o gain imtind access rights 1o the EEZ, and royalty
payments in exchange lor the right 1o exploit the
nodule resources: In addition, since the CIGOV
has not finalized i2s tax policy relative 1 this pro-
ject, LS. corporate (ax treatment was applied as
an indicator of possible after-tax returns. The fol-
lowing is a description of our pssumptions relative
to (hese [nctors,

CIGOV License Fee. The CIGOV license fee
ts un allowance for a $15 million payment st
fimancial clostng for projea approvals and access
rights, although the actual smaount, terms and
conditions of this {ee have yet ta be negotiated
with CIGOV.

Royalties. These are expected w be paid1o
CIGOV in exchange lor gusranieed access 1o the

resource arca and for the nght 10 harvest podules.
While the 1erms of such royalty payments are vel
16 be negotiated, an aflowance of 2.5 percent of

operating income wis included as an approsims-

tion of this expense.

Income Taxes. In this analysis it was
assumed that 1.5, tax and secounting standards
would be applied 10 the project because the
CIGOV's corparate tax policy tosvard this project
has not yet been determuned: The corporate
income tax rate used In this analysis s 33 percem
of txable incoms, calculated as follows:

Taxable Incoms =  Operafing Income
Net Interest Expense
¢ Depreziation

No allowsnce wan made lor withholding raxes
on expatriated dividends or on nterestpayments,
nor for any tax holidays or other incentives which
might be negotiated with the Cook Islands
Government. Tax {osses are carmed forward for

five years belote they expire.

Depreciation. For tax purposes. the escalat.
ed project capital costs ate depreciated on an
sccelerated basis, nsing a 7-year recovery period
andd o Modified Accelersed Cost Recovery System
(MACRS) amorizanion schedule, as ts consistent
with US. depreclation rules for mining and metals
processing assets. For book Income purposes,
these assets have an assumied vselul life of 25 yeurs
and have been depreciated on a straight-line basis.

The Alterate Case resulis indicate that with
government payments and taxes included the pro-
ject s still viable. With an ROI of 17.3 percent
and an ROE of 2.0 percent., i would still be like-
Iy to anract potential mvestors. The minimum
DSCR i 134 percent in this case, and lenders would
continue to need (o evaluate the project’s credit
capacity in light of project-specific risks. For the
Alternate Case, the long-term price of coball rmoust
stay above $17.235 Gn April 1996 dollars) lor the
project to meet its debt service obligations:
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PROJECT

1

. The Cook tslands Deep-Sea Nodule Mining
Project cricompasses four phases. The current
idy represents Phase | of the project. Phase 11
el consist of exploration work at the 1argeted
arvest site, metatlurgical testwork on nodule
ples, and other tests 1o prove the viability of
rwwi g and matcrials handling methods. Ao
eluded in Phase 11 are the selection of a site for
‘e process plant and the completion of the per-
\mitting process. The basic and detall engineering,
pwell s the procurement, construction and pre-
operational testing sctivities, will fall wathun the
seope of the Phise 11l wark. Phase 1V will begin
weith the commencement of commerciat harves:-
jeag and plant operations. A bar graph type sum-
schedule ts presented al the end of this exec.
summary,

EXPLORATION AND TESTWORK

Thi= Phase 1T part of the project will consst of
t

The anea berdered by south latwudes 15° 300
md 16° 30", and west longitudes 159° and 160 15
- tobe mapped with o hull-mounted multibearm
. sonar system to establish a bathymetry map. On
hie badts of the generuted map, an area of approxi-
Smstely 1,100 km? (about 35 by 35 kilometres)
] be selected for deepowed vehicle mapping
wnd sonar hackscatter analysts to determine nod-
wie abundance. This area 15 esumated 1o suflice
fos harvesting nodules at the planned rae during
the first ten years of operations. Approximatcly
5 wet tons of nodules will be recovered from the
wvea selected for detatl mapping.

At twenty locations in the detail-mapped area,
ﬁmogmphs and video recordings wiall be pro-
suced 1o document the nodule densities for corre-

non with the nodule density diea derived frome
the backscauter analysis,

e e
il ‘1

IMPLEMENTATION

e

At five locarions [ the detall-mupped area,
core samples will be taken by multiple-core-type
samplers and the sediment examined for living
orgameme. At twa of the loeations, 4 ripod-
mouned instrument package will be placed on
the seabed for long-term observations,
Temperature, curreni and sediment load dam also
will be collecied and stoced.

No harvesting ever has aken place 1o recover
production-scale quaniities on a susinined basis by
the use of bottom trawls. For this reason, the pro-
posed harvesting methocl will be tested in a full-
scale eperation at the proposed harvesting area.

The harvesting vawl will be designed and a
one-quatier-scale model will be buih und tested m
an appropriate vest facility. After the tests. a full-
scale tawl will be bullt lor the trial harvesting. A
full-length cable, including an embedded electric
cable, will be purchased for the test harvesting,
The winch requited for the operation will be cus-
tomi-designed and built

A wrawler will be chartered for a penod of two
mionths plus transit fime o and from the harvest-
ing site, and will be outfitted with production-size
harvesting equipment, instrumentation and ausil-
lary equipment as required

It is highly probable that the chartered
irawler atready 18 equipped with a differential
GI'S. I not, the package will be purchased and
installed. A long-baseline locator system consis:-
ing of hyrdoacoustical transponders anchored on
the seabed, a battery-powered mstrument package
miunted on the trawd, i transponder and an HRP
400 processing unit located on the rawler wall be
purchases and installed to establish performance
parameters during the test hatvesting operation

A testing organization will be selected 10 per-
form nuneralogical exammnations on selected nod-
ules, Following these examinations, thermal pro-
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cessing tests will be conducted, followed by hydro--

metallurgical tests. Each ol these test senes would
be performed sequennially, as the outcome of one
would affect the substance of the following lests
‘The tests would be concluded with the producton
of a report containing the test results and recom-
mendations lor the processes, mcluding the
design parameters.

Within the Phase 1T program, the Owner will
evalunte the findings of the site-screening effon
conducted in 1he course of this study and imitiate
u detaited selection process with the ald ol project
personnel and a local consulnt. While the site
selection |5 in progress, the project team, Includ-
ing the local consultant, will assemble the data
required for the commencement of the permititng
process,

I the plant is to be located in New Zealand,
the documen “Assessment of Environmenial
Effects” will be prepared for the projea m con-
formance with the requirements of the Resource
Minagement Act. Applications also will be pre-
parcd and lodged with the reglonal and districy
councits for land use, mr discharje; water discharge
and water e consents, thereby starting the statu-
tary permitiing process. With proper preparaiion
and elose cooperation with the regional and dis-
trict cotmeils, the permitting process s expected
10 take 9 to 12 months to complete

At the end ol the Phase 11 work, the prefeas-
ibility study capital and operating cost estimates
will be updated to a (15 percent accuricy, using
informattan developed duning Phase 11, firm quo-
tations on vessels and major process equipment,
 firm consumables prices, and various site-specific
data.

A financial analysis and sensitivity studies will
be produced on the basis of the new estimates.
The updated repon will serve the purpose of
enubling the Dwner to make a rational decision

whether or not to proceed with project. Also, it
will aid in arranging linancing, should that he
necessary.

Basic enginecring will begim with 4 review of
the resulis of the exploration and testing progrm
On the basis of the review, a detalled engineering,
procurcment and construction program will be
developed.

Design critetia for the process. environmental
design, mechanical, civil, structural, electrical and
control sysiems will be developed. Project proce-
dures will be estahlished and published.
Spectfications and firm-price bid documents will
be produced for the major and long lead-ume
equipment. Price quotations will be obtained for
these lems, bids will be evaluated, and parchase
documents will be prepared.

Opnimization studies will be made regarding
the plant design as required and their resubs will
be used in firming up the plant design. The
mechanical and elecinical equipment lists will be
refined. General arranygement drawings, plot plan,

garthwork drawings, electrical one-line diagrams,

piping and instrumentation diageams and other
basic documents will be completed  During these
activities; construction specialisi= will be par of
the project teamn so as to ensure by their timely
mput that the conssruciability aspecis-of the plam
are \aken in1o account during thie deslgn,

DETAIL ENGINEERING, PROCUREMENT

During this period of the project, purchise
orders will be Issued for the equipment alreacly
hidd and evalumted, and work will proceed with the
detil engineermg. Procurement personnel will be
augmented to support the purchasing and con-
Leacimg activities:
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he construction of the project can be

ved by contracting all of the work and man-

g and coordinating the contraciors, or Bechiel

contract itema such as the mass earthwork,

Mg and roofing, underground piping, etc., and

wleiem all other work on a direct-hire basis.

P Baver armangement has several advantages,

main onc is that with the detail engineening

gl srocurement proceeding in parallel and over-
sng with construction, signtficant shortening

ke project implementation period can be

sehieved  Generally, o shortet implementation

wesind results in a sgnificant increase in the net

mesent value of the project.

During the entire basic and detail engineering
phuse of the project, project controls personnel
will be s integral part of the project team. Thelr
task will be 10 estublish a detsiled work plan snd
schedule for all aspects of engineering, procure-
ment and construction. Also, they will monicor
and repon on the adherence 1o the plan. They
will also monitor and repont on deviations from
the estimuted costs of the project and give tmely
notice when design, quantity or price changes
cuuse deviations from the project plan so that
steps can be taken to cotitrol potential slippages of
costs and schedule.

During the middle of the detail engineenng
elfort, specilists will join the project 1o establish 4
program for preoperational testing and identify the
reed for training future plant operators. They will
ot il ghoukd the Gainee o esiee: hald
tralning classes for the aperating personnel.

:
L
t
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Project Implementation Chart

. 1ONH i 1!!? 1994 1049 2000
Py 0@ 30 30 40 |70 30 20 40 |10 30 J0 40| YO 30 30 40 |10 @O0 I 4Q
i 1
PHASE I & st 09 - oA i - TR
PHASE | PREFEAKIGIITY STUDIY  pe— !
FPHASE I = STLUDY _]_
(cennographic Esploration |
Metalirgicsl Testword —
Tesi Harynnting |
Teawt thezig s il b ? |
'Wioazhy chrtsipii mel bt i E———— 1
b b i ——
] e
I bage ap ey ——
Sile Selection and Mermitiing . —
Fensibiiny Biudy Updntn H —
BHASE I - ERL
Enginpermyg ——
Protuytemam —_— .
Conatruslinn | . |
o | o . .
W : \ A —
— e
e T ———
¥ La¥ . —
|
i —_—
! | [ *I
¥ 1 *
il ! e
LR = .
17 : La 3

24

Cook Islands Deep-Sea Nodule Mining Preleasibllility Study Eneculive Summary




