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1. INTRODUCTION

ShelPac has undertaken to provide Canadian Javelin Limited with a pre-
Timirary arm's length pipeline tariff based on a reasonable rate ov

return Jor the pipeline owners, an estimate of the comparative cost for

the rail system and sufficient economic information and discussion to
erable the total transportation system fto be examined and incorporated into
yvodr overall project. The report includes a careful definition of the

boundary conditions assumed in the stuady.

Xilborn Engineering Cempany Limited and Dravo Company Limited have been
engaged by Javeiin to prenare the preliminary designs and cost estimates
ctf the milling and peilezizing pliants respectively. ShelPac has maintainec
close liaison with both Kilborn anc Dravo to ensure that a co-ordinated

and complete system aralysis 1S prasented,

Technical feasibility of iron ore slurry pipelining has been well proven
by several years successful operation of the Savage River iron ore pipe-

iine in Tasmania. The proposed pipeline is considerably larger than this

N N G O R N G SN RS O R N S

or any otner slurry pipeline now 1in operation and is located 1n 2n area
of ruggec terrain and severe climate. However, these factors are not

expected to affect the technical feasibility of the project.

SHELPAC
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I1. SUMMARY

This study is based on moving 9.0 million lonc tons per year (MMLTA) from
the Julian mine and 3.C MMLTA from the Star-0'Keefe mine to a pelletizing
rlant at Pte. Noire. Project 1ife is assumed to be 30 years. A table

showing system highlights of the base case follows this summary.

T-a preliminary arm's length tariff for each year is $2.90 per lorg ton,
i.e., $35.0 million. To compare the total cost to Javelin of the pipeline
and rail transportation alternat. es, the cost of the additional milling
operations reauired by the pipeline must be added to this pipeline tariff.
These costs are $4.9 milijon for capital and 3¢/LT for operating and

maintenance and have been included in the mill estimates submitted by Kiloorn

An estimate has been made of competitive rail costs, assuming that the
julian concentrate prcduction would be moved over the Quebec Nortn Shore
and Labrador Railway and the Star-0'Keefe concentrate production would be
moved over the Cartier Railway. The estimated capital costs to Javelin are

530.9 million and the annual costs are ecstimated to be $34.8 million.

The total pipeline cost to Javelin should be relatively constant over the
1ife of the projeci because of low labour and maintenance costs. We antici-
nate that rail costs will escalate to a greater degree. However, we have not
considered rail escalation in comparing total Javelin costs. Tne cost
estimates used are the most reasonable that carn be made at this time and can
e modified in whole or in part by general escalation depending on the fiming
of construction.

II Engineering.
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The comparative costs to Javelin are summarized in the following tabie:

Capital Annuzi Costs
(£ Millions) ($ Millions/Yr.)
Pipeline 4.9 35.0

Rail 30.9 34.8

Tctal present value cost to Javelin by pipeline s lower than that by rail

ove: @ range of discount factors. For example, the present value cost

II szving ranges from $18.0 million to $25.0 million at discount rates of 13%
!E to 15%.
&t
ii PIPELINE SYSTEM HIGHLIGHTS
SIZE
-
Lengths & Pipe Diameters 52 miles 8 5/8" )
EE /3 miles 16" ) 294 miles in total
169 miles 18" !
il Iron Concentrates throughput 12 million long tons p>r annum
Water Throughput 95,000 Barrels/Day or
il 2,300 Gallons/Minute
gg SERVICES
Pump Stations 10
Pumping Load 42 ,000 installed horse. er
Peak power demand 25,000 KW
Employment 50

SHELPAC
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IPELINE ECONOMICS
Capital Cost to Shipper $4.9 million
Tariff $2.90/LT over life
Economic Life 30 years

RAIL SYSTEM HIGHLIGHTS

_-—_-—.-—_—-_—-lﬂ——-_—--———-—-—-_-_-

SiZt:

Length of Movement:

- Star-0'Keefe to Pte. Noire 273 miles

- Jjulian to Pte. Noire 283 miies

New Spur Trackage Required 40 miles
Number of Railway Cars Leased 700

COSTS:

Capital $§30.9 miliion
Annual charges & costs $34.8 million

SHELPAC
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IIT. CONCLUSICNS & RECOMMENDATIONS

A. Conclusions
This preliminary study indicates that a pipeline system can move the
Javelin production to a pelletizing plant at Pte. Noire at a lTower

total present value cost to Javelin than by rail over a range of

discount factors.

B. Recommendations
1. Discussions should be npened with the railway companies to establish
whether improved rail rates can be negotiated. At the conclusion of
these negotiations, the comparative economics can be re-evaluated

and a final economic analysis prepared.

2. Consideration should be given to a larger project capable of moving

‘ron concentrates owned by others to achieve economies of scale and

further reduce shipping costs.

3. A review of effects of pipeiine ownership by the mining company should

be made as a result of changes in tax legislation introduced by the

Minister of Finance on June 18, 1971.

-
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IV. DISCUSSION

A. BASE CASE PIPELINE

1. System Description

The pipeline system consists of slurry storage at each mine site,

a gathering system, trunk line, terminal slurry storage and water

ciarification.

The pipeline gathering system consists of 73 miles of 16 inch pipe
running south from Julian and 52 miles of 8 inch pip#2 running south-
east from the Star-0'Keefe 1mine to a junction near the Moisie River
and Riviere aux Pekans. The trunk 1ine from this junction toc the
pelletizing piant site near Pte. Noire consists of 169 miiles of

18 inch 1ine. More complete details, including a system map, are

given in Appendix A.

To produce slurry suitable for pipelining, the secondary grinding
operation normally associated with the pelletizing plant 1s located
at the mine site, and is integrated with the milling operatior.
Thus, the mining company will deliver a prepared slurry to surge
storage for the pipeline and the slurry preparation normally
associated with a pipeline is an integrated part of the mill

operation. This has been proviced for in the economics.

The nipeline terminal will consist of slurry storage and water
clarification facilities. Custody transfer of the 1ron concentrate
sturry to the pelletizing plant wili occur at the outlet of the

pipeline slurry storage; the delivered concentrates will meet

SHELPAC
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the pelietizing plant feed specifications. The water will be removed

by filtering in the pelletizing piant and returned to the pipeline

company for clarification and disposal in the St. Lawrence River.

2. Pipeline Economics

The average over 1ife pipeline cost to Javelin will include the

preliminary arm's length tariff of $2.90 per long ton plus additional

cest of grinding which is included in the miiling operation for

comparative purposes, i.e. 54.9 million and $0.03/LT.

B. RAIL TRANSPORTATION

1. Rail System Description

To develop rail costs for comparison with the pipeline, it has been

assumed that the Julian concentrate will be moved over the Quebec
North Shore and Labrador (QNS&L) Railway and the Star-0'Keefe
concentrate will be moved over the Cartier Railway. In the latter
case it is also assumed that the Cartier Railway will have been
extendea to Mount Wright prior to development of Star-0'keefe and

that onily a 7 mile spur line to Star-0'Keete is required. A 12

mile spur 1ine will be reguired to ccanect the Julian miae to the

Northern Land Co. Railway and thence to the Q.N.S. & L. It has been

assumed fow capacity scur lines to supply the mines would be required
if the pipeline system is installed and thus only the incremental
costs for nigh capacity lines are charged to the rail system. See

Exhibit C-3 in the Appendix.

SHELPAC
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Rail transport would move the concentrates in coarse, dry form,
thus drying facili*‘es to reduce the moisture content to less than
1% are required at each mine and regrinding facilities are required

at the pelietizing plant. Rail car loading and unloading facilities

as well as extensive yard trackage are also required at each terminai.

The pelletizing plant is assumed to be at Pte. Noire and the Julian

production wili be moved over the “rnaud Railway with a shori
extension to the plant. The Star-0'Keefe production, however, will
require a 20 mile spur from Port Cartier, the fuil cost ot which

must be charged to the Star-0'Keefe operation. Appendix B provides

a more datailed discussion of the rail system,

Ra1l System Costs

Following is a summary of the rail system costs covering those

facilities ard services which provide processing, storage and

transportation eguivatent to those associated witn the pipeiine.

Details of the development of these costs are presented in Appendix C.

RAIL SYSTEM COST ESTIMATES

Capital Annual Charges and Costs
($ Millions) S Millions

Mine processing & terminals 9.3 2.7 0.23
Rail car leasing - 3.1 0.26
Rail transportation - mines to
Pte. Noire - 28 .4 2.37
Spur line costs {incremental) 15.0 (incl. in 3) {incl. in 3)
Rail terminal & regrind
facilities 5.6 0.6 __0.05

TOTAL $30.9 $34.8 $2.91

SHELPAC
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C. COMPARATIVE ECONOMICS

A comparison of the costs to Javelin by the tws modes of transport

must include charges for equivalent processing and terminal operations
at the mines and pelletizing plant, in addition to the transportation
tariffs or rates. These are presented on the following table and are

developed in more detail in Appendix D.

TOTAL COMPARATIVE COSTS TO SHIPPER

Pipeline Rail
Lxpenses Expenses
Capital & Tariffs Capital & Rates

($ Millicus)y (S, .T) (S Miilions) (S$/LT}

Mine Processing & Terminal 4.9 0.03 9.3 0.23
Rail Cars - - - 0.26
Rail Transport - ~ - ' 2.37
Rail Spurs ' - - 15.0 -

Pte. Noire Terminal - - 6.6 0.05
Pipeline Tariff - 2.90 - -
Total 54.9 $2.93 $30.9 $2.9]

A complete economic analysis and comparison of the above costs must take
into account the shipper's cost of money and tax position. This information
is not available to ShelPac for this study, but a preliminary comparison

of overail zosts can be made by developing the present value of total

costs before taxes at various discount rates. Such a comparison indicates
that the nresent value (P.V.) cost by rail exceeds the P.V. cost by pipe-

1ine by . _unsiderable marqin over a wide range of discount rates.

SHELPAC
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Exhibit D-2 is a graph showing this difference “n present vaiue cost vs.

discount rale.

=7

SENSITIVITY ANALYSIS

1. Throughput

In accordance with the terms of reference set out by Javelin, the

effect on the base case of variations in throughput nave not been

evaluated in this stage of the study. An alternate casz serving

the Julian mine alone at 9.0 MMLTA is evaiuated in the following

section (E).

2. Capital and Operating Costs

The cost estimates used tc derive the pineline tariff are the most
reascneble that can be made at this time, considering the preliminary

nature of the study. Pipeline construction represents the largest

single item in the capital cost. Banister Pipelines Limited has

estimated the accuracy of their estimate to be within plus or

minus 15%. It is our opinion that the actual cost will be laower

than the estimate used due to the possibilities of findirg a shorter
route, as well as lower unit construction costs. These Jower COSis
can however be offset in whole or in part by ¢eneral escalation

depending on the final timing of construction.

An alternate pipeline project has been evaluated in which a direct pipe-
1ine is constructed from Julian to Pte. Noire to deliver 9.0 MMLTA only.

A more complete description of this project is provided in Appendix E.

I! E. ALTERNATE PIPELINE PROJECT

SHELPAC
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The comparabie rail system will require a capital investment of $14.6

miltlion and rail transportation rates plus operating and maintenance

costs will be $25.8 million per year.

ihe gifferences in present value of costs to an independent shipper by
pipeline and by rait vs. discount rate are shown in Exhibit E-2. The
pipeline 5 more exp2nsive than rail, up to & discount rate o7 15%.

-

The pipeline 1s 1&ss expsansive when the Jdiscount rate is in excess of

18%. Further details of this case with cost estimates are included

in Appendix E.

e

POSSIBLE PIPELINE OWNERSHIP BY JAVELIN

Possible benefits could accrue to davelin if the pipeline assets forred

an integrated part of the assets of the overall mining company. However,

the proposed tax legislation introduced June 13, 1971 by the Minister of

Finance needs to te thoroughly analyzed before the magnitude of any

possible benefits can be calculated.

SHELPAC
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V. OTHER CONSIDERATIONS

There are a number of other factors which will have a bearing on the

economics, planning and development of this project which shculd be

considered.,

1. Potential Tor Additional Threughput

There eppears to be considerable potential for additional throughput
beyond the 12.0 MMLTA on which this study is based because of the
extensive ore reserves in the Labrador trouch and the world-wide
demand tTor steel. Some of the existing mines in the area are now
being expanded and plans have been announced for development of
several new prope:ties. In particular, it is understood that

U.S. Steel is now planning development of the Mt. Wright property

at a rate of some 16.0 MMLTA. This property could readily be served

by the < urry pipeiine.

Capacity of the pipeline couid be increased at relativeiy nominal
cCost, mainly because constiruction costs constitute a very high
proportion of the capital cost. These are due to the severe terrain
(80% rock) and will not increase substantially as pipe size is
increasad. When coupled with the normal economjes .t scale, pipe-
line tariffs coulc be lowered substantially as capacity and throughput

are ncreased nrovided an extended gathering system is not required.

2. pPelletizing Plant Site
T

his study is based on the assumption that tne pelletizini plant

will De located adjeacent to tne Pickands Mather plant at Pte. Moire.

SHELPAC
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Alternate locations between Pte. Noire and Port Cartier would have
1ittle effect on the pipeline costs but may have a more significant

effect on the rail system costs.

Ene. gy SUEET 1es

This study is based on the assumption that electric power, supplied
by Quebec Hydro and Newfoundiand Power Systems will be used at all
pump stations, and that Guebec Hydro will require a contribution of

$9.0 million towards the capital costs of transmission lines and

substations.

It 1is suggested that LNG and diesei fuel be evaiuated as alternate
energy sources for the pump stations. Either of these fuels could
be delivered to the pump stations by a small pipeline along with
the slurry 1ine and such a pipeline could also be usea to supply

tte same fuel to the mines and to townsites.

Technical Factors

Technical feasidility of slurry pipelines has been well proven in
the past few years, but there are certain factors which will f*quire
extensive ,tudy before firm commitments are made to proceed with
detailed engineering desigr.. These are discussed in the appropriate
sections of the project description in Appendix A and it is antici-
pated tha* these studies would be part of a more detailed technical

deveilopment of the project. The principal studies will inciude the

following:

SHELPAC
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a) Slurry design optimization.

b) Route studies including ground temperature surveys and evaluation

of alternate methods of construction.

¢} Internal corrosion control.

g

SHELPAC
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' -1 - APPENDIX A

BASE CASE PIPELINE

1. Introduction
The slurry pipeline system is designed to transpori iron concentrates

from the Julian mine and the Ster-0'Keefe mine to a pelletizing ptant

and port facility at Pte. Noire.

Exhibit A-1, A-2 and A-3 are maps of the pipeline route, pelletizing

piant location and port fTacilities.

Exhibic A-4 is a simplified Flow Chart of the miliing, pipeline and
peiletizing operations. This exhibit sets out the components which

are included in the pipeline project.

AV

-

E

E

2

B

B

R

|

g

inroughput

ji The total througnput of 12.0 MMLTA of dry iron concentrates was suggestea
hy Canadian Javelin on the basis of estimated core reserves at both mines

‘i and a 30-year project 1ife. Economics are based on delivery of 9.0

!' MMLTA from the Julian property and 3.0 MMLTA from the Star-0'Keefe

|

i

3

|

i

)

property. It is also assurad that these rates remain constant through-

out the project lite.

)

Mill Faciiities
Tne milis for both mines, designed by Kilborn Engineering, inciude
grinding and screening facilities to produce a concentrate siurry

naving a size distribution and concentration suitable for both pipeiine

transport and for pelletizing.

SHELPAC
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The first stage at each mill involves autocgenous grinding, classifi-
cation, tailings removal and dry storage. The second stage encompasses
secondary grinding, top size control, and slurry surge storage. In

a raii system, this second stage, or regrind operation is normally
located at the pelletizing plant, but for the pipeline system 1t has
heen transterred to the mine site to produce concentrate suitable for
pipelining. Screens nave been added for positive top size control and
the circuits are designed to deliver slurry at the pipe.ine ccncen-
tration of 30% by volume. Custody transfer of the slurry from the mili

to the pipelina takes piace after the mill slurry surge tark.

4. HMWater Supply

Water requirements are 71,000 barreis/day (B/D) at Julian and 24,000

Star-0'Keefe and Leila Wynne Lake Tor Julian. The supply systems for

tre mills and the pipeline wiil be integrated.

5. Sturry Preparation
Q1urry pDaration

bs indiceted above, the primary preparation process is integrated with
the mine mill and prepared slurry will be deliverec fo the pipeline.
Sturry preparation by the pipeiine is therefore reduced tc a final
adjustment of concentration togetner with custody transfer me=asurement,
and a final check of slurry properties. Corrosion inhibitors will

also be added. These operations will be fully instrumented ana carried

out automatically.

' B/D at Star-0'Keefe. Tuttle Lake will be used a, water supply at

SHELPAC
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6.

Siurry Storage

Slurry storage will be required at various points on the pipeline

system to provide operating surge capacity and for emergency situations.

Vertical steel tanks will be used for suirge storage, equipped with

mixers to maintain the slurry in suspension and to prevent particle

size segregation. Preliminary planc do not include insulation and

neat.ing of these vesseis.

Julian mine: onipeline slurry storage at this mine will pe 40,000
bbls. which is the equivalent of 8 hours throughput. This will
allow Tor a potential shut-down of two of the eignt regrind mills

for approximately one day.

Star-0'Keefe mine: pipeline slurry storage at this mine will be
15,000 bbls. which is the equivalent of 8 rours tnroughput. This
will allow 7or a potential shut-down of one of the three regrind

mills for approximately one day.

Junction: 30,000 btls. of slurry storaye capacity is proposed at

the pipeline junction tc provide approximately 7 hours capacity for

Julian production or 21 hours for Star-0'Keefe preduction. It is
assumed that the production ot both mines will pe blended at this
junction, and tnat operating conditions in the trunk iTine can be
aajusted for short term operation if either of the gathering legs

is not operating.

Pte. Noire Terminal: 50,000 bbls. of slurry storage will be
proviaed at tnis terminal which is equivalent to approximately

8 hours of pip~l ne throughput.

SHELPAC
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/. Pipeline Route

A preliminary route selection which basically followed the St. Marguerite
River was presented to ShelPac by Canadian Javelin prior to the commence-
ment of this study. Upon completing a fixed wing aobservation and a
topographic stucy, it was decided that alternate routes should be
examined in an attempt to find a shorter route which would involve

less rock and fewer river crossings.

An alternate route was selected on the basis of a study con 1:50,C00
scale topographic maps which appeared to be approximately 10k shorter
than the initial Canadian Javelin route. Both routes as well as the
area surrounding were examined and a third alternative, which 1S a
combination of both aforementioned routes was selected. 1Thi1sS route

appears to nave the advantages of relatively lower rock bilasting,

than eitner of the previousiy selected routes. Pipeline construction

engineers from Banister Pipelines Ltd. participated in this scouting.
g P P d

Final route selection will of course depend on much more detailed
studies and surveys. Because of tne large amount of rock, pipeliue
construction accounts for over 40C% of the total cost of this project.
cxtensive analyses of alternats routes and types of construction will
be well justified. The need for grade limits and potcatial power
cdevelopments by Quebec Hydro on the Ste. Marguerite River are two

additional factors requiring considerable study.

g&. Slurry Design

For the purpose of slurry design, the concentrate is assumed to be

!! consiruction material availability, accessit 11ty and nence [ower cost

SHELPA .
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100% specular hematite with a specific gravity of 5.28. The volumetric

throughput, however, is based on an average S.G. of 5.15 assuming 5%
silica content. Analytical studies indicate that the particie size
distribution for pipelining should be 100% -200 mesh and approximately
95% -325 mesh. Dravo has advised that this is satisfactory for
pelletizing although it is somewhat finer than normal pelletizing plant
teed. Additional costs of the finer grinding are included in the
estimates. It is assumed that inherent magnetism, chemical reactivity
with water, and physical attrac.ion between particles (e.g., cementation

or flocculation) are negligible.

1o ensure predictable shut-down and stari-up behavior, it has been
assumed that pipeiine grade wiil be Timited to aporoximately 10% to

minimize siumping of settled material during a shut-down period. More

9. Pipeline System Design
a, Pipe Specificaztions

The pipeline will be fesigned i.. accordance with CSA Code Z-183

with modifications as necessary for high pressure slurry service.
High strength steel line pine with welded joints will be used
throughout and the design for this study is based on API Grade

5L X-60 pipe. The system will be hydrostatically tested to 1.25

times maximum operating pressure for 24 hours before being placed

in service.

! recent research on slurry design indicates that this 1imit may be relaxed.
Y s
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R e

b)

Corrosion

External pipe corrosion will be prevernted with coating and

wrapping of all buried i1ines supplemented by cathodic nrotection.

Internal pipe corrosion will be controlied by adjusting the

siurry pH and the use of 1nhibitors if necessary. FPipe erosion

is not anticipated. An extensive corrosion testing program

would be carried out as part of a more detailed technical develop-
ment to clearly detine the corrosivity of this slurry and to

develop a corrosion control program.

Hydraulic Design

ExXh1b1t A-5 15 & table showing specitications of the slurry and
ot the system and Exhibits A-6 and A-7 are schematic drawings

snowing system throughputs and pump station loccations respectively.

Line sizes have been selected hased on a preliminary optimization
of line siZe, pumping reauirements and concentration with critical
velocity as an overriding variable. A uniform concentration of
30% by volume has been used throughout the system for this study.
rrogressive reduction of concentration along the line due to
addition of Tiushing water at each pump station will be considerec
in the final engineering designs but preliminary hydraulic analyses
indicate that the selected iine sizes will accommodate these

variactions.

SHELPAC
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The systam is designed feor pump discharge pressures of 2,000 psi
maximum with minimum suction pressures of 50 psi. A tapered line
de<inn has been used throughout to produce the most economical system,
although this restricts the fiexibility for future expansion. Tne
basic svstem includes a very limited amount of spare capacity but
operation at less than design rates can be accommodated Dy reducing

velocity or concentration, or by operating intermitiently.

Hydraulic design for this study has been based on an average line

temperature of 40°F. This 1is a conservative assumption as it 1is

1ikely that feed to the pipeline will be at about 70°F ana caicuiations

indicate that the average i(ine temperature will be well above ground

temperatures due to th: ~‘atively high friction losses. Future

studies should incliude ground temperature st+veys and determination

of heat transfer coefficients to confirm these calculatiors.

¢) Power Supply

It is assumed that all pump stations will be electiic drive supplied

from the Newfoundlarnd Power system at Julian and Quebec Hydro at all

other stations.

e) Construction
Preliminary criteria for line construction have been established to
obtain costs estimates for this study and these were prepared by
Banister Pipelines Ltd. As indicated elsewhere, however, line

construction represents a major portion of the project costs and

T )
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extensive study of alternate methods of construction 1s recommended.
The alternate methods would include surface Tines covered bty a soil

berm and insulated 1ines supported above ground.

55 0ER a 68

Line design must be such that freezing will not occur if a forced
shut-down occurs in cold weather. This problem will require
extensive study in future stages of the project but there are a
number of factors which indicate that the effects on economics or

feasibiiity of the croject will not be significant:

(i) Construction astimates are based on 30 inches of cover.

L

Although normal ground temperatures at this depth are seldom

below 25°F, the Tine operating temperature 1s indicated to

be in the 40°F to 50°F range dus to the relatively high
friction losses. A "neat sink" will thus be built up around
the 1ine which will reqguire an extended time to drop to
freezing when the line is siaut down. In areas where the
depth of cover must be relaxed, insulation or other methods

of preventing Treezing can be used.

(i*) Power supply reliability should be hign, minimizirg the cnances

of power failure with extended shut down periods.

(ii1) Water supplies will be available at key points on the sysiem

to continue pumping wnen slurry is not available.

e . - ™
. )
. L
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f) Pumps

The pumps used on the main lines will be triplex reciprocating
plunger type, operating in parallel. The plunger type is selected
because of the high operating pressures and the plungers will be
flushea '/ith water to minimize plunger and cylinder wear. One
spare machine wiil be installed at each station and at least two

of the pumps at each station will have variable speed drives.

Centrifugal ocumps will be used for low pressure recircuiating and

cnarging service.

Pump stations will be fully noused and heated and will be cesirned
for remote control unattended operation. Station piping will De
designed Tor tight Tine operation and will inCiude suction and
discharge pulsation controls. Provision will De made for automatic
flushing o7 pump fluid ends on snut-down. Water suppliies for

this service as well as for plunger flushing have not beenr cefined
at this stage of the study, jut iocal wells, streams or partial

decanting of the slurry could be used.

10.  Silurry Separation zand Recovery

The pipeline will deliver slurry at 30% concentration by volume (70%
oy weight) to the pelletizing plant filtering process. The filtrate is
routed To an enciosed, heated settling tank. The fines reclaimed from

tnese tanks can be recycied through fines filters.

1. Auxiliary Services

A private micro-wave system 1s included to provide continuous, high-

SHELPAC
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speed communications and supervisory circuits between Star-0'Keefe,
Julian and Pte, Noire as well as all pump stations. The Pte. Noire

Termitel is tentatively proposed as the head operating off:cCe and

dispatch centre.

Maintencnce bases are jncluded at both mine sites as well as at Pte.
Noive and it is assumed that pump stations will generaliy be serviced
py air. Uiving accommodation for ail staff has aiso bzen included 1in

the capitai estimates.

i2. Construction Timing
Exhibit A-8 is an Arrow Diagram showing a tentative schedule Tor this
project. This diagram does not represent a formal CPM or PERT analysis,
but it indicates that the overall time required to develeop and construct

the project will be approximately three years subject tc some 3seasonai

Povier svstem construction is the critical activity on this schedule,
followed by communications, supervisory control and pump station
censtruction. O0Obtaining the Certificate of Public Convenience and
Necessity is 21so on the critical path and it may be necessary to make
commitinents aon such items as the power system before the Certificate

1s Obtained.

Two pipeline construction crews will be required which wiil work in
various areas of the 1ines depending on the szason. The southern end
of the trunk line which involves considerabie rock along the

Ste. Marguerite to approximately 100 miles north of Pte. Noilre can

SHELPAC
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be constructed in the spring and summer months. The northern end of

the trunk line which is not along the Ste. Marguerite, and the zwo

branch lines which are generally in muskeg can be constructed in the

winter months when the muskeg is in a frozen condition.
Constructicon access roads will be maintained from the twe mine sites

Access to the move southerty portions of the route will be maintained
vear-round from Sept-Iles or according to the working access required.

Land transport will generally be used for pipe, sauipment and supplies

and aircraft or helicopters for personne'l transpecrt.

!I to the winter construction areas during the winter eason only.
Right-of-way grading and clea:-ing will commence in the winter from the
! dabusn area to the junction point, then down the trunk leg and to the

Star-0'Keefe mine simultaneously. In the first summer season, gradina

and access development will commence from Pte. Noire up the Ste,

Marguerite River making full use of the navigability of the river when

ngssible.,

SHELPAC
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CANADIAN JAVELIN IRON CONCENTRATES PIPELINL

BASE CASE -~ SYSTEM DESIGN SPECIFICATIONS

ine Section

s N

Length (Miles)

Cutside Diameter (Inches)

Average Wall Tnickness (Irches)

Concentration (% Vol.)

perating Veiocity (Ft./Sec.)

O

Critical Velocity (Ft./Sec.]

oressure Drop (PSI/Mile)

Number of Pump Stations

Total Installed E.P.

Julian

Branch

73

15.000

0.284

30

4.6

60

10,180

Star-O'Keefe

Branch

52

8.625

0.2380

30

6.5

170

6,730

Exhibit A-S5

Tyrunk Line

169

18.000

0.29

30

5.8
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APPENDIX B

RAIL SYSTEM DESCRIPTION

1. Introduction
To develop rail shipping costs for comparison with the pipeline 1t 1s

assumed that the Julian production will be moved via the Quebec North

S 6 & S P

Shore and Labrador Railway (QNS&L) and Star-0'Keefe production via the

Cartier Railway. In the latter case it is also assumed that this rail-

way will have becn extended to the Mount Wright property of U.S. Steel

orior to development of Star-0'Keefe. The following paragraphs discuss

deteils of facilities, rates and costs for the complete rail systems

and cxhibit B-1 is a flow sheet of the system using rail %transport.

Throughput

Rail costs have been developed on the same basis as those of the pipe-

Ii 2.

line; i.e., 9.0 MMLTS from dulian and 3.0 MMLTA from Star-0'Keefe,

both to the same pelletizing plant at Pte. Ngire.

3. Mill Faciiities

The mills for botn mines include autogenous grinding circuits, spiral

2

concentraticn, cycioning and tailings disposal. The coarse concen-
trates wili be filtered to 4% moisture and then dried io 1% water
content Tor open car shipping. 1he drying stage in the rail case 1S
a major aiifcrence between the pipeline and rail material preparation

operations. It represents a substantial cost which must be chargea

against the rail operation.

4. Raii Car Loading & Unloading

Cry concentrate transfer conveyors, storage silos and car loading bins

* g .
i . . .
- - -
' -
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are required at each mine site. In addition, 5 miies of yard trackage
will be required at Julian and 3 miles at Star-0'Keefe for car locating

and switching.

At Pre. Noire car unloaders, conveyors, and concentrates storage will

be reauired as well as 5 miles of yard trackage.

(n

Rall Routes

a) Juliarn Production

To transport the 9.0 MMLTA production from the Juiian mine to Pte.

Noire, movement on three railways and one spur line is required.

The mine will be connected to the Narthern Land Company Railway

El by a new 12 mile spur line. The route then will be 12 miles along
this Julian spur, 28 miles from the spur junction along th2 Nortnern

qa Land Company Railway to the Ross Bay Junction on the Q.N.S. & L.,

s

220 miles down the Q.N.S. & L. from the Ross Bay Junction to tne
'A Arnaucd Railway Junction and 23 miles on the Arnaud systam to the

pelletizing plant at Pte. Noire including a 1| mile extension to

enter the unloading area. Thus a total of 283 miles travel 1s

required.

D) Star-0!'Keefe Production

Trhe 3.0 MMLTA production from the Star-0'Keete mine is assumed to

i

i

B

II pe transported on the Cartier Raiiway system including a proposed

Ii extension from Gagnon to Mount Wright. For this study, 1t i1s further
assumed that the extension will be constructed and available for

I! use prior to start-up of the Star-0'Keefe mine. The production

i

SHELPAC
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would take the following routve: 7 miles on & connecting spur line

to the Mount Wright Railway, 56 mi 4 aleng The Mount Wright system

to the Cartier Railway near Gagnhoit, "7 miles rom Gagnon to Port

Cartier along the Cartier system and 20 miles from Port Cartier

to the pelletizing plant at Pte. Noire along a new spur line. Hence,

a travel length of 273 miles in invoivec.

6. Ra1l Operations
I .t 1s assumed that modern unit train operations will be used on each

system with direct hauls from mine to pelietizing plant. Intermediate

switching of locomotrives and crews should not be reguired at rail company

transfer points. It is assumed that the principal operating railways, the

Q.N.S. & L. and the Cartier Raiiway will orovide locomctives, Crews, anc

fuel as well as all other incidentai operating costs for the complete

operation.

car Regulrements

t is assumed that 100 car unit trains wiil be used, consisting of

. —
~J

100 ton open top cars. 7Turn around time 15 estimated to be 48 hours.

Julian production will therefore require 300 cars and Star-0'Keefe

tnrougnput will r=e ' a minimum of 167 cars. Allowing for dowa time

and maintenance, etc. a total of 700 cars is assumed fo be required.

The tariff rates for the Q.N.S. & L. Railweay, the Carti-r Railway,

Iﬂ the Northern Land Company Railway and the Arnaud Railway are all set
on the basis of cars supplied by the shipper. Economics nave been

I sased on these cars being leased. A comparison of ieasing vs. owning

tne cars wouid be the subject of a more detaiied study.

! SHELPAC
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8. Concentrate Preparation for Pelletizing

Uniike the pipeline transportation case, the concentrate regring

operation is located at the Pte. Noire terminal. The coarse matcerial

!I will be vesiurried using water from local sources. The slurry produced

is then pumped to the regrind circuits with no top size control units.

The fine grind slturry is then filtered, the cake from which is conveyed

to the peliestizing plant storage bins. The filter effiuent is recycled

to the sluyrying tanks. This system uses an open, t0arse grind emer-
gency storage whereas the pipeline system employed a slurry surge

storage.

SHELPAC
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RAIL SYSTEM COST ESTIMATES

Ratl system costs to move concentrates from the mines to Sept-Iles
include rail rates plus the cost of rail system extensions and rolling
stock and aiso include processing and terminal facilities which are

necessary. These costs have been developed as follows:

1) Processinag & Terminal Costs: Exhibit C-1 shows details of the mine,
pelletizing and terminal facitities which must be chargad to the
rail system to provide processing and transportation equivelent to

that of the pipeiine.

2) Rail Transportation: Exhibit C-2 shows the rail rates which have
been used To cover locomotives, ftuel, labour and track maintenance
and for lines owned by other cumpanies, track amortization is also

included. The costs are developed as follows:

a) Q.N.S. & L. - §1.72/L.7T. in accordance with the published tariff
for 9.0 MMLTA.

D, Nortnern Land Co. Railway - 28¢/L.T. as reportea by Javelin.

¢} Arnaud Railway - 26¢/L.T. as reported by Javelin.

d) Cartier Raiiway - =agnon %o Port Cartier - $1.80/L.7. estimated

at 9.5 mils per ton mile which is equivaient to Q.N.S. & L. rate

for 3.0 MMLTA.

e) Cartier Railway - Mt. Wright to Gagron - 50¢/L.7T. estimatea on

basis of 10 mils per ton mile which is eauivalent tc rates reporied

for Northarn Land and Arnaud Railways.

f) Javelin spur lines - as these lines will be con. ‘ucted and owned

by Javetlin, rail rates do not include track amortization and have

theretore been estimated at 5 mils per ton mile. For simplification

1T is assumed that the rates include track maintenance.

SHELPAC



SCANNED IMAGE

-2 -

3) Rail spur costs - these lines have been estimated to cost a total
of $500,000 per mile. The full cost of the 20 mile spur from Port
Cartier to Pte. Noire is charged to thé rail system as the concen-
trates are the only traffic which would move over this line and the
1ine would not be required for the pipeline system. The spurs to
the mines, however, wcuid be required tor both the pipeline and rail
systems, as they would be used to move mine supplies. A heavier class
of construction would be necessary for the rajl system to handle the
unit train operation znd the incremental cost of this nigh.r grade
07 construction 1s cnarged to the rail system. The charges are

1isted on Exhibit C-3.

o
— gt

Rail cars - are assumed to be leased at rates shown in Exhibit C-3.

SHE LPAC
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CANADIAN JAVELIN IRON CONCENTRATE PIPELINE

PROCESSING AND TERMINAL COSTS -

Julian (9.0 MMLTAD

Filtering

orving

pen Storage

~oad-Qut Silos

Yard Track and Switching

¢ )

tar-0'leaefe (3.0 MMLTA)

ol iy S

rilterinc

Drvilg

<mén Steorage

oad-0ut Silos

Yard Track and Switcning

Pte. Woire (1z.0 MMLTA)

Czx Unloading

Lmergency Storage

Surge Bins & Convevoers
xXe-Slurrving

Yard Track and Switching

TOTAIL RALL SYSTEM TERMINAL COSTS

RAIL. SYSTEM

CAPITAL
(SO00)

Q00
1,460
1,130
2,150

500

6,140

340
750
c00
1,170
300

3,160

1,900
1,960
1,74C

500

500

6,600

15,900

Exhibit C-1]

OPERATING &
MAINTENANCE _

(5C00/Yx.)

140
1,600
20
200
30

1,990

50
530
10
100
20

710

26
110
120
80
30

500

3,300
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CANADIAN JAVELIN IRON CONCENTRATE PIPELINE

RALL TRANSPORT/ATION RATES

Exhibit C-2

RAIL LINE LENGTH RATE
(Miles) ($/L.T.)
Julian tc Pte. Noire
Julian Mine t©o Northern Land Co. Railway 12 .06
Nortnhern Land Cco. Ry. to Ross Bay Junction of Q.N.S. & L. 28 .28
Ross Bayv Junction Q.N.S.& L. on to Arnaud Ry. 220 1.72
Arnaud Railway to Pte. Noire 23 . 28
Pte. Noire Spur 1 0l
TOTEL 284 2.33
Star-0O'Keefe o Pte., Noire
Star-0'Keefe Mine to Mount Wright Junction 7 .03
Mount wWrignt Railway Junction o Cartier Ry. Co. at
Gagnor 56 .56
cartier Ry. Co. at Gagnon to Porr Carcier 1380 1.80
Port Cartier tc Pte. Noire 20 .10
TOTAL 273 2.49
e p— e ————
annual crniarge for Julian = 2.33 X 9.0 MMLTA = $20.97 million
Annual cnarge Zor Star-0'Keefe = 2.49 x 3.0 MMLTA = $ 7.47 million

Total Annual Charge

Average Unit Rate

$28.44 million

28,44
12

= $2.37/L.T.

SHELPAC
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Julian Spur - 12 miles 6,000
Arnaud Spur - 1 mile 500
Star-0'Keefe Spur -~ 7 miles 3,500
Port Cartier to Pte. Noire

- 20 miles 10,000
TOTAL 20,000
Note:

Exhibit -3

CANADIAN JAVELIN IRON CONCENTRATE PIlPELINE

RAIL SPUR CAPITAL COSTS - $000

Total Cost

3,000
250
1,750
10,000

15,000

Incremental Costs Charged to Rail Svster

Rail spur maintenance 1s included in the rail transportation estimates.

RAIL CAR LEASING & MAINTENANCE COSTS

Total cars reguired -
Leasing charge -~
Maintenance Cost -

Total Charge -

Annual charge for 700 cars

3,115,000

Unit charge =~1i?565?555

700
$3,250/car/year
$S1,200/car/vear

$4,450/cax/year

700 x $4,450 = $3,115,000/vear

$0.26/1long ton.

SHELPAC
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Economic Analysis

1. Assumptions

a) Income tax rate is 52% throughout project 1ife.

b) Economic 1ife is 30 years.

c) Project has no salvage or going concern value at end of the 30

year life.
d) A1l capital expenditures occur in the twelve month period preceding

start-up.

e) Operating and maintenance costs are constant throughout project

1ife.

f) A separate company will be incorporated to construct and operate

g) Tariff rates for bgth pipeline and raijl are on the basis cf dry

concentrates (less than 1% moisture,;.

h) Pipeline and rail costs do not include any allowance for material

tosses.

i} Line fi11 will be provided and owned by the shipper.

2. Comparison of Costs to Shipper by Pipeline and Rail

A comparison of the costs to an independent shipper by the iwo modes
of transport must include charages for equivalent processing and trans-
port operations at the mines and pelletizing plant in addition to the

transportation tariffs or rates. The costs of these additiconal facilities

———_

E the pipeline.

have been developed by Kilborn Engineering and Dravo and are 1included in
their estimates of the mine and pelletizing plant facilities. They are
included in this report only for the purpose of providing a clear com-

ll parison of the economics of the total pipeline and rail systems.

SHELPAC
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Exhibit D-1 shows a comparison of the details of the overall system
costs by the two methods of transport. Exhibit 0-2 is a graph showing
the present value cost tc shipper vs. discount rate Tor the two systems

of transport and Exhibit D-3 is a table of the same information.

SHELPAC
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CANADIAN JAVELIN PIPELINE PROJECT

PIPELINE & RAIL COST COMPARISON

COst Ltem

Mine Frocessing & Terminal

Drying
Covered Storage
Qoen ztTorage

Load-Cut 5i10s

Classificetion o Size Control
Yard Trecxk & Switching

TOTAL

1 ¢

TAR-~C "XEZITE

Filtexing

Dryinc

Coverss Storage

Cpen Storage

Load-out Silus

Classificeation & Size Control
Yard Track & Switcning

TOTAL

Pipeline Tariff

Felletizinyg Plant

-

Terminal & Processing

Total Cost to Shipper

Sase Case

Exhibit D-1

PIPELINE RALL
Operating Operating
Capital & Capital &
Maintenance Maintenance
($00Q0) ($000/yx.) ($000) \S000/vr.)
120 20 400 140
- - 1,460 1,600
1,480 40 - -
- - 1,130 20
- - <, 150 200
1,200 200 - -
- - 500 30
3,400 200 6,140 1,990
50 7 340 50
- - 750 530
750 20 - -
- - 600 10
~ - 1,170 100
700 73 - -
- - 300 20
1,500 100 3,160 710
- - - 3,115
- - - 28,410
- - 15,000 -~
- 35,000 ~ -
- - 0,600 000
¢,9200 35,360 30,900 34,825
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SHELPAC RESEARCH B DEVELOPMENT LTO,
CANADIAN JAVELIN
[RON CONCENTRATE PIPELINE

TOTAL PRESENT VALUE
COSTS TO SHIPPER

—_—

PIPELINE - RAIL

BASE CASE

Juiyg T

12.0 MMLTA

EXHIBIT D-2 ;
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SCANNED IMAGE

oS &

-l-l-'-.'
Coe h R

Discount
rRate

o%

10%

15%

20%

25%

PIPELINE AND RAIL CGiIPARISON - BASE CASE

e s s e S S, ' Sy S e

TOTAL PRESENT VALUE COSTS AND

PLYELINE SAVINGS TO SHIPPER
($ Millions)

?.V. P.V.

Cost Cost

Rail Eépeline
580 562
377 355
279 254
224 199
190 164

CANADIAN JAVELIN IRON CONCENTRATE PIPELINE

P.V.
Saving

Exnibit D~3

Plpeline

18
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- -1 - APPENDIX E

ALTERNATE PIPELINE

1. Pipeline Description and Costs

An alternate case has been evaluated in which only the Julian production

would be inoved by pipeline, Throughput js assumed to be 9.0 MMLTA, and

the pipeline route is identical to that of the base case except that

tne Star-0'Keefe branch is eliminated. Terminal and processing facilities

at Julian are the same as in the base case but the pelletizing dlant
facilities have been reduced to 9.0 MMLTA capacity. This system will

require 242 miles of 16" pipeline.

2. Raill System

The rail system for this alternate case is idcntical to the rail system
cerving Juiian in the base case. The costs are taken directly from
previous appendices except for the capital cost of the termina: and
procassing facilities at Pte. Noire. The estimate of $5.2 million has

been developed for a 9.0 MMLTA capacity plant fro.. the estimate of $6.6

s

million for a 12.0 MMLTA plant.

3. Economic Analysis

l' Economics of this case have been developed in the same manner as that

ii of the base case.

4. Comparative Cost to Shipper

Exhibit E-1 is a summary table comparing the total costs to an independent

st.ipper by pipeline and by rail for this alternate case. Exhibit E-2

shows the present value of the costs vs. discount rate in tabular form.
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! - Exhibit E-1

CANADIAN JAVELIN TIRON CONCENTRATE PIPELINE

ALTERNATE PIPELINE CASE

COMPARATIVE COSTS TO SHIPPER

L
1' . .-
- *
L3

PIPELINE RATIL
Capital Operating Capital Operating
($000) ($/LT) (SO00) ($/LT)
Julian Terminal & Processing 3,400 0.03 6,150 .22
Rail Cars = - - - 26
Raill Transport - - - 2.33
Rail Spurs - - 3,250 (incl. in 3)
Pte. Noire Terminal & Processing - - 5,200 0.06
Pipeline Tariff - 3.05 - -
TOTAL 3,400 3.08 14,600 2.87
l SHELPAC
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CANADIAN JAVELIN IRON CONCENTRATE PIPELINE

e e W

PIPELINE AND RAIL COMPARISON -~ ALTERNATE CASE

TOTAL PRESENT VALUE COSTS AND

PIPELINE SAVINGS TO SHIPPER

?.V. P.V, P.V.
Discount Cost Cost Saving
Rate Rail Pipeline Piveline
5% 422 441 (19)
10% 271 278 (7)
15% 193 199 (1)
20% 157 155 2
25% 132 128 4

Exhibit E-~2
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