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1. SUMVARY

The 1Inuvialuit Petroleum Corporation (IPC) is developing a
project to supply Tuktoyaktuk wi th natural gas from a shallow
formation discovered by recent wells drilled by ESSO et al near
the community. The proposed gas project wll consist of the
foll owi ng conponents:

1) Tre cquletion of two production wells by ESSO et
al, an

2) The installation of gathering lines, a glycol plant
(to remove water from the gas), a 4 inch pipeline
fromthe field to Tuktoyakt uk, a term nal in Tuk,
a propane/air mxture plant (as a stand-by) , and

a distribution system to residential and conmercia

users as well as the oil and transportati on conpany
bases and NCPC. Al of these facilities will be

owned and operated by the |PC
The I PC has carried out a nunber of prelimnary studies that
indicate the econonmic viability of the project. The I PC has al so
initiated discussions with regulatory and other agencies with the

obj ective of obtaining a gas franchise for the Tuk area, and t he

approvals required to build a gas transm ssion and distribution

syst em
The project is subject to the results of the 1985/86 drilling
season . Although gas has been discovered, the characteristics of

the present gas zones are not suitable for the gas project.
Acceptabl e gas reservoirs remain to be identified and may not be
f ound. However , the |IPC is proceeding wth technical and
economi ¢ studies so that a go/no go decision on the project can
be made as soon as possible after a possible discovery of

acceptabl e reservoirs during the next three nonths.



A scoping study (cost shared by the IPC and ESSO has been

carried out to narrow alternatives in certain areas and to define

the technical bases for the system Prior studies by the | PC
have investigated markets in sone detail, as well as npbst system
par aneters. These studies have indicated that natural gas can

pr obabl y di splace nost fuels wused for heating and power
generation in the Tuk area. IPC studies are now al so | ooking at
the possibility of wusing power generated with natural gas in
Tukt oyaktuk to supply all or part of the electricity needs of

Inuvik.

A Feasibility Stage has been defined for the project to be
carried out during the nonths of Mrch and April 1986. By My
15, 1986, the 1IPC hopes to have sufficient information from
ESSOS drilling activities and its own studies to nake a go/no

go decision on the project.

The timng 1is primarily set by [imtations on
transportation in the Arctic. The | arge pipeline needed for the
transm ssion line nust be noved north by barge before freeze up
this vyear in order to neet the target start up date of 1987.

Field and term nal nodul es and distribution piping are also
needed before break-up in 1987. ESSO nmust be notified by July 1
in order to «carry out well conpletions over the winter of
1986/87 to allow start-up in 1987. Any delay in this schedule
will delay the project by one full vyear.

It is hoped that the regulatory requirements (permts and
heari ngs) for this relatively snmall system can be synchronized

with this schedul e. It is unlikely that a go/no do decision can



be taken without the principal approvals being in pjace

This proposal is being presented to all of the relevant
agencies in order to start the process of obtaining the franchise
agreenent and the various approvals required. It sunmmari zes the
work done to date and indicates further work planned as part of

the feasibility studies. The main studies carried out to date
are attached as Appendices and referred to in the proposal
The proposal summari zes the concepts in the follow ng form
--Gs Supply
--Proposed Service Area
--System Design and Construction
--Market Estinmates
--Capital Expenditure Forecasts
As further studies are conpleted, the information supplied
on each of these subjects will be nodified and expanded and peyw
informati on added in order to conformto the requirenments of 4
regul atory bodies (see for exanple, Appendix 8: “ @ui del i nes for
Distributor Applicants in the Matter of an Application for a
Franchi se to Distribute Natural Gas in the Town of Hay River,

MM,“)

2. GAS SUPPLY
The proposed system to supply natural gas to Tuktoyaktuk, is
outlined in Figure 1 and is discussed under the follow ng topics:
--source of the gas
--field facilities
--pi peline

--distribution




--appl i ances
--service
--new custoners

2.1 SOURCE CF GAS

Natural gas for local use would be produced from relatively
shallow Tertiary gas rich formations in the Wst Tuk or Mayogiak
fields. These formations appear to contain appreciable reserves.
The gas is alnost entirely nethane--the |ightest hydrocarbon--
with no poisonous hydrogen sulphide or other inpurity Trequiring
renoval , other than traces of water vapour. There are no heavier
hydrocarbons present that mght tend to separate out in pipelines

and equi pnent .

The gas lies bel ow pernmafrost and special techniques wll be
used to insure that wells do not freeze up as the gas rises to
the surface.

The pressure of the gas in the formation is approximtely
7500 kpa* nore than sufficient to nove the gas through treating
and pipeline facilities to town.

ESSO et al are carrying out a well drilling programin the
West Tuk and Mayogiak fields during the 1985/86 drilling season .
The results fromthis drilling program are needed to confirmthe
required reserves and the location of the production wells.

Possible sources of production are the H-22, D-n, orN-34
wells, where it is possible that gas may be found in shallow

formati ons. A second well will also be used as a source, to

*about 1088 psi.
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insure a high degree of reliability. Acceptabl e reservoirs and
specific wells have not yet been identified.
Subject to the required reserves being available, the | PC

has already concluded an agreement with ESSO et al in order to

have a first call for the local use of gas, LPG or condensates

( see Appendix 1). A gas purchase contract has already been
agreed upon (see Appendix 2) . These agreenents provide that ESSO
et al will own and operate the production wells and that the | pPC
Wi | | purchase gas at the well -head, before treatnent in field
facilities.

2.2 FIELD FACLITIES

Only renoval of water is required in the field and this wll
be achieved in a highly reliable, wel | proven glycol absorption
process. There will also be a back-up dehydration system in
case of nmintenance or other outage at the glycol system

Before entering the pipeline to town, the gas nust be
chilled to approxinmately -5 degrees C to prevent thawing of the

permafrost by the 25 degrees Cgas from the glycol system

Nor mal | vy, air cooling wll be used to achieve this, but a
refrigeration system will be provided for warm day use.
The well testing and related facilities will be operated in

a coordinated manner with autonatic shutdown of i ndividual wel |
syst ens, in case of energency. But as both wells will normally
be in operation, even when a well is shut down there will be no
stoppage of gas flow and the remaining well’s output wll be
increased to handle all demands until the other well is again on

line.



Prelimnary definition of the field facilities was done as
part of “Prelimnary Assessnment of Tuktoyaktuk Regi onal Nat ur al
Gas Supply Systent (see Appendix 4) and the Scoping Study (see
Appendi x 9) . Further work will be carried out as part of the
feasibility stage (see Appendi x 3).

2.3 PIPELI NE

As Map 1 shows, the 1¢6-12 km pipeline fromthe field to town
Wl | general ly paral | el t he exi sting I nuvi k- Tukt oyakt uk
electricity supply line; except that it will skirt the -eastern
corner of the Pingo Canada Landmark Site. The 4 inch line wll
be buried in the permafrost |ayer, and as noted above, the gas
Wil | be chilled to insure that no erosion occurs due to nelting

ice along the route.

The line will be designed. to Canadi an gas pipeline standards
W th speci al consideration of pernmafrost and other | ocal
condi tions. Canadi an pi pelines have achieved an enviable record

of reliability and such is anticipated here.

Canuck G E Engineering Ltd. has conpleted a pipeline study
for the IPC (see Appendi x 6). The line could be installed during
the nonths of February and March of 1987, wth testing and
conmmi ssi oni ng occuring prior to spring break-up. Techni cal
information on the pipe size and characteristics, mat eri al
standards used, etc. is given in Appendix 6.

A branch line to service the east side of the harbour,
specifically ESSO, is planned (see Appendices 9 and 16) .1t wll
probably cross near the proposed Reindeer Point bridge. If the
bridge were in place, this would | ower the costs of the eastern

connection substantially, by over $206,000. Further work on al



pipelines wll be carried out during the feasibility stage .

2.4 DI STRI BUTI ON

At the town end of the main pipeline, there Wil be a
t erm nal where the pressure will be let down to approximately
1802 kpa and odorant will be added. The anpunt of odorant added
Wil | be such as to allow the quick identification of any |[|eaks
(as natural gas has no snell). However , not enough is added to
create any concern or nuisance in normal operation.

The maj or custoners such as NCPC, DOVE and GJULF will receive
their gas at the 1600 kpa |level via buried pipeline, as certain
| arge demand devices require such a pressure |evel. For heating
devices it is expected that |arge users will convert to dual fue

(gas plus P-50 backup) burners.

It 1s anticipated that virtually all electricity needed in
the region will be generated through use of natural gas in lieu
of expensive present P-50 fuel. However, P-50 fueled generators
and an inventory of p-50 will be kept available in the unlikely

event that gas supply fails.

For commerci al and residential custoners a  buried, | ow
pressure distribution systemw]l| be provided. This system wi ||
be built as |oops whenever possible to allow short sections to
be taken out of service, for tying in new custoners, for repairs,
and to insure maximumreliability. Each customer will have his

own regul ator and neter.

2.5 APPLI ANCES
Many existing heaters will require replacenent and other

equi pnment using oil will need to be nodified to use gas. Within




the project, arrangenents will be made to supply and install new
appl i ances and nodify others. Appliances will also need to be
repaired. (Parts of these services may be subcontracted or
handl ed by others).
2.6. SERVI CE

Aside from appliance service, the gas utility operation wll
carry out all normal new construction and all but the nost major
repairs, in conjunction wth local contractors. A custoner
relations program will introduce new custoners to natural gas and
keep all custonmers up to date on the optinmum use of natural gas
and new devel opnents in the Tuk system The staff wll work
closely wth local contractors to insure that gas lines are not
touched by general construction operations.

2. 7. NEW CUSTOMERS

The entire systemis being designed to neet the needs of Tuk

for the foreseeable future. General ly, the field and pipeline
system are oversized for current demand |evels, including the
anti ci pat ed peak w nter needs. New wells and t r eat nent

facilities can be added as needed and new distribution |ines can
also be run as required. Initial distribution [Ilines in
resi denti al and conmerci al areas will be sized to permt new
custonmers along their routes.

3. PROPOSED SERVI CE AREA

The proposed gas sytemw |l provide service to all potentia
users in the Tuk conmmunity site and, wth the line across the
harbour, to the east side of the harbour, including ESSO S base.

Prelimnary studies concluded that the econom cs of

extending the systemto Inuvik were negative, al t hough further




consideration wll be given to the possibility as the project
devel ops and nore data is avail able.

4. SYSTEM DESI GN_AND CONSTRUCTI ON

Wiile gas pipeline construction in permafrost is far from a
normal event, experience has been gained in Canada, Al aska, and
the Soviet Union. Mich research has been done in the Delta region
on oil and gas lines in conparable conditions. Qperation of gas

distribution systenms in the northern parts of the prairie

provi nces al so provide rel evant experience. This is not to say
that the pipeline system will be conpletely straight-forward, but
rather to say that the challenges are known and wll be
respect ed. No maj or problens have been noted with regard to the

construction operations of the proposed system given appropriate
geotechnical and other relevent testing and anal ysis.
COGLA reqgulations generally set out codes and standards for

the portion of the system outside the urban area, referring to

.other federal and, in a few cases, Al berta codes and standards.

Canadian gasfields and pipelines have acheived a very high
standard of reliability, and experience gained will be fully
utilized, as appropriate.

General ly, f eder al st andar ds (Canadi an St andar ds
Associ ati on) will be followed relative to the distribution
system supplenented by provincial standards and other experience
as necessary. Where the presence of permafrost requires that
nodi fications be nmade, such changes will be reviewed with the
G\WI and/or federal officials as appropriate.

Wiile winter construction is planned for the nain pipelines,




summer or wnter construction nmay be used in town. The
contractors of the Tuk region have developed considerable
expertise in construction in the region, and it is planned that

their capabilities will be used to the fullest.

5. MARKET FORECASTS

An assessnent of the market for natural gas in the area has
already been <carried out ( see Appendix 7). This study
resulted in the following estimates of demand by sector for t he

initial year of the project, 1987/88.

000 M3/year Nurber of
1987/ 88 Connecti ons
Resi denti al
Housi ng Cor porati on 560 180
O hers 70 15
sub total 630 195
Conmmer ci al
Commer ci al 630 12
Gover nmrent 483 44
sub total 1113 56
| ndustri al
Dome 2814 1
@l f 1735 1
Esso 1300 1
NTCL 202 1
ATL 73 1
sub total 6124 5
NCPC 2734 1
TOTAL 10601 257

Gowh rates for the different sectors are estinated to be

approximately as foll ows:

Resi denti al 2.5%/yr.
Commercial & Gov't 1% /yr.
I ndustri al 0% /yr .
NCPC 4.0%/yr.

10
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The annual estimates for gas sales to the different
custoners are estimated in Table 8 of Appendix 7. For the base
case, this forecast assunes that alnost all heating and power
requi renents of the community of Tuktoyaktuk are supplied by gas.

NCPC now supplies the power requirenments for the conmmunity
of Tuktoyaktuk through a 69kv transmi ssion |line from InuviKk. The
reliability of this [line has been deteriorating and NCPC has
al ready been considering adding an additional 1.4MW of capacity
and generating all of the power required for the community in Tuk
itself. If gas were available at a substantial discount from
di esel, this would nake generating power locally even mor e
attractive.

Addi ti onal work is planned during the feasibility phase to
establish peak rates vs average and to determine the rate at
whi ch conversions w Il take place. In all cases, the penetration
rates could be expected to be rapid and high if the gas price is
attractive and facilities are available for quick and easy
conversi on. I n Tuk, the market is very concentrated in a snal
nunber of large users and the Housing Corporation

The major uncertainty in the market forecast is the future
| evel of oil exploration activity. The type of contracts that
can be obtained with the oil and transportation conpanies wll be
an extrenely inportant elenent in the overall viability of the
proj ect. Sone nethod nust be found to accommpdate the risks
associated wth supplying major users wth uncertain future

consunption patterns

11



6. CAPI TAL AND OPERATI NG COSTS

The following tables sumarize the prelimnary estimates of
costs for the design and construction of the systemand for its

operation, exclusive of financing costs.

(mllions 1986%)

Capital Costs
Field Facilities 1.3
Pipeline (Field to Tuk) 2.1
Pi peline across harbour (without bridge) .8
Di stribution 2.3
Appl i ances 0.4

TOTAL 6.9
Qperating Costs

Field Facilities and Pipelines 0.1
Distribution 0.7
TOTAL g.8

For further details on prelimnary cost figures see
Appendices 4 and 9. Al cost estimates wll be thoroughly
revised as part of the planned feasibility stage.
7.  TIMNG

The results of the wnter drilling season should be
avai |l abl e by March. If pipeline construction were started in

March, 1987, the transmission line could be in place by My 1987.
The distribution system could also be in place by that tine, if
regul atory processes do not cause any delays in design and
constructi on. Conversions could be expected to extend over a one

or two year period.

12



8. BENEFI TS FROM THE PRQJECT

This project will be of benefit to the |ocal population and
to governnents and private conpanies in several ways.

First, the project has the potential to provide |ower cost
fuel supplies to the community and the bases |ocated at Tuk. The
benefits could include |ower <costs for heating and power
generation by private conpanies and NCPC.

For ESSO et al, the project will provide an outlet for
relatively snmall quantities of natural gas in order to test
production procedures, and to obtain better data on reservoir
performance and gas quality.

Wiile this type of operation will not need a large staff,
t he system wll provide sone enpl oynent for managers,
admnistrative staff and skilled labour . Training wll be
provided to ensure that |ocal people fill these positions to the
maxi mum possi bl e extent. The project will also increase the need
for services from other local entrepreneurs and could provide a
nucl eus for other small industries.

The project wll provide an opportunity to test t he
regul atory procedures of different federal and territorial
agencies and their interaction. This could be of considerable
benefit to the larger projects that nmay take place in the future.

In the devel opnent of the project, the IPC is placing a high
priority on environmental protection. One of the advantages of
the project is tat it is confined to a small geographical area
where conditions can be carefully observed and noni t or ed.
Simlar operations on the A aska North Slope wll provi de

precedents and gui dance.

13
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time of conversion and the IPC shall assume such Working Interests including
all responsibilities for the development, production arnd sal e of 0il. The
| ands sO converted will include only the Spacing Units of the Wells to be
produced and the price on which the gross overriding royalty is calculated

shall be in accord with Clause 9.6.

35.9 IPC'S RIGHT TO MAKE INDEPENDENT OPERATION PROPOSALS - This Article
shall not in any manner restrict the ability of the IPC to nake Indeperndent

Operation Proposals pursuant to C ause 17.3.

ARTICLE XXXVI

LOCAL USE OF GAS, LPG AND CONDENSATES

36.1 ENTITLEMENT - The IPC is entitled to a first call for Local Use of
Gas, LPG and Condensates upon all or any part of the Non-As sociated (AS,
Associ ated Gas, LPG or Condensates produced for its account pursuant to the
Inuvialuit Share or any working or other interest that it mght have in the
Lease Area and upon all or any part of the Non-Associated Gas, Associated Gas,
LPG or Condensates that the Lessor is entitled to take in kind pursuant to the
Royalty rights setforth in Article XI. These amounts shall include any
Non- Associ ated (s, Associated Gas, LPG and Condensates that the IPC is
entitled to on the basis of any swapping or exchangi ng arrangements nmade with
respect to the Inuvialuit Share and other IPC Wirking Interests and the
Lessor’'s Royalty interests in the various Pools in the Lease Area. Were the

Local Use of Gas, LPG and Condensates requirements exceed production fromthe
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above sources, the IPC shall have the first right, upon giving the Lessee one

year’'s prior notice of its intentions, to purchase fromthe Lessee any:

(a) Non- Associ ated Gas or Associated Gas bei ng produced
from the Lease Area at a price equal to the Val ue
established in Cause 9.6 plus reasonabl e trans-
portation costs from the Measurenent Point to the

Delivery Point; and

(b) LPG or Condensates being produced from the Lease
Area at a price to be agreed upon. |n their
negoti ate-, the Lessee and the IPC shall attenpt
to establish the price for such periocds as agreed

upon at the highest of:

(1) the Average Price for LBPG and Condensates in
Ednont on, Alberta | ess reasonabl e transporta-
tion costs from the Measurenent Point to
Edmonton, Alberta; or

(i) the Average Price for LPG and Condensates at
any other location |ess reasonabl e transporta-
tion costs from the Measurenent Point to such
| ocation; or

(i) the costs of producing LPG and Condensate with

a utility rate of return on investment; or
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(iv) the energy equivalent of the highest price at

the plant gate for Gas in the Local Market Area.

Were the Lessee and the IPC cannot agree on the
price for LPG or Condensates on this basis, the
matter shall be referred to arbitration and the
arbitrators shall deternmine what the prices are for
items (i), (ii), (iii) and (iv) above and shall
establish the price for the LPG on Condensates as

the highest of these four prices.

36.2 NOTICES - Any notice required to be given pursuant to this Article
shall be in witing and shall include an annual schedul e of volumes to be
pur chased.

36.3 PURCHASE AGREEMENT - Upon the receipt by the Lessee of the IPC's

notice of intention to purchase Non-Associated Gas, Associated Gas, LPG or
Condensates pursuant to this Article, the Lessee and the IPC hereto agree to
forthwith enter into negotiations for a gas purchase and sal e agreement. |f
agreement cannot be reached, either the Lessee or the IPC may refer any matter
under dispute to arbitration and the arbi trators shall resolve the issues

presented t 0 them.

36. 4 LESSEE' S PRIOR RIGHT - The rights of the IPC set forth in this

Article are sub ject to the Lessee's prior right to use any Gas, LPG or



- 103 -

Condensates for its Petroleum Operations in the Lease Area when such

activities are an integral part of its Petroleum Operations in the Lease Area.

36.5 FLARED GAS - The IPC shall have the right to obtain any Gas, on an
as is or where is basis, the Lessee is flaring or intends to flare in
conjunction with its Petrol eum Operations at no cost to the IPC. However, the
right to obtain such Gas may be cancelled by the Lessee upon ninety (90) days
not ice to the IPC provided that the Lessee will immediately thereafter use the
Gas. At mo time will the IPC have any recourse against the Lessee as a result
of any reduction or termnation of the supply of such Gas occurring as a
result of a change in production scheduling nmade in accordance with good
oilfield practice, an equipment failure, an operational upset or any ot her
reason beyond t he control of the Lessee. In the event of a reduction or
termnation occurring, the Lessee shall use its best efforts to promptly
notify the IPC of the reduction or termination and make reasonable efforts to
restore the supply at an early date. The IX s entitlement to acquire Gas at
no cost pursuant to this Clause is subject to the exception that if the Lessee
iswilling to offer to supply Gas in commercial quantities for local use on a
regul ar basis, then the IPC is obligated to negotiate in good faith with the
Lessee in an attenpt to reach agreenent on a price to be paid by the IPC to
the Lessee for the Gas that it would otherw se have been entitled to acquire
hereunder at no cost. The IPC shall indemify and save harnless the Lessee
fromand against all losses, clainms and demands of any nature Wwhatsoever
arising fromor in any way connected with the use of such Gas obtained by the

IPC pursuant to this Cause 36.5.
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36. 6 RETENTION OF WELLS - \Were the Lessee has during the 1985/86 w nter
drilling season or thereafter identified Acceptable Gas Reservoirs (as
hereinafter def ined) in at least two Wells that are capable of being completed
as Gas Wells in the West Tuk Structure, the Lessee shall keep such Wlls in
good order for possible conpletion as part of the project for the supply of

Gas to the Tuktoyaktuk Area (the “Gas Pro ject" ). Acceptable Gas Reservoirs

shal | nean:

(a) reservoirs that contain Gas that wthout the need to
renove uneconamic quantities of LPG, Condensates, or
sulphuar can be used for the distribution of Gas in
the Ham et of Tuktoyaktuk; |

(b) reservoirs relating to each of the two Gas Wells
that have delivery capabilities sufficiently high to
enable the Lessee to commit to deliver a peak rate
of at least 40,000 miof Gas per day; and

(c) reserves relating to the Spacing Units for the two
CGas Wells that are sufficiently high that the Lessee
woul d be able to commit to deliver a total of at
| east 80, 000,000 niof Gas over the initial term
of the CGas Purchase Contract.

36.7 GAS WELLS - \Wells that can be conpleted as Gas Wells are Wlls in

whi ch Acceptable Gas Reservoirs have been f ound and:
(a) have been drilled as the first five Wlls of the

Lessee’s 1985/86 winter drilling season; and
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(h) any other Wlls which cannot economically be
conpleted as G| Wlls because of a |lack of a
substantial ©0il reservoir or for other technical

reasons.

Were nore than two Wells can be maintained for Gas Wells, the Lessee

shall keep the two Wells which are nearest to Tuktoyaktuk for the Gas Project.

36.8 GAS PURCHASE CONTRACT - The IPC shall have the right, at any tine
prior to Cctober 1st, 1994 provided this Lease has not been termnated, to

require the Lessee t0 emter into the Gas Purchase Contract (a copy of which is

g

attached hereto as Schedule “C’') (the “Gas Purchase Contract”) where:
(a) Subject to Cause 36.18, the Lessee has maintained
or should have nmaintained tw Gas Wells in
accordance with the provisions of this Article; and
(b) the IPC is prepared to commt to take or pay a
m ni mum vol ume of 7,300,000 niof Gas per year for
the years specified in the Gas Purchase Contract;
Provi ded, however, that where the IPC enters into the Gas Purchase Contract
after July 1, 1988, Clause 8.4 of the Gas Purchase Contract shall apply.
Furthernore, the Lessee shall take all reasonable efforts to maintain the Gas
Vel ls beyond July 1, 1988. However, here any Wll cannot be safely conpleted
beyond t hat date because of the deterioration of such Well, the obligations of
the Lessee with respect to the maintenance of such Wll shall term nate.

Where none of the Wells can be maintained past a certain point in time, the
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obligations of the Lessee under this Clause With respect to such Wlls shall
| apse. Furthermore, the obligation of the Lessee to maintain any Wlls beyond

July 1, 1988 shall cease upon termination of this Lease.

36.9 IPC TO PAY ROYALTY - Were the Lessee and the IPC enter in a Gas
Purchase Contract pursuant to Cause 36.18 hereof, the IPC shall be
responsi bl e forthe payment of Royalty. However, the Royalty will not be

of fset against the Advanced Royalty paid by the Lessee.

36. 10 ALTERNATE ARRANGEMENTS - In addition .to the obligations defi ned
herein, the IPC and Lessee may in good faith and within the principles herein
enunci ated, negotiate such additional or alternate arrangenents as they

subsequently agree will enhance the viability of the Gas Project.

36. 11 RESPONSIBILITY FOR COSTS - \Were the Lessee and IPC enter in a Gas
Purchase Contract pursuant to Cl ause 36.8:
(a) the Lessee shall be responsible for any costs
related to the engineering, conpletion, recompletion
where  required, repair and maintenance, and
operation of the Walls including the costs of the
wellheads and any tubing or subsurface equi prent,
any costs directly relating to the safe operation of
the Wells, abandonment and reclamation costs and any

liability relating to the Wells;
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(b) t he IPCshall be responsible for any costs relating
to the engineering, egquipping, repairing, replacing
and mai ntenance of any pipelines, gathering lines,
dehydrators, or any other equipment required for the
gat hering, processing, transportation and

di stribution of the gas, removal and recl amation
costs, any liability related to the equi pment owned
by the IPC, and any fees and rentals applicable to
the IPC's activities in relation thereto; and

(c) the IPC and the Lessee shall each be responsible for
fifty percent (50%) of any costs which relate to
both (a) and (b) such as energency shelter for
personnel, commmications and access fees and | ease
rentals for surface | eases containing the facilities

of both the Lessee and the IPC.

36.12 RESPONSIBILITY FOR OPERATING THE GAS PROJECT - The Lessee and the
IPC agree to share the responsibility for operating the Gas Pro ject in the
fol l owing manner:
(a) The Lessee shall operate the Gas Wells until such
time as the operatorship has been transferred to the
IPC in accordance With this O ause;
(b) The IPC shall be responsible for the operation of
the field facilities up to the point where the Gas

enters the Gas transm ssion pipeline except that the
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Lessee at the request of the IPC shall operate these
facilities under contract with the IPC for a period
not exceeding two years from the date Gas is first
delivered. The IPC shall be responsible for the
design and engineering of the field facilities for
which it is responsible.

(c) The IPC shall operate the Gas transnmission |ine and

the community distribution system

36.13 SUBSTITUTE WELLS - Wiere the Lessee has identified Acceptabl e Gas
Reservoirs but where the Lessee is unable to complete two Gas Wells for the
Gas Project for technical reasons or because of exceptionally adverse econonic
conditions in conparison with original predictions, and the IPC has made t he
commitment pursuant to Subclause 36.8(b) and has so notified the Lessee prior
to July 1lst of any Calendar Year, the Lessee shall have the option to provide
within the first winter drilling season follow ng such not if ication the
required substitute Well or Wells in order to deliver the mnimm volumes in
accordance Wi th the Gas Purchase Contract. The Lessee shall so notify the IpRC
of the Lessee's decision with respect to this option within three nmonths of

the IPC notif icat ion.

36.14 OPTIONS QF THE IPC - \Were the Lessee decides not to exercise its

opt ions to provide the substitute wellor Wells in accordance with C ause

36.13, the IPC shall have the option to either:
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(@) Request the Lessee to drill on behalf of the IPC and
at the IPC's cost the substitute Gas Well or Wells
within or immediately adjacent to the Spacing
Unit (s) of a Well(s) that encountered an Acceptable
Gas Reservoir. |If drilled, the Lessee shall remain
responsible for the costs identified i n Subclause
36.11 (a) and (c), and;

(i) |f one substitute Well is drilled, all Gas sold
under the Gas Purchase Contract shall be sold
at sixty percent (60% of the price stated in
the Gas Purchase Contract; and

(i) If two substitute Wells are drilled all Gas
sol d under the Gas Purchase Contract shall be
sold at twenty percent (20% of the price
stated in the Gas Purchase Cent ract; or

(b) make an | ndependent Operations Proposal pursuant to
a Development operating agr eement provi ded by O ause
17.3 herein; or

(c) in the absence of any such Development operating
agreement, request the Lessee to drill a substitute
Vell in a Spacing Unit which woul d not be classified
as a Delineation or Exploration Wel|l under the
Operating Agreenent and which would not be
immediat ely adjacent to the Spacing Unit of a Wll

which encountered an Acceptable Gas Reservoir. The
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proposal to the Lessee shall be made and revi ewed

and the participants in the Well determned in the

same MANner as participants are determined pursuant

to Article IX of the Joint Operating Agreenent.

When the participants have been determined they nay

request the Lessee to drill the substitute Well at

the sole cost of the participants. The

non-participants shall transfer to the participants

one hundred percent (100% ) of their interest in the

strata within the Spacing Unit above the total depth

of the Well. The Participants shall own the Wl

and shall be responsible for the drilling,

completion, equipping and operating costs of the

Vel | .

The foregoing substitute Well penalty provisions shall not pe

considered a precedent for negotiations wth respect to any Devel opnent

oper ati ng agreement.

36.15 REDUCTION OF LESSEE'S OBLIGATIONS UNDER GAS PURCHASE CONTRACT -
Wth respect to Subclauses 36.14 (b) and (c) hereof, where only one substitute
Vel | has been drilled and the IPC al so requests the Lessee to enter into the
Gas Purchase Contract to supply Gas fromone Wll that the Lessee has been
able tokeep and the Lessee is able to do so, the provisions of the Gas
Purchase Contract shall be in force except that the Lessee’s obligation to

deliver and the IPC's take or pay obligation shall be reduced by fifty percent
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(50%). Wth respect to Subclauses 36.14 (b) and (c) hereof, where two substi-
tute Wlls are drilled, the Lessee’s obligations with respect to the Gas

Project shall cease.

36.16 RENEWAL: OF GAS PURCHASE CONTRACT - (On or before a date two years

prior to the termnation or the anticipated termination of the Gas Purchase

Contract, t he IPC shall advi se the Lessee whether or not the IPC wishes to

enter into negotiations for the renewal of the Gas Purchase Contract and the
expected renewal term If the IPC wishes to negotiate such renewal the Lessee
shall forthwith make an estimate of the remaining Gas reserves that it expects
wi |l be producible fromthe Gas Wells after the termnation date of the Gas
Purchase Contract and of the deliverability of the Gas Wells during the
expected renewal term \Were the Lessee and the IPC disagree on the Lessee’'s
pro jetted reserves and/or deliverability, the matter shall be referred to

arbi trat ion. .

36. 17 ARBITRATION OF RENEWAL - Wiere the Lessee and the IPC agree or
where this matter has been resolved through arbitration, the Lessee and the
IPC shall forthwith enter into negotiations to renew the Gas Purchase Contract
for the expected renewal period or such shorter period as justified by the
deliverability and Gas reserves. |If one year prior to the termnation of the
Gas Purchase Contract, agreement on the terns and conditions for renewal has

not been reached, the matter shall be referred to arbi trat ion.
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36.18 DRILLING ADDITIONAL WELLS - \Were the Gas reserves or delivera-
bility of the Gas Wlls are found to be insufficient, the Lessee shall have
the option to drill such further Wells as may be required for the supply of
Gas. Where the Lessee does not wish to drill such Wells and the Lessee has no
other supply of suitable Gas which can be economically delivered, the IPC
shall have the right to drill such Wells pursuant to C ause 17.3. In the
absence of the Devel opment operating agreenent contenplated in Clause 17.3,
the IPC shall have the right to drill such WlIls pursuant to Subclause
36. 14(c) .
\\
36.19 ADDITIONAL VOLUMES OF GAS - Where the Gassupply to' the Tuktoyakt uk
area can be expanded because of increased demand for Gas, the IPC shall have
the right to obtain such additional Gas in the following mammer and in the
foll owi ng sequence
(a) The IPC and the Lessee shall evaluate whether such

i ncreased volumes can be supplied from the reserves

in the Gas Project Spacing Units, or any Gas that

may have drained into the Gas Pro ject Spacing Units,

and where suf f icient reserves are avail able the

volunmes in the Gas Purchase Contract shall be

i ncreased accordingly; or

(b) where such Gas reserves are not sufficient, the IPC

shall make an offer to purchase additional volumes

of Gas fromthe Lessee pursuant to O ause 36.1

herein provided such Gas can be delivered

econom cal ly; or
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(c) where t he Lessee does not have producing Gas Wlls
from which such vol umes can be obtained economcally
or does not intend to drill new Wells for the supply
of such volumes, the IPC nay propose to drill one or
mre Wells in the Lease Area pursuant to Clause 17.3
hereof. In the absence of the Devel opnent operating
agreement contenpl ated in O ause 17.3, the IPCshall
have the right to drill such Wells pursuant to

Subcl ause 36.14(c) hereof.

36.20 IPC'S OPTION TO OPERATE - The IpC shall have the option, with gne

year's notice, to operate the entire Gas Project,i ncl udi ng operating the as

Vel ls as contract operator for the Lessee. The IPC shall in this event bill

the Lessee for its share of the costs pursuant to Clause 36.11. The Lessee
agrees, if requested by the IPC, to negotiate a contract for the training of
personnel and transfer of know how and technology required for the safe and
prudent operation of the Wlls and field facilities. If the terns cannot be

agreed to, the matter wWill be submtted to arbi trat ion.

36. 21 RESERVATIQN FOR FUTURE USE - To the extent necessary, the Lessee
shall reserve the Gas in the reservoirs fromwhich Gas is produced for the Gas
Project outside the Gas Project Spacing Units for future use by the Gas
Project. Any Gas drained into any Gas Project Spacing Units, prior to the
Commercial Production of the Gas fromthe sane reservoirs for other purposes
shal| be deened to be owned by the Wrking Interest parties in the Gas Project

Spacing Units in proportion to their Wrking Interest.
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GAS PURCHASE CONTRACT

THI S CONTRACT nmde as of the day of i A.D.
(hereinafter called the “Effective pate")

BETWEEN:

THE LESSEE as defined in the LEaSE
(hereinafter called “Seller”)

- and -

T/ 5. INUVIALUIT PETROLEUM CORPORATION,
having an office at the city of Calgary, in
the Province of Alberta

(hereinafter called “Buyer”)

W TNESSES THAT:

WHEREAS it i s agreed between the Buyer and the Seller that the words
and definitions in this Gas Purchase Contract (the “Contract”) unless
otherwi se defined herein shall have the same meaning as the words and
definitions in the Lease, tc which the formof this Contract is a Schedul e;

AND VWHEREAS Sel ler is entitled to produce Gas from certain reserves
fromone or more Wlls in the Lease Area and has available for sale frem the
Wells certain volunes of Gas;

AND WHEREAS Buyer requires Gas for processing to obtain Marketable
Gas for distribution in the settlenent of Tuktoyaktuk and wi shes to purchase
Gas fromthe Seller;

AND WHEREAS Sel | er has agreed to sell Gas to Buyer from the Wl s,
in accordance with the terms and conditions hereinafter contained.

I N CONSI DERATI ON of the nutual covenants herein contained, it is
agreed as follows:




1. DEFI NI TI ONS
1.1 The following words and terms wherever and whenever used or
appearing in this Contract shall have the follow ng meanings:

(a) “Annual  Volune” neans a volume of Gas equal to the nunber of
Days in a Contract ear times the Daily Contract Quantity;

(h) “Contract Start Date’ mreans the date of first delivery of
Gas fromthe Seller to the Buyer;

(¢) “Contract Year’ means a period of twelve (12) consecutive
Mont hs begi nning on January 1, provided however that the
first Contract Year shall begin on the Effective Date and
end on the Decenber 31 next foll ow ng;

(d) ‘Daily Contract Quantity"means twenty (20) 103n3 per Day
during the termof this Contract;

(e) “Day" neans a period of twenty-four (24) consecutive hours,
begi nning and ending at 7:00 o’clock a.m Muntain Standard
Ti ne;

(f) “Deficiency Volume” nmeans the volune of Gas required to be
taken in a Contract Year but not taken by zuyer pursuant to
the provisions of this Contract;

) “Hypot het i cal Pipeline Length® means the total length in
meters rounded to the nearest 100 meters of a line
consisting of tw segments; the first segnent being a
straight line connecting the |ocations of the twoGas Vells
for the Gas Project ana the second segnment being a straight
line connecting a point at 133°00' west Longtitude/6%° 25
North Latitude (herein after the ‘Reference Point”) with the
location of the Gas Well closest to the Reference Point.
The lengths of the two segnents shall be obtained by scaling
using a 1:50000scale map showi ng the |ocations of the two
Gas Wl ls and the Reference Point;

h) “Maxi mum Daily Volune” ~.cans a volune of Gas equal to forty
(40) 103m3 per Day when the Seller has cne (1) Vell
operational and eighty (80) 103m3 per Day when the Seller
has two (2) Wells operational;

(i) “Mnth” nmeans a pericd beginning at 7:00 o'clock A M
Mountain Standard Tine on the first Day of a calendar nonth
and ending at 7:00 o'clock A°M Muntain Standard Tine on

the first Day of the next succeeding cal endar nonth;
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(i) “Party” or “Parties” means, as the context requires, Seller
and/ or Buyer;

(k) ‘Seller’s Reserves” means a portion of the Gas reserves

contained in that part of the Lease Area within which the
Seller is able to produce Gas from Acceptable Gas
Reservoirs. That part of the Lease Area containing Seller’s

Reserves will be outlined on a map and attached hereto as
Exhibit A upon the Effective Date;
(1) ‘Standby Fuel” nmeans Gas, Mrketable Gas or propane as

selected by the Seller and delivered to the Buyer in lieu of
Gas fromthe Acceptable Gas Reservoirs. Gas delivered as
Standby Fuel will be of a quality such that the Buyer can
produce a Marketable Gas;

(m) The term »103p3* shall nean one thousand (1,000) cubic
metres of Gas determ ned on the measureieant basis set forth
in this Contract;

(n) “Wnter Season” neans that period of time being five (5)
consecutive months beginning on the first Day of December

and ending on the last Day of April.

[, CouMMITHENTS OF THE PARTIES PRI OR 10 cas DELI VERY
2.1  Wthin the first Wnter Season following the Effective Date,

provided the Effective Date has occurred prior to July 1 of a cal endar year,
the Seller shall conplete two (2)Gas Vells maintained or drilled pursuant to
Article xxxvi of the Lease. \Were the Effective Date occurs on or after July 1
of a cal endar year, the seller shall conplete the two (2) Gas Wwells no |later
than the end of the second Winter Season following the Effective Date.

2.2 During the first and second Contract Years, the Buyer shall
construct and install the required Gas gathering and processing facilities,
Gas transm ssion lines and distribution systemfor the taking of Gas hereunder.

2.3 The Contract Start Date shall occur at the beginning of the thirg
Contract Year or earlier where the Buyer and Seller have insta’'led their
respective facilities and all preparations for the delivery “and taking of gas
have been conpleted to each Party’'s satisfaction and notice thereof has been

delivered to the other Party,



111. QUANTITY OF GAS

3.1 (a) Subject to the other provisionz of this Contract, during
each Contract Year frem the beginning of the third Contract
year, Buyer shall requsst, take and Pay for, or nevertheless
pay for, if available and not taken, the Annual Vol une;
provi ded however that where the Contract Start Date occurs
before the beginning of the third Contract Year the Buyer
may request during the period prior to the third Contract
Year volunes less than the Annual Volune but at rates up to
the Maximum Daily Vol une.

(b) When cal cul ati ng whether 3uyer has conplied with the Annual
Vol une obligation under this Contract, Buyer wll use the
greater of the volune of Gas requested by Buyer or the
voiume Of  Gas delivered by Seller to ELuyer. Such
cal cul ations shall be made on an annual basis.

3.2 Seller dedicates to the performance of  this cContract the Seller’s
Reserves contained in the Acceptable Gas Reservoirs within the Spacing Units
of the Wells conmpleted to supply the Gas required for this Contract and
covenants not to enter into any other contract for the sale of such Gas the
effect of which will prevent or jeopardize Seiler's ability to perform
Seller ‘s commitnment to deliver the Maximum Day Volume hereunde .  However, it
i s understood between the Parties that where the Gas reserves in the Spacing
Units become insufficient during the termof this Contract to meet the
Seller's obligations, the Seller shall be r:sponsible to nmake such alternate
arrangenents as may be necessary in order to neet its Contract obligations.

3.3 During the termof this Contract, Buyer shall have the right
during any Contract Year, after conplying with Buyer’'s obligation with regard
to the Annual Volune to recover any Deficiency Volume provided that Seller
shall not be obligated to deliver Gs in excess of the Maxi mum Day volume then
in effect.



3.4 Seller is responsible for the supply of Gas to the Delivery Point

(as defined in clause 6.1) as requested by the Buyer up to the Maximum Daily
Volume. The Buyer shall have in place measures to cope with GS interruptions
due to failures of its facilities for a period of 7 consecutive days of the
peak demand of its non-interruptible customers. Vhere the Seller fails to
supply Gas, except where the Seller’s inability to supply is as a direct or
indirect result of the Buyer’s operations or facilities, the Seller shall te
responsi ble for the supply of Standby Fuel to permit the Buyer to meet its
obligatinns to non-interruptible custoners. For the purposes of this clause
the Buyer agrees that its non-interruptible custoners shall be defined as only
those custoners in the comunity of Tuktoyaktuk using Gas for residential and
commercial heating; provided, however, that non-interruptible customars shall,
regardl ess of use, not include Northern Canada Power Conmission, Northern
Transportation Company Ltd. , Arctic Transportation Ltd., or any of their
affiliates, successors, or assigns. Furthernore, commercial heating shall not
include the use of Gas to heat industry work canps, the use of Gas for
Petrol eum Operations, or the use of Gas for industrial purposes.

If the standby Fuel is acquired fromthe Buyer by c¢he Seller, then
the Seller shall at its option

(a) Replace the Standby Fuel acquired by Seller from Buyer

within a reasonable time, or
(b) reconpense Buyer for the price of the Standby Fuel at the
Buyer’'s acquisition cost of the Standby Fuel
3.5 The Buyer shall have the right, fromthe Contract Start Date, to

purchase fromthe Seller and the Seller shall deliver to the Buyer each day
the volune of Gas required by the Buyer up to the Maximum Daily Volume during
any Day and the Annual Volunme in any Contract Year and the sSeller shall
deliver greater volunes if requested by the Buyer and if the Seller’s
Acceptabl e Gas Reservoirs and Wells are capable of delivering such additional
vol unes. Wiet her the Seller’s Acceptable Gas Reservoirs and ‘liens are
capable of delivering such additional volumes shall be determined in
accordance with clause 36.19 of the Lease.

During the initial termof this Contract the Parties may agree to
increase the Maxi mum bay Volume and the bpaily Contract Quantity where t

ne

ci rcunstances justify such increases.



I'V. QUALITY or GAS

4.1 Gas sold :ad delivered hereunder shall be in the condition in

which it is produced fromthe wells regardl ess of pressure, heating value,
constituent parts or inpurities, and formation water content except to the
extent that the Seller’s existing well equipnent is capable of controlling
said condition.

v. MEASUREMENT OF GAS
5.1 Al Gas delivered hereunder shall be neasured by a suitable neter

of standard nake to be furnished, installed and kept in repair by Buyer. The
amount of Gas so netered shall be determined in units of 1,000 cubic meters
103m3 at an absol ute pressure of one hundred one and three hundred twenty-five
one thousandths (101.325) kilopascals and at a tenperature of fifteen (15°)

degrees Celsius (exact to only one decimal pl ace). The nmeter shall e open to
in.pection at all reasonable tines by a representative of Seller in the
presence of a representative of Buyer. If any question arises as to the

accuracy of mneasurenent the neter shall be tested upon the demard of either
Party. The expense of any such test shell be borne by the Party demanding it
if the neter is found to be correct and by Buyer if found to be incorrect. A
registration Within 2% of correct shall be construed correct. Settlement for
any period of inoperation of inaccurate measurement shall be nmade in
accordance with the average readings taxen during the |ast preceding sixteen
(16) Days when the neter was registering accurately.

5.2 The standards of measurenent and tests for the Gas delivered
hereunder shall be governed by the regulations pronul gated by the governnent
agenci es having jurisdiction and where permtted thereunder, or where there
are none in place, by the practice recormended by the American Gas xssociation
whi ch the Buyer denpbnstrates to the Sellsr to be the nost appropriate for this
Contract. If the Parties cannot agree on the practices to be adcpted, the
matter shall be submtted to arbitration for determnation.

5.3 The Seller reserves the right at its expense to install its own

netering facilities.
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5.4 The Daily Contract Quantity, the Maximum Daily Volume and the
Price defined herein are based on a Gas with an expected gross heating value
of thirty six (36) megajoules per cubic neter. Where it is determ ned that
the Gas delivered by Seller fromthe Acceptable Gas Reservoirs has an actual
gross heating value different than thirty six (36) megajoules per cubic meter,
the paily Contract Quantity and Maxi mum Daily Volunme shall be adjusted in
direct proportion to thirty six (36) megajoules per cubic neter divided by the
actual gross heating value and the Price srall be adjusted in direct
proportion to the the actual heating value divided by thirty six (36)

megajoules per cubic neter.

VI, PO NT OF DELI VERY

6.1 For the purpose of this Contract the delivery point where the
Seller shall deliver Gas (the “Delivery Point”) shall be ‘the point where the
Gas first enters the Production Facilities of the Buyer.The Delivery Point.

will be i mmedi ately downstream of the Seller's wellhead. .

6.2 The delivery pressure of the Gas to be delivered under this
Contract shall be that pressure available at the wellhead |l ess line |osses
from the wellhead to the Delivery Point; provided however that such pressure
shall not exceed levels which the Production Facilities of the Buyer can
safely accommodate.

6.3 Possession of and title to all Gas delivered hereunder shall pass
from Seller to Buyer at the Delivery Point and until such delivery, Scller
shall be deemed to be in control or possession of, have title to, and be
responsi ble for such Gas, and after such delivery Buyer shall be deened to be

in control or possession of, have title to, and be responsible for such Gas.
VI1. TERM

7.1 This Contract shall be effective for an initial term(the “Initial
Terni) being the lesser of twelve (12) Contract Years fromthe Effective Date
or the end of the Month during which the cunmul ative deliveries of Gas by the
Seller to the Buyer have anmounted to 80 000 000 cubic neters.

7.2 This Contract may be renewed under ‘such terns and conditions as
are stipulated in the Lease.




VIIl. PRICE
8.1 Subject to clause 5.4 of this Contract, for the period conmencing
on the Contract Start Date of this Contract and for the balance of the Initial
Term thereafter, the price to be paid by Buver to Seller for all Gas purchased
hereunder shall be:
(a) thirty-five dollars ané forty-five cents ($35.45) per 103 ni
where the Hypothetical Pipeline Length is greater than ten
t housand (10 000) neters; or
(b) forty-five dollars ($45.00) Per 103p3 where the Hypot heti cal
Pi peline Length equals ten thousand (10 000) neters; or
(¢c) that price in dollars per 10333 as determined by the formula
L=low where the Hypothetical Pipeline Length is less than
ten thousand (10 000) neters
Price = 45.00 + (10000 - Hypothetical) x 0.0025
Pi pel i ne

Lencth

8.2 For any Deficiency Volume recovered, an adjustnent shall be paid §

to the seller by the Buyer for the difference between the price which was paid
for such Deficiency Volunme hereunder and the price required to be paid at the
tinme the Gas is taken by Buyer. aDeficiency Volume when taken shall be
deermed to be taken on a first in, first out basis (FIFO.

8.3 If any governnmental authority changes the basis or nethod of
measurenent of Gas delivered hereunder, not wi t hst andi ng anything herein
contained to the contrary, the price per 1033 for Gas purchased hereunder
shall be adjusted to conpensate for the change in the basis or nethod of
nmeasurenent, to the end that the total zmount of meney payable for volunmes of
Gas purchased according to the measurenent provisions set forth herein shall
remai n unaffected by such change.

8.4 \Were the Effective Date of this Contract is delaysd beyond
July 1, 1988, the price established in Clause 8.1 shall be increased by one
hal f of one percent (0.5% for each Month that the Effective Date is del ayed
beyond July 1, 1988.

ARt
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[ X. Bl LLI NGSAND PAYMENTS
9.1 Seller shall render to Buyer on or before the fifteenth (15th) Day

of each Month a statenent setting forth the quantity of Gas delivered by
Seller during the preceding Mnth and the total amount payable therefor.
Buyer agrees to pay Seller on or before the twenty-fifth (25th) pzy of each
Month the total anpunt payable for the quantity of Gas delivered by 3eller to
t he Buyer during the precedi ng Month, Each such pavment shall be made in
Canadi an funds by cheque drawn in Seller’'s favour and mailed or tendered to
Seller at 237 - 4th Avenue, S.W, Calgary, A berta, T22 gis, or at such other
place in Canada as Seller may designate by witten notice served by Seller on
Buyer . If Buyer fails to make any such payment, or any portion thereof, to
Seller when same is due, interest thereon may at Seller’s option accrue at the
rate of interest per annum which is two percent (2%)morethan the Prime Rate
and if such failure to pay continues for Sixty (60) days, Seller, in addition
to all other renedies, thereafter may suspend deliveries of Gas hereunder and
i f such default continues for thirty (30) additional days, Seller thereafter
may, in addition to any other rights Seller may have, ternminate this Contract;
provi ded, however, in order for Seller to have the rigint to suspend deliveries
or terminate this Contract, Seller nust first have notified Buyer in witing
fifteen (15) days prior to exercising either or both of such rights of its
intent to do so and give Buyer the right to pay the amount so due to Seller
within such fifteen (15) day period. Each party srall have the right to
inspect and examine at all reasonable times the records of the other party
pertaining to the purchase and sal e of Gas hereunder. zecords shall be kept a

m ni mum of three (3) cal endar years after any one Centract Year.

X. LAWS AND REGULATORY BODI ES

10.1 This Contract shall be governed in accordance with, and the right
and obligations of the Parties hereunder are subject to all applicable present
and future laws, rules, regulations and order of any legislative bodv or duly

constituted authority of the Northwest Territories "(NwTj".
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XL. FORCE M&JEURE

11.1 The provisions related to Force Majeure in the Lease shall apply
to this Contract. In the event of the occurence of a Force Majeure event, the
Annual Vol une shall be reduced by an ampbunt equal to the Daily Contract
Quantity times the nunber of Days during which the Force Majeure event
exi st ed. The Seller's obligation to provide Standby Fuel shall not be
abrogated by Force Majeure unless the Force Majeure affects the acquisition or
thedel i very of Standby Fuel.

X1, 1 NDEMNI FI CATI ON

12.1 Buyer agrees to indemify, protect and save harnmless Seller from

and «gainst any and all clainms, demands «.d liabilities of whatsoever kind and
nature which may arise out of or result fromor be directly or indirectly
attributable to the entering into or performance or non-performance of this
Contract by Buyer, or the use of the Gas acquired by the Buyer hereunder,
except where such damage, injury, claims, demands and liabilities arise
t hrough the negligence of the Seller, its servants or agents.

12.2 Seller agrees to indemify Buyer and save it harmess from all
suits, actions, debts, accounts, damages, costs, losses and expeises arising
from or out of adverse clainms of any and all persons to said Gas (except with
respect to the use thereof) or to taxes, 1licence fees or charges thereon which
are applicable before the title passes to Buyer or which may be |evied and
assessed upon the sale thereof to Buyer.

X1, M SCELLANEQUS PRCYISIONS
13.1 No waiver by Buyer or Seller of any default by the other under

this Contract shall be effective unless given in witing and no wai ver whet her
or not given in witing shall operate as a waiver of a future default whether
of a like or different 'character.

13.2 This Contract shall bind and enure to the respective successors
and assigns of the Parties hereto provided that neither Party shall assign
this Contract, other than to Affiliates, wthout the consent of the other,
whi ch consent shall not reasonably be wi thheld. No assignment shall release
either Party fromsuch Party’'s obligations hereunder withcut the witten
consent of the other Party to such rel ease. Not hi ng herein contained shall
prevent either Party from pledging or nortgaging its rights hereunder as
security for its indebtedness provided that the security holder agrees to be

bound by this Contract if it exercises its security.
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13.3 The headings used throughout this Contract are inserted for
reference purposes only, and are not to be considered or taken into account in
construing the ternms or provisions Of any Article nor to be deemea in “any way
to qualify, nodify or explain the effect of any such provisions or terms.

13.4 Every notice, statement or bill provided for inthis Contract
shall be in writing directed to the party to whom given, made or delivered at
such Party’s address as foll ows:

SELLER:

Bl | The Inuvialuit Petrol eum Corporation
Bow Val | ey Square #3
2080, 255 - 5th Avenue S.%.
Cal gary, Alberta
T2P 3Gé6

Any notice nmailed by registered nmail shall be deened to have been
given to and received by the addressee forty-eight (48) hours, excluding
Sat urdays, Sundays, and statutory holidays, after trhe mailing thereof, and in
the event that the sanme is delivered, as soon as such delivery has been nmde
to the Party's address as hereinbefore set out. Ei ther Party may change its
address by giving witten notice to the other Party.

13.5 No anmendnent nor variation of this Contract shall he effective or
bi ndi ng upon the Parties hereto unless it is set forth in witing and has been
duly executed by each of the Parties hereto by its respective proper officers
or authorized representative in that behalf.

13.6 This Contract shall supersede any other agreements or instrunents
oral or in witing between the Parties hereto relating to the sale and
purchase of Gas from Seller’s Reserves.

XV. ARBITRATION

14.1 The provisions regarding arbitration in the Lease shall apply to
this Contract.
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Xv. SELLER S RESERVATI ONS

15.1 Seller hereby expressly reserves unto itself, the right to operate
Seller's Reserves free from any control by Buyer in such a manner as Seller in
its sole discretion may deem advisable, and without linmting the generality of
the foregoing, to determine the manner in which the quantities of Gas to be
del i vered hereunder shall be produced by Seller and to use Gas produced from
the Acceptable Gas Reservoirs in Petroleum Operations in the Lease Area.

15.2 Seller may extract hydrocarbon constituents, other than mnethane,
fromthe Gas prior to delivery hereunder, and¢ shall have the right to renpve
such nmethane as is necessary to be renpved fromthe Gas in recovering other
constituents; provided that Seller in such processing shall not reduce the
.:0ss heating value thereof below thirty-six (325.00) megajoules per cubic
net.z.

15.3 Seller shall not be required by the provisions of this Contract to
produce wWells in excess of their respective allowable rates of flow as fixed
by law or regulatory bodies, or in excess of their maximumefficient rates of

flow as determ ned by Seller.

IN WTNESS WHEREOF this Contract has been properly executed by the Parties
hereto as of the date first above witten.

SELLER

BUYZR
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1.

INTRODUCTION

1. 01 Preamble

In exploring the Tuktoyaktuk field, Esso et al have found significant
gas/ condensate and crude oil reservoirs at depth, butshallow gas has
also been noted of a quality suitable for general use at the most
recent (°84/°85) wells. Preliminary studies to date indicate the like-
lihood of an economically viable local gas production/sales system for
the Tuktoyaktuk region.

Currently a scoping study - cost shared by Inuvialuit Petroleum
Corporation and Esso - 1is underway to narrow alternates in certain
areas and to define the technical bases for the system. Prior studies
by IPC have examined markets in some detail, as well as most system
parameters. These studies have indicated that the use of natural gas
can probably economically displace virtually all distillate fuels used
for heating and electricity generation in the Tuk area. Current
drilling will provide sound data on gas availability.

The deeper gas/condensate reserves appear to require large gas and
condensate markets for their successful exploitation. Such markets and
related pipeline systems to economically move the products, appear some
years off. Hence, the shallow gas represents the logical supply source
to the Tuk area.

The IPC has already initiated discussions with regulatory and other
agencies relative to being granted a gas franchise for the Tuk area and
in owning and operating the system, following purchase of the gas at
the wellhead from Esso.

The Feasibility Stage defined here carries on from the prior and
current work, and will start about the time that the current drilling
program will have provided the necessary data on shallow gas reserves
and their producibility.

Absolute reliability will be essential In a Tuk gas supply system.
While the component elements are generally standard, they are numerous.
The project is unique in the N.W.T. and the locale is a difficult one
weather and soil-wise. Hence, very careful planning is an absolute



essential - the Feasibility Stage is the most important part of that
planning in order that a viable, economically-attractive gas system
evolves.

1.02 Objectives

1.03

The Feasibility Stage will have two principal objectives:

I Provide economic and technical data for decision making -
to proceed, to wait, or to cancel, and

Il Move the project along at a rate that will allow gas to be
delivered to virtually all areas of Tuk by September,
1987, recognizing barge transport windows in the
summer/early fall of 1986.

The overall cost estimates from the Feasibility Study should be acurate
to +25% with much of the potential error due to weather and/or
transport related events not foreseen at the time of estimating. More
accurate costs will be available after major materials and equipment is
ordered in early/mid summer 1986 and the various construction packages
are tendered - say by October 1986. By that time all but “acts of God”
contingencies should be removable. The Feasibility Study estimates
should be suitable for IPC “go””/”’no go” decision making.

Work Sectors

The Feasibility Study is concerned with defining all work needed to

accomplish an economically sound, highly reliable, and progressive gas
distribution system for the Tuk area.

For convenience, the activities of this stage of development are
discussed later under the following headings:

Planning This sector covers development of formal
plans for th s and subsequent stages of
activities.

Corporate Here IPC gas system organization will be

defined, peep’ e needs specified, insurance
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plans developed and financing studied and
approach defined.

Marketing Consumer needs will be analyzed to define
appliance and metering needs, and rate
structures will be developed.

Operations Operational organization and policies will
be outlined.

Project Scopes of work will be finalized for all
facilities, Qlong delivery equipment and
materials specified and brought to point
where orders can be placed.

Feasibility Aside from management of the studies, this
Stage sector will tie all estimates together and

provide IPC management the data required
for a “go’’/”no go” decision.

As the project develops other breakdowns may become more realistic.

Also the scoping study may redefine certain aspects which will again
change the above list.

Also it must be noted that each activity of the project integrates into
many other activities. Such relationships must be recognized in all
work - no one sector can be optimized in its own right, only the whole
can be fully optimized.

Prior Work

The IPC staff and its consultant, Mr. P. Van Meurs, have been working
on this project, as well as on negotiations with Esso, for over a year.
The negotiations with Esso have arrived at formal agreements, covering
most aspects. However, there remain a number of technical and opera-
tional interfaces and arrangements still to be ironed out.

Through Mr. Van Meurs, market analyses have been carried out and
preliminary facility concepts developed and costed. The current
scoping study will tie these pieces together, decide between alternates
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on the field end, define system design bases, and provide data on a
possible cross-harbour line to Esso. RTM Engineering Ltd., Canuck GEI
Engineering, and Ms. S. Bogach are combining on the Scoping Study,
continuing on from their previous work on system definition/economics,
pipeline concepts/costs and market data, respectively. The Scoping
Study parallels the drilling program and will be varied to suit
drilling results if appropriate. However, it will be completed in
draft form towards the end of January, well before the end of this
year’s drilling program.

IPC staff and Mr. Van Meurs have had extensive discussions with Tuk
area officials and various N.W.T. agencies relative to this project. A
gas franchise application will be presented in the next month or two to
the N.W.T. Public Utility Board as a followup to certain of these
discussions.

Continuity

This Feasibility Stage is the last major step before equipment is
ordered and the gas system project formerly commenced, except for any
hearings that may be required. At this time the approval processes
have not been well defined, but will be by the time the Feasibility
Study is started.

The planning and activities of the Feasibility Stage must recognize its
fit with prior, parallel and future activities. It is only part of the
overall effort needed to get the system into operation.
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TUK GAS SYSTEM OVERVIEW

2.01

General

This section briefly outlines the current concepts for the system.
Certain aspects are now being clarified in the Scoping Study and

ongoing drilling may revise other aspects. Hence, please consider this
a preliminary review.

Roughly 1 million standard cubic feet (28,300 md) per day of natural
gas will be produced, processed, pipelined and distributed to indus-
trial, commercial, institutional , and residential users in Tuk. The
natural gas identified to date in shallow formations is free of noxious
compounds and virtually all hydrocarbon heavier than water.

2.02 Field

One (or two) well(s) owned and operated by Esso will provide gas to
dehydration facilities owned and operated by IPC. The number of wells
and nature of dehydration facilities are being studied in the scoping
study in order to provide a highly reliable supply system.

The wells are roughly 8 to 10 kilometers south of Tuk, 1 to 3 kilo-
meters east of the Inuvik-Tuk power line. The specific wells to be
used will not be identified for another month or two due to drilling in
progress. Due to permafrost, Esso will be providing heating to the
wells to prevent freezeup at the well. The dehydration facilities will
remove traces of water to prevent freezeup in the rest of the system.

2.03 Pipeline

From the field a single line will bring gas at high pressure (close to
that of the producing formation) to a terminal roughly south of NTCL.
The pipeline will be designed for permafrost conditions and will be
oversized to provide short term surge (for minor field repairs and
fluctuations in demand), as well as expansion capacity.



2.04 Terminal

2.05

2.06

At the terminal the pressure will be reduced first for distribution to
the major industrial companies and then for distribution to the town-
site at the lowest pressure. Odorant will be added to all sales gas to
indicate its presence in case of leaks.

At the terminal a backup system will be provided to supply a propane/
air mixture to the townsite system in the event of a long-term disrup-
tion to the supply from the field. (Industrial users will be cut off
at such a time.)

The terminal site will also act as a communications, warehouse, shop,
office center for the entire system.

Distribution

The oil companies, NCPC, NTCL and other large users will receive their
gas at a higher pressure than allowable in the townsite, to minimize
pipeline costs and to best accommodate large users. A loop or single
line is envisaged, with a possible cross-harbour line to Esso. (The
latter is under study.)

The townsite will be served by a series of looped, low-pressure distri-

bution systenms, the loops allowing small portions to be taken out of
service without affecting the whole line.

Appliances

Many existing heaters will require replacement, and other equipment now
using oil will require modification in order to use gas. Hence, a
significant portion of the project will be the supply and installation
of new appliances and the modification of others.

2.07 Operations

A new organization will be set up by IPC to operate the dehydration,
pipeline, terminal and distribution facilities as well as to install
and repair appliances. (Portions of these services may be sub-
contracted or handled by others.)
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The new organization will promote the use of gas and train users as to
its safety and the use of gas fueled appliances.

2.08 Note

The facilities to be built and operated by IPC are in no case unique
[although Esso may have some unique problems in preventing freezing in
the producing well(s)]- Also the overall gas system is relatively
small compared with many northern Canadian gas systems. However, the
situation is complicated here by the need to consider all aspects of
field operations (including production), pipelining and distribution at
one time and in the context of a new organization to be developed at
the same time the system is installed. At the same time few of the
potential users have little or no experience in the use of gas - it
will be a new form of fuel to them. Thus the planning and promotion
aspects loom very large in the Feasibility Stage.



SCHEDULE

At this time the regulatory regime that will apply has not been defined

in sufficient detail to assess its impacts on schedule. However, in
order to otherwise fit the planned startup date it is essential that
the go/no go decision be made prior to May 15, 1986. Assuming a

March 1 start for this stage and a 2 week period in which IPC makes its
decision requires a Feasibility Stage completion by the end of April,
1986.

The timing is primarily set by the need to move the large pipe - 10
kilometers or so - north by barge before freezeup this year. Al so
field and terminal modules and distribution piping will most economi-
cally be, moved by barge and are needed before breakup in 1987.

[t is now hoped that the regulatory requirements - permits and hearings
- for this comparatively small system can be fitted in to allow meeting
the overall schedule. It appears unlikely that a go/no go decision can
be taken without the principal approvals being in place. Thus their
timing is very critical.

It is assumed herein that Esso's program to develop the well production
facilities will be completed by the summer of 1987.

The rest of this memorandum assumes that the work of the Feasibility
Stage will be completed by April 30, 1986, with a start on March 1 or,
preferably, earlier.

Customer changeover is very important and may constrict the acceptance
and/or rate of acceptance of gas by various potential users. This must
be defined at least in preliminary terms in this Feasibility Stage.
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4.

FEASIBILITY STAGE PROGRAM

4_.01 Preamble

Here we review the major activities of the Feasibility Stage and their
planned output. The inter-relationship between activities is not
stressed in the interests of brevity, but will be emphasized throughout
the program. We would refer the reader again to the objectives of this
stage - data for go/no go decision, continuity to permit summer/fall
1987 start of gas distribution in Tuk.

A preliminary (large) critical path diagram has been prepared to show
the inter-relationships between activities. However, due to its
complexity and the likelihood of change, is not presented here. Al s0
the short time available for the Feasibility Stage requires that many
activities proceed in parallel with a high degree of interfacing with
other activities. The diagram has been used primarily to check on the
practicality of meeting the schedule.

The Scoping Study is now in progress and forms the major technical
forerunner to the Feasibility Stage, in parallel with ongoing permit/
hearing discussions and IPC internal development.

4.02 Planning

The Feasibility Stage must integrate with:

Esso’s wellhead facilities planning,

Franchise and other regulatory negotiations,

Internal IPC development,

Related IDC developments,
Final gas reserve delineation,

Oil and/or deep gas/condensate development decision,
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- Tuk townsite and commercial/institutional /industrial

planning - e.g. possible expansion of Gulf facilities for
expanded offshore program, and

- Other activities and development planning impacting on
markets and/or Tfacility needs.

In effect even though the time is short, numerous interfaces must be
considered.

The Scoping Study will be defining facilities in a general manner and
decisions arising from it will eliminate most curent major system
options. The Scoping Study should also give a good picture of the
regulatory regime not available at this time.

During the Feasibility Stage, the following plans will be developed:
a) Feasibility Stage Plan

Detailed network development at onset of work outlining
all activities, defining their inter-relationships and
durations. In effect this will update this document and
provide the interfacing constraints.

This plan will include a revised budget and organiza-
tional structure, including all interface relationships.

b) Corporate Plan

This plan will cover all activities subsequent to a “go”
decision as they relate to organizational structure,
personnel needs/ specifications/training, ongoing opera-
tions advisers (if any), facilities/equipment, insurance
programs”, policy development, banking, legal, audit,
financing, etc.
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c) Marketing Plan

This plan will lay out all aspects of pre gas, startup
and full operation customer relations and appliance
sales, subsequent to the *“go” decision.

d) Operations Plan

e)

This plan will define all after the “go” operational
activities - pre gas, startup and full operations.
Staffing and subcontracting planning, spare parts,
vehicles, shop, warehouse, meter reading and meter
replacement will be a few of the many factors to be
developed in these ongoing activities.

Facilities Plans - for each of:

Field

T) Pipeline (including Esso crossing if applicable).

g) Terminal and Related

h) Distribution

The following will be developed for all work subsequent
to the “go” decision:

- Scope of facilities

- Design of programs and bases

- Activity diagrams and descriptions and schedules
- Construction plan bases

- Budgets

i) Support and management services:

Engineering
Project Management
Inspection
Surveying

11



»

12

Geotechnical
Environmental

Transport Planning
Temporary facilities
Warehousing, roads, etc.
- Permits

The following will be developed for each of these items:

Scopes

Bases

Budgets

Activity descriptions and diagrams

All the facilities plans will be inter-related through
master p’ ans.

4.03 Corporate

During the Feasibility Stage the following activities will be carried

out
a)
b)
©)
d)

e)

L))

9

Define IPC relevant policies and guidelines.
Define structure for gas system development.
Define structure for gas system operation.

Define sub-contracting policies.

Define insurance policies and develop costs. (This 1item
may be quite difficult and will need appreciable
emphasis.)

Define overhead charge policies and develop costs.

Define personnel needs and specify each, as well as
burden related policies.



h) Define personnel training needs/preliminary program out-
lines.

i) Define how organization will take shape - e.g. |s outside

small gas utility expertise required for several years?
When should staff be hired? etc.

Jj) Develop financing plan

Start from preliminary estimates available,
Determine options,

Analyze,

Discuss with financing organizations as appropriate,
Compare with final cost estimates,

Recommend plan..

k) With marketing develop rate structure proposals (accept-
able to N.W.T. PUB) considering short and long term
fiscal objectives, market potentials and risk.

1) Recommend action to IPC board as to “go”’”/’no go”.

m) Provide rapport with local community, territorial and
federal governments as appropriate.

n) Develop ongoing plan [See 4.02(b)].

4.04 Marketing

13

During the Feasibility Stage the following activities will be carried

out:

a) Update all market forecasts (and keep current).

b) Advise market data for facilities planning.

c) Develop short term potential customer relations program
and put into action.

d) Survey potential users as to appliances, meter locations,
concerns as to gas use, etc. (AFTER “C” !)
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e) Decide appliance types to be used and survey potential
sources.

T) Specify and inquiry appliances to develop costs.
g) Develop installation program outline and cost out.
h) Develop transport and warehousing plans.

i) Outline ongoing appliance marketing program (all IPC,
mixed or all by others).

J) Outline ongoing market development/customer relations
program.

k) Work with facilities personnel to select meter types,
enclosures (as needed).

1) Assist in franchise negotiations.
m) Assist in local government negotiations re ROW’s, etc.

n) Develop interruptible contract terms acceptable to
customers.

0) Develop rate structure proposals and standard contract
terms [See also 403(k)]-

p) Review rate structures relative to displaced fuel costs
to ensure competitiveness.

4.05 Operations

During the Feasibility Stage the following activities will be carried
out:

a) Define organizational needs.

b) Define spare parts policies and costs.




c) Define appliance servicing policies and costs (if any).
d) Define meter reading program and billing procedures.
e) Define other in-house/sub-contract activities.

T) Define personnel needs - specify and defining training
needs and costs.

g) Define service facility needs - space and equipment - and
costs.

h) Define gas supply (from Esso) arrangements and outline
procedures.

Note that “operations” as used here encompasses field, pipe-
line, terminal and distribution.

4.06 Project

15

During the Feasibility Stage the following activities will be carried

out:

A

Field and Terminal Areas (each of):

a) Update scope of facilities.

b) Define prefabricated packages - process and mechanical
specifications, and send out (a) for quotations.

c) Select locations and develop preliminary locations.

d) Complete process and instrument diagrams for all
process-related facilities.

e) Specify and inquiry long delivery items not incorporated
into packages.

T) Specify buildings and cost.
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g) Specifty overall communications systems and cost.

h) Interface with Esso on field end relative to all of
above.

i) Develop preliminary access and foundation designs and
estimate fill and costs.

J) (With pipeline activities) inquire and cost fTill.
k) Develop preliminary construction plan.
1) Develop capital cost estimate and construction schedule.

B) Pipelines (Including Esso crossing)

a) Update scopes. }
b) Select preliminary route.

c) Specify pipe and coating.

d) Inquiry pipe and coating.

e) Define approximate fill needs [See Item A(i) above].

T) Define barging and other handling costs and schedules.

g) Prepare preliminary construction plan.

h) Develop capital cost estimates.

i) Define detailed routing methodology and test needs.

C) Distribution

a) Develop master legal survey data.



b) Locate each potential consumer and his load on small-
scale map.

c) Develop and analyze alternates for east side medium
pressure distribution system.

d) Develop and analyze alternates for NCPC, NTCL, etc. (near
terminal).

e) Develop and analyze alternates for townsite.

) Finalize distribution pipeline plan concepts, sizes,
etc.

g) Develop typical user service branches (where not done in
scoping study).

h) Develop (with marketing) meter types and enclosure
standards.

i) Develop preliminary construction plan.

J) Inquiry meter assemblies, housing, and other special
items.

k) Summarize pipe needs specifying and inquiry.
1) Define detailed routing methodology.
/ - -
m) Develop capital cost estimates.
D) General
a) Define all permits and license needs.

b) Develop permit applications (where needed prior to
j detailed design).

c) Develop environmental impact analysis as required for
above.




d) Provide geotechnical consulting support to all activities
noted above.

e) Outline master transport plan for construction materials,
prefabricated modules and buildings, appliances, etc.

) Compile overall scope of facilities.
g) Compile overall capital cost estimate.
h) Develop Facilities Plan as in 4.02(e) through (j).

4.07 Feasibility Stage

In order to operate these studies the following are required:
a) Study management/co-ordination.
b) Study cost management.
c) Study time management.
d) Cost compilations and financial analyses (R0OI, etc.)
e) Reporting to IPC.
) External liaison (nhot referred to elsewhere).

g) Permit expediting/hearing arrangements/etc.
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ORGANIZATION

As previously noted, while the overall capital cost is not large - even
including Esso’s surface facilities the capital costs will be in the
order of $6,000,000 - there are the complications of a diverse group of
sub-projects, a new operating organization, and a clientele generally

unused to gas. Hence, organizational complexity is much higher than
the cost would indicate.

The following diagram generally outlines the planned key Iroles and
organizational structure. In practice some roles may be handled by one
man and in others roles may be split. In any event this organization
must be in place at the outset of the Feasibility Stage. The requisite
skills will probably come from 3 to 5 consulting organizations.




IPC MANAGEMENT

Program Manager

General Co-ordination
Esso Management Liaison
Senior Government Liaison

Program Control

- Monitoring
- Planning
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Marketin
Consultant ?s)
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Rate Structures

Customer Rapport
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Training
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Facilities/Equipment
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COSTS

Table 6-1 outliness the expected costs of the Feasibility Stage exclu-
sive of:

IPC/IDC internal costs
Major permit application and all hearing costs
Geotechnical testing (if essential at this time)

It must be noted that the estimate is preliminary and subject to:

Scope changes due to Scoping Study

Scope changes due to market scenario used as base
Scope changes due to drilling program

Extras relative to major permit applications

Extras relative to any essential geotechnical testing

The breakdown of Table 6-1 is, to some extent, arbitrary as scopes and

roles will overlap somewhat. But the totals are considered
sufficiently accurate for budgeting purposes.
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INITIATION

The organization and participants of the Feasibility Stage is now being
established, and will be defined well in advance of the anticipated
starting date of mid to late February.
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INTRODUCTION

At the request of Dr. Van Meurs, RTM has prepared this brief analysis of
gas sales potential and likely system scenarios in the Tuktoyak tuk
region.

Electrical generation and heating sales potential only are considered
herein, other potential uses being considered minimal in the short
term.

This analysis assumes year-round gas supply from non-associated gas
reservoirs, possibly supported by associated gas over a 100-day produc-
tion season.

This report is intended to provide preliminary background for considera-
tion of field ownership formats and related matters. Having taken only
three elapsed days to develop, it should not be considered definitive
but rather directional only. Further study will be needed relative to
each aspect of demand and system.

Data were not available from Esso for Tuk area fuel uses, but Dome and
Gulf supplied data. Gulf also provided demands for offshore uses.




2. BASES

2.1 Gas Sources and Compositional Data

(a) Gas Production
from 3700 foot gas rich formation
> 1300 PSIG at wellhead
> 99% methane {Esso analysis)
No H,S, COy <2%
Saturated with H,0
Availability > 3 MMSCFD (test had 6 MMSCFD
with reduced choke) .
(b) Oil Production
300 SCF/BBL of associated gas - average
5000 BPD of crude average
100 day season
Sweet - no H,S, little/no CO,
Heavy hydrocarbons present (equilibrium)
Saturated with H,0

2.2 Potential Demands

(a) NCPC
- Data from Dave McGinnis, NCPC Edmonton

- Tuk electricity now from Inuvik except in
emergency at Inuvik, or on lnuvik to Tuk 69 KV
transmission line.

Current winter peak 1600 to 1700 KV. Average
1000 KW, summer peak 1200 to 1300 KW. Average 700
KW. Supply generally just to non-oil company
users.

- Fuel costs at Inuvik:
Base load - Res. Fuel, 33¢/l. Two slow speed
(old) diesels.
Peak load - P40, 40¢/I. Two high speed GMD
diesels.




(b) Townsite

Tuk standby capacity (with P50 at 41¢/1):

2 at 750 KW, Caterpillar diesel

1 at 600 KW, Caterpillar diesel (fairly new)

Not enough capacity to supply oil field and crude
transfer loading needs.

Supply to lnuvik not considered in depth - see
Appendix B.

Note that lnuvik to Tuk power line passes just

west of Tuk oil and gas fields (as well as Parsons
Lake fields to south west of Tuk) .

Fuel costs allow for federal subsidy to diesel
fueled generating facilities.

I nuvik and Tuk to have northern diesel generat-
ing plant electricity costs if current proposals
to NEB go ahead - up to 40% above old ones.

Existing diesels at Tuk can be converted but
must derate to about 65% of above.

Data from Al Hartman, NWT government in Yellow-
knife.

P50 purchases for Tuk now 28 to 30 X 10 °
I/lyear, generally covering all but NTCL and oil
companies.

1984(?) breakdown (current prices)
Diesel Non Motive 70,000 | ( 3%) , #1¢/I, NCPC

Diesel Motive 655,000 | (24%), 62¢/1, fed & NWT taxes
Diesel Heating 1,950,000 | (73%), 54€/1, no taxes
Aviation Use not allowed at Tuk as specification

Jet A available.
Houses heated except for summer - generally full
rate, vary temperature by opening windows and

doors.

Prices subject to change in October. 1985.



(c) NTCL

(d) Oil Companies

(e) OillGas
Consumption

No direct contact but operate 120(?) man camp
each navigation season.

Dome (Dave Rudd)

Centralizing generating capacity at base-line to
airport, shutting down generator there and also
one at fireball.

Approximately 22 gph November through April for
electrical generation and 24 gph rest of year.
(915,000 l/year. )

Operate 400 HP boiler (13,400,000 BTU hour) April,
May, part of June, part of September,October. No
ready data on consumption. RTM assumes average of
3.3 x 10°BTU/hour annual average.

Gulf - Gulf currently use 12,000 BPY of
diesel/heating oil at Tuk and expect this to
continue. No breakdown on fuel use provided.

(1,910,000 l/year. )

Oil Delivery:

Canuck estimated $18,500/year in fuel costs for
6000 BPD and 90 day season, including motive
power, at $3.50 /gallon. Current cost about $2.45.
Hence, RTM assumes $13,000/year cost = 24,000
litres = 36 KW (feels low) . Use 50 KW.

Oil Production:

Treating @ 15000 BTU/BBL
Building & Misc. Heating
(glycol /H.O)

75,000,000 BTU/day
25,000,000 BTU/day

Flare pilot = 25,000,000
Heating total 125,000,000
Electrical - 150 KW average

Above only over 100 day period.

Note that NCPC does not have generating capacity
to supply above on other than interruptible basis.
Gas Production - Non Associated gas - building

heating and glycol regen fuel only 500,000,000
BTU/day. Associated gas - electricity 100 KW.



(f) Gas Delivery

(g) Approximate
Engine
Efficiencies

g vt

- Canuck assumed 4“ line operating at 200 PSIG to

deliver 2 MMSCFD. Line specified for 300#
flanges, OK to about 700 PSIG. (Line size and
flange spec same for oil line. )

Materials 500,000
Construction 400,000
$900,000 installed

Note for full year operation spec may be higher
and add about 6.5 to 7% to above. A $1,000,000
figure for the gas line is assumed herein.

The above assumes a maximum inlet temperature of
+35° C in summer and +18° C in winter - this results
in thawed bulb around gas line all year for 1 to 2
KM. RTM believes this assumption needs review
specific to soils in region of field.

Diesels assumed as 10,000 BTU/KWH (on oil)

Gas Turbines - simple 16,000 BTU/KWH (on gas)
Converted diesels 12,000 BTU/KWH (on gas)
with internal heat recovery.

Total - Average - 366.9 (1.01) 497.6 (1.36)
- Peak - -- (2.03) T (2.70)

The peak load factors are to some extent arbitrary
and ALL data must be confirmed.

Drilling rigs are not included but these could

take up to 0.5 MMSCFD each and, hence, need to be
considered in future analyses.

A 5000 topping refinery will take in the order of
25,000 SCFD - 0.60 MMSCFD - during its operating
season. (However, some of that heat could come
from gas turbine waste heat, if avail able.)

As accessing Esso is much more expensive than
getting to, say, Dome, more work is needed to see
if Esso fits into the potential markets. Hence,
for economics the low case is suggested to be
conservative at this time.



(h) Replacement Fuel Value

Gas Replacement Value

S$/mscf @
Approx. 12,000 BTU/KWH 16,000 BTU/KwH
As sumed Current Converted
Current As sumed Cost/ Diesels & 16,000 BTU/KWH
Fue 1 Cost Current Million  Hi Effic. (Low Effic.
cll BTU/KWH BTU' S Gas__ Turbine) Gas_Turbine)
NCPC Generators
PSO (Tuk) 41* 10,000 11. s0 9.60 7.20
- Pyo {Inuvik) 40* 10,000 11.20 10.00 7.00
- P4yo/Resid
(Inuvik]) 36* 10,000 9.50 7.90 5.90
- Resid (Inuvik) 33* 10,000 8.40 7.00 5.25
Oil Co. Generators
-P50 41x** 10,000 11.50 9.60 7.20
Town heating 54 T 1s.10 @ same fuel
efficiency
15.10 --
Oil Co. Heating sy°e T 15.10 15.10

After Subsidy

Actual cost may be slightly lower.

Oil company electrical fuel probably higher in cost - NCPC figure used but it is
net of all distribution costs. Oil company heating fuel probably lower due to
bulk buying. Average “feels” OK. The tax and subsidy situations are notfully
clear and are very complex.

The above table does not allow for any capital charges. Operating
costs, aside from fuel, should be no more and in most cases less
than with current fuel cost.

Conversion costs are not major except for town heating where new
appliances likely.

Prices shown are subject to change this fall.

In practice if a conventional low efficiency gas turbine is used
its waste heat will likely be at least partially recovered for

heating. Hence, demands should be based on the 12,000 BTU/KW
figure.



DEMAND PROJECTIONS
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Town needs are expected to continue to increase and a 1988 demand 15%
above 1985 is assumed herein. Oil company use data available has not
been of good quality and future consumption patterns are not defined.
Hence, high and low scenarios are provided relative to oil company use.

------- LOW ------- ceee-- HIGH ------
Annual Displaced (Fuel) Annual Disp | aced
Electricity - KW Avg. Fuel $ (Value) Avg. Fuel $
NCPC 1,100 912,000 (36€/1) 1,100 912,000
Oi | Conpanies 800 828,000  (41¢/1) 1,200 1,242,000
Oil Line & Field 55 55,000  (41¢/1) 60 60,000
Gas Field 5 5,000 (41¢/1) 10 10,000
Other (al low) 20 20,000  (41¢/1) 30 30,000
TOTAL 1,980 1,820,000 2,400 2,254,000
Pe ak (4, 200) (5,000)
Heating - BTU/hour (x 10°)
Town 10 1,327,000 (54¢/1) 10 1,327,000
Oi | Conmpanies 7 929,000  (54¢/1) 10 1,327,000
Oil Field * ) i
Gas Field *
Other [al low) 1 133.000  (54€/1) 2 266,000
18 2,389,000 37 2,920,000
Peak 30 37

The above assumes the oil companies paying the same prices as NCPC or
NWT government customers. This may overstate the displaced fuel

values. Residual fuel may displace diesel at some oilcompany
facilities (as well as in their fleets) .

* Fuel available free in field.




Natural gas equivalent demands, assuming the 12,000 BTU/KWH rate, are
estimated as follows in 1988:

LOW HIGH

mmscfy mmscfd mmscfy mmsc fd

Electricity - average 208 ( .57) 252 ( .69)
- peak - (1.22) - (1.20

Heating - average 158 ( .43) 193 ( .53)
- pe* T ( 72) - ( .89)

Total - average 366 (1.00) 445 (1.22)
- pe* - (1.8) - (2.0)

If the Tuk field continues to develop the above figures will prove low:

- Dirilling rigs  will use gas (Gulf is planning this route at
Parsons Lake) .

- Added population and service industry activity will result.

- Topping refinery will use in order of 750,000 scfd (allowing
for electrical needs) .

The drilling rig activity would be specially important as a typical rig
could use in the order of 500,000 scfd.

Peak demand seasons appear likely to be in June and September when oil
industry activity is high and weather cold enough to require some heat-
ing. But more analysis is needed to properly identify peak flows as

well as timing.
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SYSTEM SCENARIOS

In the field the following options are available:

I Associated gas only - 1.5 x 10°SCFD average, 100 days year only
1 Shallow gas only - Available as needed year round
L Associated & Shallow Gas - Available as needed year round

In order to keep oil pilot systems costs low, associated gas will likely
not be recovered for other than lease fuel.

A pipeline to town is common to all scenarios. Canuck's 4“ line “feels”
OK but even if operated at 600 to 700 PSIG - as recommended by RTM -
will have only an hour or so of surge capacity. Additional loads such
as that of the topping refinery may result in a 6" line, or change to
600 PSIG flanges allowing operation in the 1400 PSIG level. In any case
the field system must be able to handle significant load rate fluctua-
tion.

On the town end we have the following options:

(a) Sell to NCPC only.

(b) Sell to NCPC and oil companies. (Latter will use for fuel as
well as generation) .

(c) Generate electricity and sell to NCPC.

(d) Generate electricity and sell to NCPC and oil companies.

(e) Heating town via distribution system.

(f) (& + (e)

(@) (b) + (c)
(h) (c) + (e)
(i) (d) + (e)

A hot water heating system (via gas turbine exhaust) might be considered
in future studies, but was not considered here.

In cases (a) and (b), existing diesels can be converted but capacities
must be derated. This means new capacity at NCPC, at least. Also NCPC
would have to add staff for routine, rather than emergency, Tuk genera-
tion plant operations. The Ilnuvik to Tuk power line would likely be
used for oil field supply - with added generating capacity - and for
emergency supply to Tuk.
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In cases (c) and (d), existing diesels could well be left as standby
capacity along with the Inuvik to Tuk power line. Due to available diesel
capacity these alternates may not return much more revenue than displaced
fuel. A new full reliability system would back out maintenance costs of
existing machines, some of which might be sold. Also NCPC's apparent need
to expand Tuk generating capacity in any case would be eliminated. A
total generating capacity in the order of at least 6,000 KW would appear

required.

In case (e) a local distribution system is needed, including heating

appliance replacement.

NCPC have good guidelines for negotiating off system generation input to
their system except for price - the key element.

For the various cases the following gas’ values are calculated NEGLECT | NG

added capital beyond the gas supply system in all cases.

————————— LOW -7 memeeeee= HIGH -7
Average

Nat’ | Gas Displ. Fuel Nat’ | Gas Average

Equivalent Value as Equivalent Value

mmscfy $ /mscf mmscfy $ /mscf
a) NCPC only 116 7 .90* 116 7.90%
b) NCPC + Oil Cos. 261 10.20% 330 10.50*
c) Gen. for NCPC Mkt. 116 7 .90* 116 7 .90*
d) Gen. for NCPC &

Oil Cos. 200 8 .70* 243 8 .90*

e) Town Heating 88 15.10 88 15.10
f) (a) + (e) 204 11.00* 204 11.00*
g) (b) + (e) 347 11 .50* 418 11.50*
h) (c) + (e) 204 11.00* 204 11.00*
i) (d) + (e) 288 10.60* 331 10.50*
Notes:

+ Oil field and miscellaneous demands neglected.
.Before new generation equipment charges.
*Assuming new generation requiring 12,000 BTU/ KWH.

The lowest valuation is based on NCPC Inuvik fuel costs and includes
credits for the federal diesel for generation subsidy. However, power
generation costs are not allowed for. It appears that NCPC require major
changes at Tuk if expansion of demand continues as they cannot even now
supply any new customers.
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Also, there is some question of the Inuvik to Tuk power line handling
added peak loads and its ongoing viability. It would thus appear that
disregarding generating costs may be a reasonable assumption relative to
NCPC. However, the same is not true relative to the oil companies. But
their use of a lighter and more expensive average fuel that at NCPC
Inuvik increases the potential netback.




12

GAS SUPPLY SYSTEMS

The associated gas can only be considered as a supple men’al source in
any case:

- Only available for 100 days a year
- Variable even during that period
- Production rate variations
- Variation in GOR - wet, formation, rate, etc.

Associated gas is assumed used for oil production heating needs only,
hereafter except for a brief discussion on processing needed for its
use.

The pure methane non-associated gas needs only drying before use. As
noted in Section 2, chilling might be considered necessary (but outside
the summer oil shipping season as the oil line will control adjacent
soil temperatures)

A very simple well head dehydration scheme is envisaged using a standard
TEG (tetra ethylene glycol) gas assisted dehydrator to provide a dew
point of =20° C or lower. The glycol system will Use product gas to
drive the glycol pumps, for instruments, as stripping gas and as fuel.
Thus the system will be essentially contained. | t is proposed to
specify the glycol system for the formation pressure and to reduce gas
pressure to pipeline levels after the glycol contactor.

The glycol system will be skid mounted in a building (except for the
burner and stack of the fired regenerator) . Electricity for lighting,
service use and tracing (for startup of wells to glycol piping) will be
provided from the oil field system.

The glycol system complete will cost about $300,000 installed.

Should a chilled gas be required, the addition of a gas to gas exchanger
and a separator will allow use of the expansion chilling to get to the
desired <0° C temperature. Expansion by itself will not give the
required temperature. This will add in the order of $70,000 to the
above cost.

As noted before, it is recommended that the gas line to town operate
‘near its maximum design pressure to maximize inventory and minimize

pressure drop.
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Associated gas is rich in heavier components and low in pressure. An
extra 150 KW or so of compression and refrigeration electrical needs
will be required for its recovery and purification. Normally, this can
be justified due to added liquid recovery, but probably not in the pilot
scheme proposed here. Associated gas can, however, be used for most
lease needs, backed up by dry gas from the regular supply system.

In order to provide proper security of supply, more than one gas well
will be needed, although only one will be needed at a time. It may
prove easier to have glycol units at each well, rather than a central
unit as discussed above. This would add $300,000 or so of cost, but
eliminate possible freezing in a well to glycol transfer line.

It appears essential that there be backup at the town end. A propane/
air system is proposed at this time - another $500,000 or so. The new
gas turbines could be set up for diesel fuel - gas and diesel - if
desired to provide the necessary generating reliability. More work is
needed in this regard.

Thus the overall system recommended is as follows:

Glycol Dehydrator $ 300,000
Pipeline to Town 1,000,000
Propane/Air Backup 500,000
Total $ 1,800,000

System development, permitting and project management costs will push
that total near $2,200,000.

Operating costs for this system - exclusive of any special well costs -
are estimated at $250,000 a year, largely for 2 or 3 operator/
maintenance personnel.

Gas turbine based electrical generation facilities will cost in the
order of $1 ,500/KW, with operating costs in the order of $100 to
$150/KW/year exclusive of fuel costs in the 4 to 6 MW size range.
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CONSTRAINT REVIEW

(a) NCPC is a key element!

Political organization and pressures!
- Slow decision making
- Have trouble getting good operators
- Tuk generating plans undefined (?)
(b) Regulatory
- Confused
-NCPC appear to relate to NEB
- Territorial utility board?
(c) Oil Companies
- Will try to get lowest cost fuel and electricity possible

- All appear to be in state of some confusion as to direction
of Tuk ‘operations in future

- Long distance - gas and electricity to Esso
(d) COGLA, et al
- May argue for associated gas recovery (preferential use)
(e) Heating Market Penetration
“Free” gas furnaces may be needed to sell gas use.

(f) Topping Plant competition

Naphtha surplus to regional needs could be used for gas
turbine fuel - competing with gas from field. Naphtha prices

are dropping.
- BUT naphtha can be shipped outside area, gas can't.

- Residual fuel will compete with gas (Tuk / Inuvik generating
balance) . But large residual fuel needs for offshore fleets

foreseen.  (Gulf noted ability to switch most ships. )

- Residual fuel could be used in local electrical generation
via slow speed marine diesels or steam systems and for oil
company heating needs.
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Topping plant will produce P50 but generally this will be
desired product with highest price. But topping will compete
with gas sales in town heating. Gas appears likely to be much
less costly than P50 for most local heating needs.

1,000,000 scfd of gas is only equivalent to about 170
barrels per day of topping plant products; hence, of only
minor impact on topping plant economics.
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CONCLUSIONS AND RECOMMENDATIONS

The basic cost of gas delivered to the Tuk terminus of a gas line laid
parallel to the proposed oil line is expected to be about as follows:

Annua | Bases

Gas Wells $ 550,000 $1.50 per mscf
(by Esso et al)

Gas Field & Line Operating 250,000
Gas Field & Line Capital 550,000 @ 25%/year of $2.2 x
,06
$ 1,350,000

Generally these costs will not vary much over the range 0.5 to 3 mmscfd
average.

The cost of delivered gas is thus estimated at $3.70 per mscf at an
average rate of 1,000,000 scfd. The above allows for no significant
local distribution systems - Gulf and Dome will, however, be quite close
to the line.

Expanded electrical generation capacity is needed in Tuk to handle
enhanced population and economic activities. An oil pilot project and
associated gas development will increase generation needs in their own
right.

The Tuk NCPC plant is undersized by normal standards as capacity with
one machine out of service is well less than even current town peak
needs.

NCPC appear ambivalent about the future of the Inuvik/Tuk power line,
and sufficient standby generating capacity is needed at Tuk to provide
power in case of line outage in any case.

Most Tuk generation capacity can be converted to gas but at 30 to 35%
capacity reduction. The cost of conversion is relatively low compared
to new generating equipment.
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The NCPC lnuvik plant’s use of residual fuel and P40 sets the low value
for fuel as long as a tie line exists to Tuk that could be displaced by
natural gas.

In all uses some added costs are involved before the final user gets the
energy form of his choice:

Electricity (a) Conversion of existing plus added capacity
or (b) New central generating plant suplying al | users
Heating (c) Town distribution systems and appl iance replace-
men t
and/or (d) Oi | company boi ler system revi sions

As the basic cost of gas is 50% or less of current fuel costs there
would appear sufficient margin to pay for (a) , (c) and (d) changes, in
virtually all potential uses. (This study has not examined this aspect
in any depth. )

A gas system will compete with a topping refinery’'s products but due to
the small volume involved this should not be serious. The topping
refinery will add to gas sales during its operating year.

A new central power plant appears to need further study as the capital
charges may not make the resulting electricity attractive to the oil
companies. Peak power needs in particular need to be much better
defined.

Further, more in-depth study appears warranted on all aspects of the
gas supply and utilization system. Such a study should consider an | DC
franchise for both electricity and gas in the Tuk area, interfacing with
NCPC via the Inuvik/Tuk line. NCPC preliminary negotiations should be
considered as part of such work in order to well define their starting
points and political pressures. Analysis of the fuel pricing structure
in the Inuvik/Tuk region will be an essential part of future studies.




APPENDIX A

INUVIK SALES

A base load of 2000 KW or more might be exportable to lnuvik over the existing
power line. (A widely fluctuating rate is not anticipated due to line limita-
tions and the availability of peaking diesels at the !nuvik end. )

Capital costs would increase at Tuk by roughly $3,000,000 - slight field
additions but primarily generating capacity.

The available revenues would only be the cost of fuel displaced at Inuvik -
residual fuel oil. The value of -this at the current subsidized rate would be
about $1,500,000 a year. (NCPC will have slightly lower maintenance COoSts at
Ilnuvik but generally their costs will change only with respect to fuel. )

At the added production rate overall, the basic gas cost to generation would
drop to the order of $3.20 /mscf. Incrementally the additional gas would only
cost in the order of $1.60 to $1.70 /mscf.

Only at the latter rate would this scheme appear to be attractive. Sut more
work is recommended in this regard, especially as it can reduce the fluctua-
tions in Tuk gas production and electrical generation significantly.

The possible development by Gulf of the Parsons Lake field will provide Gulf
the same opportunity (as well as the potential to supply some Tuk demands) .




NOTES
RE

TUK GAS AND REFINING

PREPARED FOR

VAN MEURS & ASSOCIATES LTD.

BY

RTM ENGINEERING LTD.

SEPTEMBER, 1985



i

TABLE OF CONTENTS

INTRODUCTION . . o & v ¢ v ¢ . v o o « o &
GAS.. - o - - . . . » . . . .

2.1 General . . . e e e o .
2.2 System Concepts . . Ce e .
2.3 Gas System Economics . . . . .
2.4 Schedule . . . . . . - .
REFINING . . . . . . .

3.1 General . . . . . .

3.2 Concepts and Bases .
3.3 Economics . + + . .
3.4 Schedule . «. .+ « &

ASSAY DATA .

TRAINING . . . . . . o



L. INTRODUCT 10N

These notes have been prepared at the request of Mr. Pedro Van Meurs of
Van Meurs and Associates to provide background 1in certain” areas of IDC

development and/or negotiations relative to oil and gas in the Tuktoyaktuk
area.

To date more than sufficient gas reserves have been identified to supply all
Tuk area needs for power generation and heating. This winter’s drilling
program will define crude reserves in the area sufficiently to allow decis-
ions on refining (and gas distribution) in the spring of 1986.

The Northern Canada Power Commission will play a major role in the success of
any local gas and/or oil local utilization project. Unfortunately our normal
contact was on vacation, and Mr. Bruce Christie, Acting Assistant General
Manager - Corporate - who s apparently the most appropriate initial contact

was in the north all week. His Edmonton office telephone humber is
465-3377.

In this report there are various assumptions that may not be realistic and
need change. These have a “*” in the margin. It is not exPected that they
will significantly effect the bottom lines for gas or refining. However,
these notes were prepared in one week and are based on earlier studies,
in-house data and selected telephone contacts. Data herein must be treated
as preliminary and subject to change.




2. GAS
2.1 General

Two previous studies reviewed a major gas/condensate development and a
second a gas supply system for the Tuk area. This expands on the latter
and should be used in conjunction with it. Here the Tuk town distribu-
tion system is considered along with other portions covered in the
previous report. Some changes will be evident in this report.

Esso site demands are treated separately due to questionable economics.

IDC ownership and operation of the gas line and distribution system is
assumed. Generally this section does not consider refinery gas system
synergy. (Nor are oil field gas needs and/or associated gas avail-
ability considered. ) While transfer of gas is assumed at the wellhead,
this results in IDC operation of dehydration facilities. This is
normally frowned on and can impose legal problems relative to gas supply
failures. We have a concern about production starting and stopping as
well as low flows due to the permafrost zone. This may need methanol or

glycol injection or hot gas recycle. We recommend Esso operate the
dehydration facility (especially if they are operating the oil field)
and the IDC buy after dehydration. However, the opposite is assumed
here.

An early IDC application for a gas franchise permit for the Tuk area is
recommended to protect the area in any case.

2.2 System Concepts

Figure 2.2 outlines the concepts assumed in this study. At this time
the Tuk distribution system has not been laid out nor a detailed analy-
sis made of number of connections and by types of users.

From the earlier report:

- More detail is provided,

- Second wellhead dehydrator added (assumed better than hot line,
from one well to a single dehydrator), and

- Odorant system added (left out before).
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IT a line to Esso is economic a cross bay routing from east of the air
strip appears a more realistic route than around the bay.

The following organization is anticipated for the gas utility, based on
experience elsewhere in small systems:

Gas System Manager

Field Operator Service Man Office Manager
(Truck) (Truck)
Accountant
Clerk

‘ Sales/Warehouse

Buyer (truck)
(backup) Ass’t Service” Man

(also meter reader)

Contract personnel on call
Pipefitter/welders
Electrician

Equipment Operators

A technical service agreement and loan for a year or two of an acting
manager from a gas utility company, such as ICG, is recommended. Such a

company will also provide assistance and training during the construc-
tion period.

A sales room (appliances), warehouse (appliances, meters, etc.) and a
repair room will be needed in addition to an office. Other companies
such as the Bay and plumbers, should be encouraged to carry appliances
(and this may obviate the need for an appliance sale facility).

New buildings will be expected to pay for their own connections, but
connections to existing buildings is.covered here in capital. Hopefully
most users will see enough gain to buy their own appliances, but here
they are assumed to require some subsidy to convert.



Operating Costs (cash)

With/Without
Personnel o1l Line
Personnel 450,000
Overheads, taxes,
insurance etc. 200,000
Supplies and sub-contracts 100,000 Excludes appliances
and new connections
Franchise fees 50,000
800,000

Demand/Revenue Analysis

Max.Rate Case

Max .
UnitRate* Max.Rev. Revenue Now
mmscfy  $/mscf $M @ $2 less Pay about
Generating - NCPC 116 35&) 6 696 464 912
- 0il Cos. 84 (24) 8 622 504 1757
or
Heating - Oil Cos. 62 17; 8 496 372 .| 1ess
- Town 88 (25 10 880 704 1372*
- Misc. _5(1) 10 50 40
355 Q,794 2,084

* Set at 80% of competitive fuel except town at 67%.

Note that the lower rates may be offered large single point users, but
only the higher rate on the town end (although the N.W.T. housing
authority will be a large buyer in its own right).

The operating costs are still high by southern standards, and there may
be some savings there. The town distribution system estimate is only
+30% and the supply system is a little bit better. Hence, there is some
capital upside risk.

For the maximum revenue case, cash flow before income and sales taxes is
about $1,994,00. If capital is charged at 25%/year - 6% depreciation on
supply and distribution with meters at 20%:

With Oil Without Oil
Cash Flow 1.994 1.994
Less capital costs 1.075 1.650

Excess 0.919 0.344
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At the alternate revenue case, again before income and sales taxes, cash
flow is about $1,284,000. This appears less than desirable in the

“without oil line” case, but still OK in the “with oil” case - assuming
no sales taxes apply!

Thus the key variables appear to be:

- Will there be any N.W.T. sales taxes
- What rate of return does IDC require
- What are likely ups and downs of gas sales.

Early discussions re any N.W.T. sales tax on gas sales appears essen-
tial.

Demand data need to be Ffirmed up as well before a go/no go decision is
needed - this will require discussions/negotiations with all oil
companies and the NCPC,

2.4 Gas Schedule

Canuck indicated that with a March start the gas pipeline could be in
place by the following end of May. The distribution system could
probably be in place by that time if all jurisdictional aspects are out
of the way and do not hinder the design and construction. The oil
companies could probably move that fast to start using gas in mid-'87
but we seriously doubt NCPC could plan, design and build a new generat-
ing plant inside 18 months. However, as noted before, we were not able
to get an opinion on this from NCPC.

IT NCPC is to build anew station they must try to negotiate (with the
NEB) special lower rates in an attempt to get oil company loads.
Previously the oil companies would not give NCPC surety of long term
demand and now they also have the added hurdle of an inappropriate rate
schedule.

Consumer changeover cannot commence until gas is in place and virtually
all users in a given area are signed up. (Gaps on a route can get
expensive!) With several teams of “connectors” it may be possible to
connect up most users in 1987 but most likely it will take until the
summer of 1988 to complete the bulk (and even there will be the odd hold
out).




We’d suggest the following program:

1985 - N.W.T. contacts re franchise and sales tax and franchise
fee.

- Local discussion re system possibility.

- NCPC contact re their incentive needs, demands and timing.
- Oil companies re potential demands (ranges).

- Analysis of local oil and gas development on town.

- Upgrade supply and distribution concepts and costs.

- Develop business concepts in some detail.

Early
1986 - Franchise application and hearing, if needed.

- Tentative assistance contract.

- Manager lined up.

- Mapping, etc. in place re town.

- User contact program ready to go.

- Business and technical plan ready to go.

- Financial plan in good shape.

In order to get NCPC on schedule it may be worth while to subsidize
studies they may need for a decision. Help to major local firms may
also be needed to prepare them for a switch to gas.

At this time it would apper that the system would not be fully operative
until mid-'88.

Esso

An added $1,000,000 could well be needed to supply the Esso site with a
potential revenue in the order of $300,000 a year. Further work is
needed in this regard. Esso will prefer to pay a transmission charge
for their gas - this will not bring in much revenue - in the order of
$60,000 on a prorated basis (for supply 1 ine only) assuming Esso pays
for the line across the bay to their property.
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3.

REFINING

3.1 General

At this time the “refinery” is defined by a minimum case scenario that
assumes only the <80/°81 demand levels exclusive of major 0il company
exploration activities for an area north of Fort McPherson, but exclud-
ing the P40 and P50 demands of the areas south of Inuvik. The latter
are assumed to come from Norman Wells. Any other demands not met by a
Tuk refinery are assumed met by Norman Wells or Alberta refinery
products - e.g. gasoline.

Excess products are assumed barged to Norman Wells for blending with
Norman Wells crude flowing south.

The closest crude assay is an old (°74) partial Myogiak 32° one which,
accounting for weathering, is assumed close to the 33° crude found south
of Tuk. (21° crude also found there is not considered here. ) The
Myogiak field itself lies just east of Tuk but apparently does not have

enough reserves to be considered as the primary supply to a Tuk
refinery.

Previous studies have considered the process concepts needed and those
are not discussed here. Esso is assumed to own and operate the field
gathering and treating facilities. This minimum case refinery must take
full advantage of existing Tuk infrastructure including oil company
tankage.

The demand case is as follows, with Tuk (Myogiak) crude yield also
noted:

Jet B 66,000 BPY (20.5) demand 12% on crudes
P40/P50 94,000 BPY (29) 34%
P20X 51,000 BPY (16) 13%
Bunker 111,000 BPY (34.5) 48%

322,000



We expect the refinery to be organized somewhat as Tollows:

Refining/Gas Division Manager
Secretary Edmonton  Co-ordinator
LSenior Clerk
Sales Mgr. Tech/Log Mgr. Mech. Mgr. Process. Mgr. Admin. Mgr.
Co-ordinator  Engineer Instr/Elect. 13 operators Accountants
Clerk Mech. Clerk Clerk
2 Lab Millwright Buyer/
Technicians Pipefitter/ Expediter
Welder
2 Trainees
Warehouse/
Toolman
Truck Driver
Clerk
Contract
personnel

on call
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3.2 System Concepts

3.2.1 Sizing
The refinery will be sized for a 200-day operation, allowing shut down

during periods of no Inuvik/Tuk transport. Ratioing of P40/P50
production gives:

Produce Surg]us

Jet B 47 -19

P40/P50 94 0

P20X 51 0

Bunker 188 +77 Ship to Norman Wells
Lt. Gaso & Losses 12 +6 (Lt. Gaso.)

Total Crude 392

At 200 days this is equal to 1960 BP D. Hence, a 2000 BPSD ref' nery is
proposed.

The refinery will be a minimum comp exity topping refinery, except for
special Jet B rationale.

3.2.2 Tankage Rationale

Crude Two tanks needed to allow heating to melt out any water.

Allow 6 days total storage at refinery design rate to allow
field startup and shut down on demand.

SLOP Allow 1-1/2 days @ maximum crude rate.

Jet B Need at least 100 days in system - Tuk and Inuvik.
Should have 40 days at Tuk to handle refinery S/D's.
Use Dome storage due to nearness to refinery.

Allow 3-day tanks at refinery to allow additive blending and
testing before transfer to larger storage.



P40/P50

P20X

Resid

Note:

Set up to run directly to Dome or Gulf storage at Tuk but

provide:

2 day tanks on site for startup and shutdown purposes.
Need at least 100 days in Tuk/Inuvik to system.

Of that 40 days at Tuk to handle refinery S$/D's.

P20 is a blend of a heavy fraction with some P40.

Due to use in shipping 200 days in system.

Minimum of 20 days at Tuk

Provide base stock tank at refinery (that can be blended up 1n
emergency). Use small tank while blending.

Some NTCL and NCPC Tuk tankage might be used for final blend.

Bunkers to sales - 5100 days in system at Inuvik (NCPC).
Provide 40 days on site at Tuk.

Excess (to Norman Wells) - Norman Wells tankage need has not
been checked - assumed OK. 200 days at Tuk needed (but some

excess NCPC Inuvik storage might be used.

All heated storage on site. Add 15% for unusable volume.

3.2.3 Loading Rationale

Tuk

Provide truck loading as follows:

-Jet B -1 arm - c/w pump, strainer, meter

- P40/P50 - 1 arm - c/w pump, strainer, meter
- P20X - 1 arm - c/w pump, strainer, meter

- Bunker - 1 arm (future)



These should be on site at refinery except that P40/P50 can
use existing arms at other sites as backup.

Barge loading:

NTCL dock - bunker (heated)

- P20X - Jet B - P40/P50

Dome dock” - Jet B, P40

Gulf dock”

* Consider two lines to expedite loading

- P40 or P50 only

*Emergency or for convenience

3.2.4 Scope of Refinery Project

Process Facilities:
Desalter (one stage)
Atmospheric Distillation Column
Side Stream Reboil ed Strippers (2)
Jet A Stabilizer

Jet B Treater

Tankage:
On site

Total on site

Tuk Offsite

Crude -20 700 = 14,000
S1 Op - 1@ 3,000 ° 3,000
Jet B -30 500 = 1,500
Mid Dist - 3 6 1,000 = 3,000
P20 Base - 1 @ 10,000 = 10,000
Bunker - 2 @ 8,000 = 16,000
- 1 @ 80,000 = 80,000
127,500
Dome -Jet B & P40 = 20,000
Gulf - P40,P50,P20 = 30,000
Other - Misc. =

60,000

FItg Roof/Heated/Mixer
Heater/Mixer

Mixers

one c/w heater
heater/insulated
heater/insulated
heater/insulated

existing
existing

10,000 existing

(to 100,000)



Inuvik NCPC - Bunker As needed

- P20/P40 As needed
Esso - Jet B, P40,
P50, P20 As needed
Utilities:
Heating Glycol/Water (2 levels) c/w heaters (2) gas fired
Cool ing Glycol/Water c/w air cooler
Electricity Gas Engine driven generators, 2 @ 400 KW each
Fuel Refinery gas (to crude heater and glycol heater)
Natural gas to refinery gas makeup and generation and
G/W heater
Instrument Air
Water Evaporator
F1 are c/w natural gas pilot and drain pot
Fire Water Salt water pump, dry system. Mostly extinguishers.

Services:

Control Room Packaged prefab building

Laboratory Packaged prefab building (fits above)
Camp NTCL existing c/w sanitary waste treating, etc.
Offices NTCL existing space c/w sanitary waste treating, etc.

3.2.5 Economics

(Millions of 85%)

1. Capital Costs $ Note 83 Estimate
Field 0 By others 0
Pipeline 3.0 Canuck figure 0
Process 4.6 3.8
Utilities 5.0 5.9
Tankage & Inter. 5.5 Max. use, existing 10.8
Support Facilities 0.3 Most by NTCL 5.1
Shipping 0.3 Minor revs. only 1.8
Site Development 1.2 New onsite tankage bases 5.5
Engrg. Mgmt. Temp. 3.0 Temp. Fat. by NTCL 8.0
Contingency @ 15% 3.6 6.1

26.5 47.0
Corn’g., Trg.,
Startup 2.0 Includes spare parts ’

TOTAL 28.5




b

2. Operating Costs

Utilities

0.05 Plant gas fueled )
Cat. & them. 0.08 0.05
Fuels, Ilubricants 0.02 Lubricants only 0.05
Maintenance 1.10 1.40
Other staff 1.70 Includes mktg, corp. 2.19
General expenses 0.8 0.53
Ins. & Taxes 0.45 Land/pit taxes only 1.49
Contingency 0.40 0.57
Total 4.60 6.28
Inventory cost 0.5 10% x150,000 bblsx
$30 (cr. & Proc's)
Total 5.1
3. Revenues (FOB Refinery/no Taxes)
Jet B 2.63 47,000 @ $56/bbl1 (3%/1)°
P40/P50 5.64 94,000 @ $60/bbl (38/1)
P20 2.76 51,000 @ $54/bb1 (34/1)
Bunker* 5.27 111,000 @ $47.50/bbl (30¢/1)°
Excess Resid* 0.77 77,000 @ $10/bbl (neglected light gasoline)
17.07
4. Crude Cost 6.90 392,000 @ $17/50/bbl

5. Return: 17.07 - 6.90 - 5.1= $5.07 x 10 °on capital of about $29
million

* Note that these are the same product - someone might argue NCPC should pay
lower value.

xx Depreciation rate 25%/annum so no taxes for about 2 Y€ars.



3.2.6 Note re Value of Conversion

The table on the next page compares the above case to two cases using
the total market (less major oil company exploration related). A
hydrocracker has been assumed added to convert heavy distillates to
primarily P50 (with a yield of over 100% of Jet B and P50). A small
natural gas to hydrogen unit is also added to provide the necessary
hydrogen; the two units will use in the order of 300,000 scfd of
natural gas. Such units have been considered too expensive in small
sizes, but here there are offsetting advantages in eliminating excess
bunker tankage (heated and insulated). The unit here will only be in
the order of 750 BPD, a very small unit - all skid mounted.

The hydrocracker case is-compared to a topping unit to meet the same
demands. The hydrocracker based facility needs only 60% as much crude
to satisfy local markets and provides very appreciable market flexibi-
lity.

Note these added cases were only prepared to see the effects of scale -
doubling the size of the topping unit changes the ROI (simple) little.
Even the hydrocracker improves ROI only marginally - flexibility is not
very quantifiable in simple examples.

3.2.7 Schedule

The leading topping plant package vendor indicates delivery in the

order of 10 months. He indicated a second hand North slope unit
available a year ago, but we don’t believe it’s worthwhile to pursue
second hand equipment until you’re ready to go. Good equipment sells

quickly. Crude units in the 10,000 BPD range will continue available,
but at the 2 or 3k000 level a new unit should be assumed for now. Gas
plant modules are running 7 months or less.

To those times must be added 1-1/2 to 2 months for inquiring and
contract negotiation. Adding 1-1/2 to 2 months for engineering before
that time brings us to 10 to 14 months before major equipment modules
are in the field from a “go”. (And this infers trucking via the
Dempster.) It will take 3 months to connect up and commission. Hence,
overall realistically we’re looking at 15 months before a topping unit
is operating.



BALANCES

Market Base Extended Market
With Hydrocrack Topping Only
Market] Unit Yield Revenue
MBBLS Value MBBLS $um Yield Revenue.| Yield | Revenue
Jet B 66 56 47 2.63 66 3.70 66 3.70
40/50 94 60 » 4.64 261 15.66 262 15.72
(262*)
20 51 54 51 2.76 51 2.75 51 2.75
Bunker 111 47 .50 111 5.27 111 5.27 111 5.27
Lt. Gaso. (6) (13) 10
Excess 10.00 77 0.77 21 0. 21+ 300 3.00
17.07 27.59 30.44
Crude 17.50 392 6.86 4.65 8.14 770 13.48
NET
REVENUE 11.21 19.45 16.96
Operating
Cash Cost 5.10 8.3 7.3
Net before
capital 6.11 11.15 9.66
Capital 28.5 45.5 40.5
(%) (21.4) (24.5) (23.9)




The lead time can be cut by doing the necessary engineering and getting
bids before a “go”. However, good crude data are needed to firm up the
spec for the topping unit.

Canadian shops appear likely to be busier next year than they are now;
hence, deliveries may stretch a bit. Auxiliary equipment is generally
not a problem with few big needs.




4.  ASSAY DATA

The following operational data will be needed:

Ga s - Min/Max Flowrates per well, Allowable rates of change
- Temperatures, Bottom/Wellhead at various rates
- Pressures, shut in/wellhead at various rates
- Composition/water dewpoint/HC dewpoint

0i 1 - Min/Max Flowrates

BS & W/Salt composition
“AP1 fluctuations
Light ends content

Gas and oil crude assay needs are as per the following Tables A and B.




5. TRAINING NEEDS

A handwritten memo advised re recommended training needs. Since then the gas
and refining organization charts have been simplified. Further simplifica-
tions and position elimination may be anticipated - staffing feels high. All
operational approaches need to minimize people needs and/or work at the site
or in Tuk. For example, gas meters will be returned to the vendor for
servicing.

Generally the training breaks into three phases and sectors:

a) Visits to other refineries, gas plants, etc. to familiarize staff
with northern operations, northern climate concerns, nocthern
materials availability concerns.

b) Formal courses
c) On-site training during startup.

With good people, even without a lot of experience, the latter is the most
cost effective approach and has the best results.

Visits are largely confined to senior staff and those needing to know how
others do it in their area and environment. |InEsso's case the Norman Wells
refinery itself appears to be a key site for operating and mechanical super-
vision, as well as lab staff training. But more breadth is needed in most
cases than just one company’s operation. (RTM recently had a problem when it
turned out the plant operators supposedly training - a new RTM-hired operator
did not even know the fundamentals of his own operation - a very common
occurrence!) Esso will not be able to provide the sites for gas distribution
people to visit and we recommend an early technical service agreement with a
company operating small gas distribution systems - e.g. ICG -to provide
training on actual systems and to provide system definition, construciton and
startup help and training.

The Fairbanks North Pole refinery may make a good updating point for senior
refinery staff, as well as North Slope topping units (Arco).

A Petroleum Industry Training School gas course is suggested for several gas
side people relative to gas field operations. Otherwise formal courses are
largley confined to vendor schools.



The onsite training program is the key to success. It should be tied into
commissioning and startup operations. I'd envisage it going as follows for
gas:

a) Selected technical advisers.
b) They arrange trips by senior staff to existing operations.

c) The advisor re construction trains local people as they inspect the
construction.

d) A sales advisor works with system people to develop the maximum
number of connections.

e) The service adviser recommends spare parts.
f) The three advisers stay until the system is working well.
9) One man may stay as manager for the first year or two.

In the case of the refinery, we envisage a slightly different route (which
will also cover the field).

a) Hire division manager
b) Retain technical advisor group for a 3-year period.

c) As part of their service they set up commissioning startup and
training program.

d) They provide Senior co-ordinator, training/safety specialist (e.g.
C. A. Edgelow), Mechanical engineer and process engineer, and shift
operators for first 2 to 3 months.

e) This group puts on formal one month training program for senior
staff with 3 weeks for others. Generally this is aimed at opera-
tors, but all staff will be exposed. Mechanical trades will have
on-site courses put on by vendors.

f) The team works with IDC refinery staff until the refinery is running
well.

g) After that the various team members will be on call as needed.
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1.0 INTRODUCTION

This report incorporates the analysis and cost estimation for @ 114.3 m m
diameter pipeline from “H-30" well to a location on the outskirts of
Tuktoyaktuk. The termination of the pipeline has been called the
“tit y-gate” in this report. The pipeline length for the base case has
been assumed as 10 km. Further cases, from 10 km to 5 km in 1 km

intervals, have also had costs assessed.

All costs have been based on “in-house” information and verbal
guotations from suppliers. Other data from previous studies on
northern pipelines has been used in the preparation of the pipeline

costs contained herein. The costs are based on present day values.
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2.0 DESICN CONSIDERATIONS

2.1 Route Selection

The routing was selected to be as depicted foraprevious study for a
pipeline from J-29 well to Tuktovaktuk. There will be two basic

differences which are as follows:

the location of well H-30, the start point, will be approximately 3

km north of the 0.0 of the previous study.

the termination of the gas pipeline will be approximately 4 k m
south of the termination point ofthe previous study. The
termination point will be the outskirts of the town rather than the
harbour.

This gives an overall pipeline length 0of10 km.

2.2 Hydraulic Analysis

3]

2.1 Dbjective

The objective of the studvfrom a hydraulics aspect was explained by
Mr. Van Meures t 0 pe the calculation of the maximum throughput
possible for a* 114.3 mm diameter pipeline. It has been assumed that

the pipeline will be installed below ground.

2.2.2 Design Basis
Properties: methane 99.5
ethane 0.5
tota | 100.0
Density at. base conditions: 0.681 kg/m3
Base pressure: 101.325 kPa

Base temperature: 15°C.



Delivery pressure: 690 kPa (100 psi)
(Tuktoyaktuk city gate station
for furtrher reduction and

introduction to distribution

network]
Inlet temperature: 15°C.
Ground temperature: O°C. summer
-7.2°C. winter [mean average)
Ground conductivity: 1.7 W/m°C.
Depth of cover: 0.762 m
Pipe roughness: 0.0457 mm

On the suggestion of Mr. Van Meures, we have adopted a3 similar
pipeline profile to the one described in Fig. 2.2 of our previous report.
The only changes are that the sections at the start and end have been

removed, in accordance with the details of Section 2.1 of this report.

In adopting a similar routing and pipe profile, we further propose 0
adhere to the same general geotechnical information provided for in the

earlier study.
2.2.3

A hydraulic analysis was initially undertaken for both summer and
winter conditions on the assumption that the gas pressure was to be
regulated at the well head to around 2000 kPa (290 psi). Llsing this
and other criteria, it was found that approximately 4.0 mmcfd (113270
m3/day) could be transported through the 114.3 mm pipeline in order that

the flow velocities remained within reasonable bounds.

It was felt, however, that this initial premise gave rise to a very
inefficient system on several counts. Firstly, it would be more
hydraulically and cost effective to operate the pipeline at high
pressures, approaching 9930 kPa (1440 psi). Under this condition,
more flow could pass along the line with flow velocities still below
permissible levels. Secondly, all metering and regulatory equipment

could be located together at the city gate, thus giving ease of
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construction and maintenance. Further, the high pressure regulator,
low pressure regulator and ancillary apparatus coul d be fabricated along
with the metering equipment on a single skid, thus giving a substantial

cost saving.

Using this alternative and more realistic approach, it was found that
flows of around 15-20 mmcfd (4250 00—566500m3/day) could be
transported through the 114.3 mm pipeline assuming a range of initial
pressures betweem 7000-9930 kPa (1 000-1440 psi). All the specified

restraints would still be adhered to under this scenario.

The pressures at the end of the 114.3 mm pipeline would be in the
4000- 7000 kPa range [6 OO-1000 psi). At this point, the gas would
undergo meterage and regulation to around 172 kPa (25psi). It is

anticipated that the flow will pass through the following equipment:

flow regulator

heater

high pressure regulator {*7000 -- +2000kPa)
low pressure regulator {+2000 -- + 200 kPa)
P.D. meterage

odorizer

Gravitometer, dew-point recording and gas sampling facilities will also
be included in this equipment. It has been assumed that dehydrating

equipment has been installed at the well-head.

Our major concern in the results given in the output for the selected
flow rates was the highflow velocities through the pipeline. In our
experience, gas pipelines operate with velocities in the 4-8 m/s range in
general. As a maximum, we have assumed 10 m/s as an upper limit.
For the high pressure condition, there was no definitive inlet pressure
given and so we have assumed a range of inlet pressures between 7000
kPa and 9930 kPa which is the maximum pressure for fittings in the
ANSI 600 category. The hydraulic analyses were undertaken using our
“in-house” computer programs. The results are jncluded in the

Appendices.
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2.3 Design Constraints

There are a number of factors that have an impact on the design basis
for the pipeline. In addition to the parameters normally considered for
conventional gas pipeline systems, such as throughput level and
required pressure to overcome elevation and friction, there are
conditions unique to northern pipelines which also influence construction
techniques and timing, and require designs which are compatible with

them. These principal influences are as follows:

a) The presence of continuous permafrost;

b) The extensive range of ambient air temperatures on an annual
basis together with low minimum temperatures; and

c) The absence of an extensive infrastructure of roads and other

transportation and communication facilities.

Construction techniques should rely predominantly on winter
construction. This approach interfaces well with the summer shipping
season, reduces the impact on the environment and facilitates access to

the right-of-way.

2.4 Design Conditions

To facilitate construction 2s well @as operation and maintenance for the

pipeline system, reliance was placed on the following design principles:
a) use of standardized designs, sizes and construction techniques
wherever possible; and

b) use of common equipment types and sizes.

2.5 Codes and Standards

The design and construction of the pipelines in theMorthwest
Territories can be governed by two government regulations. The two

sets of regulations are:
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a) Regulations regarding oi pipelines issued by the National Energy
Board.

b) Regulations covering production facilities and pipelines issuedby
COGLA.

Both these agencies in their regulations make references to or request
that the applicant follow relevant standards issued by CSA. Most

relevant standards are CSA Standard Z245 covering steel pipe and CSA
Standard Z184 covering gas pipel ines.

Additional to the above mentioned codes and regulations, the design and
construction of the pipeline is affected by regulations and acts of

different government agencies of all three levels of government..

A summary of the principal codes and regulations having the widest

impact is provided in Table 2.2,
2.6 Reclamation
Reclamation does not pose a problem since seeds and fertilizers, suitable

for the area, are commercially available. Also, sufficient knowledge

regarding the proper mixes exists.
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Climatic Region 11 - Marit

JAN FEB MAR APR
MEAN MONTHLY
AIR TEMPERATURE
(°F)
- Maximum -6.6 -11.0 -5.4 8.4
- Average -14. 4 -18.4 -12.5 1.2
- Minimum -22.2 -25.8 -19.6 -71.2
PRECIPITATION
(inches)
- Rainfall
- Snowfall 4 2 2 1.5
-Snowcover 13 10 12 12
WIND VELOCITY
(miles/hour) 14 14 13.5 12
SOLAR RADIATION
(Langley s/day) 0 30 165 390
DAYLIGHT
(hours/day) 0 6.8 11.3 15.6

* Dates give the disappearance and appearance of permanent s
one inch of snow remaining on the ground.
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TUKTOYAKTIK PIPELINE STLDY

TABLE 2.2
CODES AD STALDARDS

Mationa 1 Energy Board, Oil Pipeline Regulations

CSA Standard Z 184, GasPipeline Transportation Systems

C%A Standard Z 245.5-M1979,High Strength Steel Line Pipe Smaller
than 457 mm in Diameter

AP1-6D-1974, Pipeline Valves

CSA Standard C22.1, 22.2, Canadian Electrical Code

AME, AAME Boiler and Pressure Vessel Code

CSA Standard 851, Code for the Construction and Inspection of Boilers
and Pressure Vessels

Mational Duilding Code

Canada Labour Code

Oil and GasProduction and Conservation Act

Territorial Lands Act and Territorial Land Use Regulations
Arctic Waters Pollution Prevention Act

Morthern Inland Waters Act

The Boardnf Transport Commissioners for Canada, General Orders
CSA Standard 516-1969, Steel Structures for Buildings
Canadian Institute of SteelConstruction, Structural Design
Govermment of Canada,Mavigable Vaters Protection Act

The Fisheries Act

The Migratory Bird Convention Act

The Land Surface and Reclamation Act

Canadian Oil and Gas Pipeline Regulation {QXlA)

Federal Clean Air Act, ArbientCuality Objectives
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3.0 PIPELINEDESIGH

3.1 Pipeline

The pipeline proponsed is buried and uninsulated containing the following
main features:

Approximate cover of 0.762 m (since the permafrost in the area is

ice rich, extra local fill material , approximately 30% of the

excavated trench wvolume, should be installed as select backfill) ;
and

A pipewall thickness able to sustain a differential thaw settlement
“of 0.6 m.
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4.0 CONSTRUCTIOM

4.1 General Assumptions

The pipeline will be installed in the months of February and March with

testing and commissioning occurring prior to spring breakup.

All materials required will he put into stockpile at Tuktoyaktuk in the
summer prior to installation. Storage will be at HTCL vyard (i.e. no
special site preparation is required) .

Specialized pipeline equipment, not available in the north, will be moved

in by road prior tothe winter construction season.

Accommodation for the construction crew is assumed available in
Tuktoyaktuk and will utilize caterers currently operating in the area.

llandling of camp consumables will be the responsibility of the caterer.

Workcrews will arrive early in January when pipeline construction is
scheduled to commence. A winter road is required along the
right-of-way to allow movement of traffic and construction equipment.
Y¥ork on the pipeline will proceed from north to south commencing with
stringing and bending. The joints will then be welded and made ready

for lowering into the ditch.

In order to minimize geotechnical concerns, the trenching operation will
utilize a " rock-saw”, wherever possible, but some areas may be found
where ripping will be required. The pipeline will be lowered in and
backfilled as soon as possible after the trench is complete. Additional
backfill material of local soil needs to be worked into the existing

backfill to allow for seasonal shrinkage due to thawing.

On completion of tie-in, the pipeline will be pressure tested to ensure
its acceptability. The pipeline will be tested as one section utilizing air

as the test medium.
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4.2 Schedul e

A schedule for a summer 1987 start-up of the pipeline has been
assumed. The most critical schedule criterion regarding work in the
far north 1is meeting the barging schedule. Available data from barge
operators indicates that the last delivery to Tuktoyaktuk has been as

early as September 23 and as late as October 5.

Transporting of material and equipment by truck via the Dempster
Route is considered a viable option but would have a significant effect
on the logistics costs. The Dempster Route would be available for
heavy traffic from mid-December to mid-April which would facilitate the

construction schedule.

Assuming that the line pipe would be barged to site, the last of the
pipe would leave Edmonton September 1. Allowing one week for
coating, all pipe wouldhavetohe rolled prior to August 24.  Allowing
three weeks for the preparation of the coils and rolling, authorization
to purchase would be required by August 1. Financial commitment to

proceed would be required on this date.

Allowing approximately two weeks to prepare specifications, quotes and
to evaluate for recommendation, engineering work would have to

commence in mid-July.

Pipeline construction would take place between mid-February and
mid-April. This would maximize both weather conditions and daylight

hours while completing the work prior to break-up.
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5.0 OPERATIONS ANMD MAINTENAMCE

Operations costs for the system have been calculated on an all
year-round operating schedule. A full time manager/inspector has been
included but it is felt that he will not be fully utilized on this small

pipeline,

It has been assumed that, under normal circumstances, a 2-3 month
period each year will be allocated for the annual maintenance of the
pipeline. During this time, temporary labour and equipment will be

brought in to undertake this work.

Allowances for vehicles, accommodation, communications and material
consumables have been included as has the fuel costs for the system

and an allowance for office support to the operations department.
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6.0 COST ESTIMATE

6.1 General

The capital costs and operating costs were undertaken wusing similar
concepts to those adopted in our previous study. There are, however,
some minor differences in the way the costs were developed for this
pipeline construction. Since this pipeline is of smaller length and size
than before, we have incorporated a greater emphasis on the use of
local labour and equipment wherever possible. At this stage, the
details of the pipeline are of a preliminary nature as is the pertinent
information to be used in the costing exercise. With additional time and
more precise details, we fee! the estimate would produce a more

accurate and confident result.

6.2 Cost Development

The scope of work with respect to the evaluation of construction and

operating costs was as follows:

undertake a cost estimate for a 114.3 mm diameter pipeline of
length 10 km. The overall costs were to be subdivided into “fixed
costs" Which would be static for various lengths of pipeline within
the 10 km-5 km range, and the “varying costs” which would be

governed by the pipeline length.

the cost estimate was to include the construction costs for the
pipeline, a meter run and apressue regulation station at the “city

sate, as well as the operating costs associated with the pipeline.

undertake similar cost estimates for 114.3 mm diameter pipelines of

lengths 9 km, 8 km, 7 km, 6 km and 5 km.

Initially, theconstructioncosts were developed for the base case,

which is the 10 km pipeline. This pipeline runs from well H-30 to the

city gate of Tuktnyaktuk. The costs are given in Table 6.1.
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The procedures used in the evaluation of this pipeline cost include the

following:

evaluate the route from information in previous feasibility studies

and on 1:50,000 topographic maps.

review geotechnical information and environmental considerations

for the specific area.

develop construction logistics details onthe basis that as much of
the equipment and labour as was practical would be utilized on the

construction project.

eval uat e pipeline design and determine materia! requirements for
pipe and ancillaries. 1t has been assumed that all pipe materials
will be transported from Edmonton via Hay River to Tuktoyaktuk

at the end of the barging season ofthe year prior to construction.

determine representative costs for locally supplied materials.

select the manpower, equipment and consumables which constitute
the various crews involved in the pipeline construction. Further,
evaluate the items of nlantandlabour which could be supplied

locally.
using the aforementioned data, extend all cost components in
accordance with PLCA Union agreement., PLCA equipment rental

rates and construction parameters for Arctic pipelining.

6.3 Direct Costs

Costs for major materials (i.e. pipe, coating) were based on verbal
indications received from pipe and coating mills. costs for
appurtenances such as valves, fittings, flanges, markers, test leads,

etc. , have been included as an additional ten percent.
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Transportation of material from the FOB point (assumed Edmonton] to
Tuktoyaktuk has been included at current commercial rates of $15.25
per 100 Ib. base, trucking to Hay River and then barging to

Tuktoyaktuk via the Mackenzie River.

Construction costs Were developed by selecting the personnel,
equipment and consumables required to complete the work, and
extending the cost components in accordance with applicable PLCA
agreements. Contractor’'s mobilization costs were based on a winter
move-in and move-out along the Dempster route. The cost per truck

load from Edmonton to Tuktoyaktuk is estimated at $8000 per trip.

Subsistence at $135/dav has been included for all contractor’'s personnel

working on the project.

Fuel costs for the contractor's equipment has been included at 8% of the
above costs, based on historical information. Contractor’'s overheads
and profits are estimated as an additional 15% of the total construction

cost.

6.4 Cost Adjustment for Yariable Pipeline Lengths

In the construction of such a small length of pipeline, it is difficult to
assess exactly how a contractor would produce his bid. In our 10 km
base case., it has been assumed that the equipment used in the estimate

is approaching the minimum possible for this tvype of project.

The manpower requirements were selected in an effort to optimize the
overall construction costs. For example, it could be possible to
increase the manpower, and the equipment for that matter, to reduce
the duration of construction. This would give a much larger day rate
for labour and equipment and a higher mobilization cost, but would
decrease the duration. Bydoing this, it is felt that the best use of

the labour and equipment is not being had.
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Conversely, the labour, but not the equipment, could be reduced at the
expense of a longer duration. Again, it is felt that this would not be

cost effective.

In the preparation of the estimate for each of the other pipeline

lengths, we have assumed the following:

materials are essentially ratioed to the pipeline length and as such
the material cost will be factored against the material cost for 10
km length in direct proportion to the ratios of the pipeline

lengths.

for most of the construction activities, the duration will be in
direct ratio to the length, apart from the start-up and completion
lags associated with each activity. Testing is the only activity
where essentially the same time must be spent independent of the
line length. The 10 km length assumed an overall duration of 37
davs. It has been assumed that 7 days of this are common to all
lengths and that the variance is based on the 30 days’ duration.
It may be possible to slightly reduce the number of locally hired
equipment and labour for the shorter lengths but for the purposes
of this estimate, it is felt unnecessary to do so. The labour and

equipment costs will be adjusted in accordance with these criteria:

within  the *“local materials and misc. costs," there are
approximately $70500 which are fixed and the remainder are
variable with length. The fixed costs include travel, clothing

allowance, office set-up, stores, etc.

since the equipment has not effectively changed for each of the
spreads, the “mob/ /demob" cost will be fixed for each pipeline

length.

the “camp/subsistence” costs have been altered in general

accordance with the labour costs.




e

6-5

field monitoring was estimated under the same general conditions as
the labour for construction. It has been assumed that the field
inspection staff consists of an engineer, two inspectors, a

surveyor and a radiographic technician.

6.5 Indirect Costs

Indirect costs consist of pre-permit costs, engineering and construction
management and regulatory costs. On longer pipelines, these costs can
be estimated by applying historically determined percentages to the
construction costs, hut in this instance, we propose to allocate lump
sum values to each of these items. in the absence of all the
information, we have assumed these costs fixed for all pipeline lengths

being considered.

Pre-permit cost $ 20,000
Engineering cost 60,000
Construction mgmt. 40,000
Regulatory cost 30,000

TOTAL $150,000

6.6 Operations and Maintenance Costs

Operations and maintenance costs are presented in Table 6.2 of this

section.

An allowance of $50,000 has been given for a manager/inspector for the
pipeline system. This position will not give full time employment for
one person but in the absence of any knowledge of other details, we
have allowed this sum to be included. Similarly, an allowance of $5000
has been included for a vehicle. An additional $25000 has been
allocated for temporary labour and equipment. The office, warehouse
and consumables cost has been estimated at $7500 per annum. This
assumes the costs of the office and warehouse to be “written off” at a

percentage per annum.
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Since all labour is assumed to be local, there is no allowance for

subsistence but $2500 has been included as a miscellaneous cost.

Fuel costs have been assumed at $0.65 /litre for the vehicle and
equipment. This represents at an annualcostof $10000. Fuel
requirements for the pipeline system (within our scope of work) will be
limited to the requirements of the regulating and metering facility at the

city gate. An allowance of $25000 has been included for this.

Additional costs for head office, accounting and clerical support are

assumed as $15000 per annum.
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TABLE 6.2

OPERATIONS AND MAINTMNEMNACE COST

ltern

Manager/ Inspector ($50000/year)
Temporary Labour & equipment
\,/chicle (annual write-off cost & maintenance)

Office, Warehouse & consumables

Miscellaneous

Vehicle fuel

Fuel for system operation

Support services (clerical, accounting & H.0.)

TOTAL OgM cosT PER AMNUM

6- 7

cost (%000)

=N N a1
oo N-DU1 01O
oo oOownwuUIooo

140.0
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CANUCK ENGINEERING LTD.
200,200, Rivercrest Drive §.E.
Calgary, Alberta, Canada T2C 2X5
{403) 236-6000 Telex: 30-82478

Gac Properties Prograa
VERSION 4.0

e A o K e K e TR ae
A M e W e R o

E2 R YT I e I 22222222 2222222222 222224

85-DEC-12 -GAP- VHA1O4

TUK 685 LINE

GAS THERMODYNAMIC PROPERTIES



GAS PROPERTIES A5 P1? ED ICTED BY AN 11-CONSTANT
BkR EQUATION OF STATE

85-DEC-12 -6AP- YNAL04

TUK BAS LINE

6AS COMPOSITION

NETHANE = 99,501 N-HEPTANE = L0
ETHANE = , 50 N-OCTANE = .o
PROPANE = .001 ETHYLENE . 004
N-BUTANE = , 00% CARBON DIOXIDE = . 00%
1-BUTANE = . 00% HYDROBEN SULFIDE = .001
N-PENTANE = 003 HYDROGEN = . 00
I-PENTANE = ,001 N1TROGEN = , 00
N-HEXANE = 001

MIXTURE MOLECULAR MASS
BASE TENPERATURE 15,000 Dea c

BASE PRESSURE 101,325 kPa-abs
DENSITY AT BASE CONDITIONS = .681 ko/atl
NET HEATING VALUE = :4.0683 H/a#t5
GROSS HEATING VALUE = 37. 3357 N /e#8d

16.1011
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PRESSURE
{kPa-gauge)

0
1000.9
2000, 0
3000.0
4000.0
5000.0
£000.0
7000.0
0000.0

2400, 0
10000, 0

PRESSURE
{k Pa-gauge]

0

300.0
2000.0
3000.0
4000.0
5000.0
6000, 0
7000.0
8000.0
9000.0
10000.0

-40.00

.00710
L00712
.00712
.00708
.00699
, 00682
- 00632
000602
, 00534
.00456
.00379

-40.00

.2458
,iue
.2598
. b8
L2713
,2142
I
. W70
.1547
, 2367
L2180

e

T'HE JOULE-T HONSON TURFF [UIEN

-20. 00

.00605
. 00605
. 00602
.00596
.00587
.00573
.00553
.00526
. (0492
,00452
.00407

TEMPERATURE
{gegree C)
.00 20,00
.00521 . 00451
00518 .00448
,00512 ,0(1444
,00508 ,00437
.00500 . 00428
,00488 .00419
.00473 a 90408
,00454 ,00394
.00433 ,00378
, 00408 . 00340
, 00389 .00341

{Krera)

40.00 ho, 09

,00393 ,00343
,00390 ,00341
,00385 , 00338
,00379 .00330
. 00372 .00324
. 03463 00316
,00353 , 00308
.00342 .00299
.00330 ,00288
,00316 .00278
.00302 . 00264

THE ISENTROPIC TEMPERATURE CHANGE EXPONENT

-20.00

. 330
,2486
L2341
.2595
, 2640
. w7
, 2688
, 2683
.2649
. 7987
. 2506

TEMPERATURE
{degree C}
,00 20,90
. B .2327
. 2456 ,2383
.2484 12421
.2529 2464
L2369 2499
VY .2552
. 2629 . 2568
.2630 2573
L2611 ,2573
. 2578 . 2562

49,00 60.00
2279 .2226
2327 , 248
2363 ,2302
,2398 2333
2429 .2359
. 2457 et
2479 .2405
L2497 ,2423
. 2508 , 143
L2514 -2445

2314 , U8

80.00

, 00303
,00299
.00294
# 00289
.00283
,00276
. 20248
.00261
.00233

.00244
, 00233

80.00

2171
B
L2237
L1265
2291
L
S
,2348
.2562
VATH

Al

100.00

, 00267
,00264
.00259
,00254
00249
00243
.00236
,00229
.00222
00215
00207

100.00

218
2147
.2173
.2198

LT
, LLd

. 2241
.2260
,1276
2287
, T30
2307




THE SPECIFIC VOLUME [at#3/kn)

‘ FRESSURE TEXPERATURE
{kPa-gauge} {degree C)
1
-40.00 -20.00 ,00 20.00 40,00 60.09 80, 00 100.00

L0 118330 1.20016  1.39209  1.49401  1,59504 1, 49787 1. 79980 1 90173

1000.0 10427 11449 12454 13441 14431 15407 . 16378 L1T34S
2000.0 L05218 05800 .06361  , 04307 . 07446 .07977  .08502  .09023
3000.40 03360  .03791  .D4197  .04589  ,04970  .0S34! 05708  .06071
~ 3000.0 , 0403 02781 03000  .03402  ,03702 . 039%4 04279  .04561
5000.0 01818 .02134 02418, (283 02954  .Q3177 03414 03445

£000, 0 01422 01715 01988 02201 02420  , 02630  .02833  .03031
7000.0  .01140  .01415  .01448  .01857  .02053  .02239  .02418  .02592
8000.9 00933 L0193 .01409 01801 01778 .01946 02107 . 02283
2000, 9 .00783 01025 01228 ,(11403 .01 5kb ,01719 01866 02008
10000.0 L00676  .00895  .01082  .01247 L0139 .01539 01474 01804

ENTHALPY  (ki/kg)

PRESSURE TEMPERATURE

(kPa-gauge) (degree (!}
-40.00  -20.00 ,00 20.00 40.00 80, 00 a0. 00 100.00
Q. -3473. 9 -3631.3 -3588.1  -5544.1  -3499.3  -3453.4  -3406.4 -5358.2
1000. 23689, 4 -3444, 6 -3599. 6 -1554,2  -:506.2 -3kl 4 ~3413.7 -3364. B
2000, S3706. 0 -3458.4 -3b11.5 -35k4.5  -3S17.3 0 -39 5 3420, 9 -3371.3
3000, -1725.7 -3472, % -3623.7 -1575.1 -3526.5 -3477. 46 -3418.1 -3577a
4000. -3742, 9 -3488. 1 -3436. 3 Y85, 7 -5535.8  -3485.7  -1435.3  -3384.2
5009, -3763.7  -3704.0 -3649.1 -39, b 3545, 1 -349%. a  -3442.5 -3390.4

6900, -3786, 3 -3720.6 -2 3 -W07. 5 -3554.4 01,9 -TA49, & -3396. 9
7000, <3810, 6 37377 -3675.7 -34i8.5 -353. b -250°9.9  -345h. &  -3403.1
8090, -3835. 9 -3755.1 -89, 1 -3629. 4 -3572,9  -3517.9  -3463. 5 -3409.2
2000 , -3860.7 -37172. 4 -3702.5 -3440.3 -3582.0 -3525.7 -3479.3 -3415.2
10000, -1883. 0 -3789.5 -I7i5. 5 -3650.9 -3500.9 -3533.3  -3476.9  -3421.0




PRESSURE
(kPa-gauge)

A
1000.¢
2000.0
3000.0
4000.0
5000.0
6000.0
7000.0
0000.0
9000, 0
10000.0

PRESSURE
(kPa-gauge)

.0
1000.0
2000.0
3000.0
4000.0
5000.0
6°000.0
7000.0
8000.0
9000.0

10000.0

-40.00

11.054
9.77%
9, 394
9.139
8.9335
8. T3
8.590
8.431
8,278
8.135
8.008

-40.00

,57707
, 05486
.02947
,02042
.01571
01274
. 01081
- 0088
.00741
L0613

.00500

ENTROPY

-20.00

11.227
9.957
9.505
9.344
9. 13
8.998
8.857
8.728
8,607
B. 495
9.390

ELEVATION SENSITIVITY CORFFICIENT

-20.00

. 78574
05811
03112
02150
01453
01346
L0130
0097

y vV

,00837

.00727
,008 34

{kd/{kg K))
TEMPERATURE
(degree C)
.00 20.00

11,389 11.544
10.126 10,287
9.762 9.928
9.529 9.701
9.352 9.530
9,204 9.391
9.076 9.270
8.962 9.164
8. 857 9, 048
g.760  B.980
8.5669 8.898

.00

, 64363
. 06073
,03245
, 02238
.01719
01399
.01179
1016
.00890
,00786
. 00699

TENMPERATURE

(degree C)
20,90

. 6804
. 06286
. 03355
,02309
L0772
,01442
L0217
01032
,00925
.00823
.00739

40,00 50,00
11,694 11.840
10.441  10.590
10.086  10.238
9.864  10.019
9,698 9.857
9,563  9.72%
9.448  9.b15
.9.:48  9.518
9,257  9.432
9175  9.353
9,009  9.281
IK/kPa)
40.00  £0.00
.68889  .7082a
, 0BT 08838
,03447 03532
2369 02427
01814 .01857
01477 01510
,01247 01274
.01080 01104
.00951  ,90973
,00849 00870
.00765 00787

80.00

11, 982
10.734
10,385
10. 169
10.009
9,881
9.773
9.679
9,393
9.520
9.451

80.00

, 12908
05819
RRLYH
.02487
01902
01544
01303
,01129
,00996
.00891
,00005

100,00

12,120
10, 874
10.527
10,313
10.155
10,029
9.923
9.831
9.730
9.677
9.610

100.00

.75209
.07024
,03727
,02555
01933
.01583
L1337
01157
01021
00914
.00826



VISCOSITY (am##2/s5)

PRESSURE TEMPERATURE
(kPa-gauge) {degree C)
-40.00  -20.00 ,00 20.00 40.00 40,00 80.00  100.00

.0 10. 8817 12,5725 14,5384  16.6192 18.8107 21, 1999 25103 26.0119

1000.0 9512 1,122 1.3117  1.5073  1.7128  1.9279  2.1522 2. 38%%
2000.0 .4045 5792 , 789 , T8 8930 LOTT O 11270 1.2510
3600.9 L3197 ,3862 ) 5282 ] ,6827 . Tha .0498
4000.0 . 2340 .2883 .3423 .5984 4548 5174 .5802 . b4
5000.0 ,1859 .2296 2743 5204 . 3682 4177 , 4b90 .5220
£000.0 .1531 911 7274 , 2488 .3004 .3515 .1049 A397
7000.0 .1308 ,1643 .1080 ,2324 0L ,:045 5423 L3812
8000.0 ,1158 .1452 1751 ,2057 2372 , 297 .3031 . 3378
9000.0 ,1062 31 .1580 ,1855 .2138 ,2430 2131 .3041

10000.0 . 100A .1215 .1451 .1699 %5 22 ,2494 2776



LOW PRESSURE HYDRAULICOUTPRPUT



6AS PIPELINE HYDRAULIC DESIGN SUMMARY

85-DEC-12 -EAP- VHA, 104
TUK RS LINE
MINIMUM QFERATINE PRESSURE z 4B9. 50 kPa-q COMPRESSOR INLET LOSS = 50.00 kPa
HaLIMUN OPERAT INE PRESSURE = 5102.30 kPa-g COMPRESSOR OUTLET LOSS = 20,00 kPa
MININUM OPERATING TEMPERATURE = -10.00 Deg C DEFAULT COMPRESSOR D ISCHARGE PRESSURE = 102,30 kFa-g
MAX IMUN OPERATING TENPERATURE = 40.00 Deg C DEFAULT COOLER OUTLET TEMPERATURE = 40.00 Jeg c
ADIABATIL COMPRESSION EFFICIENCY = 80.00 % DEFAULT LINE HEATER DISCHARGE TEMPERATURE = 40,00 Deg C
COOLER EFFICIENCY = 80.00 1 HEATER EFFICIENCY = 80,00 ¥
FACILITY INLET INLET INLET AVERAGE  AVERABE REYNOLDS FRICTION  INLET INLET
TYPE LOCATION ELEVATION FLOW VELOCITY D ENSITY NUMBER  FACTOR TENP PRESSURE POWER
!kl {a) (a43/d)  (5/5) (ka/ased) {Deq C) !kPa-gauge) (kW)
SEGMENT . 000 100,00 85019,  8.059! 9,665 722193, ,004050  35.09 1500.00
SEBMENT 1.000 100.00 85019,  7.7083 10. 086 765213, - 004030 6.83 1451,55
SEBMENT 2,000 50.00 85019,  7.7313 19, 066 780308. 004050  -2. 37 1410.17
SEGMENT 3.000 100.00 85019,  7.B789 9.877 786713, .004050  -5.03 1338.75
SESMENT 4,000 75.00 85019,  8.0605 9.643 789187, .004050  -7.01 1313, 80
SESNENT 5,000 50.00 B5019.  B.2764 9,392 789913, .004050  -7.18 1267.71
SEGMENT 8. 000 50.00 85019,  8.5041 9,140 790476, . 0030 -7.33 1217.95
SEGMENT 7.000 50.00 5019, B.7435 8.892 790938.  .004050  -7.41 1166.81
SEGMENT 8.000 50,00 85019,  8.9882 8.450 791345,  .004050  -7.45 1114,24
SEGNENT 9, 000 50, 00 85019,  9.2409 8. 415 79720, 004050  -7.4a 1060.20

ENDFOINT 10,000 50,90 -7.49 1004, 63




BAS PIPELINE FLON CHARACTERISTICS SUMMARY

85-DEC-12 -GAP- VHA. 104
TUK 688 LINE

FACILITY  FACILITY INLET INLET INLET
NUMBER TYPE LOCATION  VELOCITY DENSITY
{ka} {a/s) {kg/a#3)
i SEGMENT .000 8.3370 9,304
2 SEGMENT 1.000 7,7547 10.027
3 CEGMENT 2.000 7.6b646 10.145
4 CEGMENT 3.000 7.7859 9.987
5 CEGMENT 4,000 7.9512 9, 767
b SEBMENT 5.000 8.1682 9.519
7 SEGMENT h. 000 8.3925 9,245
8 SEGMENT 7.000 8.6254 9.014
9 SEGMENT 8.000 B8.8642 0.770
10 SEGMENT ?2.000 9.1143 8.531
i1 END POINT 10,000 9.3498 .298




6AS PIPELINE PROFILE SUMMARY

85-DEC-12 -GAP- Y48, 104
TUK BAS LINE
DEPTH OF OUTER WALL PIPE DRAG GROUND GROUND INSULATION ~ INSULATION
LDCATION ELEVAT ION COVER  DIAMETER THICKNESS ROUGHNESS FACTOR TEMPERATURE CONDUCTIVITY THICKNESS — CONDUCTIVITY
lke) (a) {a) Ty {ar) lan) {Deg C)  (W/(a Deg CD) (aa) {/1s Deq C))
,000 100.00 762 114,300 4,7750 04570 . %500 -7.20 1.2000 ,00 ,00000
1,000 100.00 782 114.300 4,7750  ,04570  .9500 -7.20 1. 2000 . 00 ,00000
2.000 £0.00 762 114.300 4.7750  .04570 9500 -7,20 1,2000 .00 i 00000
3.000 100c00 762 114.300 4.7750  .04570  .9500 -7.20 1.2000 .00 .00000
4,000 75.00 L762 114.300 4, 710 .04570 9500 7,4 1, 2000 .00 .00000
5, 000 50.00 762 114.300 4.7750 - W30 o500 -7.20 1.2000 .00 .00000
6.000 50,00 J62 114300 4,7750  .04570  .9500 -7.20 1.2000 .00 .00000
7.000 50.00 782 114.300 4,7750  ,045%0  .9500 -7.20 1,2000 .00 .00000
a. 000 50.00 L7862 114.300 4, 70 ,04570  .9500 -7, 20 1.2000 .00 ,00000
9.000 50,00 762 114.300 4.7750  .04570  .9500 -1.20 1.2000 .00 ,00000

10,000 30.00




MINIMUM OPERATINE PRESSURE
NAXINUN OPERATING PRESSURE
MININUN OPERATING TEMPERATURE
MAXINUN OPERATING TEMPERATURE
AD IABATIC COMPRESSI ON EFFICIENCY

LOOLER EFFICIENCY

GAS PIPELINE HYDRAULIC DESIGN SUMMARY

TUK 6AS LINE

FACILITY INLET INLET
TYPE LOCATION ELEVATION
{ka) {a)
SEEMENT ,000 100.00
SEBMENT 1.000 100,00
SEEMENT 2,000 50,00
SEENENT 3,000 100,00
SESNENT 4,000 75.00
SEGNENT 5.000 50. 00
SEGMENT b. 000 50.00
SEENENT 7.000 50.00
CEGMENT 8,000 20, 00
SEGNENT q, 400 50.00
ENDPOINT 14,000 50,00

85-DEC-12
689, 30 kPa-g
3102, 30 kPa-qg
-10.00 Deg C
40,00 Qeg C
80.001
80.00 %
INLET AYERAGE
FLOW VELDCITY
(ae23/d} {a/s)
99189,  7.934¢
99189,  7.4351
99189, 7.7356
99189. 7.9842
97189,  8.2451
99139,  B.349¢
99189, 8.874%
99189,  9.2136
97189,  9.36463
99189,  9.9228

-GAP-

YA, 104

COMPRESSOR INLET LOSS
COMPRESSOR OUTLET LOSS
DEFAULT COMPRESSOR DISCHARBE PRESSURE =
DEFAULT COOLER OUTLET TEMPERATURE =

DEFAULT LINE HEATER DISCHARBE TEMPERATURE

HEATER EFFICIENCY

AVERABE

DENSITY
lko/a¥xl)

11.450

11.845
11.708

11. 372
10.998
10, 608
10.220
9.843
9,482
9.133

REYNOLDS

NUMBER

840086,
890129.
508094 |
913538,
918641,
919749

920638,
921400,
922086.
922727,

FRICTION
FACTOR

.004050
.004050
,004050
,004050
. 004050

, 004050
. 004050

, (104050

,004050
,004050

INLET
TEHP

{Deg C) !kPa-qauge ]

35.09
.81
-2, 40
-b. 07
-7.03
-7,22
-7.38
-1.46
-?.51
-71.54
-1.57

INLET
PRESSURE

1750.00
1694.33
1646.43
1586.31
15333.09
1477.96
1417.99
1335.74
129,12
122492
1154, 4

50,00 kPa

30,00 kPa
5102.30 kPa-3
40, 00 Deg
40,00 Deg C
00.001

POMER
kW)



GAS PI PELINE FLON CHARACTERISTICS SUMMARY

85-DEC-12 -GAP- w104
TUK BAS LINE

FACILITY  FACILITY INLET INLET INLET
NUMNBER TYPE LOCATION  VELOCITY  DENSITY
tka) la/s) (kq/at:3)
1 SEGMENT 000 8.1911 11,075
2 SEGMENT 1,000 7.6709 11,826
3 SEGMENT 2,000 7. 644 11,864
4 SEGMENT 3,000 7.8520 11.553
5 SEGMENT 4,000 8. 1054 1. 192
) SEEMENT 5,000 B. 3940 10,804
7 SEGMENT 6,000 8.7130 10,412
a8 SESMENT 7.000 9, 0444 10,929
9 SEGMENT B. 000 9,3902 9,540
10 SEGMENT 9,000 9, 7497 “2.304
1 END poINT 10,060 10,1232 g, 9.



GAS PIPELINE PROFILE SUMNARY

85-DEC-12 -GAP- YNA. 104
TUK GRS LINE
DEPTH OF OUTER WALL PIPE DRAG GROUND GROUND INSULATION INSULATION
LOCATION ELEVATION COVER  DIAMETER THICKNESS ROUGHNESS FACTOR TENPERATURE CONDUCTIVITY THICKNESS conductivity
ika) (a) in) {aa) (2a) {ns) ea )  wiadeg O ) (aa) /(s Deg L))
000 100,00 762 114,300 4,7750 . M0 9500 -7.20 1.2000 L 00 . 00000
1.000 100.00 762 114.300 4,775(1 04570 .9500 -7.20 1,2000 .00 .00000
2.000 50.00 762 114.304 47730 oss70 9500 -7.29 1.2000 .00 , 00000
3,000 100, 00 L7682 114,300 4,7750 .94:70 .9500 -7.20 1.2000 .00 ,00000
4,000 75.00 L7682 114,300 4,7750 ,04570 ,9500 -7.70 1,2000 .00 , 00000
5,000 50.00 762 114.300 4,770 ,04370 9500 -7.20 1.2000 .00 .00000
6,000 0. 00 742 114.300 4,7750  .04570 9500 -7.20 1.2000 ,00 ,00000
7,000 50, 90 762 114.300 4,770 04570, %500 -7.20 1.2000 .00 ,00000
8.000 50.00 762 114.300 4,770 04570 ,9500 -7.20 1.2000 ,00 ,00000
9,000 50.00 JJE2 114,300 4,7750 .04570 . 9500 -7.20 1.2000 .00 .00000

10,000 30.00




NINIMUM OPERATING PRESSURE
MAXINUM OPERATING PRESSURE
NININUN OPERATING TEMPERATURE
MAXIMUM OPERATING TEMPERATURE
ADIABATIC COHPRESS10N EFFICIENCY

COOLER EFFICIENCY

FACILITY INLET
TYPE
{kn)

SEBMENT , 060
SEBMENT 1.000
SEEMENT 2.000
SEGNENT 3.000
SEEMENT 4.000
SEBMENT 3.000
SEGMENT b. 000
SEGMENT 7.000
SEGHENT 8. 000
-SEGMENT “2.000
ENDPOINT

10,000

BAS PIPELINE HYDRAULIC DESIGN SUMMARY

85-DEC-12 -6AP-

TUK 8AS LINE

INLET

LOCATION ELEVATION

{»)

100.00
100.00
50.00
100. 00
75.00
50.00
30,00
50.00
50.00
50.00
50.00

689, 30 kPa-g
3102.30 kPa-g

-10.00 Deg C
40.00 Deg C
80.00 1
90,00 !
INLET AVERAGE  AYERAGE
FLON  YELGCITY  DENSITY
(mex3/d) (@/5) {kg/at$d)
127527, 8.3904 13.943
127527,  B.2859 14,076
127527,  8.5938 13.592
127527, 9. (644 12.886
127527, 9.5779 12.171
127527. 10.1741 11. 460
127527, 10.8222 10.775
127527, 11.5254 10,129
127527, 12.2621 9,520
127527, 13.0473 8.947

COMPRESSOR
COMPRESSOR OUTLET LOSS
DEFAULT COMPRESSOR DISCHARGE PRESSURE
DEFAULT COOLER OUTLET TEMPERATURE
DEFAULT LINE HEATER DISCHARGE TEMPERATURE
HEATER EFFICIENCY

YHa. 104

INLET LOSS

REYNOLDS FRICTION

NUMBER  FACTOR
1073341, 004030
1137954, 004050
1162014.  .004050
1173755, ,004050
1178994, ,004050
1181283.  ,004050
1183188.  .004050
1184786, 004050
1186382.  .004050
1187776. 004050

INLET
TERP

{Deg C) (kPa-gauge}

35.00

7.83
-2.02
-5.92
-7,08

-7.33

-7.53
-7.63
-7.74
7.8
-7.84

INLET
PRESSURE

2000.00
1924.33
1836.51
1772.35
1693.77
1610.38
1518.62
1421.03
1317,09
1206,50
1088.84

50.00 kPa
50,00 kPa
5102,30 kPa-g
40.00 Jeg C
40.00 Deg C

80,00 %

POHER
(kW)




6AS PIPELINE FLON CHARACTERISTICS SUNMARY

B5-DEC-12 -6AP- V48, 104
TUK GAS LINE

FACILITY FACILITY INLET INLET INLET
NUMBER TYPE LOCATION VELOCITY DENSITY
(kn) (s/s) {ko/a#2])
1 SEGMENT ,000 8.5272 13. 477
2 SEGMENT 1,000 a. 2080 14.209
3 SEGMENT 2.000 B. 3450 13.942
4 SEGMENT 3,000 8.8080 13,241
5 SEBMENT 4.000 9.3073 12.53:
& SEGMENT 5.000 9,8741 11.812
7 SEGMENT 6.000 10.4996 11.198
8 SEBMENT 7.000 11,1685 10.443
9 SEGMENT 0.000 11.8818 9,816
10 SEGMENT 9.000 12, 6427 9,225
i END POINT 10.000 13.4329 8. b49




TUK GAS LINE

DEPTH OF
LOCATION ELEVATION COVER
{ka) (I {8}

.000 100.00 742
1.000 100.00 Y
2.000 50.00 ,762
3.000 100.00 . T2
4.000 75.00 ,742
5.000 50.00 , 182
6, 000 50.00 Y
7.000 50.00 Y
8.000 50.00 . The
9, 000 50,00 7%

19,009 30.00

85-DEC-12 -6AP- VM8, 104
OUTER WALL PIPE DRAG GROUND GROUND INSULATION
DIAMETER THICKNESS ROUGHNESS FACTOR TEMPERATURE CONDUCTIVITY THICKNESS
{ma) {am) (ma) {eg C) W/in Jeg CD) (ma)
114,300 4,7750 . 04570 .9500 -1.20 1.2000 ,00
114.300 4.7750  .04570  .9500 -7.20 1.2000 .00
114.300 4.7750  ,04570 9500 -7.20 1.2000 ,00
114,300 4,7750  .04570 .9500 -7.20 1.2000 .00
114.300 4.7750  ,04570  .9500 -7.20 1, 2000 .00
114.300 4.7750 04570  .9500 -7.20 1.2000 .00
114.300 4,7750  .04570  ,9500 -7.20 1.2000 ,00
114.300 4.7750  .04570  .9500 -7.20 1.2000 .00
114.300 4.7750  ,04570  .9500 -1.20 1.2000 ,00
114.300 4,770 .04570 9500 -7.20 1.2000 .00

BAS PIPELINE PROFILE SUMARY

INSULATION
CONDUCTIVITY
(¥/{n Teg C))

,00000
.00000
. 00000
. 00000
. 00000
.00000
. 00000
. 00000
. 00000
60000



8AS P1 FELINE HYDRAULIC DESIEN SUMMARY

85-DEC-12

TUK GAS LINE

MINIMUM OPERATINE PRESSURE =
MAXINUN OPERATING PRESSURE =
MININUM OPERATING TEMPERATURE =
MAXIMUN OPERATING TEMPERATURE =
ADIABATIC COMPRESSION EFFICIENCY =
COOLER EFFICIENCY =

FACILITY INLET INLET

TYPE LOCATION ELEVATION

(k) {a)

SEGMENT .000 100.00
SEGNENT 1.000 100,00
SEGMENT 2.000 50.00
SEGMENT 5.000 100.00
SEGNENT 4.000 75.00
SEGMENT 5.000 30.00
SEGMENT 8, 000 50.00
SEGMENT 7.000 50.00
SEGMENT 8.000 50.00
SEGMENT 9.000 50.00
ENDPOINT 19,900 50.00

689.30 kPa-g

5102.30 kPa-g
-5.00 Deg C
40,00 leg C
80.00 X
80,001

INLET AVERAGE
FLON

{a#23/d)

. B.4679
27, 8.4900
127327, 8.8571
127527, 9.3937
127527, 9.9444
127527, 10.5843
127527. 11.2907
127527, 12.0708
127527, 12.822
127527. 13. 473

VELOCITY
m/s)

-GAP- YHA. 104

COMPRESSOR INLET LOSS
[ OPPRESSOR OUTLET LOSS

DEFAULT COMPRESSOR DISCHARGE PRESSURE =
DEFAULT COOLER OUTLET TEMPERATURE =
DEFAULT LINE HEATER DISCHARBE TEMPERATURE =

HEATER EFFICIENCY

AVERABE REYNOLDS FRICTION
DENSITY NUNBER  FACTOR
{kg/a#e3)
13.804 1065887. .004050
13.738 1117963. .004050
13,148 1139846. .004050
12,434 1147075. ,004050
11.721 1153000. ,004050
11. ¢lb 1155113. .004050
10,341 1156770,  .004050
7. 704 1158487, .004050
9.105 1159902. .004050
8.542 1161188. ,004050

INLET
TEHP
{leg C)

35.00
12,14
4.28
1.23
A1
-.13
- 32
-.48
-.53
-,59

-.63

INLET
PRESSURE
{kPa-gauge)

2000.00
1723.63
1853.81
1767, 47
1685.80
1598.98
1503.53
1401.71
1293.21
1177.57
1054.32

0,00 kPa
20,00 kPa
5102.30 kPa-q
40.00 Deg c
40.00 Deg C

80.00 1

POWER
(k)



BAS PIPELINE FLOW CHARACTERISTICS SUMMARY

TUK GAS LINE

FACILITY
NUMBER

o m g o~ oW N

—_
—_ o

85-DEC-12 -GAP-
FACILITY INLET
TYPE LOCATION
{ka)
SEGMENT ,000
SEBMENT 1.000
SEBMENT 2.000
SEGMENT 3.000
SEEMENT 4,000
SEGMENT 5.000
SEBNENT §. 000
SEBMENT 7.000
SEGMENT 8.000
SEGMENT 9,000
END POINT 10.000

VHA. 104
INLET INLET
VELOCITY DENSITY

{a/s) {ka/a*¢3)
0.5272 13.677
8.3714 13.932
8.41046 13,545
9.1182 12.791
9.6363 12.078
10.2634 11,364
10.9324 10, 648
{1, 6477 10.013
12.4140 9.375
13.2318 8.814
14.1035 8. 2469



HIGH PRESSURE HYDRAULIC QUTPUT




BAS PIPELINE HYDRAULIC BESIEN SUNMARY

85-DEC-12 -BAP- YMA, 104
TUK BAS LINE
NINIMUN OPERATING  PRESSURE , 682, 50 kPa-g COMPRESSOR INLET LOSS = 50,00 kPa
MAY INUM OPERATING PRESSURE = 9930.30 kPa-g COMPRESSOR OUTLET LOSS o 50.00 kPa
MINIMUM OPERATING TEMPERATURE = -5,00 Deg C DEFAULT COMPRESSOR DISCHARSE PEESSURE = 9930,30 kPa-g
MAYINUM OPERATING TEMPERATURE = 40.00 Deg C DEFAULT COOLER OUTLET TEMPERATURE = 40.00 Deg C
ADIABATIC COMPRESSION EFFICIENCY = 80, 00 1 DEFAULT LINE HEATER DISCHARGE TEMPERATURE = 40,00 Deg c
COOLER EFFICIENCY = 80.00 z HEATER EFFICIENCY = 80,00
FACILITY INLET INLET INLET AVERABE  AVERABE REYNOLDS FRICTION  INLET INLET
TYPE LOCATION ELEVATION  FLOW VELOCITY  DENSITY NUMBER  FACTOR TEHP PRESSURE FOWER
(ks) {a) lase3/d)  (af5)  (kg/a#sd) (Deq C)  {kPa-gauge) (kM)
SEGMENT .000 100.00 595133, 6.4621 81,437 4235118,  .004050 15,00 9930.00
SEGMENT 1,000 100,00 395133, 6, 734 80,524 4284366,  ,004050 11.98 9649.62
SEENENT 2,000 50.00 595133, 6. 9706 79.174 4337924, .004050 9,61 9404,83
SEBNENT 3.000 100.00 595133,  7.0189 77.417 4395151, 004030 4.97 9076. 82
SEGNENT 4.000 75.00 595133, 7.2158 75.399 4452479, 004050 5.06 8800, 44
SEGMENT 5.000 50.00 59513s.  7.4328 73, 202 4511945,  .004050 3.35 8515.26
SEGMENT g, 000 .90 395133, 7.5498 70.781 4573220. 004050 1.67 8202,44
SEEMENT 7.000 50.00 595133,  8.9038 67.988 4639119,  .004050 A5 7879, 65
SEEMENT 8, 000 50.00 595133.  B.3480 65.029 4702308.  .004050  -1,25 7542, 8!

SEGMENT 9.000 50.00 595133,  8.7540 61.900 4765581 ., 04030 o 5y 7190.63
£xppg INT 10,000 50.00 -3.75 6822, 22




RS PIPELINE FLOW CHARACTERISTICS SUMMARY

85-DEC-12 -GAP- YNA. 104
TUK 6AS LINE
FACILITY FACILITY INLET INLET INLET
NUMBER TYPE LOCATION VELOCITY DENSITY
{ka) {a/s) {ka/ae])
! SEGMENT .000 £.6202 82.214
2 SEEMENT 1.000 6.7145 81.060
3 SESNENT 2,000 6.8050 79.982
4 SEGMENT 3.000 6.7452 78. W
5 SEGNENT 4,000 7.1178 76,446
b SEBMENT 5.000 7.1 74.332
1 SEGMENT 6,090 7.5519 72.07¢
8 SEGMENT 7.000 7.8323 69.491
9 SEGMENT 8.000 8. 1845 46.485
10 SEBMENT 9.000 B.5415 63.573
i1 END POINT 10.000 ?.0371 80, 227




-~

{ka)

,000

1.000
2, 000
3

4,200

(n)

100,00

100.00
30. 00

109,00
73.00
50.00
30.00
50.00
50,00
30.00
50.00

TUK GRS LINE

DEPTH OF OUTER
LOCATION ELEVATION COYER

{g)

762
782
. 762
762
JT82
762
782
762
782
742

BAS PIPELINE PROFILE SHUMMARY

GROUND

{W/{x Deg C))

1.2000
1.2000
1.2000
1.2000
1.2000
1.2000
1.2000
1.2000
1.2000

INSULATION

{am)

85-DEC-12 -6AP- UMh. 104
WALL PIPE DRAB GROUND
DIAMETER THICKNESS ROUGHNESS FACTOR TEMPERATURE CONDUCTIVITY THICKNESS
'y {as) (za) {leg C)
114.300 4.7750  .04570 ., 7500 .00
114.300 4.7750 04570 .9500 .00
114.300 4.7750  .04570 0500 ,00
114.300 4,7750 04570 .9500 .00
114.300 4.7750  .04570  .9500 .00
114.300 4.7750 .04570  -9500 .00
114,300 4.7750  .04570 9500 .00
114.300 4,7750 04570 .9500 .00
114.300 4.7750  ,04570 - %300 ¥
114.300 4.7750  .04570  .9500 ,00

1.2000

INSULATION
CONDUCTIVITY
{¥/1a Deq C})

00000
00000
00000
00000
,00000
00000
00000
,00000
. 00000
. 00009



NINIXUM OPERATING PRESSURE
MAXIHUH OPERATING PRESSURE
HININUN OPERATING TEMPERATURE
NAYIMUR OPERATING TEMPERATURE
ADIABATIC COMPRESSION EFFICIENCY

COGLER EFFICIENCY

BAS PIPELINE HYDRAULIC DESIEN SUMMARY

TUK 6AS LINE

[} "

FACILITY INLET INLET
TYPE LOCATION ELEVATION

(ka) ta)
SEGNENT .000 100,00
SEGMENT 1.000 100.00
SEGMENT 2,000 50.00
SEGNENT 3.000 190,00
SEGNENT 4.000 73.00
SESMENT 5,000 50.00
SEGMENT £.900 50.00
SEGMENT 7.000 50.00
BESMENT 8,000 50.00
SEGMENT 9.000 50, 0
ENDPOINT 10, 000 50,00

85-DEC-12
689.50 kPa-g
9930.30 kPa-g
-5.00 Jeg c
40.00 Deg C
80.00 X
80.00 ¢
INLET AVERAGE
FLONW VELOCITY
(a#23/d) {a/c)
510114, 5.6819
510114. 5.7083
510114.  S.7538
510114.  5.8223
510114.  3.8883
310114, 45,0008
510114.  £.1340
510114, b, 700
510114.  6.4274
510114.  6.6033

-6AP-

VA,

104

COMPRESSOR INLET LOSS
COMPRESSOR OUTLET LOSS

DEFAULT COMPRESSOR DISCHARGE PRESSURE
DEFAULT COOLER OUTLET TEMPERATURE
DEFAULT LINE HEATER DISCHARGE TEMPERATURE

HEATER EFFICIENCY

AVERAGE
DENSITY
(ka/m##d)

82.030

81.448
80.994
80,082
79, 103
77.712
76.029
74.301
72, 348
70, Sbé

REYNOLDS
NUNBER

3623871,
1657981 .
3693579,
3730349,
3762331,
37998601,
3838618,
3877108,
3913578,
3949384,

FRICTION INLET
FACTOR TEMP
{Deg C)

.004050 15.00
.004050 11,93
.004050 9,61
,004050 7.08
. 104030 5,35
,004050 3.87

004050 2.45
. 004030 1.22
.004050 .15
004050 -.78

-1.61

INLET
PRESSURE
{kPa-gauge)

9930,00
9725.04
9559. 20
931! .82
9121.43
8928.44
8711.97
8490.7¢
8264, 26
8032.40
7794, 12

90.00 kPa
50,00 kPa
9930.30 kPa-g
40.00 Deg C
40,00 Deg C

89.00 1

POWER
{kK)



TUK GAS LINE

FACILITY
NUNBER

o0 g o B N —

— e
—_ O

6AS PIPELINE FLOW CHARACTERISTICS SUMMARY

85-DEC-12

FACILITY
TYPE

SEGMENT
SEGMENT
SEGNENT
SEGMENT
SEGNENT
SEGNENT
SEGNENT
SEGNENT
SEGHENT
SEGNENT
END POINT

-6 AP-

INLET
LOCATION
tkn)

, 400
1.000
2,000
3.0900
4.000
5.000
£.000
7.000
8.000
9.000
10,000

V¥4, 104

INLET INLET

VELOCITY DENSITY
{a/s) {hg/p#43)
9.4745 82,214
5.7001 81,845
5.7248 .91,491
5.7935 80.498
5.8539 79, 667
5.9400 78,539
6.0678 76.883
6.2059 73.174
6.3335 T3 42.7
6.5058 71.708
6.7199 49,424




LOCATION
{ke)

.000
1,000
2,000
3.000
4,000
3. 000
5.000
7.000
8.000
?, H06
10.000

ELEVATION COVER

{2}

100.00
100.00
30.00
100,90
75.00
50,00
30.00
50,00
50.00
50.00
50.00

la)

782
7862
.762
782
762
762
762
762
742
762

GRS PIPELINE PROFILE SUMNARY

83-DeC-12

TUK 645 LINE

DEPTH OF OUTER
DIAMETER THICKNESS ROUGHNESS

{ag)

114.300
114.300
114.300
114.300
114.300
114,300
114.300
114.300
114.300
114.300

~GAP-

WALL PIPE
(am) (am)
4.7730 ,04570
4.7730 .04570
4.7750 ,04570
4.7750 ,04570
4,7750 .04570
4,7750 .04570
4.7750 ,04570
4, 1730 ,04570
4.7750 ,04570
47730 , 04579

DRAG

,9500
. 7500
9500
,9500
9500
,9500
- 9300
. %500
9500
9500

YNR. 104

GROUND

{Deg O}

,00

.00

.00

.00

,00

.00

.00

00
.00
.00

GROUND

1.2000
1.2000
L2000
1.2000
1.2000
1, 2000
1.2000
1.2000
1.2000
1.2000

INSULATION
FACTOR TEMPERATURE CONDUCTIVITY THICKNESS CONDUCTIVITY

W/ (s Deg C)) 1y

INSULATION

{¥/{8 Deg C))

,00000
00000
,00000
00000
,00000
00000
00000
00000
,00000
00000



[SR——

MINIMUM GPERATINE PRESSURE =
MALIMUM OPERATIM6 PRESSURE =

MINIMUM OPERATING TEMPERATURE
MAXINUM OPERRTING TEMPERATURE
ADIABATIC COMPRESSION EFFICIENCY
COOLER EFFICIENCY

FACILITY

TYPE

SEENENT
SEBMENT
SEGNENT
SEGMENT
SEGNENT
SEGNENT

SEEMENT
SEGNENT

SEGHENT
SEGMENT

ENDPOINT

INLET INLET

LOCATION ELEVATION
{ks) {a)

000 100,90
1,000 100.00
2,000 50.00
3.000 100.00
4.000 75.00
5.000 50.00
¢, 000 50.00
7.000 50,00
8. 0090 30.00
9.000 50.00
14,000 50.00

GAS PIPELINE HYDRAULIC DESIEN SUMMARY

TUK 645 LINE

85-DEC-12 -8AP- VM8, 104
689,50 kPa-g COMPRESSOR INLET LOSS =
9930,30 kPa-g COMPRESSOR OUTLET LOSS =
-5.00 Deg C DEFAULT COMPRESSOR DISCHARSE PRESSURE =
40.00 Deg C DEFAULT COOLER OUTLET TEMPERATURE =
B0.00 Z DEFAULT LINE HEATER DISCHARGE TEMPERATURE =
80.00 1 HEATER EFFICIENCY =

INLET AVERAGE  AVERAGE REYNOLDS FRICTION

FLOW VELOCITY  DENSITY NUMBER
(arel/d) {a/s) (hg/n¥ed)

510114, 7. 0%54 66,33 3826768,
510114,  7.1285  45.385 3873335 .
510114,  7.3030 63 836 3925298.
510114.  7.5068  62.111 3977341.
S10114,  2.7130  60.431  4023639.
510114, B. 0025  50.275 4074145,
510114.  B.36%6  S5.731 4127793,
510114.  8.7556  53.268  4175635.
510114.  9.2176 50,478 4224b46.
510114.  9.0773 47,288 4279840,

FACTOR

, 004050

004050

,004050
,004050
004059
,004050
004050
004050
004050
004050

INLET
TEMP
{eg C)

15.00
11.35
8.90
6.12
4.14
2.45
.04
-57
-1.83
-2.94
-4.02

INLET
PRESSURE
{kPa-gqauge)

8275, 00
0021.57
7796.32
7501, 74
724, 18
6982.78
6694, 11
4392.18
8076, 34
5743.83
5387.52

0,00 k?a
50,00 kPa
9930,30 kPz-q
40,00 Deg €
40.00 Peg C

86.990 1

POWER
kW)



TUK 5a5 LINE

FACILITY
NUMBER

— e

S0 00 g O Ly B Gy B e

GRS PIPELINE FLOK CHARACTERISTICS SUMMARY

8s5-DEC-12 -BAP-
FACILITY INLET
TYPE LOCATION
(ka)
SEGMENT .000
SEGMENT 1.000
CEGMENT 2.000
SEGMENT 3,000
SEBMENT 4,000
SEGMENT 3.000
SEGNENT 6,000
SEGMENT 7.000
SEGMENT 8.000
SEBMENT 9.000

END POINT 10,000

VMR, 104
INLET INLET
VELOCITY DENSITY

(a/s) {kq/a#])
6.9951 b6, 693
7.0702 45.984
7.2053 44.747
7,4140 £2. 923
1.4107 61,298
7.8322 57. it
8.1868 56, 983
8,5633 54.478
8.9617 52,057
9.5405 18. 899
10.2134 43, 678



e v il

[N

BAS PIPELINE PROFILE SUMNARY

85-DEC-12 -GAP- ¥M8. 104
TUK 585 LINE
DEPTH oF  QUTER WALL PIPE DRAG BROUND GROUND INSWAI™F DN INSULA'T TUK
LOCATION ELEVATION COVER  DIAMETER THICKNESS ROUSHNESS FACTOR TEMPERATURE CONDUCTIVITY THICKNESS — CONDUCTIVITY
ika) {a) {n) (aa) (an) {as) (Deg C)  (W/im Ded ) (ga) {W/{a Deg C))
,000  100.00 762 114.300 4.7750  ,04570  .9500 ,00 1.2000 ,00 . 00000
1,000 100,00 762 114,300 47750 .04570  .9500 ,00 I .2000 ,00 ,00000
2,000 50, 00 762 L4300 47750 04570, 9500 .00 1.2000 ,00 » 40000
3. 800 100, 00 L782 114.300 4.7750  .04570 , %500 ,00 1,2000 ,00 ,00000
4.000 75.00 762 114.300 27750 oas70 9500 .00 1.2000 .00 ,00000
5. 000 50.00 62 114.300 4.7750 .04570 ,9500 ,00 1, 2000 ,00 ,00000
b. 004 50.00 JJ82  114.300 4.7750 .04570 .9500 ,00 1.2000 ,00 .00000
7,000 50.00 762 114.300 4,7750  .04570 W00 .00 1.2000 .00 .00000
8.000 50,00 762 114.300  4.7750 04570 .9500 ,00 1.2000 .00 . 40000
9.000 50.00 762 114.300 48,7750 .04570 9500 W0 1,2000 0 ,00000

10,000 30.00



MININUN

OPERATING PRESSURE =

MAXIMUM OPERATINE PRESSURE =
NININUX OPERATINE TEMPERATURE =
MAXIMUN OPERATINGE TEMPERATURE =

ADIABATIC COMPRESSION EFFICIENCY
COOLER EFFICIENCY

FACILITY

TYPE

SEGMENT
SEGNENT
SEGNENT
SEGNENT
SEGHENT
SESMENT
SEGMENT
SEGNENT
SEGMENT
SEGMENT

ENDPOINT

INLET INLET

LOCATION ELEVATION
{ka) (m)

.000 100.00
1.000 100.00
7, 000 39,00
3.000 100.00
4,000 73.00
5.000 50,00
4,000 30.00
7.000 50.00
8.009 50,90
9,000 50.00
10, 000 50,00

GRS PIPELINE HYDRAULIC DESIGN SUMMARY

TUK BAS LINE

g5-DEC-12 -6AP- Y44, 104
$89.50 kPa-q COMPRESSOR INLET LOSS =
9930.30 kPa-g COMPRESSOR OUTLET LOSS =
-5.00 Deq C DEFAULT COMPRESSOR DISCHARGE PRESSURE =
40.00 Deg C DEFAULT COOLER OUTLET TEMPERATURE =
90.001 DEFAULT LINE HEATER DISCHARGE TEMPERATURE =
80.001 HEATER EFFICIENCY =
INLET AVERAGE  AVERAGE REYNOLDS FRICTION  INLET INLET
FLOW VELOCITY  DENSITY NUMBER  FaACTOR TENP FRESSURE
(akt3/d) afs) {kg/a#e3) {Deg Cc! {kPa-qauge)
340076, 4.4385 £7.077 2544372, 04030 15,00 6275.00
340076.  4.5843 67.724 2548317, ,004050 10, 92 B1463.45
340076, 4.5723 57.859 2588286.  .004050 8.18 8086.42
340076.  4.599! 67.570 2508434 , 004050 5.58 7243.07
340076.  4.4283 67,156 2625905. 004050 3,98 7849, 07
340076, 4,472 46,545 2639359, 004050 2.75 7754, 25
340076, 4.7248 65.771 2654633, 004050 1.48 7641. 91
340076, 4.7895 44,916 2668887. 004050 .85 7520.23
740076, 4.8978 64.012 2682090. . 004050 ,21 7413.05
340076, 4.9296 43.078 2493716, 004050 -.29 7296.23
-.6! 777, 67

50.00 kPa
50,00 kPa
9930, 30 kPa-g
40,00 Deg
40,00 Deg ¢

90.002

POWER
(ki)



BAS PIPELINE FLOW CHARACTERISTICS SUMMARY

& 85-DEC-12 -GAP- YR, 104
1 TUK GRS LINE
. {
FACILITY FACILITY INLET INLET INLET
NUMBER TYPE LOCATION VELOCITY DENSITY
{ks) (8/s) {kg/ag#3)
! SEGMENT ,000 §.6634 b6, 693
2 SEGMENT 1.000 4.6103 47.460
3 SEBMENT 2.000 4.5750 47.981
4 SEGMENT 3,000 4.5914 87, 738
5 SEGMENT 4,000 4,6143 67.402
) SEGMENT £.900 4.4483 66,909
1 SEENENT 6,000 4,4994 46.182
| SEGMENT 2, 0(0 4.7585 b5. 340
9 SEGMENT 8.000 4,8240 £4.472
"1 19 SEGMENT 9.000 4.8939 43,551
{ i END POINT 10.000 4.9680 b2, 404

A




GRS PIPELINE PROFILE SUMNARY

85-DEC-12 -6AR- VNA. 104
TUK 6AS LINE
DEPTH OF OUTER WALL PIPE DRAG  GROUND GROUND INSULATION  INSULATION
LOCATION ELEVATION COVER  DIAMETER THICKNESS ROUGHNESS FACTOR TEMPERATURE CONDUCTIVITY THICKNESS — CONDUCTI¥ITY
(km) (a) () lea) ) (na) Deg C)  (W/(aDegC))  las) (¥/{a Deg C))
.000 100.00 762 114,300 4.7750  ,04570 .9500 ,00 1.2000 00 ,00000
1.000 100.00 742 114,300 48,7750 04570  .9500 0 1.2000 .00 ,00000
2, 000 50.00 762 114,300 4.7750  .04570 0500 , 1.2000 , A , 08000
3,000 100.00 762 114,300 17790 oas70 . %500 ,00 1.2000 .00 .00000
4,600 75.00 762 114,300 4.7754 04570 .9500 .00 1, 2000 .00 .00000
5,000 50.00 762 114,300 4.7750 .04570 .9500 ,00 1,2000 .00 ,00000
6,000 50.00 CT8 114,300 4.7750 04570 9500 , 0 1, 2000 ,00 ,00000
7,000 50.00 762 114,300 4.7750 04570 .9500 ,00 1, 2000 ,00 . 00000
8.000 50.00 L 114,300 4,7750 .04570 .9500 ,00 1.2000 ,00 . 00000
9, 000 50.00 762 114,300 4,775 04570 . 7500 .00 1,2000 , 0 .00000

10,060 30.00




HININUN OPERATING PRESSURE
AX IMUM OPERATINE PRESSURE

HINIMUM OPERATINE TEMPERATURE
MAX | Hum OPERATING TEMPERATURE
ADIABATIC COMPRESSION  EFFICIENCY

COOLER EFFICIENCY

GAS PIPELINE HYDRAULIC DESIGN SUMMARY

TUK BAS LINE

FACILITY INLET INLET
TYPE LOCATION ELEVATION

(kn) )
SEGMENT ,000 109,90
SEGMENT 1,000 100,00
SEGMENT 2.000 50.00
SEGMENT 3.000 100.00
SEGMENT 4.000 75,00
SEGHENT 3.000 50,00
SEGMENT 6, 000 50.00
SERMENT 7.000 50.00
SEEMENT 8.000 50.00
SEGMENT 9.000 50,00
£nppg INT 10,000 50.00

85-DEC-12
689.30 kPa-g
9930. 30 kPa-q
-5.00 Deg C
40,00 Deg C
80. 00 1
80.001
INLET AYERABE
FLOW VELOCITY
{asel/d) {a/s)
170038,  2.2842
170038. 7.2192
170038. 2. 1822
170038.  2.1432
170030.  2.13537
170038, 2. 1534
170038s  2.153%
170038. 2.1603
170038, 2. 1459
170038. 2.1721

-6 AP~

COMPRESSOR

VA, 104

INLET LOSS

COMPRESSOR OUTLET LOSS

DEFAULT COMPRESSOR DISCHARGE PRESSURE

DEFAULT COOLER OUTLET TEMPERATURE

DEFAULT LINE HEATER DISCHARGE TEMPERATURE
HEATER EFFICIENCY

AYERAGE
DENSITY
(kg/a#3)

68.000
70,183
71.320
71,805
72.088
12173
72.105
71, 97
71,789
71,587

REYNOLDS
NUMBER

1274321.
1284376,
1292137.
1298139,
1300076,
1301974,

1303903.
1305530.

1306940.
1308156,

FRICTION
FACTOR

.004050
,004050
,004050
.004050
.004050
,004050
,004050
,004050
.004050
,004050

INLET
TEHP
{Deg C)

15.00
8.43
4.88
2.43
1,50

.95
49
.22
.05
-,05
- 11

INLET
PRESSURE
{kPa-gauge)

8275,00
8247.51
8235.19
8194,00
8185.62
8177.39
8151.50
8125.57
8099. 60
8073.55
8047.43

30.00 kPa
50.00 kPa
9930,30 ¥Pa-g

40.00 Deg C

40,00 DegC
80.00 %

POWER
(kK



TUK ‘68 LINE

FACILITY
NUMBER

— e

—_ O O M ~y O L By D e

A5 PIPELINE FLOW CHARACTERISTICS SUMMARY

85-DEC-12

FACILITY

TYPE

SEGMENT
SEBMENT
SEGHENT
SEGMENT
SEGMENT
SEGNENT
SEGMENT
SEGMENT
SEBMENT
SESMENT

END POINT

-BAP-

INLET
LOCATION
{kn}

,000
1,000
2.000
3.000
4.000
3.000
6.000
7.000
8.000
9.000

10,000

2.1735

V¥4, 104
INLET [ NLET
VELOCITY ~ DENSITY
(n/s) tkg/n¥#3)
2,337 66.693
2.2438 49.306
2.1896 71.020
21713 71. 420
2,1601 71, 990
2.1543 72.186
2.1550 72. 1k
2.1583 72.050
2.1633 71.885
2. 1691 71, 693

71.482



1 5AS PIPELINE PROFILE SUMMARY
H
l 85-DEC-12 -§AP- . 104
TUK 845 LI NE
DEPTH oF ouTER WALL PIPE DRAG GROUND GROUND INSULATION  INSULATION
LOCATION ELEVATION COYER  DIAMETER THICKNESS ROUGHNESS FACTOR TEMPERATURE CONDUCTIVITY THICKNESS CONDUCTIVITY
{ka) {a) (m) {2s) (55) (ma) iPeg C) §/'a Deg C)) (am) {W/{s Deg C)}
,000 100.00 762 114.300 47750  , MS7 9500 .00 1.2000 .00 ,00000
1.000 100.00 762 114.300 47750 o570, 9500 ,00 1.2000 .00 ,00000
2.000 50,00 CT6 114.300 4.7750 04570  .9500 , 0 1.2000 .00 ,00000
3,000 100.00 UM 114.300 481 os570 9500 .00 1,2000 .00 .00000
4,000 75. 00 L2 114,300 4, oa50 9500 0 1. 2000 .00 .00000
5.000 50.00 » 182 114,300 47750  , 04570 9500 .00 1. 2000 ,00 .00000
6.000 50,00 CT2 0 114.300 47730 om0 9500 .00 1.2000 .00 .00000
7,000 50.00 CM2 0 114.300 4,7750 04570  .9500 .00 1.2000 .00 .00000
8.000 50.00 C T 114.300 47750  , M50 9500 0 1, 2000 ,00 , 00000
9.000 50.00 2 114.300 4,710  os570 9500 M 1, 2000 ,00 , 02000
10. 000 50,00

[P

e



685 PI PELI NE HYDRAULI C DESIEN SuamaRY

-GAP- VNA. 104

85-DEC-1 2
TUK 645 LINE

MININUM DPERATINS PRESSURE = 489, 50 kPa-g

MAXINUM OPERATING PEESSURE = 9930.30 kPa-g

MINIMUM OPERATING TEMPERATURE = -5.00 Deg C

MAY IMUM OPERATING TEMPERATURE = 40,00 Deg c

ADIABATIC COMPRESSION EFFICIENCY = 80, 00 1

COOLER EFFICIENCY = 80.09 1
FACILITY I NLET | NLET INLET AVERAGE

TYPE LOCATI ON' ELEVATION FLOW VELOCITY
{ka) (a) (n#83/d) {als)

SEBNENT ,000 100,00 85019, 1.1286
SEGMENT 1,000 109.00 85019.  1.0816
SESMENT 2,000 50,00 B5019.  1.0654
SEGMENT 3.000 100. 00 B5019.  1.0606
SEGMENT 4,000 75,00 83019,  1.0584
SEGMENT 3.000 50.00 85019.  1.0548
SEGNENT 6.000 50,00 85019,  1.0565
SEGMENT 7.000 50.00 85019,  1.0574
SEBNENT 8.000 £0.00 85019,  1.0583
SEGMENT 9.000 50,00 85019. 11,0502
ENDPOINT 10.000 59, 0

COMPRESSOR INLET LOSS = 50.00 kPa
Compressor QUTLET L0SS = 50.00 kPa
DEFAULT COMPRESSOR DISCHARGE PRESSURE = 9930, 30 kPa-g
DEFAULT COOLER OUTLET TEMPERATURE = 40,00 Jeg ¢
DEFAULT LINE HEATER DISCHARSE TEMPERATURE = 40,00 Deg ¢
HEATER EFFICIENCY = 80.00 %

AVERAGE REYNOLDS FRICTION  INLET INLET

DENSITY NUMBER  FACTOR TEMP PRESSURE POMER

(ka/a*s3) {beg C) {kPa-qauge) (kW)

58,857 438708,  ,004050 15,00 8275,00
7. 973 p44990.  +004030 514 8248.21
73.118 647800.  .004050 1.80 8294.97
73.387 649509. 004050 ,20 8254.77
73.519 649330.  .004050 .13 8266, 37
73.586 $45068.  .004050 A3 8278.03
73.563 647374. 004050 -.03 8271. 81
73.500 449518, , 004030 -,03 8265.32
73,437 649461, 004050 -.03 8258, 9
73, 374 449804, 004050 -.03 8252, 80
-.03 8246.21




TUK BAS LINE

FACILITY
NUMBER

— e

D @ 0O~y D By RN -

BAS PIPELINE FLOW CHARACTERISTICS SUMMARY

B5-DEC-12

FACILITY
TYPE

SEGMENT
SEBMENT
SEGNENT
SEGMENT
SEGMENT
SEGMENT
SEEMENT
SEGMENT
SEGMENT
SEGMENT

END POINT

-GAP- ViR, 104

INLET INLET INLET

LOCATION  VELOCITY  DENSITY
{ka) {a/s) {kg/n# ¥3)

.000 .. 1.1458 b8, 693

1.000 1,0948 71.022
2.000 1.0642 72.924
3.000 1. %06 3.312
4.000 1.0584 73,462
5.000 f. 0568 73.577
6.000 1. %5 73.595
7.900 1.0574 73.532
a, 000 1.0503 73.449
9.000 1.0592 73.406
10.000 1.0601 73.343



58S PIPELINE PROFILE SUMMARY

85-DEC-12 -GAP- VN4, 104
TU¥ GAS LINE
DEPTH OF  OUTER WALL PIPE DRAG GROUND BROUND INSULATION  INSULATION
LOCATION ELEVATION COVER  DIAMETER THICKNESS ROUGHNESS FACTOR TEMPERATURE CONDUCTIVITY THICKNESS  CONDUCTIY ITY
lka) * {m) (aa) {ng) {na) {Deg C) {#/(a Deg C)) Ty (4/1a Deg C})
000 100,00 762 114,300 8,770 . W30 o5pp ,00 1, 2000 , . 00000
1,000 100,00 782 114300 4T10 oas0 o500 .00 1.2000 100 00000
2,000 50, 00 762 114300 4,77%0 04570 ,9500 ) 00 I .2000 ,00 .00000
3,000 100,00 762 114,300 47750 04570, 9Ef0 .00 1,2000 .00 .00000
4,000 75.00 762 114,300 4,77%0 04570 .9500 . 0 1.2000 .00 .00000
5. 000 50. 00 762 114,300 4,7350 .04570 .9500 .00 1.2000 .00 .00000 :
£.000 50,00 782 114,300 47750 - MI0esm .00 1.2000 .00 .00000
7,000 50.00 JT62 0 114,300 4,7750 ,04570 » 9500 -00 {, 2000 ,00 , 00900
8.000 5, 00 762 114,300 477150  .oss70 T ,00 1.2000 ,00 .00000
9,009 50.00 L7682 114,300 4, 7750 .04570 .9500 .00 1.2000 , .00000

10,009 50.00



APPENDI X 7.
Prelimnary Market Study for a Natural Gas
Project in Tuktoyaktuk, Bogach Associates Ltd.
January, 1986.



PRELI M NARY MARKET STUDY FOR
A NATURAL GAS PROJECT I N TUKTOYAKTUK

V. SUSAN BOGACH

January, 1986




INDEX

| NTRODUCTI ON
CURRENT CONSUMPTI ON OF DI ESEL AND HEATI NG A L
2.1 THE COWUN TY
2.2 NCPC
2.3 OL AND TRANSPORTATI ON COMPANI ES
2.4 TOTAL

POTENTI AL VOLUME OF NATURAL GAS SALES BASED ON
CURRENT CONSUMPTI ON

CURRENT PRI CES OF DI ESEL AND HEATI NG O L

FORECAST OF FUTURE POTENTI AL VOLUME OF NATURAL
GAS SALES

5.1 BASE CASE -- CONSTANT EXPLORATI ON, TUK ONLY

5.2 LOW EXPLORATI ON ACTIVITY CASE

5.3 I NTERMEDI ATE PONER EXPORT CASE

5.4 NMAXI MUM PONER EXPORT CASE

5.5 GAS EXPORT CASE

5.6 SUMVARY

FORECAST OF FUTURE PRI CES FOR PETROLEUM PRCDUCT
TABLES
APPENDI X

10

10

13

30



1. | NTRODUCTI ON

This report contains the results of a survey done in order
to establish the potential demand for natural gas in Tuktoyaktuk
and the nearby bases of oil and transportation conpanies. For
each mmjor user, current annual fuel use for heating and power
generation was established, the degree of variability of use on a
seasonal basis was investigated, a forecast of use was nade, the
price at which gas could replace alternative fuels was estinmated,
and a forecast was made of fuel prices in Tuk. Appr oxi mat e
estimates of gas demand in Inuvik were added as one of the
options considered in section 5, but those estinates are nore
approximate than those for Tuk where most of the study was
concentr at ed.

2. CURRENT CONSUMPTION OF DI ESEL AND HEATING QL IN TUK

2.1 THE COWUN TY OF TUKTOYAKTUK

Gas coul d be used by individual househol ds and busi nesses as

a heating fuel, i nstead of P-50. Consuners of heating fuel in
the comunity can be divided into four groups : the housing
associ ati on, private househol ds, private conmer ci al and
i ndustrial users and governnent agencies. Data on heating fuel

use by these consuners is given in Tables 1 and 2.

HOUSI NG ASSCOCI ATl ON

The housing association in Tuk accounted for 30per cent of
the heating fuel use in 1984/85, wth 137 units at an average
consunption of 4,000 liters per unit (see table 1). By end 1985,
the housing association wll have 163 wunits, estimated to
increase to 180 units by 1988. This is a conservative estimate
since Tuk is recognized to have a |arge unsatisfied demand for
housing units and is high on the |[Iist of conmunities wth
priority for new construction. Since the new units are
considerably nore efficient than the old ones, the average annual
use per unit is estimated to drop from 4,000 to 3,500 litres per
unit.

The people living in housing association units do not pay
directly for heating fuel. Fuel is included in the rent of the
units.

PRI VATE HOUSEHOLDS

The nunber of private households was estimated at 5 by early
1985*, based on those having separate accounts with the PQ

* This excludes trailers that are heated el ectrically.




However, the nunber of private households can be expected to
increase rapidly since 9 new lots have been assigned for
construction in the past few nonths and another 16 are now
avai | abl e.

COMVERCI AL

Busi nesses account for alnost 40 per cent of heating fuel
use and have a nuch higher use per unit than househol ds. Two
busi nesses al one account for close to 30 per cents of comunity
heating oil use.

GOVERNMVENT

Governnment includes public buildings and staff houses and
accounts for about 30 per cent of heating oil use. Sever al new
facilities are planned, but since the snaller, less efficient
ol der structures will probably be closed down, the net effect may
wel | be to hold consunption constant in the near future.

TOTAL

Tot al consunption of heating fuel in the conmunity is

estimated to be 1.83 mllion litres in 1984/85, and 1.95 mi || i on
litres by 1988. The nmonthly variation in use is shown in Table
1. In general m d-June to md-July is the warnest tine of the
year and it is possible that little or no fuel is used on sone
days during this period. February and March are usually the
col dest nont hs. The figures shown above are based on deliveries

rather than use and may not, therefore, be totally representation
of use.

2.2 NCPC

NCPC now generates power for Tuk fromlnuvik and transmts
power along a 69 KV transm ssion line from Inuvik to Tuk. Thi s
line was built using untreated poles and it is now estimated that
75 per cent of the poles are rotting fromthe inside out. The
cost of properly maintaining the |ine would be so high that NCPC
is looking seriously at the possibility of abandoning the line

and addi ng additional generating capacity in Tuk, supplying the
community wth power generated in |ocal diesel generators. An
additional 1.4 MNcould be added to the existing 2.1 MN

Total power required for Tuk in 1984 was 9.3 GM including
about 15 per cent losses in distribution and 10 per cent | osses
in transm ssion. The forecast for 1987/88 is 8.45 GM, if power
were generated |ocally.

Consunption of fuel by NCPC is estimated in Table 3 for
1987/88 Dbased on this forecast. However, there is sone
uncertainty as to when and whether NCPC wll abandon the
transmssion line in favour of |ocal generation.



230 L_AND TRANSPORTATI ON COVPANI ES- - BASE CAMPS

All of the oil conpanies generate their own heat and power
at their Tuk bases fromfuel that they purchase directly from
suppliers. The i r consunption is estinmated in Table 4. Thi s
consunption is assuned to remain constant through to 1988, in the
absence of evidence for plans to expand or reduce the bases. The
two transportation conpanies, NTCL and ATL, operate only in the
sumertine and purchase their power from NCPC and Gulf respec-
tively.

DOVE

The Dome base generates all of its own power using 3x 800
KW Caterpillar 399 generators. The conplex is heated by glycol
using 2 x 700 horsepower boilers (d eaver-Brooks) . They do not
keep separate records of fuel use for heat and power, but used a
total of 2.77 mllion 1itres for both purposes in 1984/85  Done
estimates its consunption varies froma |low of 4,500 litres per
day from January to March and Decenber, to 9,000 litres per day
over the rest of the season.

Donme had a contract to buy power from NCPC until this Yyear ,
but now generate all of their own power. They claim the cost of
self generated power is considerably less than the cost of
pur chasi ng from NCPC.

GULF

Qlf generates all of its own power and heats its canp
mai nl y using waste heat fromthe power plant. @l f also has 3 x
800 KW generators of the same type that Done has. @l f supplies

all of the power requirenents of the ATL canp as well as its own.
It runs a boiler to supplenent the waste heat plant for an
average of 3 hours per day, ranging from1 hour to 7 hours per
day. It's consunption of fuel is shown in Table 4 to be 1.5
mllion litres per year, varying froma |low of 109,000 litres in
June to a high of 146,000 litres in Decenber. Q@ilf’s sumer |oad
Is increased because ATL's power requirenents are nmuch higher in
the summer than in the winter when the canp is shut down.

ESSO

Esso was the least open in terns of information. They
estimated a use of 980,000 litres in the lighting conplex and
utility building, mainly to power 3 x 400 KW generators. Heat i ng
is provided using waste heat fromthe power plant plus a separate
set of boilers. An additional 320,000 litres is used in the
boil ers annually for heat alone. No breakdown was avail able on a
daily or nmonthly basis.



NTCL

The base canp of NTCL purchases power from NCPC but uses

sone heating oil to heat its premises from md-June to |ate
Cct ober while the canp is operating and at a | ow | evel throughout
the rest of the year. It’s total use of heating oil is estimated

at 227,000 litres in 1984.
ATL

ATL in Tuktoyaktuk purchases power from Gulf and al so uses
sone heating oil for its boilers during the six nonth operating

season from March to Cctober. It’s total use of heating oil is
estimated at about 80,000 litres over the year. ATL's canp nakes
considerable use of electric heaters. It plans to double the

size of the canp next year.
TOTAL-- ALL COWPAN ES

The total for all conpanies is shown in Table 4 to be al nost
5.9 mllion litres per year. O this, only NTCL’S demand would
remain fairly steady in the case of a mgjor slowdown in oil
company activity.

2.4 TOTAL CONSUMPTION IN TUKTOYAKTUK

Table 5 summarizes the total estimated consunption of
heating oil and diesel for power generation in 1984/85. The
total anmount consumed was 7.7 mllion litres of which about one
quarter was consuned by the community, the remainder by the oil
and transportation conpanies in Tuktoyakt uk. If NCPC had
generated power in Tuktoyaktuk rather than 1Inuvik, the total
could have been increased by 2.3 mllion litres to 10.0 mllion
litres (see Table &).

3. POTENTI AL VOLUME OF NATURAL GAS SALES IN TWK

Potential sales of gas are estimated in Tables 6and 7based

on 1984/85 consunption of diesel, including an estimate of what
NCPC woul d have used if it had generated power for Tuktoyaktuk in
the comunity. The total potential for natural gas sales is

estimated at 86mllion cubic neters w thout ESSO and 9.9
mllion cubic neters including ESSO

4. CURRENT PRI CES OF DIESEL AND HEATING O L I N TUK

The prices paid by the different users of heating fuel and
di esel for power generation are given bel ow




v

1984/85 Prices for P-50 Diese
cents per 1 litre

NI Fed

Price Tax Tax Tot al
Comunity - all users of heating oil 54.0 0 0 54.0
NCPC - power gen. 39.5 2.6 0 42.1
G| Conpani es (DOVE) 42.9 2.6 0 45.5
Transport Conpani es (NTCL) 38.2 - 38.2
There are no taxes on heating oil. The price given for the
comunity is the P.0.L. price, including nargins, | evi es
subsidies etc . The price for NTCL is estinated to be Esso’'s
price at Norman \Wells since NTCL does not charge freight costs on
its owmn fuel. The price for oil conpanies is the price that DOVE
paid for its current supplies. Qlf said that this price would
apply to their use. Esso said that they pay the bulk price in

Hay River plus transportation costs, but they could not provide
imedi ately data on prices.

None of the oil conpanies take advantage of the fact that no
taxes are charged on heating fuel. All fuel appears to be
reported as being used in the utility conplexes and therefore
includes a tax of 2.6 cents per litre.

No taxes are now paid on natural gas produced and consumned
in the comunity of Norman Wells. Peter Hart of the Energy
Secretariat of the NWI felt that every encouragenent would be
given to a gas project in Tuk and that it was virtually certain
that no taxes would be charged on it as well.

The equivalent value for natural gas, assuming heating
val ues and efficiencies as shown in Table 7 are shown bel ow:

$/ 1000 MB $ /mc f
Comunity--Al users 607.00 17.20
NCPC 409. 00 11. 60
Q| Conpani es (DOVE) 446. 00 12.63
Transport Conpani es 429. 00 12. 15

These values do not include an incentive to cover costs of
converting equipnment to natural gas and are very sensitive to
assunptions about efficiency and future oil product prices. They
al so include taxes for P-50, and assume no taxes on natural gas.




5. FORECAST OF FUTURE POTENTI AL VOLUME OF NATURAL GAS SALES

A nunber of scenarios can be constructed in order to
estimate the potential sales of natural gas froma project near

Tukt oyakt uk. Five different scenarios have been sel ected:
1) Base Case--o0il conpany activities continue at current
levels for the next fifteen years. G owt h

in consunption is related mainly to
i ncreases in housing stock. NCPC generates
power for Tuktoyaktuk in Tuk using gas.

2) Low Exploration
Activity Case---as above except that oil conpany
operations cease in seven years.

3) I nternedi ate
Power Export Case--as in base case, but NCPC
exports some excess power to
Inuvik as well as supplying Tuk
from generators in Tuktoyakt uk.

4) Hi gh
Power Export Case--as in base case but NCPC supplies
all power to Inuvik from Tuk.

5) Gas Export Case----as in base case, but a gas pipeline
isS built to Inuvik to supply gas for
heati ng and power.

The assunptions and results of the scenarios are outlined
bel ow.

5.1 BASE CASE

The forecast for the base case is shown in Table 8, based on
the follow ng assunptions:

a) Resi denti al use to 1987/88 is forecast according to
the information in section 2.1, after 1987/88 residential use is
predicted to increase at the sane rate as population, i.e. 2.5

per cent per year (see Appendi x, Table a-1 for popul ation
forecast)

b) Government and conmercial use is forecast to be constant
to 1987/88 (a result of increasing space in facilities offset by

conservation) and then to increase at the rate of 1 per cent per
year .




c) Fuel use by NCPC is estimated by cal cul ating back from
forecast NCPC sales in Tuktoyaktuk and adding 15 per cent
di stribution losses in the town. (See Appendix, Table A-2). It
is assumed that 92 per cent of all power can be generated by
gas--some use of diesel back-up is inevitable. Gas consunption
1s estimated by assunming the sane efficiency as with P-50, ie.
3.5 kwh/litre and correcting for the relative net heating val ue
of P-50 (34.82MJ/1) and gas (33.94 MJ/M3).

d) Fuel use by oil and transportation conpanies is constant
over time, except for a slight increase to reflect growh in
ATL's canp in 1986/ 87.

This forecast results in an estimted gas consunption of
10.6 nmillion MB in 1987/88 growing to 11.6 nillion M3 in 1994/95
and 12.2 mllion M3 in 1999/ 2000.

52 LOW _EXPLORATI ON ACTIVITY CASE

The forecast for the | ow exploration activity case i s shown
in Table 9, based on sinmilar assunptions to those of the base

case except that oil conpany activities are expected to term nate
within 7 years.

This wll not affect residential or government use since
consunption in these sectors is expected to grow in relation to
the natural growh of the population. Use of fuel in the

commercial sector is expected to drop to 50 per cent of current
level s as the oil conpany activities cease, then to increase at
the rate of 1 per cent per year.

Fuel use of NCPC will not be affected, since they do not

supply Done, Esso, @ulf or ATL. O the oil and transportation
compani es, only NTCL will continue to consume f uel at current
rates. ATL's operations will termnate at the sane time as those

of the oil conpanies.
The result of these assunptions is an estinmated consunption

level of 9.1 million M3 in 1987/88, decreasing to 5.3 mllion M3
in 1994/95 then increasing to 5.9 mllion M3 in 1999/2000.

5.3 | NTERMEDI ATE PONER EXPORT CASE

_ Estimated total potential gas sales in this case are Sshown
in Table 10 based on the followi ng assunptions:

--Communi ty use and oil and transportation conpany use are
based on sone assunptions as in the base case.

--Consunption of fuel by NCPC consists of two el ements--fuel
use to generate power for Tuktoyaktuk and fuel use to
generate power for sale to Inuvik.



The potential for export of power to Ilnuvik is calculated in

Table A-3 based on the followng assunptions. First, it 1is
possible to interconnect all of the najor generating capacity in
Tuk including generators belonging to the oil conpanies. Thi s

capacity is all converted to use gas, causing a de-rating of 35
per cent.

If the capacity were to be fully utilized at a capacity
factor of 90 per cent, annual generation could total <close to
50,000 MMH conpared to an annual demand in Tuk varying from
24,600 MMH in 1987/88 to 28,180 MMH in 1997/98 and 30,300 MM in
2004/85.

Thi s calculation indicates that there is considerable
surplus capacity that could be used to generate power for sale in
I nuvi k. Allowing for the fact that the pattern of availability
of power nmay not exactly nmatch the demand, it is possible to
think of exports of the magnitude of 1.2 mwon a continuous
basi s. (The current baseload in Inuvik averages 2-2.5 MN)

These exports can take place as long as the existing power
line between 1Inuvik and Tuk can be maintained at a reasonable
cost and with a reasonable degree of reliability. Current annua
mai nt enance costs on the Inuvik-Tuk line are estimated at $70, 000
but this does not include any preventive mai nt enance and the
reliability of the line is considered to be very dubi ous. NCPC * S
transm ssion engineer considers that the 1line could becone
i noperable any day. The cost of a newtransmssion |line is
estimated at 14 mllion 1981 $ for a 115 KV line.

it is therefore difficult to estimate the potential for
export of power to Inuvik from Tuk, since this depends on the
econom cs of maintaining the existing line or building a new one
combined with the economics of converting and possibly adding
capacity.

Since the project will not begin to operate until 1987, t he
line may already be closed down. O, it may continue to function

for as long as 5 years or nmore with adequate preventative
mai nt enance.

The estimates contained in Table 10 assune the transm ssion
line operates for the next five years and exports of 2 MWV of
power are possible during that tine. The total gas demand then
ranges from 14.1 mllion M3 in 1987/88 to 11.6 mllion M in
1994/95 and 12.2 million M3 in 1999/2000.

5.4 NAXI MUM PONER EXPORT CASE

If a new transmission line were to be constructed and all
power for Inuvik were to be generated in Tuk, consunption would
be nmuch higher as shown in Table 11. (See Section 5.5 (b) and
Table A-4 for calculation of generation for Inuvik and related
fuel requirenments)



5.5 GAS EXPORT CASE

As well as supplying the community of Tuktoyaktuk, it may be
economic to build a gas pipeline to Inuvik to supply gas for al
of the heating and power needs of that comunity. To |ook at
this case, it was necessary to estimate the current consunption
of fuel in 1Inuvik and forecast this into the future. An
approximate estimate of current demand was nmade in Table A-6 and
the potential gas demand is estimated in Table 12, based on
simlar assunptions to those in the base case for Tuk. The main
assunptions are:

a) Use of residual fuel in Inuvikin NCPC boilers is
expected to decrease by 10 per cent between 1985/86 and 1987/ 88,
to reflect the fact that DND is pulling out approximtely 800
peopl e and shutting down its bases in Inuvik. Wil e nost of the
residential and office space is expected to be occupied very
qui ckly or heated to mnimal levels, it is reasonable to assune a
decline of 10 per cent in overall fuel wuse iim the utilidor
system After 1987/88, use is expected to increase at the sanme
rate as population, at 1.4 per cent per year. Private sales of
heating oil are expected to increase steadily from 1984/85 at 1.4
per cent per year since DND personnel do not occupy privately
heated facilities.

b) Fuel use by NcpC for power generation is based on a
forecast of electricity sales that is al so assuned to decrease by
10 per cent by 87/88, then increase wth population. Thi s

forecast differs fromNcpPC's forecast which shows a net annua
decline each year from 1985/86 to 2004/ 05, assumng DND' s pul | -
out ripples only very gradually through the econony. 15 per cent
di stribution | osses are added to sales. It appears nor e
reasonable to show an immediate decline and then a recovery.
Then it is assunmed that 1/3 of requirenments are generated using
diesel at 3.05 kwh/ litre P-40 while remaining 2/3 are generated
using residual fuel at 3.75 kwh/litre. Gas required to repl ace
oil products is calculated on a straight net heating Vvalue
equi val ent  bases, assuming no change in overall generating
efficiency using gas (see Table A-7). Again, it is assuned that
some use will be nade of diesel back-up, so that gas is assuned
to provide only 92 per cent of the power generated.

¢c) Potential markets for gas in Tuk are as in base case.




5.6 SUMMARY

The results of gas demand in the cases outlined are
summarized in the follow ng table:

MIlion M3
1987/ 88 1994/ 95 1999/ 2000

Base Case 10.6 11.6 12.3
Low Expl oration

Activity Case 9.1 5.3 5.9
I ntermedi ate Power

Export Case 14.1 11.6 12.2
H gh Power Export Case 19.7 21.6 22.9
Gas Export Case 33.1 36. 3 38. 7

aAll of these estimates include the total potential rmarket.
It wll be inmportant to deternmine penetration rates in the
different markets, ie. the rate at which custonmers will convert
fromoil to gas, and the saturation |evel.

6. FORECAST OF FUTURE PRI CES FOR PETROLEUM PRCDUCT

A critical question determning future revenues is the price
of the fuel that will be replaced by natural gas. This price is
i nfluenced by several main factors: crude oil price in Ednonton
or  Norman Wells,the margin between crude oil prices and product
prices, and the transport <cost to get product from source

(Edmonton or Norman Wells) to destination (Tuktoyaktuk or Inuvik).
An exanple for the base year (late 1985) is as follows*:

P-50 Price to O
and Transport
Conmpani es in Tuk

1985 $/bbl. 1985 $/ M

Crude G| in Ednmonton (Judy Creek) 38.25 240.70
Margi n  Crude/ P-50** 8.25 51.90
Terminalling & Freight to Hay River*** 6.75 42.50
Frei ght Hay R ver/ Tuktoyakt uk 14. 85 93.40
Tax 4,15 26. 00
Price of P-50 in Tuktoyaktuk 72.25 454. 50

*., Ootained by Earl Scott from PetroCanada in Ednonton

Margi n of crude/P4g estimated at 6. 25. This was consi dered
high in conparison to previous margins but now could be |ow since
refiners are taking advantage of crude price drop to increase
mar gi ns.
***7 Composed of 5.48 freight, 1.27 termalling
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The future level of each of the conponents of the P-50 price
is indicated in Table 13 for three different scenarios.

1) Base Case--Crude oil price drops $2 in 1986, then stays
constant in current dollars to 1990,
increases with inflation to 1994 and then
increases in real terns at 2% per year.

--Transport cost increases with inflation
(reflects relationship over last 10 years,
see Table A-5).

--Margin increases with inflation.

2) Low Case--Crude oil price drops to $29.25 in 1986/ 87
then stays constant in current dollars to
1989/96, then increases with inflation.
--Transport costs and nargins are constant in
real terns.

3) Hgh Case--Crude oil price drops $2 in 1986, i ncreases
at inflation rate to 1994, increases at 2%
nore than inflation to 2005.

--Transport costs increase at 1.2 tines
inflation rate (reflects relation of past 5
years)

--Margin increases 5%/yr in real terms.

This is a forecast of prices for P-50 originating from
Ednont on. For P-50 originating in Norman Wwells, t he
transport costs would be approximately $14.50 per barrel less in
1985/ 86. The selling price at Norman Wells woul d be

approxi mately equal to that in Ednonton.
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Tables 14 through 17 contain simlar estimates of product
prices to different users, based on the following estimates for the
base year:

ESTIMATES OF COMPONENTS OF 1985/B6 PRICES
ORIGINATING FROM HORMAN HELLS

i$/4b1
Crude  Maroin  Transoort Tax  Total
Price Distrib.
INWVIK
Ao 19,50 22,80 7,030 .15 iLe0
RESIDUAL 29,50 9,50 8.38 £.15  51.89
Fa0 29,50 32 7.30 0,00 38,05
TUKTOYAKTUE
P50 {COMM.3 29,80 31,25 5.0 0.00  B5.8%
{$/83}
INUVIK
P4o 185,55 142,35 46,10 Z6.00 400,00
RESIDUAL¥ 185,55 62,45 3200 26,00  3Z6.00
P30 165,53 196,43 46.00 G000 428,00
TUKTOYAKTUK
P30 (COMM.3 185,35 196,43 138,00 5000 340,00

tResidual tuel is taxed when used +or power aeneration,
but not when used for heating.
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Table 1

Consunption _of Heating Fuel

in the Comunity of

Tukt oyakt uk

Annual
Housi ng Assoc. 555
Private

Househol ds 24

Conmer ci al 708
Gover nnment

- NWI 273

- Hanl et 139

Feder al 131

Sub- Tot al 543

Total 1830

# Units

137

12

26
13
5

44

13

Aver ag

Use/ Uni t
(000 litres)

4.0

5.0
59.0

10.5
10.7
26. 2

12.3

Mont hl y

Del i veri es

Al Custoners

(000 litres)

Jan
Feb
Mar

Apr

May
Jun
Jul
Aug
Sep
Ot

Nov
Dec

Total

Mont hl y
Aver age



Table 2
Forecast of Fuel Use in Tuk Conmunity, 1987/ 88

Aver age
Annual # Units Use/ Uni t
(000 litres) (000 litres)
Housi ng Assoc. 630 180 3.50
Private
Housholds 75 15 5.0
Commer ci al 708 12 59
Gover nnent 543 44 12. 3
Tot al 1956 251
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Table 3

Esti mat ed Consunption of Fuel by NCPC

Cener ati on

i n Tuktoyaktuk, 1987/88

8.45 GWH

Fuel Efficiency 3.05 KWH/litre

Fuel Consunption

2.77 mllions 1itres

Esti mated Monthly

Aver age

Sunmmer nont hly

Aver age

W nt er
Aver age

Mont hl y

231,000 litres and 704 MM

700 KW X 24 X 30 = 564 MM and
185,000 1litres

1000 KW x 24 x 36 =806 MMH and
264,000 litres

15



Fuel

Consunption of the Q|

Table 4

& Transportation

Conpani es i n Tukt oyakt uk,

1984/ 85

(000 litres)

Annual Consunpti on

Heat

DOVE 277*
GULF 150*
ESSO 320
NTCL 227
ATL** 82
1056
Esti mat ed
** ATL will

Powe-r

2493~

1350*
980

be doubling the

Tot al
2770
1590
1300

227

size of its

16

Mont hly Vari ation

Aver age Summer
230 270
125 112
109 80*

19 40*
7 13
190 515
canmp in 1986

W nt er
225
139
130*

1g*



Table 5

Total Estimated Consunption of Heating O! and Diesel

1984/ 85
(000 litres)

Mont hly Montly
Mont hly W nt er Sunmer
Annual Aver age Aver age Aver age
Community
-Housing Corp 555
- Private 24
- Commerci al 708
- CGover nnment 543
Sub-t ot al 1830 152 229 76
NCPC
Gl & Transport
Conpani es
- Done 2770 230 225 270
- @l f 1500 125 139 112
- NTCL 227 19 10 40
- ATL 82 7 13
Sub-t ot al 4579 381 374 435
Total not incl ESSO 6409 533 603 511
- ESSO 1310 109 130 80
Total incl ESSO 7719 642 733 591

17




Table 6

Potential Sales of Natural Gas in Tukt oyakt uk

Based on 1984/ 85 consunption
(000 litres)

Current Diesel Consunption

R L - - w .  memmeem-

I\/bn?hl y
W nt er
Mont hl y Aver age
Annual Aver age
Community
- Housing Corp 555
- Private 24
- Commerci al 708
- CGover nnment 543
Sub-t ot al 1830 152 229
NCPC 2267 189
Gl & Transport
Conmpani es
- Done 2770*%* 231 225
- @l f 1700 125 139
- NTCL 227 19 10
- ATL 82 7
Sub- t ot al 4579 382 374
Total not incl ESSO 8676 723
- ESSO 1310** 109 130*
Total incl ESSO 9986 832

*  Estimated
** proportion of fuyel used for heating - Done 10%
24%, NTCL 100% ATL 190%

18

Aver age

76

270
112
40
13

- -

435

80*

Qul f 10%



Pot ent i al

Sal es of Natural

Table 7

Gas i n Tuktoyakt uk

Community

-Housing Corp

- Private

- Conmerci al

- CGover nnent

Sub-t ot al

NCPC
Gl & Transport
Conpani es

- Dome

- @lf

- NTCL

- ATL
Sub-t ot al
Total not

- ESSO
Total incl ESSO
* Net heating Value

Fur nace/ boi | er

Consunpt i on/ kwh

Annual

494
21
630
483
1628

2326

2814*x*
1524
202

incl ESSO 8567

1300
9867

ef ficiency

Based on 1984/85 consunption

3
(000 m)

Mont hly
W nt er
Mont hly Aver age
Aver age
135 195
194
235 231
127 141
17 9
6
385 381
714
109 130
823
P-50 Diese

34.82 MJ/litre
65%
11.4 M

19

Montlhly
Sunmer
Aver age

68

80

Met hane

33.94 MJ/m3
75%
11.4 M



TABLE B

FORECAST UF NATURAL GAS MARKETS IN TUKTOYAKTUK {00083
BASE CASE-CONSTANT OIL EXFLORATION ACTIVITY

COMHUNITY HCFC Q1L AKD TRANSPORTATION COMFANIES ToTAL
Resid.  Coms,  Bovt,  TOTAL NTCL AT DOME  BULF £330 TATAL
t
34785 515 830 83 1528 a0 20z T mid 153 3 el
§5/86 550 630 483 1663 2482 202 7 2814 574 5917 LiGE
56787 585 830 483 1498 2617 202 A TE R bis pizd I04E
87/88 830 630 L R o 2734 202 7T 818 5124 loed.
56,85 b46 634 88 177 2851 202 7T BiE 1735 alza 10T
B9/50 86 643 A VL 2968 207 7 I b128 l0BES
%0791 678 449 4% 1825 3075 202 7 dG 17 sl2e 110
51792 635 856 503 1854 3181 202 7T 814 IS 1300 el LS
32793 73 842 508 1883 3288 202 71 2Bl 7T e Alze 11
53/%4 73 469 5131512 739 202 73OIBlE O ITIR 1300 4iza 114
74795 749 475 518 1942 3454 T 7TOW 1TI 0 i3e s34 115%
35/ 788 882 5530 1973 3581 202 78l 1TIF Q300 b4 14T
76/97 787 469 526 Z00d 3873 22 73 I 4TES G300 6124 11E0Y.
$7/3% 806 69 SH 2036 376k 202 AT B Vi plze 115
%8/ 527 703 539 2048 3854 20 TR U7E BiZ4 12087
9972000 64T 710 44 2Mil 3944 202 719 5124
2000701 848 M7 550 1135 1032 202 7T B 1735 : bi24
01702 850 728 555 2170 415 207 rAT: TR S & RS U1 S Y
31703 912 731 61 2205 4203 102 ATV S - A 6 (R YU
3704 935 739 Skb 2240 4783 20 7T A 1735 3 b1
d4105 359 744 577 17T 4355 102 EATISS- C I bR 0t/ B3

20




by ey

WS

a1/0z

363 535 1BOB

e pm

i1
02742 abi 1840 203 t 4
., . cnm N ;
566 1872 4283 g y i
MM w ﬂGm_ #Hmw i 1} {) i}
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THELE 10

FORECAST TIF NATURAL BAS MARKETS IN TUKTOYRKTUK {000p3)
INTERHEDIATE FOWER EXPORTS

COMMUNITY NCPC OIL AND TRANSPORTATION COMRANIES TOTAL
fesid,  Comm.  BGovt.  TOTAL FOR TUK FOR EYFORT [OTAL  NTCL aTL BONE BULF ES50 TOTAL

84/85 515 630 483 14628 2140 3535 5675 202 73 2814 1524 1300 5913 13l
B5/84 550 630 483 1663 2482 153 8017 202 73 2814 13 1358
B4/87 585 830 483 1498 617 3535 4152 202 73 2814 pi74 1397
B7/58 630 530 483 1743 2734 1535 4269 202 73 2314 5124 14134
88/89 546 434 488 1770 2851 3535 4386 202 2814 Lz 14277
89/90 662 643 453 1797 2948 3535 5503 202 72 2814 8124 L
90/91 578 849 498 1825 3075 9 3075 202 814 §12¢ 11924
91/92 495 554 50% 1854 1181 0 3181 202 73 2814 piz4 1M
§2/93 713 82 508 1683 3288 i 3288 202 2014 s174 1170
93/94 731 649 503 1912 1394 0 7394 2z 73 7814 £124 1143
34/95 749 475 518 1942 3484 ] 7454 202 73 814 £124  115W
35/9% 748 482 1973 3581 0 3561 207 73 2814 £124
36497 787 489 528 2004 3473 i 3673 207 ZB14 5174
804 4596 534 2036 3784 y 1784 02 73 2514 5124
77 703 539 2048 3554 0 1854 202 73 14 6124
347 10 544 2101 1944 i 1044 207 73 B4 5174
£68 717 550 2133 §i32 0 032 202 73 2814 5174
294 555 2170 4118 0 4118 202 73 2814 5174
212 73 chi 2205 4203 i 4207 202 514 £124
935 Sb 2240 4287 y 4283 202 73 2514 5124
359 746 57z 277 4355 0 4755 zii7 2814 s17a 1179
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THBLE 11

FORECAST OF NATURAL BAS MARKETS IN TUKTOYAKTUK {00083}
HIGH POWER EXPORT CASE

COMNUNITY NCFC OIL AND TRANSPORTATIONCOMPAWIES TGTAL
Resid.  Coms.  bBovt. Sub-total  FOR FOR Sub-tot,  NTCL ATL  DOME  BULF E330  Sub-tot.
TUE INUVIK
R4/85 515 530 483 1428 2140 9BES 12008 202 73 214 (5

85/86 350 630 483 1663 2482 10106 12588 202 73 2614 1524
86787 385 830 483 14698 2617 J601 12218 202 IN 2814 1733
87/88 610 630 483 1743 2734 9096 11830 202 73 2814 1735
g8/89 t46 636 488 1770 2851 3223 12073 202 73 2814 1733
89730 642 643 493 1797 2968 3352 1320 202 73 2614 1733
90791 &7 649 498 1825 3075 9483 123%E 2062 IE 2814 1735
31/92 593 634 503 1854 3181 §old 12797 202 i3 2614 17235
327593 713 662 308 1883 3288 9750 13038 202 IE 2814 %
EATEL 731 665 313 1912 3394 9887 13280 02 73 2814

34/93 749 6735 318 1942 J4Bd 10023 13509 202 Tz 2214

35796 768 682 3 1§73 3581 10166, 13746 202 73 2814

76797 787 689 328 2004 3673 10308 1398i 202 7z 814

57798 806 894 334 2036 3764 10437 14218 20Z 73 2514

98/9% 827 03 3%y 2063 3854 10999 14453 202 73 2814
3972000 847 7106 FLL] 2101 3546 10747 14493 202 73 2614
2000701 g8 M7 50 135 4032 10897 14929 207 73 2B14

01702 490 724 3 2170 4118 11030 15168 20z 73 2814

92401 912 73 361 2205 4203 11205 15408 207 i3 1614

43/04 kSN 739 366 2240 4287 1idel 19644 202 i3 281

047035 739 744 372 77 4333 1182t 15873 202 71 2514

23



TARLE 1Z

FORECAST OF NATURAL GAS MARKETS IN TUKTOYAKTUK

§AS EXFORT CASE

84/85
85/84
86/87
87/88
g§8/89
29730
39/91
91/92
§2/932
93794
94/95
95/96
35/97
97/98
96799
¥9/2000
2600/01
atroz
027063
13/04
(14/05

Comaun

14628
1662
1698
174
1770
1797
1825
1854
1883
1912
1942
1973
2004
2036
2068
2101
21335
Z170

LY
2ia

TUETOYAETUR

NCFC {oapanies

2140
2482
2617
2734
2851
2968
3075
3181
3288
3394
I484
1581
872
3764
1804
3944
4032
4118
4203
4783
4355

3913
3913
6124
5124
6124
4124
6124
6124
ai24
6124
6124
6124
6124
4124
6124
6124
G124
6124
6124
5124
5124

SUB
07

7681
10038
10439
10601
10744
10889
11024
11158
11294
11430
11350
11477
11801
11924
12047
12172
12291
12411

12537

12647
12758

{0

IN
NCPC

AL Heating

11342
11501
10926
10351
10494
10643
10792
10943
110696
11231
11409
11568
1730
11895
12061

12401

1257
L3474

12731
12929
13110

00m3}

UVIK

Private

Fower Sub-tot. Heating

0405
8408
5178
7747
7856
7944
8077
§190
8309
8421
8519
8639
3780
8963
2027
9154
9282
2412
9544
2677
9813

19747
20109
19103
1G98
18351
18608
18849
19133
19401
19472
19948
20227
20510
20797
21083
21384
21683
21987
22294
22607
22923

24

4178
4236
4295
4356
4417
4479
4541
3603
4470
4733
4801
4p68
4937
3006
307§
3147
5214
3292
J3be
3441

017

Sus
TO7AL

23925
24345
23399
22434
22748
27087
23410
23738
24070
24407
24749
250939
25447
25803
26144
26336
26802
2727

27650
28048
28440

T07AL

33608
34403
33838
33055
335913
33976
34434
34897
35364
35837
36259
36773
37247

Yoo
aifid

38211
38702
39193
39490
40192
40693
31196



TABLE 13

FORECAST OF 750 PRICE T0 COMPANIES IN TUK FURECAST OF FS0FRICETO COMPANIES N Tuk
BASE CASE HIBH CA3E
TRANSPORT [GST CONSTANT IN REAL TERMS
PRODUCT MARGIN CONSTANT IN REAL TERNS . CURRENTS/®3________ CONSTANT
_______________ CURRENT$ /a3 CONSTANT YEAR CRUDE  PROBUCT  TRANSPORT Tay  TUK $/al
YEAR CRUDE  PRODUCT TRANSPORT TAY  TUK $/03 PRICE  MARGIN  COST PRICE  TUKFRICE
PRICE  MARBIN COST PRICE TUK PRICE EDMONTON
EDMONTON
B3/B6 240,70 51.90 135.90  26.00 454,50 454,50 85/8: 740,70 51,30 13590 I 434,50 454,50
84/87  228.10 54,50 142,70 27,30 452,59 431,04 34/87  28.10  57.0% 14805 17 56,54 1480
§7/88  228.10 57,22 149,83 2B, 47 443.81 420,49 87/88  719.51  82.60 152.70  ZB.&T 183,67 43B.TU
88/89  228.10  0.08 157.32  30.10 475, K0 410.34 B8/8S  751.48  A9.0B 5AY 37 AT,
89/90  239.51 41,08 165.19  3l.60 499,38  410.B4 39/30 264,05 7559 3 :
90/91  251.46 6,24 173,45 3318 524,35  410.84 90/91  277.76 8359
91/92 264,05 9,55 (B2.12 34,84 550,51 410,34 S1/52 291,12 91,54
92/93  277.7% LO3 191,27 36056 578,10 410.B4 92/93  I05.48 101,14
93/94 296,66  To.68  200.79 3841 b12.54 414,59 33/9% 320,96 111.29
94/95  317.43 80,51 210,83 40.33 449,11 418,47 94/95  337.01 12238
95/96  139.45 84,54 221,37 435 6B7.91 422,32 95/96 15386 134.62
9/97  363.43  88.77 23244 4447  TI9.10 . 2 95/57  371.3% 148,08
97/98  3BG.B7  93.20 Z44.06  46.69 772.B2  430.34 97/58 180,13  1hZ.BR
98/99 416,09  97.87 256,26 49,07 B15.24 434,44 98799 409,83 179.17
99/2000 445,21 102,764 269,07  51.48 848.52 438, 4b 99/20G0  430,1% 197,09 5
2000/01 476,38 107.90 282.53  54.05  920.85 44295 2000/01 451,62 216,80 54,95
01/02  509.73 113,29 296.65  56.75 97£.42 447,31 01/02 473,20 218.48 345,23 3ATS
02/03  945.41  {18.96 3I11.49 59 5 103544  451.7% 02/03 497,51 252,33 W45.95  59.59
03/04  583.58 124,90 327.06 42 .57 1098.12 4% 2 0704  572.81 ZBB.S& I87.50 8RS
04/05 624,44 131,15 CA3.ML 45.70 116470 460.91 04/05  548.95 317.47 41t 65. 70
FORECAST OF P50 PRICE 70 COMPANIES IN TUK
LOW CASE
_______________ CURRENTS/a3___ CONSTANT
YEAR CRUDE  PRODUCT TRANSPORT TAY Tk /a3
PRICE  MARGIN COST PRICE  TUK PRICE

EDMONTON

85/86 240,70 5L.§0 135,90 26,00 454,30 454,50
86787 184,10 54,50 142,70 27.30 408,39 389,13
87/82 184,10 57,22 149.83 28,57 419,81 IBO.7R
B8/89 18410 50,08 157.32 30010 431,80 372.82

§9/90 193,31 8308 143,19 Ji.60 4S3.1R 0 372.83
§6/91 202,97 86,23 173045 33,18 475,30 37L.ED
91792 213,12 68,35 1B2.12 34,84 499,43 37L.83
§2/31 2377 TR.03 0 191.22 36,58 SEA 6L 37LLES
91/94¢ 234,96 Fb.e6 200,79 33,41 S5C.84  37I.63
94/95 246,71 80,51 Z10.8T 40,37 978.2%  I72.83
93/%  239.03 84,54 I21.37 82,35 0730 37083
96/97  ZIZ.00  BB.TT 23044 44,47 53757 I72.B3
97798 283,60 93,20 244,06 46,69  A65.5F 372.82

96/99  299.88  97.87 25h.2 49,03 70%.43

9972000 31487  W2.74 89,07 51,48 735.i8
2000/01 330,62 107,90 2BZ.5Y 54,05 775.09
G107 MT.I3 1379 296,83 5675 BIILES
02/03 36431 118,96 311,49 59.5%  g5d4. 34
03/04  3BR.73 124,90 377.06  62.97 B97.I7
04/05  401.87 131,15 43,41 3,70 947,13 25




TABLE 14

FORECAST OF P40 PRICE ININIVIK FORECAST OF P46 PRICE IN IRUVIK
BASE CASE Hi 64 CASE
TRANSPORT COST COMSTANT IN REAL TERMS

PRODUCT WARGIN CONSTANT IN REAL TERNS
CURRENTS /d CONSTANT CURRENTS/m3________ . CONSTANT
YEAK | CRUDE™ ""PKODUCT TRANSPORT TOTAL  $/a3  TEAR CRUDE  FRODUCT TRANSPORT T s
PRICE  MARBIN  COST THX  FRICE PRICE  MARGIN  COST TEX FRICE
NORMAN NORHAN

WELLS WELLS

o5/86  185.55 142,35 46,10 26,00 400.00 400.00  85/86  185.55 142.35 4610
86/87 173,00 145,47  #8.41 2030 39547 T2 Be/87 17300 156.55  48.87
B7/88 173,00 156.94  50.83  28.67 409.43 37037 B7/8B  {BL.&5 172,23 51,30
/89 173,00 164,79 53,37 30,10 42125 343.89  88/85 190,73 189.47  54.51
29/90  181.65 173.03  56.03  31.60 442,32 363.89  89/90 200,27 20B.41  58.20

23/91 190,73 181,48  58.84  33.18 Ab4.47  Ib1.B9 90791 210,28 229,36
91/92 200,27 190.76  61.78 34,64 487.6% 341.89 91/92 220,30 25%.13
92/93  210.28 200,30 44,37 3658 512.04  363.89 92/97 23184 I77.40
§3/94 22506 210,32 4B, il 541.84  Jhb.74 93/94 743,43 305,14

o o

ey O
S Led A EN e £O B s D O

94/95 240,75 220,83 T71.52 573,43 369.44 94/95 295,40 335,43 77.88
95/%  Z537.61 231.87  T75.09 506,92 372,60 93/96  248.38 38522 2.3
96/97 275,64 243,47 T8.83 7 42,42 37581 96/97 281,80 405,14 B7.5i
97/98 294,93 255.64 82,79 36,89 5HBO.0OS 378.46 97/98 795,86 44L.74 2.74
58/99 315,58 266,47 Bk.9T 45,03 719.93 38181 98799 310,58 491,43 99,13

39/7000  137.67 BL.84 91,27 5L4B 7226 IB5.00 9972000 3126.77  S40.57 10423 5i.4
2000/01 160,30 295.94  95.84  54.05 BO7.13 38824 2000/00  342.51 594,47 110,45 54,0
B0 386,60 310,73 160,43 5675 BSATL 9135 01702 159.45 654,09 1101 S
07/03  MI.6 126,77 10S.66  59.59 S05.18  I9A9T 02703 I77.84  TIRG0 12414
0306 44261 34258 11095  62.57  9SB.T1 398,37 0304 356,52 791.45 131,59 &7
04/05 47360 I59.71  116.49  65.70 101550 405,87  ad:35 445,35 §70.60  119.43  85.70

P R R I =

FORECAST OF P4G PRICE IN INUVIK
LO8 CASE

CURRENTS/a3____ CONSTANT
YEAR  CRUDE  PRODUCT TRANSPORT T /a3
PRICE  MARGIN  CDST TAi  PRICE

NORNAN

WELLS

185.53 142,73 400,00
128,95 149.47 337,26
128,33 156,94 334
126,93 164.7 3 I25.E4
135,40 17303 54, 3. D6 I25.ud

8.8 3118 41387 3I5.84

142,17 181,68 F
149.28 190,76 41,78 I4.64

.

L& I75.34

[==]
R
2]
a2
wn -
i

Lo'o TN 0 3 [N ACY

3
EB6 305
156,76 200,30 44, ] 8,49 325,84
74 164,58 210,32 4B. 1Y 8.8 481,47 305.84
24795 172,81 220,83 71,37 46,37 505.49  I25.84
5/58 181,45 231.87 75,09 472,35 S3n,7e 129,34
34/97 190,52 Z83.47 73,85 34,47 557,30 I75.84
97/98 200,04 253308 BZ.79 45,89 5RS.IT 0 32S.R4
98/79% 210,05 268,47 BA.93 49,03 514,47 379,84
BAZ00G 220,53 2BL.Bd 9127 S48 Ad5.14 375.34
2000/00 231,58 295,94 5.8 S405  477.40 I05.34
atigz 243150 IM6,73 0 100,63 3A.7S 0 TILLZT 37908
02703 285,31 326,27 10586 5O.5% 744,04 125,84
03/04  Z6B.0B 42,38 110,95 42,57  7BA.18 375.34 26
04705 281.48  359.71  {14.49  65.70  B2I.IF 105,84




FORECAST OF RESIDUAL PRICE ININUVIK

BASE CASE

TRANSPORT £OST CONSTANT IN REAL TERMS
FRODUCT MARGIN CONSTANT IN REAL TERMS

CRUDE
PRICE

CURRENTS/a3_

PRODUCT  TRANSPORT

HARGIN

NDRMAN

WELLS
83786
56787
37/88
88/3%
89790

173

185,53

{73,
173,
181,

62,45
653,57
48,83
72.79
75.91

LGl
00
0o
85

-

90791 180.73  79.7¢0
91/92  00.Z7  BI.&9
9z/93  2106.28 B7.ET
93/94 225,00 §52.27
34/95 280,75 95.88
55/9  257.51 101,72
36797 Z75.64 106,81
97/%8 294,93 112.15
56/99  316.38 117,76
39720060 337.47  123.85
006/01 3L30 129.83
01702 166,40 136,32
Q2703 4386 18314

03704
04705

442,
473,

&1
&0

150,29
157.81

cosT

92.00
94. 50
7.33
60.20
63,21
86.37
85,58
7317
76,

g3
80.67
84,70
£8.94
93,38
98,09
102,96
108,10
113.51
119.18
123.14
131,40

TAY

26,00
27,30
28. 47
0,10
.80
3318
34,84
36,38
18,41
40,73
42,33
44,47
45,569
43.03
51,48
54,05
56,75
59.39
62,57
$3.70

T07AL
PRICE

126,00
120.47
327,65
333.59
152,37
369.99
388.49
407.91
432,31
438. 64
456,38
515,83
347,18
380,42
615,75
633,29
593.18
735,57
780,62
828,51

TABLE 15

CONSTANT
$/a3

326,00
305, 21
297.37
289,89
289.89
289,89
289,89
289.89
292,74
295,64
798. &0
301,61
304, 48
107.81
.00
314,24
117.55
329

324,

53
327.87

37

FORECAST OF RESIDUAL PRICE iN IKWVIK

LOW CASE

35784
Ba/87
§7/88
g8/89
89/30
30/91
31/92
92/93
33794
34/95
35/96
95157
97/98
98/39
59/72009
2000/01
o1/02
42703
03/04
04705

CURRENTS /a3

CRUDE
PRICE
NORMAN
WELLS
185,355
128,93
126,95
128,95
135,40
142,17
149.28
156,74
144,38
172.81
181,45
194,92
200,
21u,
220, 3
231,38
743,15
Zt8.08
281,145

FRODUCT
MARGIN

52,43
7
L
.85

29
1
i
83,49
.87

-

Lrid

35,89

-
L

106.81
2,15
78
3,63
4314
150,29

ev n
157,81

FGRECAST OF RESIDUAL PRICE

HIBH CASE

B85/ 86
84/57
37758
ge/89
B9/3%
90/91
91/%2
92793
93794
34795
95794
96797
37/98
98/99
9972000
2000401
01702
02103
03764
04/035

CRUDE
PRICE
NORMAN
HELLS

FROBUCT

HARGIN

185,35 82,40
173,00 58,70
181,65  75.3s
190,73 83,12
200,27 91,43
710,28 100.58
320,80 110,83
23184 121,70
343,43 33.87
255,60 23
758,38 141,98
281,30 178,18
295,89 193,99
310,48 213,59
326,22 131G
332,53 ZA0.87
359,45 ZBb. %
377,64 318,65
196,52 4TI
416,35 381,94

____________________________ CONSTART
TRANSFORT TOTAL iinl
£osT TAY  PRICE

SZ.00 Z4,00 328,00

34,60 Z7.30 27447 ZEL.Z
57,33 28,67 ZBI.ED I3T.41
80,20 30, ;

63,71 3 5

66,37 13

89,68 34,

7347 4

7683 I8

80,57 40,312

84.70 42

88.9

93,38 44,
38,05 49
102,36 351,
fog. 16 34
113,51 b,
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TABLE 16

FORECAST OF P-30 FRICE IN TUKTOYAKTUK COMMUNITY ;
BASE CASE N
TRANGPORT COST CONSTANT IN REAL TERMS

PRODUCT MAGRGIM CONSTANT IN REAL TERMS

CURRENTS/a3 ____CONSTANT

v priaia it ) - W e CURRENTS/m3_____ CONSTANT
YEAR  CRUDE  FRODUCT TRANRSRIRT TOTAL /a3 YEAR T CRUDE PRODUCT TRANSPORT  TGTAL | /el
PRICE  MARGIN COST + TAY  PRICE PRICE  MARGIN [OST + At ésxfi A
NORNAN DISTRIE. NORMAN STRIE wThRE
WELLS WELLS
85/86 185,55 19,43 158,00 0,00 540,00  540.00 B5/B6  185.55 196,45  158.00 i
B6/37 17300 206,27 165.90  0.00 545.17  §19.21 B6/BT 17305 21610 14745 i
§7/88 173,00 216,59 174,20 0,00 5378 ST §7/88 1RL.65 2170 17703 o
B3/89 17100 227.42 182,90  0.00 583,32 503.89 BE/89 15073 26147 18513 -
89/90  181.45 238,79 19205 0,00 412,49 503.89 BS/90  200.37 187,47 : g
90/91  196.73 250.73 201.85  0.00 443,11 503,89 S0/31  216.78 31618
91792 200,27 26326 2L74 0,00 475.27  503.89 91/97  720.20  14B.07
92/91 (.28 276,42 222,32 0.00  709.03  503.89 92/91 3084 382,80
93/94  225.00 290,25 233.44 0,00 743.69 506.74 9L/90  MI4T 47011
94/95 240,75 304,76 45.11  0.00  T90.42  509.44 94/55  255.40 443,70
95/96  257.61 320,00 257.37  0.00 B34.97 512,60 05/96  248.38  309.54
9%/97  273.64 33600 270.27  0.00 BBL.E7  i5.6 96/57  I31.80  Sh%.49
97/98 294,93 352,80 283,75 0.00 931,47 518.48 97/98  295.89  £14.54
95/99 31558 370.44 297,93 0,00 983,35 521,81 98/99  310.48 6757
99/2000 337.67 38B.56 312.83 0,00 1039.45 525,00 $9/7000  126.77 744,00
2000701 361,30 408,41 328.47 (.00 1098.18 538.24 2000/01 42,51 820,40
D1/02 386,60 428.B3 344,89 .00 110,32 S3L.5S M2 T59.65 307,48
(2/03 M3.e6 450,77 34214 0.00 122606 534.93 02/03  I77.64  997.8%
§3/04 442,81 472,78 380,15 0.00 1295.44 318,37 03/ 396,52 109775
04705 A73.60 496,42 39926 0.00 (369.27 S41.97 /05 415,35 120047
FORECAST OF P50 PRICE IN TUKTOYAKTUK COMMUNITY
LW CASE
_______________ CURRENTS/a3____ __  __ CONSTANT
YEAR  CRUDE  PRODUCT TRANSPORT TOTAL $/a3
PRICE  MARBIN  COST + TAY  PRICE
HORMAN DISTRIE.
WELLS
85/86 185,55 196.45 0,00 S4D.0D 540,00

B6/87 128,95 206.27
87/88 128,95 216,39
B8/89 128,93 277.42

0,00 501,12 477.26
0,00 519,73 47L.4

=
=
wn
e ]

RS I O }

L )
Lo
o
!
s
E-

§9/90 135,40 238,79 26,77 445.34
50/91 182,17 250.73 0,00 594,55  445.34
91/97 149,28 243.2% 1,00 47427 4£5.34
92/97 156,74 27642 0,00 455.49  863.84
331/54 14458 290,25 0,00 488.76 485,84
94795 172.81 304,74 5,00 722,67 465.84
95/95 181,45 320,00 g 0,00 758.81  445.84
%4797 190,50 336,00 770,23 0,00 796,75 445.54
97/98  200.04 I52.B0 2875 0.00 836,59 445.B4
98/99 210,05 370,44 297,93 0,00 §7B.41  245.34
99/2000  220.55  38E.%6 31283 0.00  922.34  465.B4
2000/01  231.53  408.41 328,47 0.00  9R.45  445.64
OL/07 24315 476,83 344,89 0.00 1016.B7  445.34
02707 255,31 450,77 IAL.iF 0 0.00 1047.77 445,84
9108 76B.OB 47278 IBOLTS 00D 112110 485.84 28
0a40S 281.48 494,42 199,24 0,00 1177.16  435.84



TABLE 17

FORECAST OF P-50 PRICE IN INUVIK FORECAST OF P50 PRICE IH INUVIK
BASE CASE HIGH CASE

TRANSPORT COST CGHSTANT IN REAL TERMS

PRODUCT MAREIN CONGTANT IN REAL TERMS

_______________ CURRENTS /02 CONSTANT

¥ EAR CRUDE  PROLUCT TRANSPORT TUTAL $/a3 YEAR CRUDE  FRBDUCT TRANSFORT T0TAL
FRICE  MARBIN  COST + TAX  PRICE PRICE  HMARGIN  COST + Ty PRICE
NORNAN DIZTRIE. NORHAN DISTRIE,

HELLS WELLS

85/85  185.55 19445 46,00 0,00 42800 428, i BS/B6 165,35 19445 46,00

85/87 17300 200.27 4630 0.00 427.57 07 Be/B7 17300 21610 48.7a

B7/88  173.00 216,59 5071 0.00 440,30 399.37 8788 1BL.AS 23170 3L.49

88/89  173.00 22742 5125 0,00 45387 391.89 BE/BY  150.73 261,47 54.79

£9/90  1B1.65 23879 5591 0,00 476,35 39089 89/90  200.27 287,62 38,47

90/51  190.73 29673 5871 0,00  §500.17  3I91.89 90/91 81,56

9/97 200,27 26326 bl.bh 0,00 S525.18 391,89 91/92 45.15

92/93 216,20 276,42 6473 0,00 551.43  391.89 92193 £9.17

9L/94 225,00 9025 679 0.00 583.21 3.4 /9 23T AL TR

54/95 240,75 0476 TLI6 0,00 616.87 397 44 94/95  255.60 46322 1.7 i, 00
°5/%  I57.81 320.00  7A9T 0,00 45253 400. &) 95/95  268.38  509.54 8238 0.00
9%/97 7564 33,00 TE.6B 0,00 490,31 403. 95/97  I81.80 560.49 87 0,00
37/9 294,93 ISL.E0  BL.81 0,00 730,34 406,68 §7/98  195.8 616,34 9236 0,00
98/99  315.58  I70.44 8674 0,00 TTLTS 409,81 98/99 110,48 679,20 98.11 0.0
39/2000  337.67 388.56 91,03 0,00 B17.70  413.00 972000 326,22 78607 10400 0,60
2000/01 36130 408.41  ¥5.63 0,00 BeS.34 41624 2000/01  342.57 BZ0.62 11024 Q0D
01/02  386.60 428,33 10041 0,00 915.83  419.55 M2 35945 0288 11686 0.0

02/03 413.66 450,27 105.43  0.00 949.36 422.73 02/03 3764 99295 1ZLET ouib
03/04  MAZAL 472,78 U700 0,00 1028.10 426,37 03/08 396,52 1092.25  131.3¢ .00
94705 473,50 496,42 116,24 0.00 1086.26 429.87 04/05 416,35 120147 {398 0,00

FGRECAST OF P50 FRICE ININUVIK
LOW CASE

_______________ CURRENTS /a3 CGHSTANT
YEAR  CRUDE  PRODUCT ~TRARSPORT TATAL $/n3
FRICE  MARGIN CGST + TRY  PRICE

NORMAN DI3TRIE,

WELLS
35/B6  185.55 1645 46,00 0,00 428,00 42800
B6/87 128,95 206,27 48.30  0.00 3835 385.76
§7/88  128.95 216,59  50.71  0.00  I9.75  355.41

88/39 128,95 227.42  5L.IS 0,00 409,62 I5I.E4
g9/96  135.40 238,79 GE.91 4,00 430,10 351,34
/91 142,17 250,73 GB.7 J.00  451,e00 333.94
91792 145,28 Z83.26 8144 g.00 474,18 153,84
72793 15674 7642 6473 0,00 497,89 353,84

93/94  164.38 350,23 57.5% f.00 522,79 353.84
94795 172,81 304,76 T1.I6 f.00 948,92 353,54
95/9¢ 181,45 320,00 74.93 6,00 376,37 35384

F6/97 190,52 336,00 78.&B 0,00 05,19 131,84

§7/98  200.04 332,80  B82.81 4,00 835,
98799 210.05  370.44  BS. T4 0,00 667,12
9972600 720,53 TEB.96 91,08 0,00 700.5

2000701 231,58 408.41 75,63 AN,
01702 243,15 428.37 1004 0,000 772,19
02703 255,3F 450,77 165,41 9.00  gind

01704 268.08 4778 116,70 0,00 851.%% 29

04705  ZH1.48 496,42 114,24 .00 94,1
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Aver age rate of

Sour ce:

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Bur eau of

TABLE A-1

FORECAST OF PCOPULATION IN TWK

Statistics,

i ncrease--2.5% per year

NWT.

31

870

899

929

959

990
1020
1049
1079
1107
1136
1158
1182
1207
1233
1257
1273
1300




TABLE A-2

FORECAST OF FUEL USE BY NCPFC in TUKTOYAKTUR

SALES  LOSSES GENERATIO EST. DIESEL EST. GAS

{MBH) (MWHI (MUH) 1900 1) (060 a3}

B4/85 6013 502 59135 181 2140
B3/86 6974 1044 8020 210 2482
Bo/R7 7353 {103 8434 22 2617
37:88 7683 1152 8833 232 2734
43785 8010 1202 212 242 2831
85790 §339 1231 2390 252 7948
30/91 640 1294 9936 261 3075
31/92 2939 1341 10280 270 3181
92/93 5238 1386 10424 279 3288
93794 3536 1436 10966 288 3394
34/95 §7914 1469 1135 295 3484
35796 10041 1509 11370 303 Iset
96797 10320 1548 11868 k3% 3473
97/98 10577 1587 12164 ML AL
98/99 10830 1625 12435 327 1854
2972000 11089 1663 12732 334 3944
2000701 11330 1700 130630 342 4432
01702 11371 1736 13307 349 4118
02703 11810 1772 13982 156 4203
03/04 12034 1803 13839 W3 4253
44705 12237 1836 14073 369 4235
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NCPC --current

GULF
ESSO
TOTAL

NCPC
DOME
GULF
ESSO

TOTAL

- - pl anned/ possi bl e

--sub total

CALCULATI ON OF EXCESS

TABLE A-3

GENERATI NG CAPACI TY I N TUK

Act ual

(MY
De-rated by 35%

GENERATI ON, 1987/ 88*

Max.
Cener ati on
(GWH)
18,750
12,600

12, 600

54, 050

Annual
Demand
(GWH)
8,450
7,600

5, 600

24, 650

*  Assumes 90% operating factor

33

Excess
(GWH)

10,300
5,000

7,000

Excess
(MW Capaci ty)

0.8

0.4



TABLE A-4

FORECAST OF FUEL REQUIRED TQ GENERATE A_ ZLECTRICITY
REQUIRED FOR INUVIE IN TUK

SALES  LDSSES GENERATIO EST. DIESe. BAS
{MiH) (MWh) {HWH] {000 11 iad)

B4/8% 23207 5680 31887 836 868
85786 23818 hBAL 32837 857 10108
gbia? 24523 6459 310z4 814 7601
§7/88 231234 6157 29392 m 9096
88/89 23580 6243 29803 782 5223
89/90 23890 4231 30220 793 9352
50791 24224 8419 J0643 go4 9483
91792 24363 6309 31072 815 7616
92133 28907 bs0C 31307 826 5750
3/94 23236 4693 31348 838 9687
94/93 23609 5786 12396 g30 100235
95/56 23568 4881 32849 62 10166
96797 2633 6978 33309 B74 10308
97/98 26700 7675 33773 §86 10452
7B/95% 7074 7175 34148 8% 10599
9972000 27453 7275 3478 911 10747
2000701 27837 7377 1azid 924 16897
a1/62 28227 7480 35707 537 11050
02103 28622 7385 16207 930 11203
03704 23023 7651 36714 363 11361
04703 29428 779 37228 976 152!
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CALCULATIDN OF RELATIVE INFLATION IN TRANSPORT

R R B I BN |
oy ~d O~ LA g

40
]
8z

a7
o

B4
hi

HISTORIC RATE

RATES  OF

TiE
{c/100 1b)

243
279
32

32

321
347
379
459
323
560
pitet]
541

{1

—_—
< Lhoen

— b
¥ < I, EECNCRR N, B B = < )

GNE

RATE

IMPLICIT OF
HAY RIVER INCREASE FPRICE

INDEY

11979
ASE)
122,
137,
147,
138.
17

185,

203,

-
233.2

8
1
2
4
(]
b

7
4L

B
v i

258,
273,

284,

4
8

-
£

(%}

RATID
TRANSPOR
INCREASE INCREASE
TO BNE
INCREASE
12 1.29
7 2.04
8 0,00
7 0,00
9 0.87
11 1.42
14 110
11 1.30
) 117
4 1.24

TABLE A-5
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TABLE -4
CURRENT USE OF FUEL FOR HEATING AND POWER GENERATION IN INUVIK
AND POTENTIAL SALES OF BAS

CURRENT USE {000} ) POTENTIAL 6AS USE {000a3)
FOR FOR TOTAL
P40+P50 RESIDUAL PAOPS) RES | DAL
NCPC  -power 3136 5172 2545 3840 8405
-sub-total 3138 15204 2545 17202 19747
PRIVATE SALES 4700 - 4178 - 4178
TOTAL 7836 15204 6723 17202 23925

1. Exrludes fuel required to generate fuel for Tuk,

2, Pawer requirements calculated by adding 15 per cent to Inuvik sales,
for losses in distribution in the town, assuming 1/3 reguiresents
supplied using diesels, 2/3 steas,

3. hecumesNCPChas70 per cent of heating leoad through the utilider.

4.Azsumes no efficiency difference on NCPC use. Efficiency on privatesales
assuped to increase froe 65 7% withoil to 75 1 with gas.

5. Heat Contents (Net}:
pao I5.45 Ml/litre
PE0 74,82 MI/1
Fesid, 3B.4MJ/1
Bas 33,94 Ml/ind
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FORECAST OF BAS REQUIRED TO GENERATE POWER IN INUVIK

§4/85
B5/86
Bb/87
g7/88
88789
89790
30/91
91/92
92/93
§1/94
74/935
95/95
94/97
97798
98/99
9972060
2000/01
at/02
02/03
43704
04/03

SALES LOSSES GENERATIOD P40

{MH)

25707
25816
24525
23244
23360
23899
24724
24563
24947
20256
25609
25948
2833
26700
27074
27453
27837
2822

28622
29023
29429

FOR INUVIK
{HRH) {MWH)
3781 28988
3872 29488
1679 28204
3483 26720
31534 27094
3581 7473
3634 27858
3684 28248
3736 28643
3788 29044
3841 29431
3895 29863
3950 30281
005 30705
4061 1135
3118 S
4176 32013
4234 32451
4293 3E91S
3353 31376
4414 T3B43

{0001 1

231
257
244

ks !
lve

m~
735

238
241
243
248
251
2538
25

262
26b
269
77
77
281
283
289
293

TABLE A-7

EST. BAS
{000R3)

37

8405
B&08
B178
7747
7836
7968
8077
2150
8305
B421
8539
B&SY
8780
85903
S0z7
9154
7282
R412
9544
3677
Je13



APPENDI X 8.

Quidelines for Distribution Applicants in the
Matter of an Application for a Franchise to
Distribute Natural Gas in the Town of Hay River,

NAT . (Public Utilities Board of NWT).
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GUIDELINES FOR DISTRIBUTOR APPLICANTS
IN THE MATTER OF

AN APPLICATION FOR A FRANCHISE
TO DISTRIBUTE NATURAL GAS

IN THE TOWN OF HAY RIVER, N.W.T.
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INTRODUCTION

The Town Council of the Town of Hay River, Northwest Territories
(the Town Council) has received applications for a natural gas

distribution franchise from two utility companies, namely:

Inter-City Gas Utilities Ltd.
Northland Utilities - NW? Limited

The Town Council has requested assistance from the Public Utilities

Board of-the Northwest Territories (the Board), to examine each
party’s ability to undertake the project and to make its recommenda-
tions to the Town Council in the best interests of the prospective

consumers in the Town of Hay River,.and the surrounding area.

Each distributor applicant (Applicant) will be asked to provide the
Board with a formal submission in line with certain criteria and
guidelines enclosed herewith. This may mean that the submissions
already tendered to the Town Council will require some additional
work to conform to these guidelines. The submission should be
forwarded to the Board by September 15, 1983.

The Board intends to hold investigations commencing at a date and
time to be set down, following a review of all material. Each

applicant will be asked to appear in support of its submission and
to respond to questions.

The guidelines which follow set out minimum criteria for the principal
areas of concern to the Board. The Applicant, however, need not
limit its submission if there are additional aspects it feels should
be brought before the Board for consideration.
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-The following list outlines the key sections of the guidelines which

should be addressed within the Applicant’s formal submission of

material. They are:

-
o

© ©® N o oW N

Proposed Franchise Agreement

Natural Gas Service Area

Market and Capital Expenditure Forecasts
Financial Ability and Administrative Policies
Billing, Accounting, and Collection Practices
Employment Policies and Training Programs

System Design and Construction

Operation and Maintenance Practices and Policies

Sales Promotion and Marketing Policies

Gas Supply

The Board is hopeful of reaching a decision and making a recommendation

to the Town of Hay River in November of 1983.
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GUIDELINES RELATING 70 THE SUBMISSION
OF APPLICATIONS FOR A NATURAL GAS
DISTRIBUTION FRANCHISE IN THE TOWN OF
HAY RIVER, NORTHWEST TERRITORIES

The following guidelines have been developed to set out for the
Applicant some of the areas of utility operations considered by
the Board to be significant in carrying out its evaluation of the
submissions. They are to be considered minimal criteria and the

Applicant should not be limited by the guidelines in the preparation
of 1ts formal submission.

Essentially the guidelines have been organized to cover the
Applicant’s feasibility studies, service areas, operating practices,
employment policies, design criteria and maintenance practices that
would be adopted by the Applicant if it ultimately were to become

a distributor of natural gas in the Northwest Territories.

Metric units and current dollars shall be used throughout the
submission.

Twelve copies of the application to the Board and information and

particulars required to be filed in support thereof shall be
filed with the Board.
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PROPOSED FRANCHISE AGREEMENT

It is essential that a mutually satisfactory working agreement
between the selected distributor and the Town of Hay River and
any other town or village it intends_to—service, be in place
before construction is undertaken. The Agreement, among other
things, is intended to permit the distributor to use the

streets, roadways, and boulevards of each community for the
placement of distribution mains and service lines, the right

to repair and replace mains, ang the right to undertake any

maintenance work as required.

The Applicant is requested to provide the Board with a draft

of a proposed agreement covering such items as,

1.1 The term of the Agrement and renewal prOV'iSion

1.2 The procedure for obtaining approval for installation

of mains and services in the community. -

1.3 The responsibility for the restoration of roads,

streets, sidewalks, boulevards, etc.

1.4 The payment for the cost ,f any Jine. relocation work
following installation.

1.5 Liability of the parties to the Agreement in regard

to damage to underground piping or structures.

—_—————— .
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NATURAL GAS SERVICE AREAS

The Board is interested inthe Applicant’s views relating to

criteria and timing for service to other communities that will
be adjacent to the proposed transmission line that will bring
natural gas to Hay River.

Further, the Applicant is requested to address the possibility
of future extension of the transmission line to service other

communities beyond Hay River. In this respect the Applicant

should clearly state its corporate plans relating to:

2.1 Communities that it would initially service.

2.2 Communities or areas that it would seek to service within

a b-year time frame.

2.3 Economic policiies relating to ditributor-owned

transmission laterals.




MARKET AND CAPITAL EXPENDITURE FORECASTS

The Board is interested in reviewing the Applicants’ current

forecast for the 5-year period commencing 1984, relating to

the following:

3.17The estimated number of year-end natural gas customers
by class of consumer and location, including the
estimated present market potential, residential and

commercial customer growth rates, and industrial

growth forecasts.

"3.27he estimated natural gas sales volumes relating to

the above, detailing the forecast use per customer
and any expected increase or decrease during the
period. -

3.3 The estimated natural gas sales volumes that might
be available from the conversion of diesel generator
facilities in the communities.

3.4 The estimated natural gas purchase volumes and maximum

daily requirements.

3.5 Theprojections of capital cost of facilities, showing
expenditures for each year. The forecast should
identify franchise and development costs, costs for
distribution mains, service lines, buildings, heavy
work equipment, and transportation equipment. Estimated
engineering, supervision, administration, and overhead

charges should be shown separately.
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NOTE :

3.6 The estimated operating expenses relating to the costs
of operations, maintenance expense, customer accounting,
billings, sales promotion, and administration costs.

3.7 The Applicant’s calculation of mid-year rate base for
the five-year period, including working capital allowance.

3.8 A forecase of the cost of purchased gas.

3.9 A forecast of the Applicant’s cost of service for the
period, detailing the level of earned return, income
taxes, operating and maintenance expense, depreciation
charges, billing and accounting costs, and sales
promotion.

A the present time, eligibility criteria for federal
assistance under the Distribution System EXpansion
Program (DSEP) does not include proposed distribution
systems in the Northwest Territories. However, the
Government of the Northwest Territories intends to apply
for inclusion in the program and indications are

favorable that such assistance will be made available.

In the event that such assistance is made available, the
Applicant should inciude an estimate of the adjustments

that would apply to its capital expenditure forecast.
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FINANCIAL ABILITY AND ADMINISTRATIVE POLICIES

The Board 1is interested In receiving information relating to
the financial strength of the company, and its administration
and service management policies. The Applicant should
provide a general overview of the operating experience and
background at the senior management level of the Company.

Information should also be provided as follows:
4.1 What form of corporate structure will be used:

- a stand-alone company incorporated in the N.W.T.
- a branch office or subsidiary operation of an

existing utility in another area

4.2 Recent financial statements of the Company, If the
Applicant is a subsidiary company it should provide
the financial statements of the parent company. IFf
the Applicant is a new company, pro-forma financial

statements should be provided.

4.3 Pro-forma financial statements reflecting completion

of construction of the distribution system.

4.4 A proposed plan of financing the operation for the
first five years including the amount, type and
epxected cost of debt capital, and the amount and
ownership of equity capital. The Applicant should

also indicate its expected return on equity.
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4.5 The proposed rates of depreciation based on jntitial

capital cost for the different classes of capital
assets.

4.6 The Applicant’s suggested policy with respect to

capitalizing interest during construction.

4.7 The location ofthe head office of the utility. If

the proposed head office is to be in other than
Hay River, the method to be followed for the allocation
of administration head office charges to the utility

in Hay River.

4.8 The material purchasing pd]icies and location of

principal purchasing authority.

4.9 The level of liability insurance proposed to be carried
by the Applicant.




BILLING, ACCOUNTING, AND COLLECTION PRACTICES

The Board is interested in matters relating to the practices
or procedures to be followed by the Applicant in regard to

the following:

5.1 The frequency of meter reading and billing proposed
for residential, commercial and industrial accounts

in the utility operation.

5.2 The basic format of the rate schedules that would apply
to residentail, commercial and industrial customers,
including such items as unites of measurement, minimum

bills, late payment penalties, equal. payment plan, etc.

5.3 Gas service shut-off policies.

5.4 The proposed location of the billing and accounting

centre of the utility operation.

5.5 Procedures for the collection of customers accounts.

5.6 information relating to training programs for billing “

and accounting personnel.




EMPLOYMENT POLICIES AND TRAINING PROGRAMS

It is considered essential that trained and experienced key
personnel be available initially to ensure a level of safe
and acceptable service in all areas of the proposed natural
gas distribution operations. The Board wishes to know from
the Applicant the number of key technical personnel that
would be transferred from other operations for the training
and familiarization of new utility employees. The Applicant
should also provide an outline: of the training programs and
policies to be followed in connection with the different
functions of gas utility distribution operations, how the
training of employees is to be handled within the utility,
and an estimate-of time required to assemble a complete
operating staff.

If consulting and advisory services are required to carry out
the work, the Applicant should clearly indicate how this
function will be handled within the company and what principal

areas of responsibility will be handled by consultants.

The general hiring policy should also be outlined in order
to provide information as to the number of residents that

may be ultimately employed in the operations.




7. SYSTEM DESIGN AND CONSTRUCTION

’ The Applicant is requested to describe in general terms, the
method used for the design of the distribution system. Such
design should include the pressures proposed and type of pipe,

whether steel or plastic, that will be used.

Information is requested relating to the following:

7.1 The size, wall thickness and grade of steel and/or
plastic pipe proposed for use in the system, and
where it is planned for installation.

7.2 The type of pipe coating proposed for steel pipe
used in the system.

7.3 The material standards used for the selection and
purchase of valves, fittings, regulators, and
’ metering.

7.4 Provide a preliminary construction plan or schedule

indicating the timing and level of construction of
the system.

7.5 The proposed number and size of construction crews

that would be employed in the installation of the
system.

The proposed number and size of construction crews that
would be employed on service line installation.

The number of “owner iInspectors” required and an outline

of the general organization of owner’s inspection operatlons.




7.6 The proposed methods that the Applicant will follow
the protect the environmental resources, including
archeological resources, clearing practices, erosion
control , re-vegetation measures, fish and wildlife,
and water disposal from hydrostatic testing.

11
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‘8.

OPERATING AND MAINTENANCE PRACTICES AND POLICIES

The Applicant is requested to describe the proposed organizational
plan developed for operating and maintaining the utility system.

The Applicant should provide information regarding the following:

8.1 The number and location of consumer serv:
ice and

sales personnel.

8.2 Customer service policies and charges relating

thereto.

8.3 Proposed policy, including response time, relating

to emergency situations such as line breaks, gas
leaks and outages.

8.4 Proposed leak surveys to be undertaken on a regular

basis and the type of equipment: that will be
utilized.

8.5 Proposed policy relating to regular inspection of

public buildings throughout the service area.

8.6 Proposed location of meter repair and testing

facilities,

12.
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9. SALES PROMOTION AND MARKETING POLICIES

i‘!ii The Applicant is requested to provide an outline of its proposed
sales organization and location of personnel to achieve market

penetration. Such an outline should include the follwoing

information:

9.1 What policies might be adopted in connection with the
sale and/or rental of natural gas appliances. Is it the
Applicant’s intention to market appliances and equipment
directly or leave such marketing to local dealers and

merchants.

9.2 Industrial natural gas sales are a significant
component of a distribution system, and it is essential

that this market segment be developed quickly and
efficiently.

4 st : Please outline the form of industrial contracts and

the underlying tariff principles proposed for this
market segment.

Does the Applicant intend to negotiate separate
industrial tariff schedules or would it propose to
have a common tariff in plkace.

9.3 Various Federal Government incentive programs are available
to assist in reducing the use of oil in Canada. One
program that has particular significance in the area
involves the rep acement of diesel fuel for the generation

of electricity.

The Applicant is requested to outline what investigations

have been made to incorporate such incentive programs in

[ .
9 % its marketing policies.
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10.

GAS SUPPLY

The cost of purchased gas constitutes the largest component of

the total cost of service of a natural gas utility company,

comprising over 80% of the cost to the consumer.

With respect to the supply of natural gas to Hay River and

the surrounding area, the Applicant is requested to comment
on the following:

10.1

10.2

10.3

10.4

10.6

The source and security of supply of natural gas
and the level of the commitment by the supplier.

The proposed routing of the transmission line frOm
the source of supply to Hay River, including the
location of compressor and gate stations. The proposed

schedule of construction should also be included.

The location and responsibility for construction of

transmission laterals.

A forecast of daily contract volumes and purchase
load factors for a five-year period.

The impact of potential electric generation sales
and industrial sales on load factor and cost of

purchased gas.

Assuming markets develop as forecasted, the need
for distributor-owned storage or peak shaving
facilities.
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APPENDI X 9.
Scopi ng Study for Tuktoyaktuk Gas Project

R.T.M. Engineering Ltd. January, 1986.



