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Additional Industrial Electricity Load Growth in BC to 2025

Executive Summary

CanWEA commissioned this report to inform its BC Wisidi 2025 analysis with a forecast of the
market for wind energy in BC in both 2017 and 2025.

BC Hydro included an estimate of industrial electricity load for 2017 and 2025 within its latest load
forecast, dated December 2010. Since that time, howeVed have been announcements of

dozens of new mines, several LNG terminals and significant investments in northeast shale gas
exploration and production activities. If even a modest proportion of these proposals come to

fruition they will consume a substéial amount of energy. Additionally, CanWEA wanted to see the
impact on electricity load growth in those sectors if the fuel switching and transmission expansion
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and promptly implemented.

This report identifies and quantifies the six industrial sectors with the most potential to require
substantial amounts of new electricity. These sectors are:

1. Montney Basin natural gas activities,

Horn River Basinatural gas activities,

Liard/Cordova Embayment Basin natural gas activities,
New Liquefied Natural Gas terminals and pipelines,

New mines,and

S T

New plants to produce alternative transportation fuels.
The potential new electricity load for eacactor was calculated by means of the following steps;

I. Reviewingthe BC Hydro December 2010 Load Forecast for that sector, for both electricity
load quantities and the assumptions on which work functions would be electrified, and
chosen levels of electrdation intensity and service percentage.

II. Totalingthe new Potential Work Energy requirements that could result from the many new
projects or higher production forecasts that have been announced for each sector since BC
| @RNRPQa 5SOSYOSNIunmn [2FR C2NBOFaid®d

lll. Discountingthis Potential Work Energy to account for reasonable levels of project attrition,
so that the number ohewly announced plants that actually get built, or recently announced
production levels thatire actually deliveredadequately reflects ta challenges of developing
new industrial plants in BC and the volatility of mineral and gas commaodity prices.

IV. Further Discountinghis Potential Work Energy to account for re@brld limitations on the
maximum amount of electrification that could be reasdly expected to occufhis
calculation includes assumptions on the number of electrifiable work functions, levels of
electrification intensity, and service percentages.
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This report relies on public information including BC Hydro publications, BCUE&nfilings and
recent news articles and releases and various organizations websites. The report authors are not
privy to other information that BC Hydro may have on additional physical or economic constraints
that may temper the higher levels of elecicition intensity and service percentages, as well as the
timing of transmission extensions, that have been assumed in the report.

This study assumes thatlarger number of electrifiable work functions, higher levels of

electrification intensity and seise percentages, and faster transmission extensions can be achieved
if the government and BC Hydro fully and promptly implement the relevant aspects of the Clean
Energy Act and GHG Reduction Target.

Where a work function can be electrified or thenstuction of a transmission line can be

accelerated then, within reason, this report assumes that will be désesuch, this report assumes

that grid-based electricity service can be made available to new plants and activities at a faster pace
than has occrred in recent years.

In short, this report suggests that the available load should determine what transmission and
generation will be required, rather than constraining the degree of electrification to fit within the
current limitations on transmissiorapacity or the availability of generation to serve that load.

BC Hydro, on the other hand, as the implementer of electricity policies, has the responsibility for
rules and rates, and as the builder of transmission lines, has the more challenging taaluatieg
the cost and the economic justification for these linadditionally, it must cebrdinate those actions
with the highly detailed B-@ide utility work schedules that are already in motion.

The information and analysis presented in this repodicates thata larger number of new mines,

[ bD GSNXAYLFEAY FYyR FfTOSNYFGAGBS GNIyaLRNIlFIGAZ2Y
2010 Load Forecast. The divergence in the result of these two studies appéarpitoduced by two
factors.

9 First a considerable amount of new information has become available since the 2010 Load
Forecast was created.

1 Second, this report assumes the maximum practical amount of this new demand is electrified
and supplied with clean or renewable electricity as a medrechieving cost stability, lower
costs over the long term, and large reductions in greenhouse gas emissions relative to
providing this energy demand by means of natural gas or dfaséied sources.

In the eight months since December 2010, not onlyehaany more new projects been announced,
but many proposed projects have also passed important development milestones. As they pass
milestones, like securing permits or financing or agreements with local First Nations, the likelihood
they will actually gebuilt significantly increases.

This report also assumes a higher level of natural gas exploration, extraction and processing in the
Y2NIKSFad akKltS olaAya GKFy FLIISEFNBR Ay ./ 1 &RN
information that has beame available in the last eight to ten monthigher gas production

forecasts and reserve potential estimates have recently been published by the Ministry of Energy,

the Canadian Association of Petroleum Producers (CAPP), large gas companies, and Bs&IHydro
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In addition to increasing the Potential Work Energy requirements for the northeast gas sector, this
increasedoththepacds YR GKS &a0OFftS 0O 6KAOK St SOGNRTFAOI (A
functionscould be implemented

The most imprtant example of the impact of new information is the increased production forecasts
for Horn River and the surge in land acquisition and exploration investment in the Liard Basm, w
improve the business case for extending the Northeast Transmissier{NLETL). The sooner BC

Hydro decides to build the NETL, the sooner grid electricity will be available to those customers. This
means more work functions will be electrified and tlegel of electrification intensity and the service
percentage will incrase. These effects all combine to result in higher and faster electricity load

growth for the three sectors in the northeast gas region.

There is no doubt the potential new work acdties identified in all six sectors will consume some
form of energyNot all will be electrifiedHowever, if these energy needs are not served by clean
renewable electricity supplied by the main BC Hydro grid, then it is highly probable they will be
served by fossil fuel energy, with all of its associated greenhouse gas if@biGations.

Drill rigs, pipeline compressors and processing plants in the Horn River area, for example, do not
OdZNNBy Gt & KI @S | Chassdielectritiy service. ThéyRIeRoxdlled Aavidrdors

and compressors to produce their energyhich create significant GHG emissions. These emissions
could be substantially reduced if gHxhsed electricity, more than 90% of which is generated from
clean and renewable energy sources, was readily available. If it is not available, the drilling,
cOYLINB&daAy3d FyR LINRPOSaaAy3d g2y Qi &02 L¥elledi HAf €
generators and compressors.

TheBCClean Energy A¢2010) includes the following objectives to

reduce B@reenhouse gasmissionsX by 2020 and for each subsegnt calendar year to at least
ooz fSaa GKIy GKS S @éntlbyadh cihéramodntsaydetardined y & A
under the Greenhouse Gas Reduction Targets Act;

and to:

encourage the switching from one kind of energy source or use to anothatabi@eases
greenhouse gas emissions in British Columbia.

As noted above, this report assumes and recommends that government and BC Hydro implement
GHG reduction measures, including fuel switching (i.e. from diesel or gas generationtaggd

clean rerewable electricity), and accelerate transmission extensions (i.e. NETL) and interconnections
(to new mines) as fully and promptly as is reasonably possible.

More specifically, this study assumes that a higher level of electrification is achieved tham ishow
recent BC Hydro studies; that more mines and LNG terminals are electrified, that there is a higher
level of gas production (and thus, more electric load) from shale gas resource areas, and that within
all of these sectors, more functions are electdfiand higher levels of electrification intensity and
service percentages are achieved.
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Discounting for project attrition

TheMid Casdorecast presented in this report assumes that most of the many announced new
projects will not actually be built andhat shale gas production will fall short of many industry
projections in order to account for the significant challenges of developing industrial proje®g in
and the high volatility of mineral and gas prices.

C2NJ az2yidySe .| aAirys sipwdictidnBordastlivhiczis3 6 ldwerthanB& 3 |
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have a larger area than Horn River, this report assumes a gas production forecast that is only 50% of
the Horn River levels, and defers production by eight years, evangh the current pace of land

rights acquisition indicates that the Liard and Cordova regions are only about three to four years

behind Horn River.

For LNG, the report assumes that only one of the four large LNG terminals that have been announced
will be built by 2017. One of these proposed projects expects to receive its National Energy Board
permit within a month and aims to start constructi@anoundthe end of this year. A much smaller

LNG terminal, céed by a local First Nation, has also appliedt®t NG permit and is also forecast to

be built by 2017. By 2025, the report assumes only one of the other three announced LNG projects
will be built.

For new mines, the report assumes that, of the 206 projects that are at various stages of
development, oty four will be built by 2017 and only two more built by 2025. This is fewer than half
of the most advanced 14 new mines that are already at the final stages of permitting or
environmental assessment, each representing a substantial financial commitméms pyoponent
towards development.

Two companies have announced plans to build rrhiltion dollar plants that would produce
transportation fuels using alternatives to petroleum oil. Despite the strong business case of record
spreads between oil and natal gas prices, the projected increase in the cost of carbon emissions,
and governmental desire to reduce dependence on oil imports, this report assumes only onsef the
two plants will be built an@llows14 yearsuntil 2025, forit to be operational.

The resulting projection of potential new work energgrh thesesixsectors is shown below:

TableES1: Mid Casdorecast of potential electrifiable work energ¢yGWh)

Sector: 2017 2025
Montney Basin natural gas activities 4,083 4,742
Horn Rver Basin natural gas activities; 3,812 5771
Liard/Cordova Embayment Basin natural gas activities; 0 1,906
New Liquefied Natural Gas terminals and pipelines; 4,736 9,054
New mines; and 3,330 4,486
New plants to produce alternative transpation fuels 0 4,200
Total 15,961 30,19
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AHigh Cas#orecast was also prepared for this studiis forecast assumed that a higher proportion
of announced mines and terminals get built and highleat not the highest availablegas

production prgections occur. Under theligh Caséorecast, total potential new work energy reaches
approximately 28,000 GWh in 2017, and approximately 48,000 GWh in 2025ligihi€aséorecast

is described in Chapter 5.

Discounting for potential electrification

TheNB LJ2WdICas#orecast of 30,000 GWh of potential new work energy in 2025 and 16,000

GWh in 2017 includes potentially electrifiable energy required by these activities. However, not all of
this demand for energy will be met using electricity. For ins&g some may be too far from the grid,

or some may be too spread out to justify extending wires everywhere. In addition, projects that also
require heat may find cgeneration cheaper fjas or diesel prices are low.

To adjust for the degree of electrifici A 2y X2 S OK aSOd02NRa f2FR A& RA:
electrification, as follows:

TableES2: Forecast Degrees of Electrification by sect®)

Sector: 2017 2025
Montney Basin natural gas activities 73% 74%
Horn River Basin natal gas activities; 70% 70%
Liard/Cordova Embayment Basin natural gas activities; n/a 70%
New Liquefied Natural Gas terminals and pipelines; 83% 83%
New mines; and 70% 70%
New plants to produce alternative transportation fuels 100% 100%
Average 75% 79%

Multiplying the potential work energy in each sector by its projected Degree of Electrification
results in the Potential Load for each sector, which breaks down as follows:
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TableES3: Potential Load by sectar after allowance for eletrification of work energy (GWh)

Major Potential Degree of Major Potential
: Load After
Sector Work Energy Project
- o Allowance for
Identified Electrification L
Electrification

2017 2025 2017 2025 2017 2025
Montney Basin O&G 4,083 4,742 73% 73% 2,997 3,483
Horn River Basin O&G 3,812 5,771 70% 70% 2,659 4,027
Cordova/Liard O&G - 1,906 - 70% - 1,334
LNG PipelinesTerminals 4,736 9,054 84% 83% 3,956 7,559
New Mines 3,330 4,486 70% 70% 2,331 3,140
Alternative Fuel Plants - 4,200 100% 100% - 4,200
TOTAL 15,961 30,158 75% 79% 11,943 23,743

The table shows that after allowance for electrification &l Casdorecast of total potential load
is almost 12,000 GWh for 2017 and almost 24,000 GWh for 2025.

Comparison to BC Hydro 2010 Load Fastc

The potential loads from these six sectors in 2017 and 2025 shown in Faldbdve can be

compared with theMid Casét OSy I NA 2 Ay ./ | & Rm®r&dltingnet imcreaspid I R C
projected electricity load over and above that shown in B Hydro 2010 load forecast is referred

G2 +ta GKS G{ dzLlL) §dbelovl f [ 2FRE AYy ¢lFof S

TableES4: Comparing Forecast Electrified Load with BC Hydro 2010 Load Forecast (GWh)

Major Potential . Supplemental
Load After Amount included Electric Load
Sector in Dec. 2010 Load .
Allowance for Forecast Potential
Electrification Identified
2017 2025 2017 2025 2017 2025
Montney Basin O&G 2,997 3,483 1,939 2,359 1,058 1,124
Horn River Basin O&G 2,659 4,027 892 1,092 1,767 2,935
Cordova/Liard O&G - 1,334 - - - 1,334
LNG PipelinesTerminals 3,956 7,559 1,100 1,100 2,856 6,459
New Mines 2,331 3,140 1,900 1,900 431 1,240
Alternative Fuel Plants - 4,200 - - - 4,200
TOTAL 11,943 23,743 5831 6,451 6,112 17,292
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These results are also showrtle following graph, which layers them on top of the load growth
F2NBOlFad F2NJ ./ |1 &@8RNRPQAa 20KSNJ AYRdZAGNRFE 21 Ra
industrial sectors (shown in green and brown at the bottom of each load stack). This reguabetmo

attempt to review load growth projections for these other sectors.

Figure EL.: Forecast Industrial Electricity Loat{d Casé (not to scale)

Potential Industrial Electricity Loads - after Allowance for Work Electrification (GWh)
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As shown in the figure above, the results of tlgport provide aMid Casdorecast of additional

electrical load for six industrial sectors in Bi@t indicates a supplemental load of 6100 GWh in 2017
STFFSOOAQPSte R2dzwmfAy3 ./ | @RNRrQa 24y 2R F2NBO
By 2025, this study indicates a net additional load of 17,300 @Wigasing total industrial load by

prE: NBEFGAGS G2 ./ | @8RNRQa Hnmn [2FR C2NBOFadd
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industrial load in BC will be increased from around 18,000 GWh todayntost 45,000 GWh by
2025.

As noted above, this significant difference in forecasts appears to largely be the result of two factors.

)l

First, important new information has become available in the last eight to 10 months that
supports projections of highdevels of electrification and faster transmission extensions, which
would make clean, renewable grizhsed electricity readily available to these fgsbwing sectors
and reduce their GHG emissions.

Second, this analysis assumes that as a consequenic&d® LINR GAy OSQa Sy SNH@
L2t AOASE +ta ¢Sttt Fa ./ Qa fS3araftl SR INBSYK?2dz
Hydro encourage the maximum feasible electrification of potential new loads, and accelerate the
extension of the transmissn system to deliver the required energy to these industrial

customers.

AnotherF dzy R YSY I f RAFTFSNBYOS 06SiGs6SSy (KAAa NBLZ2 NI
comes from the fact that this report does not constrain the potential load to fit trelable

transmission or generation capacitieésstead, this reporassumes that realistic projections of

potential load should determine what transmission and generation will be required, rather than
constraining the degree of electrification to fit withthe current limitations on transmission capacity

or the availability of generation to serve new loddhis approach is consistent with

NBEO2YYSYRI (A2 ¢WandWision for B§idcanmett fhatBC Hydro and government

should do all that is reasonalghpssible to encourage the maximum degree of feasible electrification
ofthesesid a0 3ANRgAYy3A aSOG2NBRQ f2FRaAX YR G2 | OO0St
deliver the required electricity to these industrial customers
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Chapter 1: Scopand Methodology
1.1 Scope

This report is not intended to be an electricity load forecast for British Columbia as a whole, or even

the provinE Q& A Yy Rdza G NJA hid repartSateingtdNabsetwit anf@iat@did Casdorecast

of additional electrtity demand from a small number of specific industrial sectors. More specifically,

this report focuses on those sectors thoughthtave the greatest potential for increased energy
RSYFYR NBflGAGS G2 0GKIFG AyRAOI G sesticklctricity load,& R N2 Q
where this additional demand for energy can substantially be met using electfibigyreport is not

intended to be an electricity load foreca®t2 NJ . NAGA &K [/ 2f dzYoAl & || gK2
industrial sector

The stuly team decided tdocusthe report onthe following six areas (referred to in the report as
GaSOG2NRéEV 6AGK AAIYATFAOFIY(H LRGOGSYyGAFf f21 R 3INP

1. Montney Basin natural gas activities,

Horn River Basin natural gas activities,
Liard/Cordova Embaymei®asin natural gas activities,
New Liquefied Natural Gas terminals and pipelines,

New mines, and

o 0k~ Wb

New plants to produce alternative transportation fuels.

This report focuses on the industrial sectors of natural gas production, LNG export teymawls

mines, and alternative transportation fuel plants because the large number of major recent
announcements in these areas has given them a significantly increased likelihood of requiring large
amounts of new work energy withihe next ten to fifteen gars.

The study team assumed the BC Hydro load forecast of 2010 to be acddoatever, new
information has become available since the completion of this load forelcaatidition, this study
assumes that the electrification of new energy demand wilpbesued aggressively biye
government and BC Hydro.

1.2 Methodology

In order to derive aMid Casdorecast of electricity demand, the study team first identified all of the
potential development in eachf the six identified sector.

Chapter 1 Scope and Methodology Page9
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Working from announements for proposed projects and industry projections, the study team then
identified a Mid Casestimate of the new industrial work energy requirements for each sector in the
years 2017 and 2025, assuming a high level of project attrifiba informatiorreviewed and the

resulting determination of total work energy requirements for each examined sector is set out in
Chapter 2TheMid CaséF 2 NE Ol a4 NBLINBaSyda | NBlFazylofeée LINE
work energy for each sector based oriarmation available as of August 20Ihestudyteam

assumed that where it was possible, transmission would be extended to new'oads.

Chapter 3 reviews the BC Hydro load forecast of December 2010 in order to determine as accurately
as possible what aount of load growth the utility has already included in its forecast for these six
project areas.

Chapter 4 specifies the degree of electrification that could be achieved within each of the six
industrial sectors, assuming the full and prompt implemeiatatof the Clean Energy Aend the

GHG Reduction Targets Aahd that where a work function can be electrified or a transmission line
can be accelerated, this is done and done prompthese electrification factors are then used to
derive the gross suppmental electricity load for each of the six sectdrkis chapter alsoompares

the Mid Casdorecast developed for the six sectors above with the BC Hydro forésased in
December 2010)Load growth for each sector already captured within the BGdHpad forecast is
factored out to produce a net additional electricity load total for each of the six sectors, for both the
mid-range and higfend forecasts of load growth.

Chapter 5 presents a High Case Forecast. Compared to the Mid Case Foret#igh thase assumes
a more modest level of project attrition and a higher degree of electrification.

The report concludes withigh levelrecommendations.

' For example, the study team considers the construction of the Northeast Transmission Line (NETHpto tRver
Basin by 2017 to be practical, whereas extending the NETL to the Liard region by 2017 is not. Similarly, the study team did
not consider extension of the Northwest Transmission Line to mines up near the Yukon border by 2017 to be practical.
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Chapter 2Mid CaseAnalysis and Forecast

2.1 Sector # IMontney Basin Shale Gas Activity

This sedbn describes théVlid Casdorecast of potential new electricity load required by natural gas
activities in the Montney Basilit includes a background introduction, gas production forecasts from
BC Hydro and CAPP, the conversion of those gas productexrasis to electricity load

requirements, the identification and quantification of elements that affect the breadth and depth of
electrification, and the impact of GHG emissions and policies on electrification.

Background

The Montney Basin is a regiongifale gas development near Dawson Cr&#&]t is already
connected to the main electricity grid (referred to as the Integrated Area).

As of March 31, 2011 there were approximately 665 producing wells in the Montney trend. The BC
Oil and Gas CommissioGC) in its lat2010 report, estimates Initial Recoverable Raw Gas
Reserves for the Montney at 7.94 trillion cubic feet (Tcf), up 58% from the previous year due to
performance revision and drilling additior@nly a small portion of the Montney play isrntly
developed. This is an immense energy resource, with an estimated cost of production that is
expected to make it competitive with other shale gas basins in North America.

Electricity is potentially usable for processing plants and pipeline compresiie annual load
growth in the Montney area is approximately 10 times the average annual rate of load growth in BC.

This is mostly due to an unprecedented increase in planned natural gas extraction in the area. The
use of electric compression by produsdor operational flexibility, fuel and operating cost
reductions, and GHG abatement has the potential to result in significant electrical load growth.

Electricity loads for Montney Basin gas activities have the potential to increase through:

1 Increased gsproduction forecasts (as indicated by increased customer requests for service);
1 Broadening the range of functions to be electrified; and
1 Increasing the penetration of electrical service within those functions that can be electrified.

BC Hydro Gas Prodiimn Forecasts:

There are a wide variety of gas production forecasts, as reflected in the following graph from BC
| @RNRP Qa 5SOSY¥adsasd nnmn [ 2 R
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Figure 2.1- 1 ¢ BC Hydro Gas Production Forecast for Monthey
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line in Figure 2.2 below (taken from a BC Hydro presentation from June 2011).

Figure 21-2 ¢ BC Hydro Bseand Hgh Forecasts, and BC Hydro Customer Requests for electrical
servicée
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Since the 2010 Load Forecast was developed in the fall of 2010, there has been a tremendous
increase in customer requests for new electrical service, and trezpeests are reflected in the
highest line of the chart.
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significant upward trend in the projected electricity demand for the Montney Basin since the 2010

Load Foecast was developed in the fall of 2010.

¢CKS ./ | @8RNR NBLINBaASYGlrGAGBS O2y FANNXYSR GKIFO a5t
85% of the total expected gas producer load for the entire Montney basin. Assuming an 80% load
factor to convert fromMW of capacity to GWh of energy consumption, the following table sets out

the projected gas production forecasts and electrical energy requirements of these three BC Hydro
forecasts:

Table 2.11 ¢BC Hydro Forecasts for Montney: BASE, HIGH, and CustonoeieBts
[Major Load Potential #1 - Montney Basin Oil & Gas

Forecast 1 Forecast 2 Forecast 3
BCH BCH BCH

Montney Basin O&G BASE Forecast HIGH Forecast Customer Requests

2010 Load Forecast 2010 Load Forecast June, 2011

Notes  Units 2017 2025 2017 2025 2017 2025

Gas Production Forecast (1) MMcfd 2,698 3,312 4,706 5,320 6,445 7,570
Electric Intensity of Included Work (2) MwW/MMcfid 0.115 0.115 0.115 0.115 0.115 0.115
MW of Power for Included Work (3) Mw 310 381 541 612 741 871
Load Factor (4) % 80.4% 80.4% 80.4% 80.4% 80.4% 80.4%
Annual Included Work Energy Required (5) GWhlyr 2,185 2,683 3,812 4,309 5,220 6,132
Energy Proposed for BCH Service (6) GWhlyr 1,939 2,359 1,939 2,359 1,939 2,359
Implied Service/Electrification % (7) % 88.7% 87.9% 50.9% 54.7% 37.1% 38.5%
Net Un-Electrified Included Work Energy (8) GWhlyr 246 324 1,873 1,950 3,281 3,773

Notes
(1) For Forecast 1, Gas Production is input from 2010 Load Forecast, Appendix 3.2, Table A3.1 Integrated
Area (Peace Region)
For Forecasts 2 and 3, Gas Production is back-calculated from line 3/ line 2

(2) Intensity of 0.115 is assumed for all forecasts, based on BC Hydro's calculations in the 2010 Load
Forecast, Appendix 3.2, page 98
Electric Intensity is the power in MW required to drive the included work processes, needed to achieve
a gas production rate in millions of cubic feet per day
Included Work processes are those viewed as most readily electrifiable, such as moving the gas from
the RGTs to the processing plant but not the drilling, fracturing or new pipeline loads

(3) For Forecast 1, Power Required = line 1 x line 2

For Forecasts 2 and 3, Power is estimated from BC Hydro's chart "Dawson Creek and Groundbirch
Load Forecast"/0.85
Dawson Creek and Groundbirch is assumed to comprise 85% of the total Montney production potential
(per D. Little of BCH, June 2010 presentation)

(4) AlLoad Factor of 80.4% is used for all forecasts, based on the value used in BCH's DCAT Application,
Appendix B, page 82 of 100, to convert 275 MW to 1,938 GWh in F2025

(5) Annual Included Work Energy Required (in GWh) is calculated from Power (in MW) x Load Factor x
8,760 hr / 1,000

(6) Energy Proposed for BC Hydro Service is the amount shown in the 2010 Load Forecast, Appendix 3.2,
page 94, Table A3.1

(7) The Implied Service/Electrification % is the proportion of the Annual Included Work Energy that BCH is
forecasting to service in its 2010 Load Forecast

(8) The Net Un-Electrified Work Energy is the balance of the Included Work Energy that must be obtained
from other sources, most likely fossil fuels

Mid Case Forecast Section 2.1Montney Basin Shale Gas Pagel3
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(Note that these numbers reflect the 2010 Load Forecast for the total Montney region, adjusted
FNRY GKS a5l ¢gaz2zy / NBS|T YR DNRdzyROANDKE ydzyoSN
wStlFdA@Ste aLISIipghk yAE al k8 NS QhiAcieRsNB 400LE6D% gvar dhe
Gasé F2NBOlFAad GKFIG ¢6la dzaSR Ay GKS wnmn [2FR C3
128% higher than thed3elevel in 2025BC Hydrataff advisedthe study teanthat:
G¢KS . IasS 6NBTSNBted®scemb2reBlOIbad forecast @nd répresented BC
| @RNR Qa SELISOGSR 3L a LINRPRAzOGAZ2Y FyYyR | 8a20A ¢
Load Forecast was preparéekhe Hgh [forecast]represents what the electric load would
result if a higler-than-expected gas production scenario unfolded. The Customer Requests
includes the aggregate total of all entities that have formally requested electric service or
have made enquiries of BC Hydro for providing electricity services, as of Maj2€44..
requests may include potential projects not directly related to natural gas production and
LINE2S0Oia 6KAOK I NB O2yaARENBR (2 068 &aLISOdzZ I (i
In itsJuly 2011Application for its Dawson Creek/Chetwynd Area Transmission PrBfgdtlydro
states:
EX GKSNB KI @S 0SSy NBOSYyd NBOSALIWI 2F AYIljdzZANRS
studies, public announcements on proposed gas developments, and collaborative government
gas industry efforts aimed at helping the province meet its GHG emissgets.Therefore,
BC Hydro believes that there is an increasing probability that future gas production and
l3a20AF 3SR St SOGNAOIE 2R gAft ‘085S KAIKSNI (KI
This report agrees with BC Hydro that the current updated utaje of electrical loads in the
Montney region is likely to be higher than reflected in the 2010 Load Fordeastomparison
purposes, we show the following forecast from the Canadian Association of Petroleum Producers.

CAPP Production Forecast for Moety Basin

In late 2010, the Canadian Association of Petroleum Producers (CAPP) published the following
forecast, whichincludes Montney and the Horn River Basin:

Figure 2.1-3¢ CAPP Forecast for Montney and Horn River Basin

CAPP BC Production Forecast

| Forecast —»

Raw Production (bcfld)

‘_')
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Additional Industrial Electricity Load Growth in BC to 2025

Adding this forecast into #previous table of BC Hydro forecasts provides the following
comparisons:

Table 2.12 ¢ Three BC Hydro Forecasts plus CAPP Forecast
|Major Load Potential #1 - Montney Basin Oil & Gas

Forecast 1 Forecast 2 Forecast 3 Forecast 4

BCH BCH BCH CAPP Forecast

Montney Basin O&G BASE Forecast HIGH Forecast Customer Requests Producers Forecast
2010 Load Forecast 2010 Load Forecast June, 2011 2010

2017 2025 2017 2025 2017 2025 2017 2025
Gas Production Forecast 2,698 3,312 4,706 5,320 6,445 7,570 3,700 4,300
Electric Intensity of Included Work 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115
MW of Power for Included Work 310 381 541 612 741 871 426 495
Load Factor 80.4% 80.4% 80.4% 80.4% 80.4% 80.4% 80.4% 80.4%
Annual Included Work Energy Required 2,185 2,683 3,812 4,309 5,220 6,132 2,997 3,483
Energy Proposed for BCH Service 1,939 2,359 1,939 2,359 1,939 2,359 1,939 2,359
Implied Service/Electrification % 88.7% 87.9% 50.9% 54.7% 37.1% 38.5% 64.7% 67.7%
Net Un-Electrified Included Work Energy 246 324 1,873 1,950 3,281 3,773 1,058 1,124

For Forecast 4, the Gas Production Forecast has been estimated from the CAPP Forecast chart above,
and the other lines @ calculated using the same assumptions as the BC Hydro forecasts.

¢CKS /1tt LINPRAZOGAZY TFT2NBOF a0 aseéd | AyyakE SN2 NBOK & § a0
6 62dzi o ade€d 2FENKBIK A H . @A Swn2Fod/ | BRNRQE adl
likely to be higher than the 2010 Load Forecast, rather than lothes report suggests the CAPP

forecast as a plausible, but still conservative, updated estimate of the future gas production
activity in the Montney Basin area.

However, gas productionctivity is only one factor in determining the amount of potential electrical
energy loadOther factors which can have a significant effect on the electrical load include:

a) ¢KS Y2dzy i 27T -tHelfuididnsizarSigesed éligibddto be electrified:

BC Hydro bases its electrical load forecast on the assumption that only certain functions will
be electrified and only at a certain fraction of the sites.e. not all the work activities and
notallthesitesC2 NJ Ayadl yOSsz ./ |t&tRésBh@hedrilingand[ 21 R C
GKERNI dzZf AO FNIOGdzZNAY 3T 2LISNY GA2ya ¢g2dA R y2i
g2dz R y2i @alayBGSNRLESKE&YS 21 R&a g2dA R y2i

The electricity for these activities is currently being preddy diesel generators. If
government policy required companies to switch to using clean electricity from the grid, and
if the transmission grid was extended to these facilities, these could become additional new
loads.

b) Theintensity oftheuse ofeleck OA 1& (2 LISNF2NYXY G(GKS WLy Of dzRSH

¢CKS GSNY WAyGSyaArdeQ Aa dzaSR G2 RSaONARO6S (K
produced¢ KA & Aa fFNHSfte | FdzyOiAazy 2F HKAOK g2\
electrifiable, but it does nbinclude all of the work activities.

(@]
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./ 1 @8RNRBQ& Hamn [2IR C2NBOIald Faadoenfonss |y
that some industry surveys show higher intensities of 0.13 MW/MMifithe intensity was
increased to that level, it would inease loads by 13%.
LYONBFaAy3d GKS /!tt C2NBOlIFad FY2dzyida o0& Moz
Work Energy required in 2017 and 450 GWh in 2025.
BC Hydrastaff advisedthe study teanthat:
./ | @RNRQa f 21 R T2 NXBO tianwithhBhe §asS @diagiel RS I NI
the percentage of gas production that will be supplied by BC Hydro to meet its work
energy requirements versus gas production whose work energy requirements will be

seltsupplied For the Dawson Creek and Groundbirch ar&&sHydro expects a high
percentage (95%) of utilit dzLJLJE A SR & SNIIA OS d¢

c) Service Percentage:

Once the potentially electrifiable activities are estimated, then that energy is multiplied by

FI OG2NJ NEBFSNNBR (2 Thaseriide PercebdeSd\id propdrtionISFNO Sy i |
potentially electrifiable energy to be provided electricity service by BC Higdsentially,

these are the sites and functions for which BC Hydro plans to provide electricity service.

./ 1 @RMB @ Forecast forecasts agiged average service percentage of 90%

across five areas in the Montney basin (assuming Dawson Creek and Groundbirch are 85% of
all Montney)? If the service percentage was increased to 95% (the level targeted for Dawson
Creek) in all five areas, the elacal loads would increase 5%.

Increasing the CAPP Forecast amounts by 5% would add another 150 GWh in 2017 and 175
GWh in 2025.

GHG Emissions:

Increased gas production at Montney results not only in increased electricity demand, but also
increased GHG @ssionsL Y ONB I aSR SYAaaAz2ya Nizy O2dzy i SNJ (2
Greenhouse Gas Reduction Targetsack international agreements, and could trigger significant
future carbonrelated costs or liabilities to the province and/or to the emitters.

MaxA YAT Ay3a GKS |Y2dzyd 2F az2yidySe FOGABAGASAE RNA
reduce emissions compared to the use of diesel orfgalled generators. In addition to the obvious
environmental benefits, reducing GHG emissions also prortosgsliver significant financial savings

as costs on carbon increase over time, and are applied to a broader range of emission sources. These
emission reductions and carbon cost savings can be realized in several ways:

1 expanding the extent of areas sesgd by the grid (i.e. the Service Percentage),
1 increasing the number of work activities that are electrified (i.e. the Work Included) and

1 increasing the degree of electrification of those activities (i.e. the Intensity).

Accordingly, GHG emissions insphoth the amount and the economics of electricity load growth.

Mid Case Forecast Section 2.1Montney Basin Shale Gas Pagel6
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The amount of electrification forecast specified in the 2010 Load Forecast will reduce the GHG

emissions from the Montney shale gas activities by less than 33% and leave untouched alngost thre
megaonnes(Mt) of new GHG emissions by 2025, as shown in the lower half of the following table:

Table 2.13 ¢ Forecasts 1, 2, and 4, showing Greenhouse Gas (GHG) Consequences

|Major Load Potential #1 - Montney Basin Oil & Gas

Forecast 1 Forecast 2 Forecast 4
BCH BCH CAPP Forecast
Montney Basin O&G BASE Forecast HIGH Forecast Producers Forecast
2010 Load Forecast 2010 Load Forecast 2010
Notes Units 2017 2025 2017 2025 2017 2025
Gas Production Forecast (1) MMcfd 2,698 3,312 4,706 5,320 3,700 4,300
Electric Intensity of Included Work (2) MwW/MMmcf/d 0.115 0.115 0.115 0.115 0.115 0.115
MW of Power for Included Work (3) Mw 310 381 541 612 426 495
Load Factor (4) % 80.4% 80.4% 80.4% 80.4% 80.4% 80.4%
Annual Included Work Energy Required (5) GWhlyr 2,185 2,683 3,812 4,309 2,997 3,483
Electricity Forecast for BCH Service (6) GWhlyr 1,939 2,359 1,939 2,359 1,939 2,359
Implied Service/Electrification % (7) % 88.7% 87.9% 50.9% 54.7% 64.7% 67.7%
Net Un-Electrified Included Work Energy (8) GWhlyr 246 324 1,873 1,950 1,058 1,124
GHGs from Included Work Energy above (9) Mtyr 131 161 2.29 2.59 1.80 2.09
GHGs from Excluded Work (10) Mt/;/r 0.63 0.78 1.10 1.25 0.87 1.01
GHGs from Formation Gas, assuming 1.5% (11) Mt/;/r 0.75 0.92 1.31 1.49 1.03 1.20
Total GHGs from Work and Formation Gas ~ (12) Mt/;/r 2.70 331 4.71 5.32 3.70 4.30
GHGs reduced by forecast BCH service (13) Muyr 1.16 1.42 1.16 1.42 1.16 1.42
Total GHGs after forecast BCH service (14) Mtlyr 1.53 1.90 3.54 3.90 2.54 2.88
% GHGs reduced by forecast BCH service  (15) % 43.1% 42.7% 24.7% 26.6% 31.4% 32.9%
Notes
(9) GHGs from Included Work Energy are based on gas-fueled compressors at 30% efficiency, ~600 T of
CO2e /GWh of work done
(10) GHGs from Excluded Work are back-calculated from line 12 - line 9 - line 11, Total GHGs - GHGs from
Work Energy - GHGs from Formation Gas
(11) GHGs from Formation Gas are estimated based on 1.5% of Gas Production, Line 1 x 51T/MMcf x 365 /
1,000,000
(12) Total GHGs for Montney are based on 1 megaTonne CO2e/Bcf/d, estimated from charts in CAPP
"BC's Energy Future", slides 3 & 5
(13) GHGs reduced by proposed electrification are based on gas-fired compressors at 30% efficiency
(~600 T/GWh) x the proposed work electrified (line 6)
(14) Total GHGs after Electrification are the difference of line 12 - line 13
(15) % GHGs reduced by proposed electrification is the ratio of line 13/ line 12

In this table, the total GHG emissions for Montney (line 12) have be@nastd based onma
October 2010 presentation by the Canadian Association of Petroleum Producers éatitite)

G./ Qa 9y SNH@& Cdzidz2NBY [/ ¢Where do$heytnedtBwbiéh cantdifedhe y S NH

following projection of C@emissions for Momtey Basin and Horn River Basin:
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Figure 2.15 ¢ CAPP Forecast of GHG Emissions for Montney and Horn River'Basin
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This chart shows fouvit of CQ emitted at Montney by 2020/hen combined with the load forecast
for Montney of 4 billion cubic feet per d¢icf/d) used in that presentation, this chart yields a total
CQemissions rate in 2020 of orMt of CQ per Bcf/d.That factor was then used to calculate the
corresponding emissions rates for each of the production forecasts in the table.

The C@emissionfrom formation gas was calculated, for each forecast, assuming 1.5% of the gas
production was C®" This gives an approximate estimate of the formation gas emissions from each
forecastDl D& FTNRY (KS WSEOf dzZRSRQ ¢ -2aktillatebinsrs tiNeratal 6 S NB
CAPP estimate.

While this calculation of greenhouse gas emissions is very imprecise, it does indicate the massive
scale of the greenhouse gas emissions associated with natural gas production. The accuracy of the
component breakdown is nomportant, only indicativeThe important emission amounts are the

Total GHGs (line 12, taken from the CAPP presentation), and the GHGs reduced by the proposed
electrification (line 13, based on the forecast service in the 2010 Load Forddaste numbes

together show the total amount of G@missions that will remaigfter the forecast level of BC Hydro
service.This is an important guide to the effectiveness of the forecast level of BC Hydro service as a
means of reducing overall GHGs and achievindabislated GHG reduction targets.

Applied to the plausibkbut-conservative CAPBrecast a level of electrification analogous to that in

./ 1 @8RNRQa Hnmn [2FR C2NBOIFaild ¢2dz R NBRmaOS G20
leave 2.88Mit per yea untouched in 2025This is because the proposed level of electrification would
2yfte O20SNI cy:: 2F GKS WAYMO@ASR QY 2N 2 T OLIKSIAWS
activities (with emissions of 1.0Mt of CQ), and none of the formatiogas emissions (of 1.2t of
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CQ)./ 2yaSlidsSyidtes GKS 20SNItft NBRdAzOGAZ2Y 2F DI Da
would be only 32.9%.

Ways in which GHG reductions could be increased include:
a. 9t SOUNRTFeAY3I Y2NB 2 FdeniakdSby dbhnédirig dzepéateiperéedtdgd 9 v
of sites to the grid,
b. 9f SOGNATEe&AYy3I a2YS 2F GKS WOEOt dzZRSRQ 22NJ 9V
or pipeline compression), and/or

c. Implementing carbon capture and storageising fully electrid compressors.

The additional electricity load from these three GHG reduction efforts is shown in Takldo2law.

Conclusion ad Results

In order to calculate the total potential energy demand from Montney Basin shale gas activity, the
studyteamadof SR /! tt Qa F2NBOFad 2F 3IIF&d LINRPRAZOGA2Y P
Base forecast, butis about8@n n D2 K Y2NB O2y aSNIWI GA @Stis@kor y . /
about 2,2002,700 GWh below the customer requests received to date.

Basedon updating the forecast of gas production to the CAPP Forecast, the potential new load for
Montney Basin activity is between 2,997 and 4,083 GWh in 2017 and between 3,483 and 4,742 GWh
in 2025, depending on how much of the additional potential sites kfonctions and intensity can

be captured.

Table 2.134 ¢ Summary of Potential New Electric Load for Montney

| Montney Potential |

2017 2025

GWh/yr GWh/yr

Based on Forecast 4, Included Work Energy @ 0.115 intensity 2,997 3,483

Potential Electric Load is 2,997 3,483
This can be further augmented by adding:

a) add 30% of 'excluded' work functions 434 505

b) 13% higher intensity on 'included' work functions 390 450

c) 5% higher service percentage 150 175

d) implement electrified CCS 111 129

Total Potential Electric Load 4,083 4,742

Relative to the BASE Forecast from the 2010 Load Forecast 1,939 2,359

Net Potential New Electric Load is 2,144 2,383

The Net Potential New Load (in excess of the 2010 Load Forecast) is up to 2,144 GWh in 2017 and
2,383 GWh in 2025.
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The BC Hydro 2010 Load Foré¢cdasludes a load growth projection for the Montney Basihapter
3 belowgives more detail on the load that BC Hydro has forecast for the Montney Basin, for
comparison with the above forecast.

End Notes:

e HydroElectric load forecast 2010/11 to 2030/31: load and market forecast (2010 foreRespared by BC Hydro

Energy Planning and Procurement, Customer & Corporate Ser2tEsp.97

2/ 1 @RNRY da/{ englatiddEhipStetweey maturkl gdsBRI St SOGNRAOAGE RSOSt 2LIVSy i«
presentation by Doug Little to the BC Natural Gas Symposium, June 1, 2011. Slide 10

59YFAf WdzyS HyS Hamm FTNRBY ./ | 8RNRQa 52d3 [AdGGES Ay NBal
yourM2ytdySe 2R FT2NRQuestion#2.yR | w. DI Da¢

* BC HydroApplication for its Dawson Creek/Chetwynd Area Transmission Prajgaitcation to BC Utilities Commission,
filed July 11, 2011App. B, p. 82 of 100.

>/ Qa 9y S Kinate Poley atiiddrgy Policg Where do they meetPresentation by CAPP President Dave
Collyer to BCBC & BC Chamber of CommerdnB(gy Conferenc®ctober 27, 2010Slide 10.

® BC Hydro2010 forecastp. 99
"ibid. p. 98.

B9YI At WdzyS HySI HAMM FINRS Ay NIBBERNRYQES 5i2dzX 6§ S0S 5 9Aa  LINR
@2dzNJ azydySe f2IR EQuSBaWad FyR | w. DI Dat

° op cit. p9o.

WeaPPa . / Qa4 9y SNEHE CdzidNBY / €2AKRINBE R 2 f (IHQSePdingBRSeimgaSgiuEndy t 2 f A C
the President of CAPP. October 27, 2010. Slide 10.

BC Hydro staff confirmed at the July 20, 2011 workshop on the Dawson Creek/Chetwynd Area Transmission Project
that 1.5% formation gas is typical of the Montney shale gas deposits.
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2.2 Sector # 2dorn River Basin Shale Gas Attiv

This section describes thMid Casdorecast of potential new electricity load required by natural gas
activities in the Horn River Basin. It includes a background introduetimeiew ofgas production
forecasts by BC Hydro, CAPP and TransCanadegtiversion of those gas production forecasts to
electricity load requirements, the identification and quantification of elements that affect the

breadth and depth of electrification, and the impact of GHG emissions and policies on electrification.

Backgound:

¢CKS 1 2NY WAGSNI . L&Ay 0641 2NY whA@SNEloc&ed) al w. ¢ 0

F LILINRPEAYFGStE@ dn 1Y Y2NIK 2F C2NI bSftazyo ¢KS
production potential is demonstrated by the large number d@jar oil and gas development

companies committing significant investment resources to acquiring land holdings and exploration
rights.

A

The rapid development of this gas basin is being driven by the new technology for horizontal drilling
and hydraulic fractring that makes production from shale formations economically vidbées

company heat and power needs have traditionally been met by natural gas and/or diesel generators
and compressors, but clean electrical energy could be used by processing plans emithpression

in gathering systems and pipelines, and could ultimately be extended to drill rigs and hydraulic
fracturing compressors.

Since the BC Hydro transmission grid does not currently connect to Fort Nelson, this area is referred

to by the utilityas the Norintegrated Area (NIA% KS G246y Qa St SOUGNAfi e O2 Y
generation (currently being expanded to 75 MW), with some backup provided by a minor

transmission connection to Alberta. The current supply of electricity will not becmuffito serve the
expected new HRB load, and so BC Hydro is evaluating the feasibility of extending service to Fort
Nelson and then to a new substation near the centre of the Horn River Basin gas aclitaies.

potential transmission extension is refed to as the Northeast Transmission Line (NETL).

BC Hydro has included a minimal forecast of load in Fort Nelson and the Horn River Basin as part of

its 2010 Load Forecast for the Nomtegrated Areashowingl,092 GWh by the year 2025 his

amount is faless than the actual work energy that will be required to achieve the gas production
forecasts for the arealhe study team believes thati#low forecast number likely reflects BC

| @BRNR Qa dzy OSNIFAyde 2@SN ¢KS{iKaNIfsokwbenb 9 ¢ [ G NIy
There is a tremendous potential to increase Industrial loads in this area if the NETL is built at an early
enough date to allow the shale gas development to be electrifiemlvever, if a commitment to
electrification, and the extensionf¢éhe BC grid to the Ft. Nelson/HRB region is not done in a timely

manner, the industry will meet its growing energy demand through thessedply ofnaturalgas and
dieselfuelled energy, which will produce a significant increase in the provincial GkSiens.

As in the Montney Basin (see Section 2.1 above), the electrical loads in the Horn River Basin have the
potential to increase dramatically for several reasons:

1 Increased gas production forecasts (as indicated by increased customer requestsifm#)serv
1 Broadening the range of functions to be electrified; and

Mid Case Forecast Section 2.2Horn River Basin Shale Gas Page2l
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1 Increasing the penetration of electrical service within those functions that can be electrified.

BCHydro Gas Production Forecasts

In its 2011 Integrated Resource Plan, BC Hydro presentefditbering charts depicting Low, Mid

and High forecasts of gas production from the Horn River Basin, and the corresponding peak MW
required to achieve these levels of gas production (see Figurg Betow).. / | @ RNR Q& aAR
Is the one that was usefdr the BC Hydro December 2010 Load Forecast.

Figure 2.21 ¢ BC Hydro Gas Production Forecasts and Work Requiremients

Flgure 1: HRE Natural Gas Production and the Work
In Paak Annual MW Reguired to Produce i

B

Bresal Peak MW
HE B B 8 B B &

N
i 3068 0T SO RN 08 S 334l
TR Tl

M1 X6 MO MGE M3l 366 2] 36

¢KS OKIFINIla AYRAOFGS GKFG AY wHnupX ./ |1 &8RNBQa |
cubic feet per day (MMcfd), 2,300 M#¥tl and 4.6 MMcfd respectively, so that the high case is 250%

of the low case projectiott KSa S OKIFNIila ¢gSNB | fa&a2 dzzaSR (2 RSNA
electricity intensity of shale gas production from the HRB in terms of MW per MNib&lelectic

intensity being used by BC Hydro appears to be about (VMMcfd, which is much higher than

the 0.115MW/MMcfd rate used in Montney(lt is not clear why BC Hydro has used a higher intensity

for Horn River than for Montney, but the consequence isranease in the potentially electrifiable

work energy).

BC Hydro staff also presented Horn River Basin load scenadapsasentation to the BC Gas
Symposium in June 2011 (see Figure2tizlow, which is slide 17 of that presentation.).
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Figure 2.22 ¢ BC Hydro Horn River Scenarios from the 2012°IRP
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The capacity (or MW) values on this Load Scenario chart are materially the same as the values on the

17

upper right hand chart of Figure 212above, except that the Low forecast does not decline after

2030.

The Mid and High BC Hydro scenarios have been incorporated into the following table, along with

two other recent forecasts from industry for comparison purposes.
Table 2.21 ¢ BC Hydro BASE and HIGH Forecasts, plus TransCanada and CAPP Forecasts

| Major Load Potential #2 - Horn River Basin Oil & Gas

Forecast 1 Forecast 2 Forecast 3 Forecast 4

BCH BCH TransCanada CAPP
Horn River Basin O&G BASE Forecast HIGH Forecast Pipelines Forecast| Producers Forecas

2010 Load Forecast| [2010 Load Forecast| June, 2011 2010

Notes  Units 2017 2025 2017 2025 2017 2025 2017 2025
Gas Production Forecast (1) MMcfd 1,824 2,308 3,000 4,500 1,800 3,100 2,000 2,650
Electric Intensity of Included Work (2) MwW/MMcf/d 0.164 0.165 0.155 0.167 0.164 0.165 0.164 0.165
MW of Power for Included Work (3) Mw 300 380 465 750 296 510 329 436
Load Factor (4) % 80.4% 80.4% 80.4% 80.4% 80.4% 80.4% 80.4% 80.4%
Annual Included Work Energy Required (5) GWhlyr 2,113 2,676 3,275 5,282 2,085 3,595 2,317 3,073
Energy Proposed for BCH Service (6) GWhlyr 892 1,092 892 1,092 892 1,092 892 1,092
Implied Service/Electrification % (7) % 42.2% 40.8% 27.2% 20.7% 42.8% 30.4% 38.5% 35.5%
Net Un-Electrified Included Work Energy (8) GWh/yr 1,221 1,584 2,383 4,190 1,193 2,503 1,425 1,981
Notes
(1) For Forecast 1, Gas Production is input from 2010 Load Forecast, Appendix 3.2, Table A3.1, Non-

Integrated Area (Fort Nelson)

For Forecast 2, Gas Production is estimated from Fig. 1 of BC Hydro's Summary Brief to the 2011 IRP

For Forecast 3, Gas Production is estimated from slide 7 of TransCanada's presentation to the BC
Gas Symposium, May 31, 2011, titled "BC Gas Supply Demand Forecast"
For Forecast 4, Gas Production is estimated from chart "CAPP BC Production Forecast”, late 2010

Mid Case Forecast
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(2) ForForecasts 1 and 2, the Intensity is back-calculated from the data derived for lines 1 and 3.
Forecasts 3 and 4 are given the same Intensity as Forecast 1
Electric Intensity is the power in MW required to drive the included work processes, needed to achieve
a gas production rate in millions of cubic feet per day
Included Work processes are those viewed as most readily electrifiable, such as moving the gas from
the RGTs to the processing plant but not the drilling, fracturing or new pipeline loads

(3) For Forecasts 1 and 2, MW of Power Required is estimated from Fig. 1 of BC Hydro's Summary Brief
to the 2011 IRP TAC, "Electrification of the Horn River Basin"
For Forecasts 2 and 3, Power is estimated from BC Hydro's chart "Dawson Creek and Groundbirch
Load Forecast"/0.85
Dawson Creek and Groundbirch is assumed to comprise 85% of the total Montney production potential
(per D. Little of BCH)

(4) AlLoad Factor of 80.4% is used for all forecasts, based on the value used in BCH's DCAT Application,
Appendix B, page 82 of 100, to convert 275 MW to 1,938 GWh in F2025

(5) Annual Work Energy Required (in GWh) is calculated from Power (in MW) x Load Factor x 8,760 hr /
1,000

(6) Energy Proposed for BC Hydro Service is the amount shown in the 2010 Load Forecast, Appendix 3.2,
page 94, Table A3.1

(7) The Implied Service/Electrification % is the proportion of the Annual Included Work Energy that BCH is
forecasting to service in its 2010 Load Forecast

(8) The Net Un-Electrified Work Energy is the balance of the Included Work Energy that must be obtained
from other sources, most likely fossil fuels

Thetwo gas industry forecasts included in Table-2.2bove were derived from the following charts,
taken from recent public presentations:

Forecast 3vas taken from a presentation by TransCanada.

Figure 2.23 ¢ TransCanada Production Forecast for Montneydadorn River Basirts
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Forecast 4vas taken from the same CAPP forecast as was used in the Montney analysis:
Figure 2.24 ¢ CAPP Production Forecast for Montney and Horn River Basins

CAPP BC Production Forecast
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The gas production values in Table-2.%ere estimated from the graptal areas shown on these
charts. Other values were calculated using the assumptions described in the Notes accompanying
this Table.

For the purposes of this report, the study team decided to use and an average of the TransCanada
forecast of June 2011 (Fexast 3) and the CAPP production forecast of 2010 (Forecast 4), as shown
in Table 2.21 above.This provides a plausible, but still conservative, updated estimate of the future
gas production activity in the Horn River Basin area.

In terms of gas produdain, the average of the two industry forecasts is considerably lower than BC

| 8RNRP Q& | AJIK F2NBOFald F2NIwuamtTI o6dzi Aa GSNE Of
vs. 1,824 MMcf/d respectivelylgy 2025, however, the average of the two indydbrecasts is about

Hp s KAJIKSNI GKEY ./ T @RNBQa .!' {9 F2NBOlFal o6HXIyT

b20G adzNLINAaAy3Ifter GKS F2NBOIFAG 2F Fyydadf WLyOf
average of the two foreasts is only marginalgbove the BC Hydro forecast in 2017, it is about 25%
higher by 2025, as shown in the following table:

Table 2.22
Included Work Energy is very comparable between industry and BC Hydro forecasts
2017 2025

| Included Work Energy Required | GWh/yr GWh/yr

Based on an average of Forecast 3 and Forecast 4 2,201 3,334

Relative to BC Hydro BASE Forecast of Work Energy 2,113 2,676

Additional Potential Load is GWh 88 657
% difference 4% 25%
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lff 2F GKS ¢g2N)] SySNHeE& (KIFd KIFIa 0SSy OFf Odz | GS
electric intensity of 0.1651W/MMcfd, can be electrified and therefore constitutes the first

foundation of potential electric load.

| 26 SOSNE F2NJ NBlFazy
St SOGNRO t2FR G2 St

a O0KIFG INB y20 LWL NByGs ./
SOG N T e gy(Seelidel7 ofiTatife 212 F G KI 0 W

Table 2.23
However, forecast of electric service is considerably lower than Work Energy required
2017 2025

| Work Energy compared to Electrification | GWh/yr GWh/yr

Included Work Energy (average of Forecast 3 and 4) 2,201 3,334

Forecast of electric service from the 2010 Load Forecast 892 1,092

Additional Potential Load is GWh 1,309 2,242
BC Hydro forecast electric service as % of Work Energy 41% 33%

Furthermore, as in the case of Montney, gas production activity is only one factor in determining the
amount of potential electrical energy loa@ther factors which can have a significant effect on the
electrical load include:

a) ¢KS Y2dzyi 27T -thelfuididnsizarSigeted éligibhdto be electrified:

BC Hydro bases its electrical load forecast on the assumption that only certain functions will

be electrified and only at a certain fraction of the sit@ C2 NJ Ay aidl yoSz ./ 1
Forecast states that the drilling and hydraulic fracturing operations would not be electrified,

that electricity demand for water recycling tasks would not be significant, and that new

pipeline loads would not be eladied.

The electricity for these activities is currently being provided by diesel generators. If
government policy required companies to switch to using clean electricity from the grid, and
if the transmission grid was extended to these facilities, themdd become additional new
loads.

by ¢t KS AyiGuSyaArde 2F GKS dzasS 2F St SOGNROAGe G2
¢CKS GSNXY WAyGSyaArdeQ Aa dzaSR G2 RSaONARoO6S (K
produced.This is largely a function of whichwdtkOG A A G A S& I NB WAy Of dzR €
electrifiable, but it does not include all of the work activities.
./ 1 @8RNRQa uHnmn [2FIR C2NBOlFad dzaSR Iy AyGSy
region activitiesHowever, for the Horn River Basin activitiégppears that BC Hydro uses a
higher intensity of 0.16MW/MMcfd to 0.165MW/MMcfd.’

Given this higher intensity, this report refrains from adding a further increment to arrive at
the potential new load.
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c) Service Percentage:

Once the potentially electiidible activities are estimated, then that energy is multiplied by
FILOG2NI NEFSNNBR (2 Thaseriide PercerdiaGeNgdiie orSortidB MO Sy ( |
potentially electrifiable energy to be provided service by BC Hykdre.limitations placed on
providing service may be due to the geographic location of the load, or the timing of available
transmission, or other unstated factors the case of the Horn River Basin activities, since we

I NBE NBO2YYSYRAY3I GKI G (KS ¥ dgyformlithyigasigofithez ¥ { K
potential new electric load, it is not necessary to further increase the service percentage.

GHG Emissions

Increased gas production at Horn River results in not only increased electricity demand, but also
increased GHG emissiohsy ONB I a SR SYAadaAizya Nilzy O2dzy i SNJ G2
ReductionTargetsAct and international agreements, and could trigger significant future carbon
related costs or liabilities to the province and/or to the emitters.

As with Montney, maximnaing the amount of Horne River Basin activities driven by clean electricity
FNRY ./ |1 @RNRQa 3ANRR gAff NBRdJzOS -fehed dedefatbrg.a O2 Y
In addition to the environmental benefits, reducing GHG emissions promisediterdagnificant

financial savings as costs on carbon increase over time, and are applied to a broader range of

emission source#\s such, GHG emissions impact both the amount and the economics of electricity

load growth.

Ways in which the GHGs reductiamuld be increased include:
w expanding the extent of the area serviced by the grid (i.e. the Service Percentage),
w increasing the number of work activities that are electrified (i.e. the Work Included) and
w increasing the degree of electrification thiose activities (i.e. the Intensity).

As shown in the following table, the amount of electrification forecast in the 2010 Load Forecast will
reduce the GHG emissions from the Horn River shale gas activities by only about 5% and will leave
untouched 10 tal4 million tonnes (i.e. Mtpf new GHG emissions by 208xch an outcome would
render it virtually impossible to meet the legislated GHG reduction target ddt2zy 2020°

The majority of these residual GHG emissions comes from the venting of fornG@@nd could be
prevented by implementing carbon capture and sequestration (as the government has directed for
coalired generators)l 2 6 SGSNE S@PSy AF Ittt 2F GKS WLy Of dzRSF
still be a considerable amountof gy 3 SYAGGSR o0& GKS WIOEOf dZRSRQ -
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Table 2.24 - Forecasts 1, 2, 3, and 4, showing Greenhouse Gas (GHG) Consequences

| Major Load Potential #2 - Horn River Basin Oil & Gas

Forecast 1 Forecast 2 Forecast 3 Forecast 4
BCH BCH TransCanada CAPP
Horn River Basin O&G BASE Forecast HIGH Forecast Pipelines Forecast| Producers Forecas
2010 Load Forecast| [2010 Load Forecast| June, 2011 2010
Notes  Units 2017 2025 2017 2025 2017 2025 2017 2025

Gas Production Forecast (1) MMcfd 1,824 2,308 3,000 4,500 1,800 3,100 2,000 2,650
Electric Intensity of Included Work (2) MwW/MMcf/d 0.164 0.165 0.155 0.167 0.164 0.165 0.164 0.165
MW of Power for Included Work (3) Mw 300 380 465 750 296 510 329 436
Load Factor (4) % 80.4% 80.4% 80.4% 80.4% 80.4% 80.4% 80.4% 80.4%
Annual Included Work Energy Required (5) GWhlyr 2,113 2,676 3,275 5,282 2,085 3,595 2,317 3,073
Electricity Forecast for BCH Service (6) GWhlyr 892 1,092 892 1,092 892 1,092 892 1,092
Implied Service/Electrification % (7) % 42.2% 40.8% 27.2% 20.7% 42.8% 30.4% 38.5% 35.5%
Net Un-Electrified Included Work Energy (8) GWhlyr 1,221 1,584 2,383 4,190 1,193 2,503 1,425 1,981
GHGs from Included Work Energy above (9) megaTlyr 1.27 1.61 1.97 3.17 1.25 2.16 1.39 1.84
GHGs from Excluded Work (10) megaTlyr 3.32 4.20 5.58 8.15 3.28 5.64 3.64 4.82
GHGs from Formation Gas, assuming 12% (11) megaT/yr 4.07 5.16 6.70 10.05 4.02 6.92 4.47 5.92
Total GHGs from Work and Formation Gas ~ (12) megaT/yr 8.66 10.96 14.25 21.38 8.55 14.73 9.50 12.59
GHGs reduced by forecast BCH service (13) megaTlyr 0.54 0.66 0.54 0.66 0.54 0.66 0.54 0.66
Total GHGs after forecast BCH service (14) megaTlyr 8.13 10.31 13.71 20.72 8.01 14.07 8.96 11.93
% GHGs reduced by forecast BCH service  (15) % 6.2% 6.0% 3.8% 3.1% 6.3% 4.4% 5.6% 5.2%

Detailed notes for lines 1 to 8 are the shown in the Notes for Table 2.2.1.

Notes
(9) GHGs from Included Work Energy are based on gas-fueled compressors at 30% efficiency, ~600 T of
CO2e /GWh of work done

(10) GHGs from Excluded Work are back-calculated from line 12 - line 9 - line 11, Total GHGs - GHGs from
Work Energy - GHGs from Formation Gas

(11) GHGs from Formation Gas are estimated based on 12% of Gas Production, Line 1 x 51T/MMcf x 365 /
1,000,000

(12) Total GHGs for HRB are based on 4.75 megaTonnes CO2e/Bcf/d, estimated from charts in CAPP
"BC's Energy Future", slides 3 & 5

(13) GHGs reduced by proposed electrification are based on gas-fired compressors at 30% efficiency
(~600 T/GWh) x the proposed work electrified (line 6)

(14) Total GHGs after Electrification are the difference of line 12 - line 13
(15) % GHGs reduced by proposed electrification is the ratio of line 13/ line 12

The information on GHG emissions shown in Tallelzabove is derived from data presented by
CAPP in 2010 (see Figure-3.Below).

The total GHG emissions for Horn River Basin (line 12) were estimated based on the following chart
from the CAPP presentation, and the values in the preceding lines wenebickcalculated.
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Figure 2.25 ¢ CAPP GHG emissions forecast for natural gas production il BC.
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This chart indicates that approximately /& of CQ would be emitted from the Horn River Basin
shale gas operation in 2020/hen combined with the lad forecast for Horn River of 2 Bcf/d used in
that presentation, this chart yields a total €€missions rate in 2020 of 4.t of CQ per Bcf/d.

That emissions rate was then used to calculate the corresponding emissions rates for each of the
production brecasts in the table.

The C@emissions from the Horn River Basin formation gas were calculated, for each forecast,
assuming that 12% of the gas produced at the wellhead was%is gives an approximate

estimate of the formation gas emissions from edatecast.Then the only missing element is the

DI D& FTNRY (G(KS WI9EOf dzR S-BaRulated iin tho gt NH& X 6 KA OK A &

The important emission amounts are the Total GHGs (line 12, taken from the CAPP presentation),

and the GHGs reduced by the profoBR St SOGUGNAFAOI A2y O6fAYyS mMoX ol
electrification in the 2010 Load Forecasthe precise breakdown of the components is not

important, only indicativeThese numbers together show the total amount of,@®issions that will
remainafter the proposed electrificationThis is an important guide to the effectiveness of the

proposed levels of electrification as a means to reducing overall GHGs and achieving the legislated
GHG reduction targets.

For instance, for Forecast 4 (the CAPRdast, considered plausible but conservative by the study
GSFY0O GKS FT2NBOFad 2F St SOGNARO aSNBAOS oAy ./
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reduction of only about 0.68t, but leave 11.98/t per year untouched in 2025 his is because the

fored a0 € S@PSt 2F St SOGUNARO aSNBAOS g2dzdZ R 2yte 02¢
MtofCQUE y2yS 2F G(G(KS WOEOf dzZRSRQ MitdNIR) ahddhdnk & thei A S a
formation gas emissions (of 5.82& of CQ). Consequentl the overall reduction of GHGs that would
200dzNJ Fd ./ 1 8RNRBQa LINRLRASR fS@PSt 2F St SOINAT
The three ways to increase this percentage of GHG reduction are to:

T 9t SOUNRATE Y2NB 2F (KS WLy Of dzRS R Qpetcentdde ofd y S NH
sites to the grid,

T 9t SOGNATe &a2YS 2F G(KS WOEOf dzZRSRQ 22N] 9y SNH
pipeline compression), and/or

1 Implement carbon capture and storage technology using fully electrified compressors.

The above arlgsis shavs that there will be many megahnes(Mt) of annual C@emissions from

| 2NY WAGSNI . FaAy FOGAGAGASE dzy RSNJ 4KS Fdzi dzNB S
emissions, however, could be significantly reduced by an aggressive pushctafieétion using
emissionfree grid electricity.

Conclusion and Results:

The range of additional load potential that should be possible in the Horn River Basin is summarized
in Table 2.5 below.The foundation of the potential load is based on updgtihe forecast gas
production to the average of the TransCanada and CAPP forethststudy team suggests that
O2yaARSNIoO6fS RRAGAZ2YIE St SOGNROAGE f 21 Ra | NB
functions can be electrified, and if carboapture and sequestration (CCS) is implemented and
electrified.

Depending on how much of the additional potential work functions are electrified and whether CCS

is implemented and electrified, the potential new load for the Horn River Basin shale gaty activ
increases by between 1,300 GWh and as much as 2,900 GWh in 2017 and between 2,200 and 4,700
GWh in 2025.
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Table 2.25
|Potentia| New Electric Load for Horn River Basin Activities| 2017 2025
GWh/yr GWh/yr
Included Work Energy (average of Forecast 3 and 4) 2,201 3,334
Potential Electric Load is 2,201 3,334
This can be further augmented by adding:
a) add 20% of 'excluded’ work functions 1,153 1,745
b) implement electrified CCS 458 693
Total Potential Electric Load 3,812 5771
Relative to the BASE Forecast from the 2010 Load Forecast 892 1,092
Net Potential New Electric Load is 2,920 4,679

End Notes:

' BC Hylro. 2010 load forecas2010.Appendix 3.2Table A3.1.

’BC Hydro. Integrated Resource Plan Teatmidvisory Committee meeting #BowerPoint deck-ebruary 142011.
Slide6. The Midline on the production chart conforms to the numbers in Table ABAgpendix 3.2 in that 2010 Load
Forecast.

*BC Hydropresentation to the BC Gas Symposiumne 2011Slide 17

* Source: TransCanada (Pipelin®gwerPoint presentation to BC Gas Symposium, May 31, 2011.
/1tt® 4./ Qi 9YySNHEE EndzdyRNBgWhérd db thidy ind Slidef10. 08 | Yy R
® BC Hydro2010 load forecas2010.p. 99

" Inferred from the charts iffFigure 2.21.

® The government has legislated that provinsieEle GHG emissions must be reduced to 33% below 2007 levels by 2020.
Thismeans a reduction from about 68 megaTonnes per year in 2007 to about 46 megaTonnes per year by 2020. An
increase of 1614 Mt in one industry sector would negate up to 64% of the savings achieved by all other sectors. Note

that these emissions do not incladhe eventual combustion of the natural gas, most of which will take place outside of

BC. These emissions only include the GHGs emitted within BC in the production or transmission of the gas, by the burning
of fossil fuels or the venting of formation gas.

ITttd ./ Qad 9y SNHE& Cdzi dzNBcWhérd db tfidy inddt Slidef10. 08 | YR 9y SNHE& t 2

°The Horne River Basin is remarkable for producing natural gas with 1286r@ént. By contrast, shale gas from other
regions typically contain only 1 or 2%C
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2.3 Sector # 3.iard Basin and Cordova Embayment Shale Gas Activity

This chapter describes thdid Casdorecast ofpotential new electricity load required by natural gas
activities in the Liard Basin and Cordova Embayment gas fieidsludes a background introduction,

the calculation behind a gas production forecast, and the conversion of that gas productioasiorec
to an electricity load requirement.

Background

The Liard Basin and Cordova Embayment gas fields are adjacent to the Horn River Basin, but are

much less explored. They are located west and northeast of Horn River, and are now being explored
and developd for extraction as a result of new shale gas production technology. Like the Fort

bStazykl w.
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Area, or NIA)These fields are still in early development stages, butne#éld energy to perform the
same functions as in the Horn River and Montney Ba3ims.map below shows the location of these
areas relative to the Montney and Horn River Basins.

1. Figure 2.3 1 Map of Northeast Gas Basihs
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The Liard Basin and Cordova Ewyinent are relatively newl heir characteristics are generally similar
to the adjacent Horn River Basin, but they are several years behind in terms of investigation and
production.

Forecasting gas production potential:

Insufficient exploration has takerlgre to make definitive gas production forecasts for Liard Basin
and Cordova Embayment at this poi&arly investigations indicate that the scale of the gas in place
within the Cordova Embayment is significant (see Figure 2.3 below).

Figure 2.%; 2 Orighal Gasin-Place Estimates for Three Northeast Gas Bdsins

Original Gas-In-Place Estimates for Shale Gas Regions
in British Columbia (TCF)
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Source: CSUG/MEM/NEB

The geologic structures of these basin areas are similar and the land area of the Liard Basin is similar
to the Horn River Basin:

Hectares (millions)
Montney Basin 1.5
Horn River Basin 1.3

Liard Basir(1.25 million hectares} Cordova Embaymenr{0.4 million hectares)1.65

While BC Hydro did not include any additional forecast load specifically for the Liard and Cordova
Embayment areas in its 2010 Load Forecastcgagpanies are now investing significantly in

acquiring land holdings and in exploratory drilling. If those results continue to show promise and this
basin starts to develop like the Horn River Basin, there will be significant new potential load
requiremens.

Since these areas are adjacent to the HRB but further away from the transmission grid, any
interconnection would rely on first extending the grid to Horn River and then extending it further to
Liard and Cordova.
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It is therefore reasonable to expect théne gas production potential for Liard Basin and Cordova
Embayment should be similar to that of the Horn River Basimvever, activity there will lag a
number of years behind Horn River Basin.

There was enormous interest in the Montney and Horn Rivgiores between 2006 and 2009, with
the Liard and Cordova regions waiting until 2010 to be seriously explored.

The following charts indicate how the payments to the province for petroleum and natural gas rights
in Liard and Cordova were delayed relativelie payments for Montney and Horn River.

Figure 2.3 3 Petroleum and Natural Gas Rights Sales in Northeast Gas Basins
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Forecast of Electricity Load

Since reliable gas production forecasts for the Liard and Cordova areas are not yet availainéy the
way to even roughly forecast future electricity loads is to assume they will be proportional to the size
of their gas potential relative to other similar nearby basins.

Since the areas of the Liard Basin and Cordova Embayment are approximately éheizaas the

Horn River Basin, and the characteristics are similar, it can be expected that the gas potential will also
be similar However, the charts of petroleum and natural gas rights sales show that the interest in

Liard and Cordova in 2010 is mormn#ar to the interest in Montney in 2006 or Horn River in 2007.

is reasonable to expect, therefore, that there will be a delay of at least three to four years in the
development of Liard and Cordova.

Because these two regions are more remote, requitorgyer extension of infrastructure, including
pipelines and electrical transmission, this report makes the more conservative assumption that the
delay will be eight years relative to the Horn River production developnienbe even more
conservative, anéh line with the partial information available through existing resource
assessments, this report also assumes that the combined Liard and Cordova Embaymentllareas
only produce at onehalf the rate of the similarly sized Horn River Basin.

In the prevous section, the potential new load for Horn River Basin activity was forecast to be 2,201
GWh in 2017. That figure is used as the foundation of the potential new electric load for Liard and
Cordova eight years later, in 20Z5ince the 2010 Load Forecasntains zero for these areas, the
entire amount is potential new load’he new load is calculated in Table-2.Below.

Table 2.31 ¢ Liard and Cordova production assumed to be 1/2 of Horn River and delayed eight
years

Mid Case Forecast Section 2.3Liard and Cordova Embayment Gas Activity Page35



