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Modelling, and Communication

Topics

*Water Use

*Hydrologic Modelling for North-East BC
*Strategic Water Analysis
*Questions




Role of the Oil and Gas Commission

Regulate All Oil and
Gas Activities in BC:

*Geophysical exploration;

* Wells and wellsite facilities;
* Pipeline systems;

* Gas processing plants;

* Liquefied natural gas plants;

*Water Use.

e Seismic Exploration

* Road and well pad construction
e  Drilling

* Transportation/pipelines

* Hydraulic fracturing

Independent regulator
Single window
Exploration, Development

Pipelines, Reclamation




oil & Gas E How Much Water is Used for Hydraulic Fracturing?

Water demands vary with geology of target formation
* 500 to 5,000 m?3 of water per stimulation stage
* Generally 10-20+ frac stages per well, 18-36 wells per pad

* Montney play — 8,000 to 30,000 m3/well (70,000-250,000 barrels)

* Horn River Basin — 30,000 to 100,000 m3/well (250,000-850,000
barrels)

. 90,000 - 1,000,000+ m3
per well pad (9 million barrels)

Used over 2-3 months




E Water Sources

Surface
Water

Shallow
Groundwater
(0-200m)

Deep
Groundwater
(>800m)

Flowback Fluid |

Other

* Freshwater
e Lakes, streams, rivers
* Dugouts

* Unconfined or confined aquifers
*Variable water quality, but often fresh

* Disconnected from surface water
* Often saline
*Canrequire treatment

Saline
*Variable quality
* Can require treatment

65%

10%

10%

15%



Hydraulic Fracturing needs
large volumes of surface

water

“State of the knowledge”
information on water
supply in Northeast BC is
needed:

Objective is to produce the
best representation of the
surface hydrology of NEBC
as possible, based on
existing data:

*To inform decisions

*To communicate supply
and demand
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Modelling Concept

Simple mass balance water budget, based on Continuity
Equation:

Q= P- Et

where:

Q = Annual Runoff (mm)
P = Annual Precipitation

Et = Annual Evapotranspiration



Basic Data and Approach

Used most comprehensive spatial data available:

*Precipitation Data - Represents 30-year “Climate Normal”
period.

*Evapotranspiration - Et is adjusted to vegetation and land cover
type
*Vegetation and Land Cover Data

*Stream Flow Data:

— The model is calibrated and validated against measured
stream flow data.

— About 45 gauges used, natural flow, generally >10 years of
record

Statistical Adjustment

— Employed a multivariate linear regression model to remove
some modelling error.



Calibration to Stream Flow Gauges

Oil & Gas I

Calibrated to about 45
Water Survey of
Canada streamflow
gauges

Synthetic hydrographs

have very good fit
with measured data.

observed flow

modelled flow
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0il & Gas

Annual Runoff

% of
basins
within NL/BE ME (%) NL}A‘E
+20% (%) (%)
error
Modelled
Annual | 77.8% | 5.5% | 3.7% | 16.1%
Runoff

. MBE = Mean error
. ME = Median error
e  MAE = Mean absolute error

- 1403

] 629
[

| Modelled Runoff (mm)
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‘a 2176

: DUnconventional Play Area | '
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Beatton River

Area: 16,059 km?2

North Peace, BC

Annual Gauge "
1961-present “1
Box plot shows

monthly runoff
(mm)
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mm@ Validation — Graham River

07FA005

250

Graham River

Area: 2,139 km2
North Peace, BC
Annual Gauge =7
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o1 & G NEWAT - A Tool to Aid Decision-Making

North-East Water Assessment Tool

MorthEast Water Assessment Tool (NEWAT) Query
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o o Public Reporting of Water Information

Section B Water Use Approvals - 0il and Gas Commission Riwer Discharge and Runoff
jor Total Volume Total Volume Total Volume
in Mumber of Section 8|  Total Volume Approved as % of | Withdrawn (m®) | Withdrawn as % of Mesn Annusl  |Mean Annusl Runcff
- Sub-Basin Name Approvals [DGC) Approved [m®]  |Mesn Annual Runcff 2022} Mean Annual Runcff] Discharge [m?/s) [m%
Jrort Melson River

Fontas River 2 194,601 0.027% 16,662 0.00Z% 733 734,802,107
Kahntah River 2 209,145 0.038% 32 0.000% 17.3 544,750,613
Kiwigana River 12 1,713,716 0.439% 09,031 0.002% 124 390,226,333
Eluz River 3 17E. 400 0.046% 4,333 0.001% 124 391,372.372
Snake River 2 262,400 0.081% o 0.000% 103 324,802,101
Upper Fort Nelson River 3 337,400 0.006% 1,286 D0.000% 165 5,207,004,000
Middle Fort Nelson River 19 2,471,517 0.026% £92,3590 0.009% 300 9,467,280,000
Lower Fort Nelson River 2 310,831 0.003% ] 0.000% 320 10,729,584.000
Fort Nelson Total 45 5,678,210 0.051% 973,734 0.00B% 350 11 068 573,506

Quarterly Report on

Full and transparent public
reporting builds confidence
and trust

Incmumssmu




01l & Gos E NEWAT - Strategic and Tactical Analysis

Montney Trend - Total Area: 29,850 km?

*Multiple Industries, Interests and Municipalities
* Forestry, Mining, Agricultural, Oil and Gas, etc...

* First Nations, Recreational, Residential, etc...

* Ft. St. John, Dawson Creek, Hudson’s Hope, etc...

Gas Production - Dec 2011: Wells Drilled Since Q1 2011:

4.0 Bcf/day 440 Wells

Conventional
Deep Ljargd 13%

Basin oy
2% |
® Montney 1.4 Bcf/d
Cordova \
B Horn River 0.4 Bef/d 4%
M Jean Marie 0.3 Bef/d Jean/\ |
Marie

. CDT{!DUEI = 4%
W 0.2 Beffd

W Liard -
Horn River

¥ Conventional 1.7 Bef/d 10%

Luard e
0.2 Ebr:f,."d

Horn River 0.4
Can:lmra El-cfa"d Bef/d
8% 10%

W Montney 295 Wells
B Horn River 44 Wells

M Jean Marie 18 Wells

W Cordowva 17 Wells

B Deep Basin 9 Wells

W Liard 1 Well

W Conventional 56 Wells




Dil & Gas

Projected Water for Hydraulic Fracturing

......... Average Annual Runoff
: Projected Surface
Areain mm m? Water Use for
Area Montney | % of Basin Area : Hydraulic Fracturing | % of Total Annual Runoff
Basin (km?) | Play (km?2) |in Montney Play (m3) for Hydraulic Fracturing
Peace and
South 34,842 13,361 38% 259 : 9,019,752,282 2,271,877 0.03%
Moberly 1,905 1,067 56% 292 556,180,003 181,150 0.03%
Pine 12,026 3,544 29% 492 5,919,868,753 601,759 0.01%
Kiskatinaw 4,059 3,318 82% 93 378,012,332 563,328 0.15%
Smoky 5,235 556 11% 73 382,755,874 97,783 0.03%
Peace Inflow | 11,617 4,876 42% 153 1,782,935,321 827,857 0.05%
North of
Peace 34,220 16,480 48% 220 : 7,585,082,453 7,242,159 0.10%
Beatton 12,414 6,921 56% 108 : 1,345,539,072 2,710,306 0.20%
Prophet 4,114 370 9% 391 1,607,645,135 175,533 0.01%
Sikanni Chief | 6,405 2,102 33% 283 1,810,169,363 996,721 0.06%
Halfway 9,386 5,186 55% 277 2,602,564,747 2,458,621 0.09%
Lynx-Farrell 969 969 100% 146 141,834,369 459,192 0.32%
Cache 932 932 100% 83 77,329,767 441,786 0.57%
Total 69,062 29,841 43% 240 16,604,834,736 9,514,036 0.06%

Average Annual Runoff = 16.6 Billion m3




Summary of Water Use Projections

17

Average Annual Runoff in Montney = 16.6 Billion m3

* Projected Maximum Future Water Requirement for
Hydraulic Fracturing in Montney Play is =15 million m?
per year

e Of this, =65 percent is projected to be from surface
sources (rivers, lakes, dugouts) = 10 million m3

* This is 0.06 percent of average annual runoff

* There is abundant water, but it needs careful
management

* This information has been well received by public.




Final Thoughts

e Science-based information such as hydrology modelling is
Important.

and

 Public communication on water use for unconventional
resource development is very important.

* Helps create confidence and trust.
* Helps ensure:

* Assured access to water for oil and gas operators.

 Environmental flow needs for fish and wildlife are
protected.

e Present and future water needs for communities are
protected.



Questions? [@

Allan Chapman
Hydrologist

BC Oil and Gas Commission
Allan.Chapman(@bcogc.ca

250-419-4435 /\!
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