2017 Operations Season
Summary

“Year of Record Demands”

“Projections for Spring 2018”

Prepared by: Dennis Matis, BSc, CET
Acting Operations Infrastructure Manager
Operations Division - Oldman River Basin



HYDROMETRIC MONITORING

 Federal / Provincial
Hydrometric Agreement
— 456 stations

— Water Survey of Canada is
main operator

— 45 stations operated by AEP
— 280 with telemetry

— recorders, data loggers, staff
gauges




AUTOMATED SNOW MONITORING

« Snow pillow measures weight of snow pack
— measured parameter: snow water equivalent

« Snow pillows with telemetry

— 10 mountain sites
— 3 prairie sites

— hourly measurements
— continuous chart recording for backup
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Snow Survey at Gardiner Creek
Headwaters

-~ .
‘!' Py
¢ ' ‘A . ‘.




2017 Summer Fire Storm in WNP destroyed the Akamina Pillow

April 01, 2017 - 125% of Normal

Publish Date:

2017/18 1/10/2018

Akamina Snow Pillow
( Waterton River Headwaters)
1761 metres

35 Years of Historical SWE data:
1883/1984 - 201&/2017

NO data will be automatically collected this
winter due to the 2017 Waterton National Park
FIRES, which destoyed the Akamina Pillow

Pernodic Manual Snow Sunveys will be
conducted and posted as the season
progresses. Survey craw have note been able
to get into the site as of yet
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Pillow is Higher than Last Year (mid January)
2018: 125% of Normal
2017: 100% of Normal

Publish Date:

2017/18 1/10/2018

Many Glacier, Mt. Snow Pillow

( St. Mary River Headwaters)
1494 metres

36 Years of Historical SWE data:
19781979 - 2011/2012

2016872017 —— 200072001 (Dry Year) — 201772018 e | pper Quartile (1978-2010) | ower Quartile (1978-2010)




Pillow is Lower than Last Year (mid January)
2018: 80% of Normal
2017: 100% of Normal

Publish Date:
2017/18 1/10/2018
Flat Top, Mt. Snow Pillow

( Waterton & Belly River Headwaters)
1920 metres

36 Years of Historical SWE data:
19781979 - 201172012
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Pillow is Higher than Last Year (mid January)
2018: 120% of Normal
2017: 50% of Normal

Publish Date:
1/10/2018

2017/18
South Racehorse Snow Pillow
( Oldman River Headwaters)
1920 metres

28 Years of Historical SWE data:
1991/1992 - 2016/2017

11-Mar 1
23-Jun

2018/2017  ——2000/2001 (Dry Year) =e—=2017/2018 === Upper Quartile (1991-2010) Lower Quartile {1991-2010)




1/10/2018

Lower Quartile (1987-2010)
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1209% of Normal
2017/18

Lost Show Pillow
( North Fork Oldman & Highwood River Headwaters)
2130 metres

80% of Normal
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Pillow is Higher than Last Year (mid January)
2018: 130% of Normal
2017: 100% of Normal

Publish Date:
1/10/2018

2017/18

Little EIlbow Snow Pillow
( Elbow River Headwaters)
2120 metres

35 Years of Historical SWE Data:
1984/1985 - 2016/2017

27-Mar -
15-Jun

— 2016/2017 —2017/2018 = Upper Quartile (1986-2010) = | ower Quartile (1986-2010)

~———2000/2001 (Dry Year)




Pillow is Lower than Last Year (mid January)
2018: 100% of Normal
2017: 120% of Normal

Publish Date:
2017/18 1/10/2018
Sunshine Snow Pillow

( Bow River Headwaters)
2230 metres

37 Years of Historical SWE Data:
1984/1885 - 2016/2017

Mo data collected for the 20002001 season

£

e

[a=] oo oo

coococoooo
| I —

R=E
=] =]
1

£
E
[m
=
2
=
2
]
=
-
=4
w
a
@
=
:
w

27-Mar A1

——2016/2017  ==———=2000/2001 (Dry Year) es=2(17/2018  e=——Lllpper Quartile (1985-2010) == |ower Quartile (1985-2010)




May 2017 Forecast Volume Prediction:
Southern Tributary and Upper Oldman (100% - 140%b)
Bow\Elbow Upper Basin (90% - 120%0)

Water Supply Outlook for Alberta
May 2017

Water Supply Forecast as of May 1, 2017 - Oldman River Basin (Matural Flows)

Volume Forecast for March 1 to September 30, 2017

Volume a5 @ Probable Potexial Forecast Recorded March-
. Volume in Range as a L Ranking September 2016
Locations % of Minimum as %
dam?® A % of A (lowest to Volume as a % of
verage of Average
a Average g highest) Average

St. Mary River a50,000* 127 117-142 109 75/99 a4

Belly River 280,000 121 112-132 105 T8/99 84

Waterton River 647,000 1148 109127 101 63/99 a0

Oldman River near

Brocket 1,266,000 118-152

Oldman River at

Lethbridge 3,653,000 118141




Precipitation in SE Slopes ?

Lack of Precipatation (South Eastern Slopes)

vg June Rainfall
(1990 - 2016) |
Millimeters % of Avg for June

__ Average

Flood Routmg Nothlng In 2017
on any of our on-stream reservoirs (highly unusual)



2017 Volumetric Projections as Season Progresses

2001 DEMAND Volumes

jun 17 - 30 July 01 -31 aug 01 -31 sept 01 - 30 oct 01 -31 total (Sept 01 - Oct 31)

cmsiday cms/day dam3 cms/day dam3 cms/day dam3 cms/day dam3 cmsiday dam3

UNITED i.D. 20 4,838 1.2 3110 1.0 2678 10,627

BLOOD TRIBE 3.0 7.258 1.0 2.592 0.8 2143 11,992

MAGRATH I.D. 3.0 7,258 1.5 3,888 1.0 2,678 13,824
f%a,uss 116,640 25 6,696 256,392
60.480 . 7.776 25 6,696 74,952
3,629 . 1.814 0.5 1,339 6,782
TOTAL(S) . 216,518 135,821 8.3 2223 374,570

SUMMARY of FORECAST (Aug 03/2017 - Oct 31/2017):

(dam3) Combined: HEADWORKS IRRIGATION STORAGE (WatRes, SmyRes, RidRes) (dam3)

RIVER SUPPLY: 131,820 as of August 03, 2017: 426,000
(from table 1)

Subtract RIVER DEMAND: 61,733 Add difference between supply and demand: -304,482
(from table 1)

NET RIVER SUPPLY: 70,088 ESTIMATED TOTAL STORAGE (as of Oct 31, 2017) 121 ,51 8

Subtract IRRIGATION DEMAND
(from table IN): 374=5?0

% of TOTAL STORAGE based on above FORECAST:

1)
Difference between demand -304,482 { Oct 31, 2017 FORECASTED STATUS) 19.9 %
and supply: MNote: The total combined full supply storage of Waterton, St Mary and Ridge Resemvoirs is 612,054 dam3

Actual End of Season Combined Storage was 12% of Full




Iveries . . .
Ighest demand in the last 31 years —

000 dam3)

Record Irrigation Del
760

(2017 was the 51" h
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2017 - 145,000 dam3 more than Average

from St. Mary Reservoir
Last 30 Years compared to 2017
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Average Annual Diversion:

630,000 dam3




Compared to the Last 30 Years: 1986 - 2016

150% of Average (last 30 years)

Upstream of the Oldman Flume: water Survey of Canada Station # 05AB019
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218,000 dam3

T Awverage Annual Diversion:

2017 Delivery

360,000




2017 — “never have we operated the Oldman Flume at

Full on Capacity for 2.5 months”
Lethbridge Northern Diversion

upstream of the Oldman Flume Crossing
2017
compared to Historical

Flow (cms)

52
48
44
40
36
32
28
24
20
16 -

—Upper Quartile —|_ower Quartile —_—2017 —Max




2017 - Challenges on meeting
Instream Flow Objectives for
Willow Creek (Pine Coulee Reservoir)
(all private irrigators pumping majority of the season)

Willow Creek Minimum Flows ( Instream Flow Objectives )

Flow {cms) Flow (cfs)

| Willow Creek dis Chain Lakes 0.283 10

0.085

0.142

0.085

0.283

|Willow Creek (Park Reach) 0.283

1.000

2.000

0.400

0.283

0.425

| Willow Creek at mouth 0.283

0.400

0.800

0.400

0.283

0.425




2017 Carseland Bow River Headworks
KR Irrigation District (to BRID)

compared to Historical Annual Diversion Volumes
Last 20 Years: 1986 - 2016

Max Limit Diversion:

604,000 dam3 \

Average Volume:
341,000 dam3

2017: Delivered in excess of 180,000 dam3 above Average
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2017 Eastern Irrigation District Diversion

compared to Historical Annual Diversion Volumes
Last 20 Years: 1996 - 2016

1,200,000

1,120,000
1,040,000
960,000

Mazx Limit Diversion:

935,000 dam3 \

820,000
800,000
720,000
640,000
560,000 -
480,000
400,000
320,000
240,000
160,000
80,000

0

Average Volume:
540,000 dam3
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2017 Recession Limb for each Hydrograph:
Below Normal (Jun —Aug) on every upstream station

Oldman River - North Fork Crossing

Upsiream of the Oldman Reservoir
2017
i compared to Historical
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As of October 31
76% of Natural Flows
have been passed on to Saskatchewan

1,959,000 dam3 Excess

2017 South Saskatchewan River Below the Red Deer River (dam3)

Total i Apportionable ! 50 of | Excess (+) i Cummulative {  Cumulative i Cumulative i % Delivery i % Delivery
. Recorded Flow i Apportionable | or Deficit (-) | Excess (+)or | Apportionable | Recorded | forMonth | Cumulative
. Discharge Flow i Delivery | Deficit(-) Flow : : =

Even in a Year of Record Demands, we are able to
Meet the Annual Natural Volume (50%) with Excess



Waterton Reservoir
2017

Water Level, Reservoir Inflow, Reservoir Total Qutflow (Irrigation and River Release combined)
compared to Operating Rule Curves

1,189.00
1,188.00
1,187.00
1,186.00
1,185.00
1,184.00
1,183.00
1,182.00
1,181.00
1,180.00
1,179.00
1,178.00
1,177.00
1,176.00
1,175.00
1,174.00
1,173.00
1,172.00
1,171.00
1,170.00
1,169.00

Full Supply Level (Design): 1,185.67m (114,400 dam3)

Water Level (m)

——Dry Year Curve — Wet Year Curve
—2017 WL sl =18

= rrigation Invert Elevation = Spillway Crest

—— 2017 Inflow ——2017 Total Qutflow

8 meters below the spillway crest at the end of the Irrigation Season




Delivered in EXCESS of 350,000 dam3
from St. Mary Reservoir
14,000 dam3 left at end of Irrigation Season
(FSL: 369,300 dam3)

St. Mary Reservoir - 2017
Wet & Dry Year Operating Rule Curves

Full Supply Level: 1,1 m (369,300 dam3)
1,104.00

1,102.00
1_‘ Q0 00 -
1,098.00
1,096.00
1,094.00
1,092.00

§ 1,090.00

[
% 1,088.00
|

1,086.00

1,084.00
1,082.00
1,080.00
1,078.00
1,076.00
1,074.00

sencacee FSL (M) —\Wet Year Curve = DY Y @@r CUrve

20 meters below the spillway crest at the end of the
Irrigation season — October 15, 2017



Milk River Ridge Reservoir (MRRR)
2017
compared fo Historical Statistical Levels

1,034.20
1,033.80 A Operating FSL 1,032.4m { 111,500 dam3 )
1,033.40 -
1,033.00 -
1,032.60 A
1,032.20 -
1,031.80 A
1,031.40 -
1,031.00 A
1,030.80 A
1,030.20 A
1,029.80 -
1,029.40

61% of Full (1,032.40) as of
1,029.00 1 October 4, 2017

1,028.60 43,244 dam3 below FSL
1,028.20

1,027.80
1,027.40

e ab= 1 =——=les5ign FSL
s \Ninter Target LR 3017 WL
=== Desired Spring Start-Up Eleva%n — Lower Quartile

SMRID Internal Storage — much better shape at 72% of Full
(moved water further down the system for 2018 early demand)




Oldman Reservoir
2017

Water Level - compared to Outflow , Inflow and Operations Rule Curve

1,119.20 - Full Supply Level: 1,118.6m
1,118.40 T
1,117 .60
1,116.80
1,116.00
1,115.20
1,114.40
1,11360
1,112.80
1,112.00
1,111.20
1,110.40
1,109.60
1,108.80
1,108.00
1,107.20
1,106.40
1,105.60
1,104.80 -
1,104.00

Level (m)
Discharge (cms)

——Fill Curve S =1 252,94 dam3 below F5L
2017 Water Level =017 Quiflow -2.3 cms Delta Differential

as of

October 20,
—2017 Inflow 50.0 % of Full ( at 495,000) 2017

Oldman Reservoir was making up needed flows at
Lethbridge, due to Minimum Releases from St. Mary and Watertton




Pine Coulee Reservoir
2017
compared to Historical Levels

2017 Pine Coulee Res. Releases

Reservoir Level {m)
Flow (cms)

16602 dam3 below FSL |
67 % of Full as of

October 20, 2017

) - Reservoilr =—L0 - Reservoll e===2017 WL = cwwenFS] ==——2017 Infloww — =——2017 Cutflow

2017 — Precedent Year for Pine Coulee
Never finished this low due to Private Irrigation Demand




Contrary to the Oldman Basin,
Carseland — Bow River System Reservoirs at the end of
the irrigation season were at desired winter levels

Carseland - Bow River Headworks - October Season Ending 2017 Storage

iy
“r

Storage at Full (dam3):  Storage as of October 31 (dam3)

Lake McGregor 351,200 297,500

Travers Reservoir 104,600 60,700

Little Bow Reservoir 43,200 28,600

__Total Combined Storage 499000 386,800

Eastern Irrigation District - October Season Ending 2017 Storage

Storage at Full (dam3) Storage as of October 31 (dam3)

Crawling Valley Res 114,200 98,800

Lake Newell 177,600 151,200

Snake Valley Res 18,500 13,700

Total Combined Storage 310,300 263, 700 B e




Record Season Ending Storage

Year END Irrigation Storage for St. Mary Reservoir
1996 - 2017

CurrentStorage
asof Sept 22




Record Season Ending Storage

Year END Irrigation Storage for Waterton Reservoir
1996 - 2017
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Storage at Full
elow Avg

2017 Ended approximately

100,000 dam3 b
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Spring 2018 ??




2018 Projection . . .
Southern Tributaries: 89% of Full as of mid June 2018

Southern Tributaries Projection for June 15, 2018 (Average Runoff)

Station

Oct 25 - Jun 15 Supply (dam3)

WATWAT

295,000

{DRYMOU + local

59,302

BELLMV

140,000

SMYBDY2

310,000

{LEECARD + local

45,866

TOTAL SUPPLY
TOTAL Downstream Releases (Belly, Waterton, St. Mary)

TOTAL SUPPLY (less d/s Releases)

850,168
149,040

701,128

Morth Outlet from Ridge Reservoir

45,000

East Outlets from Ridge Reservoir

5,000

Irrican

130,000

BTAP

4,000

MID Turnouts

3,500

uiD

6,000

TOTAL DEMAND

Balance after Irrigation Demand and In-Stream

Combined Storage as of Oct 25, 2017 (watRes, RidRes, SmyRes)

Predicted Storage on Jun 15, 2018
( Full Storage for RidRes, WatRes, SmyRes = 595,000 dam3)

255,500

445,628

85,000

530,628
89.2 = of FULL (on June 15, 2018)




Good News !

We have gained
95,000 dam3
( 16% of Total Combined Storage for WSM)
since late October until January

Southern Tributaries
Waterton - St. Mary - Milk River Ridge
Reservoirs Operations Data

Water Management Operations Report

Notes:
i layed are at 6:00 a:m or the eading
to 6:00 a:m
ct to revision at any time

cond or cms

All water level readings are in met
All adings are irrigation |

than the irrigation invert elevation, a negative storage value will be
displayed.

All Water Management Reporis are created and produced by the
Oldman River Basin Operatio eam - Lethbridge Office

Milk River Ridge

Waterton Reservoir St. Mary Reservoir Combined Total

Percent




St. Mary Reservoir Winter Gain
50,000 dam3 and climbing (8 meter gain)

Combined Storage
(29% of Full as of January 15,2018)

St. Mary Reservoir - 2017/2018
compared to Normal Operating Range

Full Supply Level: 1,103.6m (369,300 dam3)

3(]5,0031‘-E|an13 below Full Supply
as of Janaury 10, 2018

1,098.00 -}
1,096.00
1,094.00
1,092.00

§ 1,090.00

% 1,088.00
1,086.00
1,084.00
1,082.00
1,080.00
1,078.00
1,076.00
1,074.00

—Upper Quartile




Waterton Reservoir Winter Gain
45,000 dam3 and climbing ( 7 meter gain)

Waterton Reservoir
2017/2018

‘Water Level, Reservoir Inflow, Reservoir Total Outflow (Irrigation and River Release combined)
compared to Operating Rule Curves

1,189.00
1,188.00
1,187.00
1,186.00
1,185.00
1,184.00
1,183.00
1,182.00
1,181.00
1,180.00
1,179.00
1,178.00
1,177.00
1,176.00
1,175.00
1,174.00
1,173.00
1,172.00
1,171.00
1,170.00
1,169.00

Full Supply Level (Design): 1,185.67m (114,400 dam3)
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—Dry Year Curve —Wet Year Curve
A5 9, of Desion Full (Imgation Storage)

2017 WL meenneeESL 62707 "5 Jbelow FSLas of  January 10, 2018
——|rrigation Invert Elevation ——=Spillway Crest 0.5  cmsDelta Differential Flow
—2017 Inflow 2017 Total Outflow




National Oceanic Atmospheric Administration
(Jan - March 2018)
Temperature (Below Normal)
Precipitation (Above)

K/ Jan-Feb- Mar 2018
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New Additions to Headworks in 2017-2018

Taylor Wasteway replaced
(2010 Rainfall Event triggered

Rehab Project:
Lethbridge Northern
Weir (built in 1934)

Constraints
during LOW FLOWS
in 2017

Weir Cross Section



Marias Pass — Montana

Continental Divide
2018 New Years Day
Questions ?




