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Updating Probable Maximum Precipitation Over
A Large and Complex River System in Northern

Manitoba
Bill Kappel, Applied Weather Associates

Every Dam Has a Story - What Can We Learn?
Chaque barrage a une histoire - qu‘allons-nous apprendre?
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Basin Location and Description

Basin Statistics
Lower Nelson River PMP Analysis
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Basin Statistics:

Area: 90,850 km? (35,078 mi?)
Ave. Elevation: 225 meters (738 feet)
Max. Elevation: 387 meters (1,270 feet)
Min. Elevation: Sea level
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Previous and Concurrent Studies
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PMP Development Background

e Storm based approach
* Deterministic values
e Gridded process applied

e Based on PMP type storm within the region
* Both Spring and Summer/Fall seasons

* Follows CDA, NWS, WMO guidelines
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Storm Database Development

Storm Search Domain
Nelson River PMP Analysis

105°W 100°W

* |dentify all potential storms

e Update storm database to
current date

85'W o'W

@ Coordnate System GCS WGS 1984
w E WGS 1
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Storm Database-Summer-Fall

Locations of all Summer Season Storm Events - Short List
Nelson River PMP Analysis

100°W L

e Storm coverage includes all
storm types

PELICAN MOUNTAIN, AB
6/26/1970
285.75 mm

EAST TROUT LAKE, SK

e | g rge re g| on crorccss [N g
* Trade time for space W | RS

DRUMMOND, WI
6/14/2018
440.182 mm

BOLTON , ONT
10/14/1954
285.242 mm

Storm Type
@®  General

@  Hybrid (GIL)
® Local

@ Coordinate System GCS WGS 1984
w4 E Datum: WGS 1
0 750 1500 et




Storm Database-Spring

Locations of all Spring Season Storm Events - Short List
Nelson River PMP Analysis

e Storm coverage includes all |
storm types
* Large region
* Trade time for space -4 : .

CROSWELL , MI
4/4/1929
130.8 mm

CHAN GURNEY, SD
3/13/2019
114.8 mm

40" 0'N
Storm Type
7 (+)  Cool Season
/ E Lower Nelson River
Y ; y
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Precipitation Frequency Deve\opment

4°W  102°W  100°W 8°W 96°W 94°W

90°W 88°W

* Plenty of stations
* Good period of record |

* Good spatial coverage
 6-hour and 24-hour

* GEV probability distribution

54°N

102°wW 100°W 98°W 96°W 94°W 92°W 90°W 88°
Nelson River Basin Reglonal Stations
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Precipitation Frequency Development
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6-hour 100_year Precipitation 104°W  102°W  100°W 98°W 96°W 94°W 92°W 90°W

24-hour 100-year Precipitation

Gauges

Miles
® Cuseri X ClusteriR } 0 65 130 60 Gauges
uster uster 1 Remove: Kilometers Miles
© Cluster2 0 140 280 0 @® Cluster1 © Cluster3 0 65 130 60
siualtey . © Cluster2 X Cluster 3 Removed Kilometers
Precipitation (mm) 140 280 0

Precipitation (mm)
[ 109.3- 110.0 [[] 114.1- 116.0 [[] 120.1 - 122.0 [[] 126.1 - 128.0 [l 132.1 - 134.0
11272021 [ 110.1 - 112.0 [} 116.1- 118.0 [] 122.1 - 124.0 [[] 128.1 - 130.0 [l 134.1- 136.0
[ 121 - 114.0 [[] 118.1- 120.0 [[] 124.1 - 126.0 [ 130.1- 132.0 [ 136.1 - 138.0

[ 74.2-76.0 [] 78.1 - 80.0 [[] 82.1 - 84.0 [[] 86.1 - 88.0 [ 90.1 - 92.0 [l 94.1 - 96.0
[[] 76.1-78.0 [[] 80.1-82.0 [] 84.1 - 86.0 [[] 88.1 - 90.0 [l 92.1 - 94.0
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* Various contro

Example Results

ling storms

General Storm 90,850 km? Basin Average PMP

Hour 1 6 12 24 48 72
PMP (mm) 15.1 60.0 90.5 139.1 169.4 180.0
PMP (in) 0.6 2.4 3.6 5.5 6.7 7.1
Controlling Storm SPAS 1502_1 SPAS 1502_1 p l?P:S,\::ISOtTCI in SPAS 1502_1 SPAS 1502_1 p I?Pisl\ilsot_tlin
ontrofiing Sto Verteran, AB Verteran, AB elican Mountain, Verteran, AB Verteran, AB elican Mountain,
AB AB
Spring Season Storm 90,850 km? Basin Average PMP
Hour 1 6 12 24 48 72
PMP (mm) 8.5 33.3 50.3 71.8 98.1 102.9
PMP (in) 0.3 1.3 2.0 2.8 3.9 4.1
. SPAS 1740 1 SPAS 1737 1 SPAS 1737 1 SPAS 1733 1 SPAS 1733 1 SPAS 1733 1
Controlling Storm
Croswell, MI Chan Gurney, SD | Chan Gurney, SD Groton, SD Groton, SD Groton, SD
Local Storm 90,850 km? Basin Average PMP
Hour 1 2 3 4 5 6 12 24
PMP (mm) 16.6 30.2 41.7 49.5 53.2 55.6 66.1 79.9
PMP (in) 0.7 1.2 1.6 19 2.1 2.2 2.6 3.1
. SPAS 1744 1 SPAS 1744 1 SPAS 1744 1 SPAS 1744 1 SPAS 1744 1 SPAS 1744 1 SPAS 1699 1 SPAS 1699 1
Controlling Storm
East Trout Lake, SK | East Trout Lake, SK | East Trout Lake, SK | East Trout Lake, SK | East Trout Lake, SK | East Trout Lake, SK Hayward, WI Hayward, WI
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Example Results-Summer-Fall

* Various controlling storms
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RAINFALL DEPTH IN MILLIMETERS
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General Storm Basin Average Depth Duration Chart

—&— SPAS_1297_1 WARROAD MN
SPAS_1337_1 PARKMAN SK
SPAS_1502_1 VETERAN AB

—@—SPAS_1504 1 PELICAN MOUNTAIN AB

—8—SPAS_1630_1 BOLTON ONT

8
hd
—@—SPAS_1697_1 IRONWOOD M|
—@—SPAS_1296_1 DULUTH MN
—@—SPAS_1699_1 HAYWARD W1

—@—S5PAS_1725_1 LEONARD ND
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Example Results-Spring

* Various controlling storms

RAINFALL DEPTH IN MILLIMETERS
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Spring Season Storm Basin Average Depth Duration Chart

—8—5PAS 1245 1 ASHLAND WI
SPAS 1732 1 MADISON 5D
—8—SPAS_1733_1 GROTON  SD
—8—SPAS_1737 1 CHAN GURNEY SD
—@—5PAS_1739 1IRONRIVER MI

—&—SPAS_1740_1 CROSWELL  MI

—8—5PAS_1743 1 BELCOURTND

18 24 30 36 42 a8 54 60 66 72
STORM DURATION IN HOURS
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Example Results-Summer-Fall

72-Hour General Storm Probable Maximum Precipitation (90,850 km?)
Nelson River PMP Analysis

103'W 102°wW 101°'W 100'W 299'W 98°'W 7w %' osw 94w 923w 2'w 91°'W
L ] 1 1 1 1 1 1 1 1 1 1 1
e Gridded PMP
=57"N
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S t ' I t .
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L] L] L]
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Saskaichewan
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0 75 150 £
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72-Hour Cool Season Storm Probable Maximum Precipitation (90,850 km?)

Example Results-Spring

103'W 102'W 101°W 100°W 99°W 98°W
1 1 1 1

95w 94w 93°W 92°W 91°W
1

* Gridded PMP
 Spatial options

b-56"N

* Temporal options

* Any combinations of basins

b-54°N

b=53"N

T T T T T T T T T T T
102°'W 101°W 100°W 99°W W o97'W 9%6°'W 95w 94w LW 2'wW

PMP Depth (mm)

Em982-100 EEI104.1-106 »
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Comparisons and Conclusions

PMP Date |Previous PMP Depth % Difference Spring Season (98.1mm)

1-Apr 47.2 52%
* Comparison to previous work-48hrsj=s = -
15-May 89.5 9%
o U p d ate d Sto r m d ata ba Se PMP Date Previous PMP Depth % Difference Summer Season (169.4mm)

- 97,1 4%
* PMP tool for flexibility T80 oot
* Add new storm
* Apply adjustments/improvements
e Changesin climate
e Reduction of uncertainty
* Ability to test various scenarios

CDA%ACB



A ’p'lﬁf A\Manltoba

y o
_ Ass) 1at energy for life

Acknowledgement(s) B

Applied Weather Associates greatly appreciates the support of
Manitoba Hydro for supporting this project, supplying data, and
proving expert review and suggestions. In addition, Applied Weather
Associates greatly appreciates the partnership with Hatch and their

supporting the implementation of the PMP depths and applying expert
hydrologic and engineering analyses.

CDA%ACB




aaaaaaaaaaaaaaaaaaaaaa

Thank you!

Questions?
Bill Kappel
719-488-4311
billkappel@appliedweatherassociates.com
www.appliedweatherassociates.com

Every Dam Has a Story - What Can We Learn?

Chaque barrage a une histoire - qu‘allons-nous apprendre?




