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Cowichan Water Management




Cowichan Water Management

e Hydrology and climate change
e \Water management system (weir)

e Modeling water use alternatives
(methods and assumptions)

e Scope of the alternatives



THE COWICHAN BASIN
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Cowichan Water Balance

Evaporation
i Snowmelt .
& Evapotran:splratlon Inflow Rainfall s\;’aT;‘”"'ty
Direct ; Inflow ¢
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Note: Arrow sizes indicate magnitudes of water balance contributions




Variation in Rainfall

Total Annual Rainfall

°C homalnus

Western Portion of

Watershed - > 2,500 mm

J\ Lake Cowichan — 2,050 mm
7'1:‘:\(,{4 Duncan - 1,150 mm
X

We live in a rainforest...we have plenty of water....why are there water issues?

Average Total Monthly Rain and Snow (mm)

400

. 75% annual rainfall

Lake Cowichan Rain and Snow
(1981 to 2010)

(Oct to Mar)

Oct

25% annual rainfall
(Aprto Sep)

r Apr
Month

“Sept
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Variation in Flow and Demand

Winter Summer

River Flow

River Flow (4 to 7 m3/s)

Water
Demand

Community Demand Irrigation + Community Demand
Fish Hatchery Wells
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Water Use in the Cowichan

Estimated Groundwater Extraction Amounts
70
Total Surface Water — Fish Hatchery Extraction
Total Surface Water Storage = 62 -..E.- 200000 ~— Vancouver Island Trout Hatchery
60 Withdrawal = 58 o — Marine Harvest Hatchery
5 Local Utilities E 800000 — Cowichan River Hatchery
1.2 =
mg Individual Water ‘>D Municipal Extraction
c 50/ Licensees c 700000 - |+ === City of Duncan
g 5.2 o N ‘
= = —\ Municipality of N. Cowichan
e § 600000
: :
3 4 1]
E« Total Groundwater o 500000
g Withdrawal = 28.1 "
S . oSS $8Z800zo000 2 400000
: -
= | _ © 300000
20 - ;Flsh Halﬂcheri:s; (3..
E(uncon rme ): ; 200000
g : c
: ; 0
10 - : = 100000
Private Wel\l-
Owners
1.7 0
0. : : .‘)%'d & '3‘5\ & \brzﬁ § NI & & & ¢
Q \0@' QO O & 9 & &
Surface Water Groundwater Surface Water W @ w & o’ & 0&
Storage of * 9
Source: Foster and Allen, 2015
Crofton Mill Duncan/DNC well pumping rate  Fish Hatchery Pumping Rate
~ 1.5 m3/s constant Min. Winter = ~ 0.15 m3/s Max. Winter = ~ 0.68 m3/s

Water Licence 2.8 m3/s  Max. Summer = ~ 0.30 m3/s Min. Summer = ~ 0.33m3/s
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Variation in Flow and Demand

Winter - River Flow (> 100 m3/s) Summer - River Flow (4 to 7 m3/s)
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Inflow to Cowichan Lake
(Record from 1953 to 2017)

Cowichan Lake - Median Daily Net Inflow (1953 to 2016)
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Changing Inflow to Cowichan Lake

Cowichan Inflow - Weekly average flow
Average Lake
Cowichan Inflow (April 1 to Nov 7)

33" oo | 4 7

Z

3
50 m3 & \\ /ﬂ —Medfanof 1953 to 1980
0m3 \\_éﬂ
1960s Last 10 years
101 m3 68 m3
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Week of the year

*In millions




S
Climate Change in Cowichan

Change by 2050 Change by 2080 Impact
Less summer -30 Mm @ - 40 MM @ Less summer
rainfall inflow to lake/river
Longer Dry From 22 days now to | From 22 days now Longer period where
Spells 26 days by 2050 to 32 days by 2080s storage required
Higher summer | +3.2°C +5.29C Increase
temp evaporation and
t t increase irrigation
demand
Higher winter +2.4°C t +4.4,°C t Les.s snow = less
temp spring runoff
April 2 0 Less snow =
_ - 85%
Snowpack 50% @ >0 @ less spring runoff

Source: Pacific Climate Impacts Consortium, 2017
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Climate Change in Cowichan
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Cowichan Inflow - Weekly average flow
(April 1 to Nov 7)
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Cowichan Weir

Constructed in 1957 — Operated by Catalyst Paper

w\ \Boat Lock \

"~ Weir

-
-

COWICHAN

Stores 59.5 million m3 of water in Cowichan Lake
(equivalent to 97 cm depth of water over lake surface)
(about 97 days of supply at minimum flow)

Original design

Design Intent Water Licence Flow

Maintain min. flow in Cowichan River below weir 250 cfs (about 7 m3/s)
Provide water for Crofton Mill 100 cfs (about 2.8 m3/s)
Maintain min. flow below the Crofton Mill Pump Station 100 cfs (about 2.8 m3/s)
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Cowichan Weir

Operation during the Year

r Weir/Gates Controlling Flow/Lake Level I Weir/Gates

! I Not Controlling Flow/
| Late Spring/Early Summer Late Summer/Early Fall I Lake Level

I I Winter

(April to July) (August to October)

. .} X
= 2t ’
—_—— ] ] —_—— ] ] —_—— ] ] —_—— ] ] —_—— ]

3 5
et oo 50

Gates are fully lowered and

Gates are fully raised and Gates are operated to
) . : - Boat lock opened
Boat lock is closed Maintain required minimum I
Flow I ake levels rise above

Try to maintain Lake level I the weir

Near top of weir to Water levels drop in lake as I - increased lake inflow
Store water for summer Water stored in springis usedto _fiow constriction in

(but depends on inflow) maintain summer flows. | river channel downstream
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Cowichan Weir

Hydraulics of the weir

River Flow — Channel Capacity

Wide channel Narrow channel
Downstream of weir at Greendale Trestle

16
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Cowichan Weir

Hydraulics of the weir

River Flow — Channel Capacity
Two rivers same flow and river slope

Cross sectional area of flow stays constant

Wide channel Narrow channel

Shallow water depth Deep water depth
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Cowichan Weir

Hydraulics of the weir
River Cross Sections = Cut perpendicular to the river

: <=Same area =>'
_>

River Profile = Cut along the direction of river flow

A 4

______________________

Water slopes only after the
narrow channel
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Cowichan Weir

Hydraulics of the weir
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Plan of Outlet of Cowichan Lake/Start of Cowichan River
No drop in water level over the weir

River bed ele 10N & reendale higher than at weir
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Cowichan Weir

Hydraulics of the weir
Cowichan Lake vs Cowichan River Flow Rating Curve

165.5

165

164.5

Average Annual Peak Lake Level 164.0m

9 164 -
Q
£
o
3
— 163.5
o Lake Level vs River Flow
2 with gates
9 and boat lock 100% closed)
8 163 \
c
©
S
§ Boat lake and Gates 100% Closed - Existing Weir Crest Elevation (162.37 m)
o
© 1625
l/_ — _— _— _— —_— —_— _— —_— —_— _— —_— —_— —_— —_— —_— _— — _— —_— —_— —_— _— _— _— _— —_— _—
Existing Full Supply Level @ = 162.37m
162 Lake Level vs River Flow with gates fully open (boat lock closed)
=== Minimum Lake Level vs Discharge with gates fully open (boat lock closed)
161.5

_/ Zero Storage Level @ 7.08 m?*/s =161.40m

Zero Storage Level @ 4.5m3/s = 161.29m

161 T T T T T T 1
0 50 100 150 200 250 300 350
Cowichan River Discharge (m3/s)
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Cowichan Weir — Operation

164
Average Winter High Water Level 164.0 m
163.5
163 Incr
Lake levels back to specified elevations
(10 cm allowance above specified elevations for
Gates and weir operation)
I 162.5 Boat Lock
o not operated e e
| .
) prior to Full Storage Level - 162.37 m
o8 April 1st Rule Curve
3 162 /
®
7]
o
1615 ey
Zero Storage Level — 161.40 m
161 T T T T I T T T
Mar Apr May Jun Jul Aug Sep Oct No
Target “ o ) & Gl S
River 5 | 25mis Z 15 m?/s v = Pulses 3
Flows < = = - =

Minimum
River

Flow
Time Line March to Early November

* - 7.08 m3/s equal to 250 cfs minimum flow required by water licence
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Historical Water Levels and Flows

2016 Cowichan Lake Level - 2017 (Red) - 2016 (black) -- 2013 (Green)

Chart prepared by Catalyst Paper Crofton Division
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Cottonwood Cre¢k (Tributary Inflow to Cowichan Lake)
2017 (Redqd) - 2016 (black) - 20132 (Green)

« | 2016 2017

. | Lower Spring Inflow High Spring Inflow

. | Lower lake levels = Lake levels at Full Supply =
Early reduction in riverflow no reduction in riverflow
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Historical Water Levels and Flows

Discharge (m'fs}
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Cowichan Weir

Water availability and needs have changed since the
1950s

* Increase community
water demand

CVRD Agricultural Water Demand

20505
Assumes full
Build out of
Agricultural
Lands

e Sewer Treatment Plant
Effluent Dilutions
Minimum Flows

Source : T.. Van der Gulik, Neilsen, D. and Fretwell, R (2013)

* Better understanding of
ecological water needs

* Climate Change
e Land use
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Cowichan Water Management

Modeling Water Use Alternatives
* Input
Historical Inflow Records (1953 to 2016) and
Future Climate (2050s)

* Runs daily time step
e Simulates weir operation alternatives

- Changes in outflow schedule
- Changes to weir crest elevation
- Pumping

* Output is daily Cowichan Lake Level and Cowichan River
Discharge



Modeling Framework

. Operatin
Physical P g
Watershed . Parameters
Inflows Constraints of (when gates are [~ — — — — = =
Facilities opened and/or pumps
turned on) I
|
|
\ 4 \ 4 A 4 |
|
- - - I
Cowichan Simulation Model !
PAG
Options
Analysis
Cowichan Cowichan I
A —— Lak.e River Consequence Table
| B Elevations Flows
‘ ,}' Criteria /
TR TTOTE T E Dm*lw:\:\::cr(smxrmue ML / day H
'5 - Environment, Social, Cultural, and Financial N N —
.;;”w m*m ’m = Performance Measures e
] M S ———




Modeling Parameters

Need to decide on what
hydrological dataset to use .
for the modeling?

Cowichan Inflow - Weekly average flow
(April 1 to Nov 7)

e Historical inflow dataset
(1953 to 2016)

e Simulated future dataset, o
based on climate change )
projections (2050s)

-10
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
. Ot h ? Week of the year
er:

———Medianof 1953 to 1980
~——Median of 1961 to 1990

Discharge (m?/s)




2014 Cowichan Lake Water Levels
(with Emergency Pumping at 56 m3/s) Maximum - Recorded
166
Minimum - Recorded
165.5 A
— - — - 20-year Return Period Level
(<125 [
10-Year Return Period Level
1645 4
(6]
0
cl) 164___._______.__________________________ 5-year Return Period Level
E
E 1635 7 — - — - Average Annual Peak Lake level
3
% 163 Weir Crest
|
162.5 0N Weir raised crest 162.37m
-7 Zero Storage (Tm3/s)
162 - J \\/
Rule Curve
161.5 - -
S~~~
161 : : : : : : : : : N : : Modelled Water Levels
Jan Feb  Mar Apr May Jun Jul Aug Sep Oct \ Nov Dec
== == Actual recorded water levels
Date Min Lake Level. 161.27(0.13 m below ZSL)
2014 Cowichan River Discharge
at Lake Cowichan
(Operated with emergency pumps (5m?/s))
100 - —
Maximum- Recorded
90 b Minimum - Recorded
Minimum Outflow Schedule
80 - Modelled Discharge
Recorded Discharge
70 A
qQ 60
E
[}
® 50 4
©
S
©o 40
(=)
30
20 l
1
10 A L
e S
Jan Feb  Mar Apr May Jun Jul Aug Sep Oct\ Nov Dec
Date Pumps running

32



Lake Level (m-GSC)

166

2014 Cowichan Lake Water Levels
(with permanent 7 cms pump station)

165.5 -

165 A

164.5 A

164 -

163.5 A

163 -

162.5 A

Weir crest 162.97 m

162 -

161.5 A

161

T T T T T T T T T T T

Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Date Min Lake Level
(161.17m = 0.23 m below ZSL)

Maximum - Recorded

Minimum - Recorded

— - — - 20-year Return Period Level

10-Year Return Period Level

5-year Return Period Level

— - — - Average Annual Peak Lake level

Weir Crest

Zero Storage (7m3/s)

Rule Curve

Modelled Water Levels

== = Actual recorded water levels

Discharge (md/s)

100 -

80 -

70 4

60 -

50 4

40

30 +

20

10 A

2014 Cowichan River Discharge
at Lake Cowichan
(with permanent 7 cms pump station)

T T T T T T T T T T T

Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Date
Pumps running

Maximum- Recorded
Minimum - Recorded

Minimum Outflow Schedule

Modelled Discharge

Recorded Discharge

33



Lake Level (m-GSC)

Cowichan Lake Water Levels

Maximum - Recorded
Minimum - Recorded
— — — Median - Recorded

------- Maximum - Modelled - Weir Raised by 0.3 m

Median - Modelled - Weir Raised by 0.3 m
------- Minimum - Model - Weir Raised by 0.3 m

======= Maximum - Modelled - Weir Not Raised

Median - Modelled - Weir not Raised
======= Minimum - Model - Weir Not Raised
— = 20-year Retumn Period Level
10-Year Return Period Level
A-year Retumn Period Level
— .= Ayerage Annual Peak Lake level

— Weir Crest

Zero Storage (Tmais)

Target Leval

= = Existing Rule Curve
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164 _‘% I.‘.", _'gl,. _______________________________________________ .
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Date
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Surface Water/Groundwater Exchange Media

River Aquifer Media Cross-Section Al
- Undifferentiated Sediments —. Cowichan Bay
—~ Aquifer 179
@ 150 ¥ Aquifer 186
£ 100
S 50 |
T 9 | | | ol , v
ug.n 50 Bedrock . Surface water extraction 1
1- 00 Groundwater extraction wells
0 10 20 30 40 50

Distance Along River (km)
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Elevation

Flow (m’/s)

River Aguifer Media Cross-Section A’
- Undifferentiated Sedlments Badiccl Cowichan Bay
Aquifer 179
150 Aquifer 186
100 %
50 Rl s
O ' ! / ¥
50 Bedrock Surface water extraction t
1_ 00 Groundwater extraction wells
0 10 20 30 40 50
Distance Along River (km)
0.1 GAINING N-COD N.COW
Lake Cowichan ho S-COD| }MHH Cow
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0.05 Skutz Falls ' | SWintake | ||| CRH ||
()l s ll~ A_J LO,, 01¢L_ .AL
-0.05 |
LOSING
(negative)
-0.1
o Simulated Mean Annual (2008) Gaining and
: Losing Reaches - Cowichan River
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0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
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June - October 2012 - GW Capture Zones
Pathlines

N

A

Quamichan Lake

R

seedcd000

a
:oVancouver Island

l"”%g%e
Co 7y St Cowichan River
Hatchery

Simulated Groundwater
Elevation (masl)
July 2012

km
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Legend
Simulated Altered Snow Accumulation Snow Water
Climate Change Projection - A2 Equivalent (mm})

(February 15, 2009) [ 0-200

B 200 - 400
B o0 - s00
B oo - 200

Baseline Snow Storage’ . o

Simulated Snow Boundary
2009 Baseline
2050's - A2
2080's - A2
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