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GW-SW Interactions Watershed Scale

“Surface water commonly is hydraulically
connected to groundwater, but the interactions
are difficult to observe and measure.”
Winter et al. (1998)

“Identification of stream reaches that interact
Intensively with groundwater would lead to
better protection strategies of such systems.”
Sophocleous (2002)



The Cowichan Valley Watershed

* Located on southeast Vancouver Island, BC, Canada -
« 930 km?watershed, several lakes, notably Lake QB
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The Cowichan Valley Watershed

Flood forces Vancouver Island evacuations

Hundreds of people have had to leave their homes

B o e i S e  Large variability in seasonal weather
v S patterns
- Balance of in-stream flows, water

_y demands of industry, agriculture, and
oot oo residential users

evacuation alert after
heavy rain combined
with high tides to
flood low-lying parts
of Duncan, B.C., an
hour's drive north of
Victoria

An aerial view of the flooding in Vanc
Valley, where more drenching rains

B.C.'s Cowichan River in danger of drying up

Record-breaking drought threatens salmon runs

Angry chief demands changes on river
control

; : N
Water flows in C0w1chan Rlver at crisis low
levels

Cowichan River Drying: River Could &
Dry Up By End Of October, Threaten
Salmon Runs
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: Flshm;, stopped on Cowichan Rlvel as
| chinook-salmon rescue starts

‘A i Cowichan River too dry for salmon run -
volunteers truck fish up river
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The sunny, dry autumn weather is threatening the Chinook salmon run on the Cowichan River. |88
Water levels are so low fish aren't able to make it to their spawning grounds above Skutz Falls

But a group of citizen volunteers is trying to save the day by giving the Chinook a ride
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Major Users of Water

* Municipal Supply Wells

* Fish Hatchery Wells ,
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Water Usage — Groundwater

« Major groundwater extraction
users consist of industry
(hatcheries), agriculture, and
municipalities

Water Usage —Surface Water

« Major surface water users
consist of industry (paper mill),
agriculture, and municipalities




MIKE SHE — Coupled Groundwater - Surface Water Model

Modelled Climate
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MIKE SHE — Coupled Groundwater - Surface Water Model
Modelled Land Surface

Date Acquired : August 12, 2002
Satellite: Landsat 7 ETM+
Vegetation Index: ISR

LAI (needle) = (0.90 +0.69InISR)*
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MIKE SHE — Coupled Groundwater - Surface Water Model
Geological Modelling
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MIKE 11 — River Module

Linked Groundwater - Surface Water System

« Lake and river morphology added to the model ANG: \
 Morphology is found to be important for model -
calibration "~ Riverbed Cross-Sections
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MIKE SHE — Model Calibration

Surface Water Calibration 2000 Snow Melt Calibration
~+ Jump Creek Snow Pillow s50 e | LAt o e i
- — 3000 Simulated
- Cowichan Lake Stage 08HA009 ;& .. 4 g
3 : i
* River Discharge 3§ 200
. €2 1500 Amplitude Onset End
- 08HAO0Z — Lake Cowichan  °g \ /
« 08HAO011l — Duncan 0| 1y /"\
0 LM |
Groundwater Level Calibration 1859 2000 2001 2002
. —
~ AdJUSted the K; Ss and Sy 08HAO002 - Discharge near Cowichan Lake 9
= e ,—|
values in attempt to model gw - (Calibration Period] >
3 » Calibration
ﬂ UCtuatlonS mé_/ R-Correlation: 0.91
o 200 Nash Sutcliffe: 0.79
Calibration of Unconfined Aquifer 186 Using Groundwater Observation Well#204 % as utclire: U.
Calibration -‘;’ 100 Validation
=8 || | R-Correlation: 0.87 = R-Correlation: 0.91
£ | et Shiowes 0.8 Nash Sutcliffe: 0.75
° 0
E ° Validation 2002 2003 2004 2005 2006 2007 2008 2009 2010
3 - ion: 0. .
S 4 s tig g 400 08HAO011 - Discharge near Duncan
’ 2004 2005 2006 2007 2008 2009 2010 0 Simulated | Observed Calibration
‘ & 300 R-Correlation: 0.89
6 \r\ M £ Nash Sutcliffe: 0.72
@ f\ rl\ ’\ Slmula(edAOb\Eerved h 8)
£ \ \ ki U Validation
% ’ ) g R-Correlation: 0.87
3 100 Nash Sutcliffe: 0.63
g 4
3 02002 2003 2004 2005 2006 2007 2008 2009 2010
09/2006 12/2006  03/2007  06/2007  09/2007 12/2007  03/2008  06/2008 09/2008




MIKE SHE — GW/SW Interactions
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MIKE SHE — GW/SW Interactions

(a) Surficial Hydraulic Conductivity (m/s)
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MIKE SHE — GW/SW Interactions
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MIKE SHE — GW/SW Interactions — Influence of Pumping
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MIKE SHE — GW Pumping Capture Zones

* Registration of particles by
sink location — GW pumping
wells

« Transient capture zone
analysis during the low flow
season

« The extent and shape of the
capture zones lend
evidence to suggest
iInfluence with the Cowichan
River
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MIKE SHE — Groundwater to River Catchment — 5 Year
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MIKE SHE — Climate Scenarios — A2 Emissions Scenario
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Simulated Altered Snow Accumulation
Climate Change Projection - A2
(February 15, 2009)

| Baseline Snow Storage\

MIKE SHE — Climate Change - Snow Pack

Legend
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MIKE SHE — Climate Change -

Effect of Climate Change Scenarios i :
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MIKE SHE — Climate Change — Discharge in the Cowichan River
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Main Findings

 Significant

reduction in low-
flow river
discharge

Little to no
evidence of the
freshet flows in
the late spring

Increased peak
flows within the
winter season
(increased
flooding)
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