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DROUGHT

“FOR SUCCESSFUL DROUGHT RISK MANAGEMENT,

1. OUR UNDERSTANDING MUST INCLUDE THE PROCESSES LEADING TO
DROUGHT (CAUSES) AND THE IMPACTS OF DROUGHT (CONSEQUENCES). IN THIS
WAY, DROUGHT PREDICTIONS CAN BE MADE AND EFFECTIVE MEASURES TAKEN
TO MITIGATE DROUGHT SEVERITY AND TO REDUCE DROUGHT IMPACTS........

2. NATURAL AND HUMAN PROCESSES NEED TO BE FULLY INTEGRATED INTO
DROUGHT DEFINITIONS, PROCESS UNDERSTANDING, AND ANALYSIS
APPROACHES.”

VAN LOON ET AL. (HESS, 2016)
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CANADIAN MOUNTAIN NETWORK PROJECT
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GOAL 1: DEVELOP QUANTITATIVE DROUGHT INDICATOR THRESHOLDS FOR
GROUNDWATER LEVEL

GOAL 2: EVALUATE THE PERFORMANCE OF INDICATORS AND REGULATORY TOOLS THAT
ARE USED DURING WATER SCARCITY IN THE OKANAGAN BASIN

GOAL 3: IDENTIFY WHICH AQUIFERS ARE SUSCEPTIBLE TO DROUGHT IN THE OKANAGAN
BASIN



WORKSHOP AND FIELD TRIP GOAL AND
OBJECTIVES

« GOAL: TO IMPROVE OUR UNDERSTANDING OF DROUGHT IMPACTS IN
OKANAGAN BASIN
- OBJECTIVES:
WHAT ARE THE ISSUES, WHAT ARE YOUR CONCERNS?
WHAT ARE DROUGHT IMPACTS?
WHERE HAVE DROUGHT IMPACTS BEEN OBSERVED?
WHAT RESEARCH IS NEEDED TO ADDRESS CONCERNS RAISED?
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~ WORKSHOP OUTCOMES Y Sk

Number on Map Dot Colour Location name OBAHIIAG
1 blue Shingle Creek headwatters have reservoirs, has water use changed? Expanding agriculture?
2 blue Inkaneep Creek
3 blue Vaseaux Lake
4 blue Shuttleworth Creek sandy gravel stream bottoms, lots of new GW use in the lower watershed
5 , Okanagan Falls
6 . Twin Lakes g
7 West Kelowna GW drought wP fe
8¢g West of Summerland
9 blue, , green, red Ellison Lake
10 blue Okanagan Indian Band - Vernon lower flows than previous years, fish 0eRNg1S, N
11 red Joe Rich Chronic GW deficits
12 red Airport
13 red Fintry :_ y
14 red Anarchist Mtn : JPNNE
15 blue Osoyoos Lake high temperatures, lack of runoff
16 red Silver Star
17 blue Bessette Creek
18 blue Duteau Creek L:g“::wwmmmc i
19 blue Faulkland Salmon River oass e
20 red OW 262 Past Suiface Waier Problems
21 red ow3s4 ¢ @ i e
22 Okanagan Lake Water use from lakes not huge INNZ4 @ Oriea ot oblns
08NLO45 0BNN\M247. Dl
23 Kalamalka Lake 22, @5
24 Okanagan River Penticton -> Oliver -> Osoyoos; chain of effects 0BNLODA: ‘40’7 2 T
25 Mcintyre Dam Oliver takes water from here - reliant on river @24 08NN0O3 7
26 blue, red Pennask Plateau replants from forestry are not surviving -> logging -> becoming more grasslands ; ; i
33208NMO8S 2. ‘ 4
No Water Problems S -
1 Upper Mission Creek b,
'y Lavington *Where there are no OW there tends to not be any problems™®

3 Bewteen Windfield and Okanagan Lake springs




FIELD TRIP OUTCOMES




RESEARCH OUTCOMES

Characterization of Aquifer-Stream Systems and Preliminary Groundwater Drought Indicators in the Okanagan Basin, BC
April Gullacher' (agullach@sfu.ca); Diana M. Allen’ (dallen@sfu.ca); Jon Goetz’® (jon.goetz@gov.bc.ca)
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UNBVHR ST School of Environmental Science, * Department of Earth Sciences, Simon Fraser University; * BC Ministry of Environment and Climate Change Strategy
s i |
. . T Table 1. Ohssnva s, by e 443105, 3 ermes, and the H H
Agroundwater level record from an observation well can potentially be used as an indicator of S iyole ooit Do (Flgs"5 2na 4) avo Colorr o e B e « The Briish Columbia (BC) Drought % 3 '
drought. Howener, the ma and timing of the gro Jevel changes depend not anly on the s i sl e ommematonen "I At Aquter st S oL 2 = -
climate, but also the location of the observation well - i.e. the type of aquifer and its proximity to a el Direction NUMber Type  SystemType e ) 4= | ! 1
slream. L ing how and why levels respond the way lhey do under natural tnique sympboL .- DeS Wiestould ccw  2a e shiven o ! !
N " o N N A 5 + Aloop structure is evident in many of the wells, 19 1. Basin snow measurements, D o ! i " 0
climate conditions is critical for understanding how they might change during draught canditions excaptfor wells 203, 302, 412, 413, and 442, 4 o et H i I
Delining the aquifer-stream system type is a useful way lo undersland the mechanisms thal Arrows indicate If the hysteresis loop is positivi : ::ﬂ forecasts g 8 ‘ g U
drive the groundwater level response. Two end-member types have been identified {Allen et al. 2010): e e o 3.7-day average streamflow o | i i
Recharge driven systems: the groundwater level increases due to recharge by precipitation (diffuse < The HySter Belt Kios are sk io Saph Rbm s 4. 3043\!,??‘-‘"‘ of average = ! i L
" ; y wr precipitation
recharge) and groundwater discharges into the stream (Fig. 1a). year to year and may be a function of the o a5 viellas supplemental Indicalors E ( !
Straamflow driven systems: the rise and follof the stream discharge dves the rise and fal of the S el e R = such as aquifers lovels. () ! !
groundwater level (Fig. 1b). (Allen et al 2010). a8e y men mon mw 9 § |
Aquifer-Stream System T e jctreamfiondriven systome lend tobe e e — Tl | © :
UIOT: Y O, VST 1 VPO 1a, 1b, 1¢, and 4a aquifers. These aquifer types e equivalent average for BCWas 73% [[52., ictiio Cloon (5 Minsry o Eiwiomnonl and Chndlo (4] !
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and gravel aqilers (Wei et al. 2009). R ——— Eng st G o baegnar 01 o
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The main purpose of this sludy is 1o explare how the different aquifer-stream systems can be used & ; . 3
to develop and test groundwater drought indicators in the Okanagan Basin. These tools and H : « The below average snow pack, coupled with above average lemperalures, and below average T z R S T T )
resources may be used to aid and inform drought management across BC. The objectives of the " 320 me e 1o - ymen i 3051 o | CNMGGch S5 aa o Okl e | DTN S

precipitation resulted in Lovel Four Draught being declared in the Narth Thompson, South
Thompson, Okanagan. Kettle, Nicola, Similkameen, Skagit, Lower Fraser. South Coast and
; Vancouver Island basins by August 20th 2015 (Ministry of Forests, Lands, Natural Resource
WS AW NN GE T o S Operations and Rural Development. 2019; BC River Forecast Centre, 2015).

oawein;

study are:

1 Tosrost a grounduaterchservatan woll and squifor database,
2. To define the aquifer-stream system types in the Okanagan Basin 5w o -
3. To develop and test quantitative groundwater drought indicators for the Okanagan Basin.

Differenca From Avarage of 30 Day Minimum Groundwater Level
- Wells that have minimum groundwater levels in the late winter or early spring tended to have a 30 day minimum groundwater level higher
than the average during the 2015 drought year (Well 047, 164, 302, 306, 311, 356, 381, 387, and 412).

Figure 3. Hysierusis ofols srowing
Iags bshind the grourdwater leve: crea:

i) nysarusis loop. The s.warm diserange
g @ pasitive hysterss locr.

- Wells 118, 185, 236, 384, 401. 402, 411, and 422 had 30 day minimum groundwater levels lower than the average during the 2015 drought
Streamﬂow D ven Groundwater is an important water supply to streams during periods of low flow for both year. : ) i S g g g

e G o e o 7 p . T W 72 0mter4s . e usio0eizn stroamflow drivon systems and rochargo driven systoms. Howovor, groundwator lovol data is. i
23 provincial observationwellsinthe | e 7 b & - currently only used as a secondary indicator of drought in BC. A groundwater drought indicator Difference from Average of Monthly Means
Okanagan Basin and surrounding area e e e o T may be useful in water use decision making prior to or during periads of drought. » Wells 118, 236, and 411 have mean groundwater levels at least 1 m below average from July to October 2015, and all have yearly
were analysed (Fig. 2). o 4 £ . ; N N —— minimums between late summer to early fall.

& T N L I el louing + The largest drop (-2.35 m) in monthly mean for the 2015 drought year occurred in well 118 in the month of July.
Hysteresis plots (GW level vs stream 2 5 g, the 2015 water year that could signify that the 2015 drought had a negative impact on . i
discharge) were plolled for each, using  offee R 2 3 groundwaler levels. Difference from Median of date of 75 Percent Level
the data from the nearast hydrometric o i « The dilference from the median of the dale of 75 percent level shows Lhe liming of the hydrologic regime. Negalive numbers show that the
station'. e =$ m groundwater levels raised earlier in the water year. whereas a positive number indicates that the groundwater levels raised later in the

\ ¥ o wator yoar.

The hysteresis plots were used to
characterize the aquifer-stream
syslem lype according to Allen et al.
(2010j and examined for the genaral
hysteresis direction (clockwise or
counter clockwise) to identify the
leading process.

» Woells 47, 118, 154, 236, 302, 308, 402, 403, 407, 410, 412, and 422 had DoY 75 % total values at least 14 days earlier than the median

« Groundwater levels statistics were explored by water year. A water year starts an October 1st P e

of the previous year and ends on September 30th of the water year.

+ Difference from mean or median graphs were made for 30 day minimum groundwater levels -
i.e. lhe yearly minimum 30 day rolling average. Each 30 day minimum value was sublracled
from the mean of the yearly values far cach well.

¥ 7 » 5
; e - 7 3 + Difference from mean or median graphs were also made for monthly means (July, August, Allen, D.M., Whitfield, PH., and arner, A, 2010. Graundwater level raspanses in temaerate mauntainaus temain: reqime classification, and linkages to climate and
e "’“;”"m.s S Septernber, and October - i e. each monthly mean was subiracted from the mean of the siveamow. Hycological Processes, 24 3382- 3412, doi10. 1002y 7757
[y maonthly means for each well BC Minislry of Environment ar m Cllmala cnanun Slra begy 2019, Snaw smmlns gwl.‘n.cgve Mag. Available fram 24 500 2010),
himiZid=cl 24 Sap. 2018).
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BC River Forecast Centre. 2015, Snow Survey and Water Supply Bulletin. Avaliable from hifps:iwiy2.gov b calasstsiqavienvironmentiresearch-monitoring-and-
(_bulletins_2015.pelf [accessed 8 August 2013]

Ministry af Farests, Lands, Natural Resource Operations and Rural stshpmpnt 2019. BC Drought Levels Time Lapse 2015 - Data Catslogue. Availabla fram
15 [acoessed 13 August 2019].

1would like 1o thark Paul Yéhiicls for providing the R scripts o procuce the hystersis plots and for and introcuction
to cross carrelation in R. This project was funded by Natural Sciences and Enginaering Research Council (INSERC)
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Figure 2. Licatiane 2 t1g observatior wels an
bychemoric stations ir the O<z1ag=1 wgion used n
e vy

Figure 4. H

aisloop Tra e
okl Walor 3 o ek o e i

pericds o7 high flov: Wol, M. Allen. DM, Kohut. A, Grasby, 3. Ronngsath. K., and Turr. B. 2009, Understanding the ypes of aquiors in the Canadian Cordilcra nydrageologle rogion to
57

lar managa and prolect groundialar. Slreamiine, 13: 10—

S 9\




) (\ CANADIAN|RESEAU
MOUNTAIN | CANADIEN DES
s \\ETWORK | MONTAGNES

' =3 > Okonaqa n Basin Exon®
S F U - WAZLA $GAD BRITISH
Okdnagan N flmn Alliance COLUMBIA

UNIVERSITY OF

TP ALBERTA

=x% University
&4/ of Victoria




— GROUNDWATER-SURFACE WATER
INTERACTIONS

- GAINING STREAM A.Gaining — groundwater contributes
Fiow dlrcch:(j-f:" - P to stream
| - Upwelling water has relatively constant
RS — temperature and contains nutrients from
- . underground, but is lower in dissolved oxygen
Saturated zom; ///
B. Losing — surface water contributes
to groundwater
B LOSING STREAM
.  Downwelling water is high in dissolved oxygen
YOI ra S A el 7. but temperature varies daily and seasonally
"r" } " FT) P' / /;: :}\ 'r'» F//
Wiatse 1abie, _ ;( — /\ " Unestursted / Streams may gﬂ_ groundwater in some
T A —a |/ reaches and lose in others, and the patterns
— B~ / can change seasonally.
— \ /
From Alley et al., USGS Circular 1186, N ot
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- GROUNDWATER AND LOW FLOWS
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« STREAMS OFTEN GAIN WATER
FROM GROUNDWATER AS
BASEFLOW

« DURING THE SUMMER LOW FLOW
PERIOD, BASEFLOW MAY BE THE
ONLY CONTRIBUTION.

« IF WE ALTER THE GROUNDWATER
SYSTEM, THEN THE INTERACTION
WITH SURFACE WATER CAN
CHANGE

Hydrograph — Snowmelt-dominated Regime

Peak Flow
/

Recession

baseflow
-

—~
—
~

Summer
Low Flow

-_— s s = -

~



EFFECT OF PUMPING NEAR STREAMS

Pumping can reverse direction of water
movement.

The stream becomes a losing stream.

What is the impact of pumping
on a stream during drought conditions?

What if the groundwater recharge is reduced?

-/
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