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In British Columbia, as in other
jurisdictions, there is a growing

awareness that groundwater
depletion is a serious resource
management issue. The first
populations to suffer the results of
declining aquifer levels and reduced
streamflows are the resident
organisms of aquatic ecosystems, as
their needs compete directly with the 
water needs of new and existing
housing developments and
agricultural, recreational, and
commercial operations. Negative
impacts are already apparent in some 
streams, particularly in the most
groundwater-dependent and arid
areas of the province. Some valuable
fish stocks may already be on the
edge of extinction due to surface
water and groundwater extraction
(Rosenau and Angelo 2003; Douglas
2006). In some areas, long-term
changes to aquifers are also putting
the security of drinking water supplies 
at risk (Golder Associates Ltd. 2005);
these worrisome trends are only
predicted to worsen with climate
change. 

A 2006 report (Gov ern ment of Can ada 
et al. 2006) asso ci ates cur rent cli mate
change in Brit ish Colum bia with wet -
ter win ters and drier sum mers,
mean ing lon ger sum mer drought peri -
ods that increase water demand just as 
water sup ply is at its min i mum. In
addi tion, decreased snow accu mu la -
tion in the Brit ish Colum bia (BC)
Inte rior is pre dicted to reduce sur face
water avail abil ity for human use,
poten tially lead ing to an increase in
demand for ground wa ter extrac tion.
In some areas, wet ter win ters can
mean increased snowpacks, result ing
in inten si fied spring flood ing. All of

this will have neg a tive con se quences
for fish, par tic u larly the lon ger
low-flow peri ods (Nelitz et al. 2007a,
2007b). Better stew ard ship of sur face
and ground wa ter is needed to ensure
that affected water sup plies are sus -
tain able into the future for the ben e fit
of both humans and eco sys tems.
This arti cle sum ma rizes a recent pro -
ject that syn the sized infor ma tion on
the inter ac tion between ground wa ter
and fish (Douglas 2006). Ground wa ter 
pol icy and two exam ples of ground -
wa ter man age ment are also exam ined. 
This arti cle also builds on the over view 
of ground wa ter hydrol ogy included in
a pre vi ous issue of Stream line
(Smerdon and Redding 2007).

Groundwater Policy in
British Columbia
In North Amer ica, ground wa ter pol icy
and man age ment prac tices vary by
juris dic tion. In many juris dic tions,
ground wa ter is poorly man aged
because of out dated laws enacted
when the sci ence of hydrol ogy was
poorly under stood. With the excep tion 
of indus trial-scale pro jects requir ing
extrac tion rates greater than 75 L/s,
BC land own ers have the right to
extract water from the ground regard -
less of the effect on sur face water.
Wells can be drilled on pri vate land
with out any gov ern ment per mis sions
or per mits. Brit ish Colum bia remains
the sole juris dic tion in Can ada that has 
no gen eral per mit ting require ments
for ground wa ter extrac tion (Nowlan
2005). 
While man age ment of ground wa ter
extrac tion is not cur rently reg u lated in
Brit ish Colum bia, some mea sures are
now tak ing effect to man age the qual -
ity of ground wa ter. Approx i mately

25% of Brit ish Colum bia’s pop u la tion
relies on ground wa ter as a drink ing
water source (Smerdon and Redding
2007). After the Walkerton inci dent in
Ontario—where ground wa ter was
con tam i nated by E. coli bac te ria, lead -
ing to sev eral fatal i ties—the BC
gov ern ment began shift ing its ground -
wa ter pol icy to better reg u late water
qual ity. The result is the Ground wa ter
Pro tec tion Reg u la tion (Prov ince of BC
2004) under the Water Act (Prov ince of 
BC 1996). The first
phase of this reg u la -
tion took effect in
2004 and was fully
enacted in 2007; fur -
ther phases are under
devel op ment. This
new law pro vides cer -
tain protections
against the con tam i -
na tion of
ground wa ter, but
does not address
ground wa ter extrac tion. How ever,
under the changes to the Water Act,
there is a mech a nism for reg u lat ing
ground wa ter extrac tion in local areas
if it is spe cif i cally addressed in a Water
Man age ment Plan. 
Water Man age ment Plans are
intended to address local issues and
can cover both sur face water and
ground wa ter. The scope of each plan
will be based on the local water man -
age ment issues. Once the affected
local gov ern ment and the prov ince
agree on a final plan, it will be made
into law with an imple men ta tion reg u -
la tion. One plan cur rently in prog ress
in the Town ship of Langley is dis cussed 
later in this arti cle.
Brit ish Colum bia lags behind other
North Amer i can juris dic tions in its reg -
u la tion of ground wa ter extrac tion.
These reg u la tory aspects of ground wa -
ter pol icy are dis cussed in more detail
by Nowlan (2005) and Christensen
(2007). As described in Christensen
(2007), pro vin cial offi cials cur rently
have no way of assess ing the full
extent of ground wa ter usage, let alone 
reg u lat ing ground wa ter use to mit i -
gate envi ron men tal impacts. Fish er ies
con cerns are effec tively ignored under

20 Streamline Watershed Management Bulletin  Vol. 11/No. 2 Spring 2008

Approximately 
25% of British 
Columbia’s
population
relies on
groundwater
as a drinking
water source 



Continued on page 22

the cur rent gov er nance approach. The 
absence of appro pri ate leg is la tion
results in missed oppor tu ni ties to
address impor tant con cerns, such as
(Christensen 2007):

� assessing the potential effect of
groundwater usage on existing
users, the environment, and the
long-term sustainability of the
aquifer;

� examining hydrologic connections
between groundwater sources and
threatened aquatic ecosystems;

� managing rates of aquifer
depletion (or “mining”);

� ensuring the prevention of
salt-water intrusion in coastal areas;

� reviewing the location of
groundwater extraction to manage 
quality and quantity concerns;

� metering and reporting of
groundwater use;

� reviewing the purpose and
efficiency of proposed
groundwater uses;

� ensuring protection of aquatic
ecosystems; and

� creating an administrative process
for preventing or resolving conflicts 
between users.

Brit ish Colum bia could embrace many
reg u la tory options to improve man -
age ment of ground wa ter, includ ing: 

� permitting for all extraction above
a certain threshold;

� licences for wells above a certain
capacity;

� specified pumping and water
quality objectives that must be
maintained;

� a setback distance from existing
wells, and 

� mandatory assessments to be
prepared by groundwater users. 

Other con sid er ations could include
con di tions to pro tect the envi ron -
ment, and oppor tu ni ties for pub lic
feed back (Christensen 2007).

Humans and Ecosystem
Competition for
Groundwater 
A pump ing well in direct hydrau lic
con nec tion with a stream can draw
down ground wa ter lev els, cre at ing

flow toward the well and away from
the stream. When pump ing rates are
suf fi ciently high, declin ing ground wa -
ter lev els near the well will induce flow 
of the sur face water into the aqui fer.
This leads to streamflow deple tion as
water demand increases (Sophocleous
2002). This phe nom e non is par tic u -
larly acute in dry areas such as Ari zona, 
where ground wa ter pump ing has
dried up or degraded 90% of the
state’s once peren nial desert streams,
rivers, and ripar ian hab i tats (Glennon
2002). These issues are per ti nent to
Brit ish Colum bia, as the cur rent leg is -
la tive frame work for water
man age ment does lit tle to con sider
envi ron men tal val ues, includ ing fish
hab i tat.

The United States has more advanced
prob lems related to the pro longed
over use of ground wa ter, and these can 
be instruc tive to BC resource man ag -
ers. In the Cosumnes River water shed
in Cal i for nia, over-with drawal of
ground wa ter has con verted the river
to a pre dom i nantly “los ing” stream
(los ing flows to the under ly ing aqui -
fer), prac ti cally elim i nat ing base flows
(Fleckenstein et al. 2004). Declin ing
fall flows, to the point of a dry
riverbed for much of the migra tion
period between Octo ber and Decem -
ber, limit the abil ity of the river to
sup port the large fall runs of chi nook
salmon that were his tor i cally pres ent
(Glennon 2002). To restore the water -
shed’s hydrol ogy, a net recharge of
200–300 mil lion m3/yr would be
required to recon nect the regional
aqui fer with the chan nel and re-estab -
lish peren nial base flows (Fleckenstein
et al. 2004).

Despite the evi dent cri ses in water
man age ment in North Amer ica, par tic -
u larly in dry areas, use ful infor ma tion
for man ag ing ground wa ter/sur face
water inter ac tions is often scarce and
expen sive to obtain, and fish er ies and
other resource man ag ers rarely deal
with ground wa ter at a water shed
scale. There is very lit tle sci en tific lit er -
a ture that directly addresses
ground wa ter use rel a tive to base flows 
and fish hab i tat needs (Douglas 2006). 
Lit tle effort has gone into iden ti fy ing

the inter con nec tions between sur face
and ground wa ter in Cana dian juris dic -
tions (Brandes et al. 2005). This
reflects a gen eral lack of proper
ground wa ter man age ment for eco sys -
tem needs, as well as the dif fi culty and 
expense of ground wa ter man age ment 
on a use ful scale for man age ment
deci sions.

The Importance of
Groundwater for Fish
One method of describ ing the impor -
tance of ground wa ter flows for fish is
to ask, “Where does streamflow come
from when there is no direct run off in
the form of rain or snowmelt?” These
base flows are sus tained largely by
ground wa ter dis charges (USGS 2007). 
A recent lit er a ture review (Douglas
2006) has high lighted the crit i cal rela -
tion ship between var i ous salmonid
spe cies and ground wa ter (Table 1),
and reit er ated the impor tance of
ground wa ter for main tain ing aquatic
hab i tat, due to the inter con nec tion
between ground wa ter and sur face
water. Water is con stantly being
exchanged between the sur face and
the shal low aqui fers that under lie
streams (Marti 2005). Deeper aqui fers
are also usu ally replen ished by rain fall
and streamflow, and pro vide sources
of flow to rivers and lakes (Poole and
Berman 2001).
Decreas ing ground wa ter dis charge to
streams can decrease hab i tat area as
well as cre ate a phys i cal bar rier to fish
pas sage—espe cially since peri ods of
upstream migra tion gen er ally coin cide 
with annual low flow. Ground wa ter
also pro vides ther mal refugia in both
sum mer and win ter (Hayashi and
Rosenberry 2002); decreases in
ground wa ter avail abil ity can seri ously
affect the tem per a ture regime.
Ground wa ter tem per a ture is gen er ally
close to the aver age annual tem per a -
ture, and thus is cooler than sur face
water in sum mer and warmer than
sur face water in win ter. A great deal of 
lit er a ture refers to the cool ing/warm -
ing effects of ground wa ter that help
fish repro duce and sur vive the sea sons
(Power et al. 1999). Fish pre fer to
spawn in ground wa ter upwelling areas 
because these remain ice-free over the
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win ter, allow ing for egg sur vival as
well as increas ing the rate of egg
devel op ment (Power et al. 1999).
Cool ing ground wa ter inflows to
streams are often respon si ble for fish
sur vival in sum mer waters hot enough
to kill, or warm enough to exhaust fish 
before they are ready to spawn
(Berman and Quinn 1991; Baird and
Krueger 2003). This issue is par tic u larly 
impor tant in the BC Inte rior, where
some salmon runs are on the edge of
sur vival due to extreme tem per a tures
that are exac er bated by sur face and
ground wa ter extrac tion for human use 
(R. Bailey, Fish er ies and Oceans Can -
ada, pers. comm., 2006). 
Changes to ground wa ter sup ply also
affect water qual ity. Ground wa ter pro -
vides nutri ents to the stream (Hayashi
and Rosenberry 2002); with decreased 
ground wa ter inflow, the nutri ent input 
will decrease. Addi tion ally, there is a
direct rela tion ship between dis solved
oxy gen and water tem per a ture. When
decreased ground wa ter inputs cause
stream tem per a ture to increase, the
lev els of dis solved oxy gen will drop
while fish met a bolic rates increase
(Materna 2001). Salmonids need oxy -
gen-rich water, and decreases in
oxy gen lev els add to the phys i cal
stress already expe ri enced due to
increased tem per a ture (Materna 2001; 
Rich ter and Kolmes 2005).
The sit u a tion in the Walla Walla River
Basin in Wash ing ton and Ore gon may
be instruc tive regard ing future water
issues and solu tions in Brit ish Colum -
bia. A local water shed coun cil (a
stake holder group sup ported by state
leg is la tion) has been work ing to
restore water flows favour able for
spawn ing and rear ing, fol low ing
endan gered spe cies list ings for bull
trout and sum mer steelhead. Ground -
wa ter and sur face water extrac tion for
irri ga tion have heavily affected this
basin. There has been a large focus on
sur face flows in the Walla Walla Basin
(par tic u larly since the river has had a
long his tory of dry ing up), but water
bud gets that include ground wa ter
have recently been devel oped. A
regional hydrologic sim u la tion model
was devel oped for part of the basin,

which tested sce nar ios of ground wa ter 
pump ing, infil tra tion basin oper a tions
(arti fi cial recharge to replen ish the
aqui fers), sur face water extrac tion, and 
cli mate change inputs (Walla Walla
Basin Water shed Coun cil 2006). Since
water is taken from two aqui fers as
well as from sur face water, the model
must be able to sim u late the inter ac -
tion between aqui fers, an arti fi cial
recharge pro ject area, and the effect
on rivers and springs (Petrides 2006).
Inte grat ing ground wa ter in the under -
stand ing of water shed hydrol ogy is
needed in areas of Brit ish Colum bia
that are expe ri enc ing water man age -
ment issues related to unsus tain able
water extrac tion.

Groundwater Management
in British Columbia: Case
Studies
The fol low ing two case stud ies dem -
on strate dif fer ent approaches to
improve the inte grated man age ment
of ground wa ter and sur face water
within the cur rent pol icy frame work in 
Brit ish Colum bia.

Township of Langley Water
Management Plan
In the Town ship of Langley, water
man age ment chal lenges include the
stresses on water quan tity and qual ity
caused due to increas ing pop u la tion
growth and devel op ment. The Town -
ship relies heavily on ground wa ter for
its munic i pal sup ply, and recent stud -
ies indi cate long-term declines in
water lev els in the most heavily used

aqui fers (Fig ure 1). The Town ship of
Langley began work on a Water Man -
age ment Plan in 2006, and the plan
was due on Decem ber 31, 2007.
Some new form of ground wa ter man -
age ment and reg u la tion was required
to pre vent water con flicts and risks,
includ ing risks to fish. In addi tion,
some aqui fers are sus cep ti ble to con -
tam i na tion, and the Town ship wishes
to proactively main tain water qual ity.
While the pri mary focus of Langley’s
water plan ning was on water sup ply
for human use (both domes tic and
indus trial), fish were spe cif i cally men -
tioned in the terms of ref er ence for the 
Water Man age ment Plan (B.C. Min is -
try of Envi ron ment 2006). The
Town ship con tains a sig nif i cant
amount of fish hab i tat—an esti mated
700 km of fish-bear ing streams (B.C.
Min is try of Envi ron ment 2006)—and
some of this hab i tat is at risk from
ground wa ter pump ing. Fish spe cies
pres ent include seven salmonids and
two endan gered spe cies: the Nooksack 
dace and the Salish sucker (B.C. Min is -
try of Envi ron ment 2006). These
endan gered fish are par tic u larly reli ant 
on small ground wa ter-fed streams.
Ground wa ter mod el ling (Golder Asso -
ci ates Ltd. 2005) sug gests that
com pared with pre-devel op ment con -
di tions, baseflows of streams over ly ing 
four of the heavily used aqui fers have
already decreased between 12 and
70%. While there is con sid er able
uncer tainty asso ci ated with model esti -
mates, they are cause for con cern. If
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Table 1. The importance of groundwater to fluvial fishes (after Power et al. 1999)

Groundwater role Fall/Winter Summer/Fall

Base flows Maintains free-flowing water,
channels, and habitat through

winter low flows

Maintains base flows through dry
periods

Stream
temperature

Prevents/delays ice formation and
influences thickness and break-up; 

provides areas with water
temperature  0°C

Reduces daily stream temperature
fluctuations, delays cooling in fall

Water quality Supplies dissolved oxygen and
nutrients to stream; buffers water

quality changes through
hyporheic exchange

Helps maintain stream productivity
through nutrient inputs; stimulates
macrophyte growth; and buffers
water quality changes through

hyporheic exchange

Habitat Determines size/quality of winter
refugia; affects winter mortality

and carrying capacity

Provides protection from lethal
temperatures

Continued from page 21
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devel op ment con tin ues accord ing to
plans, one creek may begin recharg ing 
the aqui fer below rather than receiv ing 
base flows, which will have neg a tive
con se quences for aquatic hab i tat.
Increas ing ground wa ter pump ing to
sup port ongo ing devel op ment puts
water resources at risk.  
The Town ship aims to pro vide safe
and sus tain able ground wa ter for its
com mu nity while also pro tect ing fish
hab i tat, and the water man age ment
plan will assist with achiev ing this
goal. The pub lic was invited to review
and com ment on draft ver sions of the
plan; the draft plan has now been sub -
mit ted to the B.C. Min is ter of
Envi ron ment. It includes rec om men da -
tions to require drill ing autho ri za tions
for all new or altered water sup ply
wells. The draft plan also rec om mends 
a ripar ian set back for new large wells
next to a fish-bear ing stream, and
encour ages the Prov ince to improve
water man age ment by inte grat ing
ground wa ter and sur face water
allo ca tion.

Nicola Water Use Management
Plan
In the Nicola Val ley (Fig ure 2), res i -
dents have taken a grass roots
approach to pro tect ing their water
resources. Devel op ment pres sures are
driv ing their con cerns about hav ing
ade quate water to sus tain exist ing and 
pro jected uses. Cur rently, water sup ply 
for fish is inad e quate at cer tain times
of year. This prob lem will only be
exac er bated by cli mate change, the

effects of which are already being seen 
in the val ley in the form of increased
aver age tem per a tures, droughts, and
the moun tain pine bee tle infes ta tion
(Nelitz et al. 2007b).
Water tem per a ture is a major fish er ies
issue in the Nicola water shed. Cool ing
ground wa ter flows may be the only

rea son fish can sur vive when ambi ent
water tem per a tures exceed lethal lim -
its—though con tin ued ground wa ter
extrac tion is call ing into ques tion the
long-term sur vival of fish stocks (R.
Bailey, Fish er ies and Oceans Can ada,
pers. comm., 2006). 
Sur face water licen ces have been
issued in the water shed since 1871,
and exten sive with draw als—mainly for 
irri ga tion—have had major effects on
fish hab i tat in this water shed (Rosenau 

and Angelo 2003). As sur face water is
now fully allo cated, much of the
ongo ing water demand will likely have 
to be met by con struct ing wells that
tap into the val ley-bot tom allu vial
aqui fers that sup ply the Nicola River
and trib u tar ies with base flows and
ther mal refugia for salmon. 
A Water Use Man age ment Plan ning
(WUMP) pro cess was devel oped in the 
Nicola Val ley to address water con flicts 
and to help man age water sustainably. 
This pro cess may be a model for other
areas, as it has suc cess fully engaged
the var i ous affected mem bers of the
com mu nity in con sen sus-based deci -
sion-mak ing. Stud ies are still under way 
to under stand the issues, and this pro -
cess has been slowed by a lack of
finan cial resources. An impor tant data
gap that is being addressed is an
assess ment of ground wa ter and sur -
face water sup plies and their
inter ac tion. The end result of this pro -
cess will be a form of ongo ing

com mu nity man age ment of water;
meth ods for achiev ing this are also
under study (Nicola WUMP 2007).
Co-ordinated com mu nity-based ini tia -
tives like this one are our best hope for 
man ag ing water use and con flicts in
arid areas like the Nicola Val ley. With
this type of plan ning, there is poten tial 
to improve con di tions for fish, or to
mit i gate some impacts of increased
devel op ment. Mak ing a pos i tive and
last ing dif fer ence for fish will be chal -
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Figure 2. The Nicola River below Nicola Lake. 
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leng ing given the var i ous pres sures
affect ing fish hab i tat, but the Nicola
WUMP stake holders are keen to suc -
ceed in address ing fish er ies and other
val ues. Com mu nity input is key in
mak ing dif fi cult deci sions and
trade-offs to reflect the val ues of soci -
ety as a whole.

Conclusions
Resource man ag ers in Brit ish Colum bia 
and else where need pol icy and tech ni -
cal sup port to man age ground wa ter
quan tity and qual ity in a sus tain able
man ner that meets the needs of
humans and eco sys tems. In many
areas of the prov ince, there is an
oppor tu nity to better man age ground -
wa ter before sen si tive fish stocks are
extir pated and before aqui fers are
depleted to the point that they can no 
lon ger sus tain both humans and eco -
log i cal pro cesses. Ground wa ter
leg is la tion has been evolv ing in Brit ish
Colum bia, but gov ern ment pol icy has
not yet caught up to the need to man -
age and reg u late ground wa ter
extrac tion. This aspect of ground wa ter 
man age ment will likely improve as
aware ness grows; it is hoped this will
be soon enough to avert seri ous water
con flicts and irre vers ible eco log i cal
dam age.

 For further information, contact:

Tanis Douglas, RPBio
Fernhill Con sult ing
845 Swan Street
Vic to ria, BC  V8X 2Z2
Tel: (250) 294-2425
Email: tldouglas@shaw.ca
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