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Allhough dams and reservoirs lIaV'C' rontributed immeuur-.bly to I~wdl·btinlOfClnlldiam
thC')' rna)' ha~ Udc dfeeu which may be detriment.lto the cnv;r(>llmCnl and 10 human welfart. In
this Bulletin, the authors SUT'Vl')' the cnvironrncflIal ronseqllCllaS lhal h.V'C' ensued from dam
construction and the impoundmcm of waler in Canada in lhe past, and .nempt 10 .Ien
environment.lists and engineers 10 the types of pl"oblcms thaI may be associated with such
activities in the future.

Some of these cffeo;ls are immediate, direct, and obvious, such as the loss of resources by
noodina. interference with lhe passagc of fish, and environmental damage and pollution as a
result of construction activities. Others may manifest themselves only over a' period of lime, such
as changes in waler ehemislry alld modiFication of lhe new shoreline. This last is likely to be of
parlicular i~porlance in reservoirs on pennarrOSI. Large impoundments may Innuence lhe climalc
in llleir vicinilies and sometimes induce eartllquakes. Slill other consequences follow From lhe
mode of operation of the reservoir. Low.level di.\Charge through turbines may radically alter lhe
temperature regime in the Slream below. The induClion of an unnatural.scasonal pallern of water
level fluctuation may lead to the formal ion of a virtually barren drawdown zone around the
rnervoir. and induce: geographleal and ecololleal changcs downSlream. sometimcs at creal
dislanccs.

Many of these effects act in various and wmelimcs OPposinl ways on Ihe livin. organisms in
the rncT"loir and the Slream so that the ullimate biological consequences often cannol be
conl'idenlly predicted.

It is sometimes diffICult to reconcile lhe intercsu of those who stand 10 benel'it from a liven
project and Inc: interests of othen who Ire likdy to suffa I Ims from it. This connia is
particularly acute when lhe PCOjecl affects COIllrnunities of nali\'<! peopIa followina I traditional
....ay of life. Such frq.ile societies are likely to be l1avdy disrupted unle:ss particular care is taken.

Kq wonls: daln$. rCiCrvoin, impoundments. man-made laka. environmental impad.limnolocr.
l'i5lleries, water quality. perrnafrl»l, C.nada

Prdllce

This review is based on an earlier paper entitled "Environmenlal EFfects of Dams and
Impoundments in Canada: a Review of the State of the Art" prepared at lhe requesl of lhe
Managemenl Commincc of the Department of lhe Environment. The earlier paper was intended
to outline th1: topics lhat should be covered in a proposed handbook on the subjttt. When it was
deeided not to proceed with the handbook at this time, it seemed worthwhile 10 revise the paper
into a form suitable for wider publication.

\). A. Bondy, then of lhe Lands Directorate, assisled in \,he preparalion of the earlier paper,
and D. W. Phillips. of the Atmospheric Environment Service. pcovided a contribution on dimalic
eff«ts of impoundmenlS. which is included hen in a slilhlly abridged form,

The lask of revuion has been made easier by ll1llny individuals who lead and eriticized the
earlier lC'View. We CXtend particular Ihanks to the followintl, who were apeciaUy CenerOUli with
IU1&CS!ions and information: R. Hecky, Freshwater lnstitule, WinniPC1; D. M. Kelly. Inland
Waters Di.r«tDrlte, Halifax; R. Newbul)'. Freshwaler Inuilute; G. S. Peek, Ocean and Aqualit
Scimcc$. 8urlinllon; and A. Soucy and his rolkqucs, James Bay EnaIY Corporallon.

vi



Inlroduclion

No braJlch of eJlgilleering has contributcd more
to the developmeJl! of civilization than the art and
science of controlling the flow of water. 11 is also
one of the oldest; as early as the fourth and third
millenia fI.C. fairly complex projecls were being
successfully undertaken in Egypt, India, and
China (Biswas 1975). The bendits of hydraulic
works arc ~o great and so obvious that for a long
time little thought was given to possible harmful
effects, except for disasters resulting from dam
failures. il appeared that any undesirable conse­
quences could bc avoided by appropriate design
and management: the obstruction of fish migra­
tion by dams could be avoided by the construction
of fish ladders; the breeding of malarial mosqui­
tocs in impoundments could be prevented by
periodic small fluctuations in water levels; and so
OIl. The idea of harnessing large rivers for the
benefit of lllan seems to have aroused a kind of
popular euphoria, which found expression for
example in a song by Woodie Guthrie praising the
Grand Coulee Dam on the Columbia River
(Guthrie 1976).

As more and larger dams were built and as
more and morc of the world's rivers were brought
under control, it be<:ame apparent that unantici­
pated undesirable consequences could follow,
often distant in space and time from the actual
construction, and medialed by a chain of causes
and effe<:ts that is often far from obvious (e.g.
White 1977). These events, occurring as they have

during a period of intense popular concern about
the environment, have led to considerable opposi­
tion in some segmellts of the population to almost
any further impoundment or regulation of natural
waters.

In Canada, as elsewhere, natural water courses
have long been used as transportation routes, and
have been lliodified in various ways by the con­
struction of canals and other structures. These
have included some remarkable engineering
achievcmellls, such as the Jones Falls Dam
(Fig. I) on the Rideau Canal ncar Kingston. This
dam, which is still standing, was the highest in
North Amcrica (19 m) when it was completed in
11'.31 (Legget 1961). The development of agricul­
ture in the Prairie Provinces required the
impoundment and diversion of water for purposes
of irrigation. Water power was used by the early
settlers to drive saw mills and grist mills. When
the potential of hydroelectric power began to be
appreciated around the beginning of thc present
century, Canadian engineers played a leading role
in the new technology, which in a few decades
transformed thc industrial and domestic life of Ihe
country (Encyclopedia Canadiana 1975). As
larger and larger projects wcre proposed and
constructed, the possibilities of undesirable
environmental consequences gave cause for in­
creasing concern. The effects on the Peace­
AthabaSl.:a Delta 'of the W.A.C. Bennett Dam on
the Peace River, discussed below, perhaps first
served to bring these possibilities to the notice of
the general public. At about the same time a

FlO L Jones Falls Dam (photo courtesy of Parks Canada).
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proposal to divert much of the water of the
Churchill River into the Nelson River became a
major issue in a provincial eJection in Manitoba.
and the announcement of the James Bay hydro­
electric project by the premier of Quebec caused
widespread concern. Not long after this, increas·
ins an/tidy in Canada aboullhc possible environ­
mental cffccu of the proposed Garrison diversion
in North Dakota led to the appointment by the
International Joint Commission of an inler­
national study board 10 examine: the problem
(International Garrison Study Board 1976). The
study of reservoir effects is now generally rKOg­
nite<! as an ;mporlant topic in applied ecology.

The Rrgisler oj Doms in CAnada (Pratl 1970)
gives a list and brief description of the major
Canadian dams in c;II;i!tence or under construction

""

in 1969 and Errord (197Sb) lisls the major cana­
dian hydroelKtric projects up to 1974. The
locations or sites discussed in the present paper
are shown in l'i&. 2.

In this review. we survey the environmental
consequences that have been observed to result
rrom dams and impoundments in Canada, or that
may be expected on lhe basis or expertence in
other countries or or genCTal physical and bio­
logical principles. Such a review may be or as­
sistance to planners and managers in making the
best possible decisions, in the light or existing
knowledge. ror the ruture development or
Canada's water resources. It is only possible to
indicate JC:nCTal areas or concern and general ap­
proaches to prevCfltion or mitigation. The recog­
nition and solution or specific problems at any

FlO. 2. Approximate locations or principal sites mentioned In the lex!. I. Wreck Cove: 2, Minas Ilasin. possible sile
or Fundy tidal power project; J. Saint John River: 4, Churchill Falls development (Smallwood Reservoir);
S, ManicouaBan complex; 6, Moses-Saunders Dam; 7, Gouin Reservoir; 8, Jones FaUs Dam; !ii, Kawartha Lakes;
10. James Bay project - La Grande, Easlmain, and Caniapiteau rivers; II, Niagara FaUs; 12. Deer Creel.:;
Il. Southern Indian Lake and Churchill Rivt'. diversion; 14, proposed Garrison diversion (USA); IS, Boundary
Reservoir. futtvan, Saik.; 16, Gardiner Dam (Lake Diefenhaker); 17. Peace-Athabatea Della; 18. Busano Dam,
Bow River; Kananaskis RiVCT; Lake Minncwanka; 19, W.A.C. BcnlK:ll Dam (Williston Lake); 20, Skagit Valley;
21, Frase, River; 22, Mackenric River; 23. Aishihik and Stevens lakes.

2



particular site can only be achieved, if at all, by
careful on-site sludies by spccialisu in the relevant
disciplines and close collaboration between these
and the people responsible for Ihe planning, eon­
slnJclion, and operalion of Ihe projccl.

Environmental and et"ologkal problems related
to the intended function of the projcct will be
considered. These include processes innuencing
the usdul lifetime of a reservoir (silting and
erosion) as well as those relaling 10 the effective­
ness of a reservoir for ils intended purpose, such
as the mainlenanee of fish populalions where the
provision of facilities for recreational or commer­
cial rislling has been included among the benefits
that lhe projecl will provide.

As far as possible, the discussion has been
limited to matters lhal seem likely to be of con·
eern in Canada. Sueh mailers as Ihe innuence of
impoundmenls on the spread of certain diseases,
which are of greal concern in some pans of the
world, do not s«:m likely 10 be imporlanl here
and have nOI been discussed. We have also reo
frained from discussing general waler manage­
nlent problems thai may arise in natural as well as
in artifICial water bodies. One such problem is Ihe
disposal of waste heal from thermoelectric gen­
erating plants. This has been discussed allength in
111'0 rcecnl reports (James F. MacLaren Umited
1975, 1977). Recently Ihe growth of Ihe exOlic
Eurasian water mil foil (MyriophylulII spiro/I/III)
in cenain regions of Canada has caused consider­
able con'ern. For e.umple, it has appeared in Ihe
Kawarlha Lakes. which 3re highly regulaled and
may be regarded as reservoirs. This problem,
however, is nOI pcculiar 10 reservoirs bUl is rather
one of shallow, slow-moving walers in general. It
is the subject of 'onsiderable resear,h al lhe
presenl.

Our aim hcre has been to emphasize practical
consideralions and 10 avoid mallcrs of purely
theorelical inlerest. However, a few general
ecological concepts of rather wide applicability
may be meltlioned because of the lighl they throw
on many of the consequences of impoundment.
One of these is the concept of thc et"otone, or
border zone between two habitats, such as Jhe
edges of lakes or rivers. Everyone has probably
observed the rich variety of living thinp found in
such zones. AnOlher very importanl region of this
type is the estuary, the et"otone between fresh­
waler and the sea. Both these types of habilal are
very sensitive to any manipulalion of the streams
or lakes associated with them.

Another useful conccp! is that of pulse stabili­
ution. This refers to the maintenance of long­
lerm ecological slabilily by periodic perturba­
tions. The maintenance of a lawn by regular

mowing is a familiar example. Ecosystems along
slTeams are largely mainlained in their normal
state by periodic flooding, and if the nood regime
is changed. the ecosystem will change. Effeas of
this kind were responsible for the changes that
occurred in the Peace-Alhabasca Delta after ,on­
sUu,tion of the W.A.C. Bcnncll Dam. The
alterations of the flood regime above lhe dam
brings about changes in lhat region too. For a
discllssion of these concepts, see Odum (1911).

II may also be useful to clIll allention to some of
the diffcrences belwecn ecosyslems in streams and
in standing walers. As many of the organisms that
live in streams cannOl exist in slanding water (and
vice versa), when a stream is impOunded many of
lhe organisms in it will disappear, to be replaced
by Olher forms. B1ackny (Siml/lil/m) larvae, for
example, live only in running watcr, so when a
stream is impounded there is likely 10 be a de­
crease in these pests in lhe vicinity. This has
occurred in Lake Diefenbaker (Frtdeen 1977). On
lhe other hand, there may be an increase in
mosquitoes, which breed in standing water.

Moreover, Ihe ultimate source of energy to
drive lhe ecosystems of standing walers is photo-­
synthesis within the water body. particularly by
the phyloplankton, whereas slTeam ecosystems
are largely nourished by organic detritus derived
from lerrestrial plants within the watershed
(Hynes 1975). The conversion of a strtam to a
lake is therefore a more drastic change than it may
appear 10 the casual observer (McLachlan 1977).

It may also be hclpfulto bear in mind thai the
environmental effects of a dam on lhe environ­
ment above and below il show a cerlain sym­
metry, or complementarilY. A decreased annual
varialion in water level below the dam is asso­
ciated wilh an inucased annual nuctuation above
iti seiJimenlation above the dam lcads 10 erosion
below it; retenlion of heal in the impoundlllcnt
C!luses cooling of the walcr downstream; and so
on.

The arrangement of lhe various topics in a
concise, lucid, and systcmalic way is not easy.
Any primary effecl of impoundment (such as the
nooding of a given area of land) may produce
effects of many different kinds, some of which
may be removed by several cause·and-effect steps
from the primary effecl. Moreover, any ultimale
effect of concern to man may be Ihe resull of a
network rather lhan a chain of intermediate
causes which may somelimes oppose each olher.
The important effects range from simple and
direct consequenl:eS of impoundment, such as the
loss of agriculiural land and standing limber, to
far-removed effe<u which may be difficult to
predict, such as qualilalive and qualllitative

J
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changes in the fish popuhuion abo\!: aud belol\
lhe darll. The) also range from con~qutnces

whose seriousness can be objectively ;l~SCSSed in a
manner about which lhcn~ is likely 10 be general
agrccmclll (lhe loss of farm land and limber again
may be givl.'n as an c;..amplc) 10 consequences
whkh may appear lriviallo some illdi\iduals, yel
cause considerable COllc('rn to others, such as lhe
possible eXlinction of a comparatively obscure
spcdes of planl or animal (e.g. lIolden 1977) or
lhe destruction of lhe sprar-~oneecosyslclli bela\,
a 1I'3lcrfall by diversion of lhe slrcanl abole it
(Brassard Cl a!. 1971).

After a descripllon of type;; of dams, the- gen·
eral geographical, physical, chemical. and bio­
logil;al rollSoe<!U('IlCCS of lhe conSlrUC1ion or a
dam, bOlh above and belol\ ii, IliII be discussed,
follolled by a discussion of lhe very comple,~ lIay
in which lhey ma) innuence the POllUl:llion~ of
fish. Finally, some of the impal;ts that may be felt
in the gcnerlll vicinity of dams and impoulldrncnt~

bill whkh arc not necessllrily re~lricted either to
lhe new lake or lhe ~tl'eam wilt be deal1 with,

An aHemi'll has becn made 10 make thc pl'e~­

entalion easily comprehcnsible, and even imerest­
ing, ralher lhan 10 impo§c an)' rigid framework
Upoll iI, which lIould be vinuaUy impossibk
because of lhe complexil)' of OUI malerial. A
re,'iew of Ihe erfects of impoundmenlS wrillen al
this time is n«~nly a kind of interim report.
Sludies currenll) in progress at §c.'eral ~ites,

especiall) perhaps at the "arious sit~of lhe James
Bay project, should )'ield results of greal \'alue for
any subsequent IIndena"ings.

T)'IICS anti PUlVOSt'S of
Dams autl hllpOUluhlll'tllS

The Iype of dam buill at any parlicular sile
depends on such considerations as its intended
purpose and lhe nature and localion of the site.
Earthfill and rock fill dams are embankmelllS of
earth or rod, usually \lith a core of impermeable
material, sloping gently both upslream and down­
stream. Gra\ily dams are usually conSlructed of
concrete and are held in placl' by lheir \leight
(Fig. 3). Thl' upstream face is almost \'l'rtical and
lhl' dO\\'nsut3m face tapers to a toe 10 pre"cm
o\'ertipping, Arch and bUllress dams are also
usually coostructC'd of eom;rete, but 3re lhinner
lhan gra.·ity dams. They are held in place either by
the force of the wattr againSI lheir abutmenlS
(ardl dams) or by a number of downstream bUI­
tresses, Arch dams arc usually vertical on bOlh

4

faces,., hereas bUllress dams may be lipped Ifi lhe
do•• nstrearn dirC\:tion. A diagram of an arch dam
is shown in Fill... ,

A dam is usually provided "itll :I spillway 10
permit .,aler to eM:apc frol11 the re~crvoir at limes
of high no\\ without damage to the structure. To
permit di~hllrlle of waleI' when the lcvel is belo\\
lhe spitll\ay, a sluicewa) i~ usually pro,'ided, and
if lhe dam is part of a hydroelt'Clric project, a
penslocl. musl be included to conducl water 10 lhe
lurbines, Sluiceways and penSlocks orten draw
\\ aiel' from a poim considerably Ix-lo\\ lhe surface
of the impoundment. They nta) pass lhrough
eilher lhe darn or the adja\'enl hillside.

The COl1lmO\l~1 reason for construcling a dam
is probably to ma"e il possible 10 Slore wall'r al
times of high no., 10 be released \\ hen thl' nalural
nO\\ is 10\\, The purpose may' be nood conlrol,
maintenancl' of na\'igalion on rhelS, generation
of electricily, l>rolision of a reltable supply of
water for dOlllcstic, industrial, or agricultural use,
or Illmt comlllonly some combinlllion of lhese-.
The Il\OSI dramatic tYI)C of proJccl is one in which
a dal\l is construcled on a large river, thereby
flooding a considnablc area and cotl\erting a
streich of running water inlO a body of standing
"aler. Such inlpoulldmenlS almost always ha.e

FIG. 3. Mo~es-Saundcrs Dam on Ihe SI, Lawrence
R;\'cr (photo COllrles¥ of Ontario H¥dto).



FlO. 4. Sk(lch of Jones Falls Dam, an arch dam (from
Leggd (961).

the generation of electricity as at least one of their
purposes, although the Gouin Reservoir on the
Saint Maurice River in Quebec, which was for a
number of yean Ihe largesl man-made lake in the
world, was originally constructed to facilitate the
transport of logs.

Not all hydroelcctric projects involvc the stor­
age of large quantities of water, however. If the
now of a river is fairly constant throughout the
year, either naHirally or because or regulation up­
stream, a dam may scrvc mainly to provide a hcad
of water and to direct iu rlow into a penstock.
Generating slations of this type, operating on the
natural now of the stream, are referred to as run­
of-the-river plants. Many riYCfs of the world arc
regulated throughout their length by a series of
dams in c;ascade so Ihat virlually all the hydraulic
head is utilized. Often the dam furthcst upstream
slores water and those below are run-of-the-rivcr.
The three dams in the Canadian portion of the
Saint John River constitute a cascade, and arc of
approximately run·of-the·river type.

At the other extreme, an existing natural lake
may be converted into a res(rvoir by regulating its
outflow. If the lake is snlall, the impact of the
project on the lake itself may be severe. However,
large lakes such as lake-of-the-Woods and Lac

Saint-Jean, which are technically reservoirs in this
sense, will be little influenced by such treatment.

Many large projects, such as the Churchill Falls
project in Labrador, the James 8ay project in
Quebec, and the Churchill-Nelson project in
Manitoba, involve both the production of new
bodies of $landing water and the modification of
Ihose alrC'ady uisting, and lheir impacts are cor­
respondingly complex.

Many projects involvC' not only the impounding
of water but the diversion of nOlO'S, sometimes
even into different walenheds. The diversion of
streams IIlay be done for reasons unrelated 10 im­
poundmcnt, and it has sometimes been difficullto
decide where 10 limit the discussion. In what
follows, the emphasis will be on diversions related
fairly directly to impoundments.

Usually, water is impounded directly brilind a
dam so that the basin of the new lake, if one is
formed, includes a portion or the original stream
bed. Sometimes, especially when water is being
stored for domestic or industrial usc, it may be
diverted from a Stream into a natural or artificial
basin to form an off-channel reservoir.

A particular type of hydroelectric generating
station, the pumped-storage st<ltion, is increasing­
ly importanl in the United States (American
Fisheries Society 1976). In such a station, pari of
the electricity generated at one time is used to
pump up water to generate more electricity at
another time. Such slat ions have not YC'l come
into use in Canada, all hough something similar is
done at Niagara Falls, where the amount of water
thai may be withdrawn is regulated by inter­
nationaltrcaty, and more may be taken during the
night than during the day. During the night,
therefore, water is diverted and pumped into an
off-channel reservoir (Friesen and Day 1917).

In some instances, the formation or a nelY body
of standing water is the primary purpose of the
undertaking. Instances of this arc the construc­
tion of a cooling pond for a Ihermoelectric gen­
eraling plant as at Estcvan, Sask., or the construc­
tion of fish ponds on small coastal streams in
Prince Edward Island.

The impoundmenl and regulation of salt water
presents a group of problems different from those
associated wilh freshwater impoundments. Up
until now in Canada this has only occurred inci­
dentally as a result of the construction or bridges
or causeways across estuaries Or bays. However,
there is a strong possibility that extensive deliber·
ate impoundment of sea water will sooner or later
be undertaken in the Bay of Fundy in order to
utilize tidal power for Ihe generation of electricity
(Clark 1978; Daborn 1977; Gordon and Long­
hurst 1979).

,



Erreels or Hooding and lhe
Queslion or Pre-dearing

Tilt approximate extent of flooding "ill prob­
ably be known from surveys made before con­
struetion of the dam. The economic loss as a
re:sull of the flooding of agricullural land or
slandins timber should be calculable wilh reason·
ablc accuracy by agricullural or foresu)' experls.
The economic loss may nOl be limited to 'he
nooded lands: the usefulness and value of lands
adjacent 10 Ihese flooded lands may be reduccd,
for example, if a continuous tracl is broken up
into a number of smaller lracts.

If the Standing timber is not harvesled bdon:
nooding ills nOl irrelrievably lost, because t('(;h·
niques exisl for harvesling it afler the reservoir
has been filled, The dl.'cision whethcr or nOt to
han'csl limber before filling will probably be
based nOt only on the valueofthe timber, bUI on
the usc to ",hich the reservoir is 10 be pul. If the
reservoir is to bc used for boating, the limber
should p·obably be remo\'ed t\'en if it cannOt be
marletcd. [n some plaCC':S, a CCrlain amoum of
pre-dcarinc may be necessary for esthetic reasons.
In the rc:scnoirs of the James Bay project, the
poliO is to clear the areas thai arc visible from the
roads, in the mouths of the tributaries, and "here
there is likely 10 be intensi\·C' fishing (Bollulo
1975).

The James Bay EnerSy Corporation has bct'n
carrying out interesting experiments on the clear­
ing of reservoirs by natural agencies such as \\ ind

and kc. When nooded lrees become frozen into
icc, and the water le\'el is lowered, the force lhC're­
by exC'ned is sufficient to break the trunks oftr~
of considerable size, "hich can be remo\'ed from
'he water after the ice has thawed (Bonulo 1978).

In nooded permafrost areas. it makes Hille dif­
ferl.'nce whether the uees arc cut, since they will in
any case: be carried into the waler as lhe new
shoreline melts and slumps (sec p. 12-IJ). In OIher
areas, submerged vegetal ion may be useful in
stabilizing the shoreline.

Fully submerged lrees lasl a long lime at the
temperaturl.'s prevailing in Canadian waters. Tree
lrunks in the Gouin Resen'oir showed little
change S5 )'cars after nooding (lNRS-Eau 1973).

If the nooded area includes sphagnum bogs,
thl.'se may rise 10 form noacing islands (Fig. S)
which may persist for years. In the James Bay
project. the possibilily is being considercd of tOW­
ing thl.'S(' near ,he shore, and anchoring thl.'1ll as
refuges for wildlife and waler fowl (Societe
d'Energie dl.' 1a Baie James 1978a).

The' loss of "ildlife as a resull of flooding of
their habitat is pl.'rhaps more difficult to eslimate,
but should be: possible if sufrlcienc time and re­
sources are made a\'3ilable for surveys. The
"eight to be given to the loss of "ildlife in the
dC4:ision as 10 \\!lerher to proceed with the project
"ill \ary from one pan of 'he country to anmher.
Other things being equal, it ... ill be of more impor­
tance on the central plains, "here the valleys of
the relatively fcw rhas provide almost the only
habilal for most ungulates, than in the eastern

FIG. 5. Floatilll peat islands in area noodal by OIurdlill River divcnion (courtcsy
of Freshwater InSlitUle, photo by G. McCullough),
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and wesu:rn fon~·SIS; In areas where hunling and
Irapping are importanl 10 the local economies
Ihan in areas .... here Ihis is nollhc case; and .... here
the area to b( nooded is close to urban popula­
tions, which may thereby b( deprh·C'd of a highly
valued recreational resource, than in more rcmOle
areas. The Skagit Valley in British Columbia may
illustrate the last poinl (Adams et al. 1971).

The shoreline ecolone is imporlanl as a habitat
for many spedes. tn the James Bay region, for
c.xample. it provides food and sheller for ptarmi­
gan (LagoplIs (agQplls), beaver (CaslOr canade/l­
sis), muskral (Oll(/atra zibelhica), and various
species of wa1erfowl. II follows lhal lhe linear ex­
tent of shoreline nooding may be as imll0rtalll for
ils innuenee on wildlife as lhe areal e.Xlem of
nooding. The devcloprnem of a new shoreline
habilal will lake longcr thc morc scvtre lhc di­
male, and is likely to be made more difficult by
Ihe praclice of drawdo.....n (see next section).

During the filling of cenain large Iropical im­
poundmcnts, large rescue operations \\ere
nlounled to 53'·e as man)· animals as possible in
the areas being ncoded (e.g. Walsh and Gannon
1967). Obviously this is only feasible iflhere is an
underpopulatC'd place a\ ailablc \\here the animals
may b( released. Some alternpiS have Ottn made
10 relocate bea\er in areas affectC'd by Ihe James
Bay project (GauQuelin 1978). In general it would
seem reasonable 10 har,est as many as possible of
economically useful animals b(forc nooding. AI
the same limc particular care must be taken to
avoid the destruclion of populations of rare or en­
dangered species or of unique or unusual habilats.

Sites of archaeological or historical interesl may
be threatened by nooding. When lhe Aswan High
Dam was built in Egypl. a \er)' complex and
expensive international operalion was undertaken
to move to higher ground a number of lemples
and monuments that would otherwise have been
submerged (e.g. Kealing 1975). fill hough prob­
lems of such magnitudc will nOI occur in Canada,
many siles occupied by prehislOric and carly his­
IOric man are ncar Slreams and would l:K'1:ome
inaec:essible if Ihe .....aler le\'el was raised. Such
considerations were taken iOlo account by the
Lake Winnipeg, Churchill. and Nelson Rivers
Sludy Board (1975). The area 10 b( nooded
should b( sun'eyed by archaeologisls to locale
threatened sites aud 10 excavate those likely to
yield imponant information. Many rock paintings
and peuogl)phs (Fig. 6) arc localed near water,
and many of lhese in Iheo USA han~ alreoady Ottn
losl as a result of dam construction (Grant 1967).
It might be desirable to ronsideor moving threoat­
ened paintings 10 higher ground.

The increased head of water produced ..... heon a

sueoam is impounded \\ill oflen force more .....aler
into underl)·ing aquifers. Although this represcnls
a loss of water from Ihe resen·oir, it may be de­
sirable under some circumstances, especially in
arid regions, by making water available for drink­
ing or irrig31ion some distance away (Lallier
1969).

In humid regions il is likely 10 be undesirable.
The rise in the water table may waterlog lhc soil
and consequently kill trees around the reservoir.
The rate of rise in the water table, which may take
several ycars, and the nalUre and e.~leOl of the
changes in soil and vegelalion, which Inay e.xlend
for a kilometre or more from the reservoir, de­
pend on I he previous heighl of the water table, the
nature and permeability of lhe soil, lhc nalUre of
Ihe lerrain, and similar factors (i\vak)'an 1975). If
the qualilY of the impounded water is poor, lhc
Quality of the water in Ihe aquifer may be im­
paired (Hoffman and Meland (973).

This topic has received relativel)'lillle allemion
in Canada. A fairl)- thorough study of the innu­
ence of Lale Dicfenbaker on adjacenl ground­
....·ater has been made by van E"erdingen (1967,
1972), but linle 3tlemion appcan to have been
gi\en to the broader enl'ironmental considera·
110m.

Problem of lht' Drawdown Zone

The operation of a hydroelectric generating
station usually requires thai the reser,·oir be filled
when the ratc of now in the river is high, and
gradually drawn down Ihrough the wrbines
throughout lhe rcst of the year. In Canada, [his
means that it is most conunonly filled in lhe late
winter or early or laIc spring, whenever lhe snow
melts at the sources of lhe streams, and gradually
dnl\l·n down during lhe summer, fall, and most of
the winler. This poses certain problems. Under
natural conditions, the highest levels or \Vater in
rivers and lakes last only for a short time, and
drop beforc the growing season is fllr lldvanced,
so lhe: banks are e:10lhed during the summer in
their characleriSlic vegelation. In a reservoir,
ho"e\er, thc water level may re:main high ....ell
into the growing season so that, especially ir the
~urrounding relief is relati,d)' nal and the lateral
variation in the position of Ihe: shoreline: consc­
Quently extensh·e, it may be surrounded during a
large pari of lhe rear by a wide, virtually barren
lone (Fig. 7). Swedish ecologislS, \\ho are also
confrOnled with this problem, refer to this lOne as
Ihe "aridar- (LindslrOm 1973). Undl:!" Ihest
drcumstances Ihe reslOration of the linoral
ecOlOne is extremely difficult. This region is
unpleasant to look at and in dry and windy
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FIG. 6. PdroBI)'ph~our Ptl~rborough.Om. (roun~syof NfB Photothtque, photo
by Jeanne White).

weather may bf: the source of disagreeable
amOunts of duSl.

In rc:lali~c1y mild climateS Ihe appearance can
be improved by planting lhe drawdown zone wilh
flood·resistant shrubs and trees. Some experi­
ments along these lines have bc<:n made in
England (Gill and Bradshaw 1971), and in thc
southern USA (Fowler and Hammer 1976; Fowler
and Maddox 1974); a long review on the subject is
anlilable (Gill 1977) which should have some
applicability 10 Canadian condilions. The British
Columbia. Hydro and Pawa Authorit)' (1978) has
experimenttd wilh the S«ding of lhe drawdown
zone to allc'"ialt the problem of dust. The res­
toration of a suilable liuoral habilat for wildlife,
particu[arlyat high latitudes, appears to be a more
diHkull nlaller. Ellperimen!s in progress in the
James Bay region (Bollulo 1978) may perhaps
contribute to a solution of this problem.

The practice of drawdoll'll poses other prob­
lems, particularly in relation to the spawning of
fish. These are discussed in lhe S«lion on bio­
logical effec"lS.

•

Impound men Is and Waler Qualil)'

ImpoundmenlS may improve water qualily by
allowing suspended material to settle OUl, some
kinds of dissolved material to break down. and
the numbers of bacteria to decrease (purcell
[939). On the other hand, it may haY!:' a dele­
t!:'rious effttl on the water qualily in several ways.
Plant nutrients and ot her inorganic SOIUlCS may be
leached from lhe flooded soil and released b)' the
decay of flooded vegelation. If Ihe area 10 be
flooded has been cleared and Ihe slash burned on
lhe sile, the ash may also aCI as a source of
inorganic solutes. If the watershed has been dear­
ClIt, increased leaching from lhe soil may con·
lribute further 10 the tOlal di~lved solids in the
reservoir. Kelly ([978) has shown the imporlanCI.'
of these faclOrs for the quality of the water in lhe
lakes affected by the Wreck Cove hydroelectric
project in Nova Scotia. In the much larger Slllall­
wood Reservoir in Labrador, considerable quan­
litks of lhe phosphorus were leached from the
flooded terrain {OSlrofsky and Duthie 1978;



(}strofsk) 19781. Tht SoUlhtrn Indian Lake prOJ­
ect in northern Manitoba appears 10 ha,'e caused
changes in w,uer qualilY. including an incrtaSl: in
tOlal phO"phorus. bOlh in the lower Olurchill
Ri,er. lhe nO\' of \\ hlch has been diminished, and
in the Borrn\\ood Rher, the nO\\ of \\hich ha~

been increased (Guilbault et 111. 1979).
Soch additions of plant notrients may lead to

an increaSl: in the populations of phytoplankton
and atlached algae (Fig. 8) and in primary produc­
tion in the affeclw watcrs, bol not necessarily.
OSlrofsky and Duthie (1978) found lhe primary
productivity of thc Smallwood Reservoir to be
higher Ihan lhal of ne<Hby nallll'al lakes. On Ihe
olher hand, al Wreck Cove, Kelly (1978) found no
increase in productivity in spite of the large in·
crease in nlllriclllS; he allribuled this to a concur­
rent increase in turbidity, which decreased the
light available for phOlosymhesis. and absorption
of nutrients on sedirnem particle'>,

To~ic substances may also be released from
ne\\ly nooded soil. In a re<:ent study in North
Carolina Aberllathie and Combie (1977), com·
paring Ihe amounts of mercury in the lissues of
largemouth ba,,~ (MIC'rOplf'rIIS sofmoilJts) from
three impoundments, found Ihatlhe fish from Ihe
newest impoundment contained lhe highest
amounts of mercury, and thoSl: from the oldest
the leasL Similar ob:.enalions were made in a
sllldy of a "aler supply reservoir in Illinois
(Meister et al. 1979), The concentration of mer­
cury in the water remained 10\\, bUi the element
emered the food chaill through the activities of

microorganisms in the soil and e,'emoany found
il~ \\a) into the fish, In Canada, surpri<ingly large
amoonrs of mercury ha,"e recently been found in
fish from the Small\\ood RC"itr"oir in labrador,
and from Southern Indian Lake in Manitoba
follo\\ ing rhe increase in Ihe le"el of the lake as a
re~uh of Ihe Churchill dh'ersion (Bodal)' and
IIedy 1979), although mercury has nner been
produl'td or used industrially in either of Ihese
regions.

Effects such as these are temporary, lIud dimin­
ish as the reser\'oir matures. III small reservoirs il
may be practicable to h;,Slen the process of m;,t­
Ilrtllion by removing the topsoil before the reser­
voir is filled. A study of the effect of topsoil
stripping on walcr quality in IVmer supply rescr­
voirs has been made by scientists at INRS-Eau in
Quebec City (Campbell et 011. 1975. 1976). A
solllewhal similar slUdy on thc effects or various
Saskatchewan soils on water quality was carried
oul at lhe Uni~ersit)' or Saskalchewan (Davis el
ai, 1973),

There are other effeclS of impoundment on
waler qualily. howe"er, \\' hich are persislent, aris­
ing as Ihey do from Ihe struC1ure and manner of
operation of many resen'oirs, In the tetnperatt
regions narural lakes of sufficienl deplh de"elop a
sharp thermal stratification during the summer
months with a warm~ epilimnion separated from
the cooler hypolimnion by a narro\\ thermocline.
When the lake cools during Ihe aUlumn and
winter, the water is first mixed, Ihen develops a
different stratification with the lower water at Ihe

FIG. 1. Sl'IlInd Dam, an earlhfiJl-lravilY dam, and Btl...ood R~'oir.on tM Gnnd
Ri'...r, Ileal' Guelph, Ont., showilllihe dra...down zone (photo by R. M. Huterl,
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FIG. g. Algal growth on submerged vegetation. Southern Indian Lake (courlesy of
Freshwater InSlilute, photo by R. Heckyl.

temperalUf~ of maxil11um density (4"C) and above
il cooler water (down to O°C). In lhe spring, lhl."
watl."r is again mixed, and thl." summer type of
stratification is reestablished. Because till' dis­
charge from a nalurallake is always from its sur­
face, water in a stream leaving a lake is relatively
warm during lhe sUl11mer and ncar tllc frcc'ting
poill1 during the wimer.

A much more ('omplex situation may prevail in
resen'oirs particul,lr1y if watcr is drawn from a
pensto(-k wcl1 below the surface. COll1]Jk.~ sYSlems
of horizontal currerns may thereby be set up such
as are rmely, if ever, found in nalilral lakes. If the
innowing waler is dellser. b~' vinul." of its lempera­
ture or load of dissolved or suspended material.
than is the surface water of the reservoir, it rnay
relain ilS identity for a considerable dislanee
through the reservoir without mi.~ing much \\'ith
the water already Ihere, or even pass directly
through and Ollt, while Ihe waler lying aboul it
moves very lillie. If a thcrrnodine develops il ma)'
be tilted (l\illreIl1959). [flhl." upStrl."am face of the
dam is vcrtical, or ncarly so, a 1ll3SS of stagnant
water mal' accumulale al lhe hOllom of the rescr·
voir againSl the dam face (Fiala 1966). Decom­
position of org;lIlic matter already I)resellt on
f100ded ground, or emering the hypolimnion by
lhe SCllling of planklOnic organisms from the epi­
Iimnion, may lead 10 thc depletion of dissolved
oXl'gen near Ihe bOllom of 11le rcservoir and an in­
crease in Ihe Coneentralion of redUCl'O subslances
such as sulphide, fcrrous, and manganous ions. If
the resltlting poor quality water is thcn discharged
through a 101l'-lcvclllenslOd, it llIay pass many

kilometres down the river before becoming re­
o~ygenated sufficienlly 10 reSlOre its quality. This
is a matter of continuing concern in the rescrvoirs
of the Tennessee Valley AUlhoril}' (e.g. Killrell
1959) and in other warm areas of the USA {e.g.
Hannan et al. 1979).

This situ,uion can sometimes bc reClined itl
fairly small impoundmenls by mixing and Ihcrcb}'
destrlllifying the waler body. The encrgy rcquired
for this can be calculaled since il is equivalent 10
the work Ihal I\ould be done in raising the ccmer
of gral'ity of the stralified waler body 10 Ihe posi.
tion it would occupy if 11le bodl' lI'ere of uniform
dcnsity (Rullner 1963). In Canada. P. H. Bouthil­
lier and his colleagues in the Departll1cl1l of Civil
Engineering, Universitl' of Albcrt3, have been
carrying oul research in lhis subject (130Ulhiliier
and Hrudey 1979).

There \\'ill probably be changes in water quality
in lhe reservoirs of the James Bay project. Pre­
liminary studies have been carried OUI on a small
rescrvoir, and bOth nutrienl enrichmcnt and ox·
ygen depletion have been observed (Soucy [978b).

The withdrawal of hypolinlllic waler may also
arfcrt the thermal characteristics of thc stream
belo\\' lhe dam, causing it to be cooler in SUlllmcr
and wanner in wimcr than waler leaving lhe epi­
lil11nion of a natural lake in lhe normal way. This
matter has received a greal deal of al1clltion in lhe
USA (e.g. Park and Schmidt 1973; Wunderlich
and Elder 1973; Tro~ler and Thackslon [977;
Burt 1974). l\'luch of this work ~hould be applica­
ble in somc degree to Canadian conditions. In
Canada, research relating specifically 10 the ther-



mal behavior of reservoirs under cold conditions
is beginning (R,lhmall 1978). Thc Jamcs Bay
hydroclectric project has provided an impelus to
further studies of this kind (Marcolle 1977; Soucy
1978a, b, c,). Thc effect may be substantial: it is
predicted that the LG 2 Dam 011 La Grande River
will lower the maximum downstream temperaturc
by abOUI 7°e and raise thc minimum by about
2°C, and delay the peak tempcrature by aboul a
mOllth.

The downstrcam cooling can be decreased or
eliminated by artificial destratification (Burns
1977) or by provision of penstock intakes at more
than one level so that warmer or cooler water may
be withdrawn as the situation demands. 11 is tech­
nologically feasible to install a high-level intake
on a complcted dam constructed with a low-level
intake (Peters 1979). The interesting suggestion
has reeenlly been made that it may be possiblc to
tuilize the temperalllre gradienl bet\\'cen I he hypo­
limnion and the epilimnion to generale additional
cnergy by the usc of a suilable heat engine
(McNichols et al. 1979).

Shallow unstralified reservoirs, espC'eially those
on streams fed by cool groundwater, and deeper
reservoirs if they discharge from the epilimnion,
arc likely to have a warming effect, if any, on the
stream below them.

Reservoirs const ructed to provide cooling water
for tllermal ('lectric generilting plants present
special problems. Because these are built where
natural lakes arc not available, lhey arc usually
found in regions where Ihe annual precipitation is
low, strcam 110ws arc intCl'lnil\cnt, and thc con­
cCIHra1l0n of lmal dissolved solids (TDS) in the
Water is fairly high. The TDS may be increased
further by the leaching of salts frOIll the floodcd
ground and by forced evaporalion as a result of
the warming of the water. There is a danger that
downSlream waler quality ma~' be seriously im­
paired. The possibility gave rise to COllCCfll in
Boundary Reservoir at ESlevan, Sask. However,
the effecl of forced evaporalion is apparently
more than compenSaied for by the beneficial ef­
fecl of dilution of poor quality water in the reser­
voir by water of loll' TDS at the time of the spring
runoff, so thalthc qualily of the water below the
reservoir is of fairly conStant alld acceplable
quality lhroughout the year (Allan 1978; Allan
and Richards 1978).

H impounded wilter is used for irrigation and
ultil11lllely rcturns to the river further down­
Stream, its quality may be seriously impaired by
salts and nutrients leached from lhe soil. This is
one of the major Canadian concerns in relation to
the Garrison diversion projecl in North Dakota
(Oclling 1977; Weber 1977).

Thc construction of a reservoir on a river is
oftcn only one manifestation of increased in­
dustrialization and urbanization wilhin its basin.
Consequenlly, il is often accompanied b)' in­
creased loads of industrial and domestic waste in
thc river. The impact of thesl.' will be increased b)'
the reservoir because the reduced current velocily
will cause a reduced rate of oxygenation of the
water and hence a dccreased rate of oxidation of
foreign organic maller. This seems 10 have hap­
pened in Ihe Saint John River (Dominy 1973).

Hydroelectlic plants may be additional sources
of etll'ironmellial contaminanls. This secms to
have happened at lhe Churchill Falls hydroelccnic
project in Labrador, where the concelllra:ions of
polychlorinated biphenyls (PCBs) ill fish taken
below the dam were many times higher than those
in fish taken above il (Musial et a1. 1979). PCBs
werc formerly used as insulaling liquids ill trans­
formers and other electrical dcvices so it is likely
that lhey had l.'scapcd from the generating station
in somC' way, ahhough their precise source is not
yet known.

A litl.'rature review on water quality in im­
poundments, with particular referC'nce to Canada,
has becll prepared by Park (1975). There is also a
useful survey in Kelly's (1978) thesis. The dn'c1op­
ment of simulation models for the prediction of
water qualily changes in reservoirs is proceeding
in variollS parts of the world. Canadian scientists
who have been aClive in lhis field include
Dr P. E. Wisner, University of 01la\va, and
Dr E. A. McBcan, University of Waterloo
(Hodgins et al. 1977; McBean and DeLucia 1979).

Erosion, Sedimentation, and Modirieation
of lhe New Shoreline

The shoreline of a new body of watC'f is exposed
to erosive forces lhal modify it more or less rapid­
ly until an equilibrium is apprOllchcd. The mosl
illlportalll of these forces arc those exerted by
moving water and ice; groundwater may also hal'e
some efft'ct. The ratc and eXtenl of shoreline ero­
sion depend on lhe nature of the material of
which it is composed and the amOUlll of energy
available. Since most of this energy is derived
from lhe wind, the direction, velocity. and dura­
tion of winds blowing over the reseTl'oir and the
lenglh of the fetch are of great importance.

Bank erosion in reservoirs affects their useful­
ness in a number of ways. Since it leads to an
increase in total surface area, it will indirectly
cause art increase in lhe rate of evaporation. Its
most important effect, howcver. is to change thc
SlOrage capacilY. How thc Storagc capacity is
changed will depend on where the eroded material
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comes from and where it goes. If m;lIcrial is
eroded from above lhe maximum waleI' Ic\'cl ima
lhe reservoir, the tOlalsloragc capacity will ab­
\'loIIsI)' be decreased. Transport of malerial from
between tile ma.~inlUm and minimum water Ie-'cls
into dt."q'It'r wain- ... ill fIOt change the 10lal storage
capadl). bUI it 111m increase the usable storage
capaC!l) (e.g. lhe Lake Dkfenbaker stud)' by
Coalleyand Hamblin 1967).

F..rosion also lllay lead [0 the form:uion of
beaches, which may make the reservoir morc
useful for recreation l}urposes.

Engineers and hydrologists have del/oled much
efrorl to the dcvcloprnCIll of formulas fOr the pre­
diction of Ihe extclil of erosion in reservoirs, lak­
ing in10 account both Ihe magnitude of the erosive
forces and lhe muurc of the banI.: material (f.g.
Koodraljev 1966; Kachugin 1966). In Canada,
lh~se principlcs ha~e been applied 10 Lake Diefen­
baker by \'an E\erdingen (undaled). He oon­
c1uded Ihal erosion during lhe early life of Ihe
rtser.oir will cauS( a subslantial decrease in lhe
10tal Siorage capacily, but an increase of as much
as 7,40;', in its u!>able slOrage. Evaporation "ill
also be incrfascd and a 200-111 wide, esscmially
barren nuclualion zone will be produced on both
sides of the reservoir, Wilh corresponding shal·
low$ ~xlending up 10 90 III from Ihe lower waler­
line.

A matler Ihal is of particular concern in Can­
ada is Ihe e...olulion of the shordine of rescrvoirs
on permafrosl. The southern limil of continuous
permafrOSI in weslern Canada is represented
roughly by a line streu:hing from the Omario­
Manitoba border just south of I-Judson Bay 10 Ihe­
ArClie Cirek al the Alaskan borde:r. Continuous
permafrosl in e:astern Canada occurs only in the:
lip of Ihe Ungava peninsula. Discontinuous per­
mafrosl, however, may occur anywhere: north of
an arc running weslward from the eastern tip of
Labrador 10 thc southe:rn tip of James Bay, thcn
northwestward 10 lhe: 60th parallel aboul where:
British Columbia, Ihe: Yukon, and Alaska mrtt.
Consequemly, lhroughout a considerable: part of
Ihe oounlry Ihere: is a possibility Ihat permafrost
may be present. At kast one: proj«"t, Ihe
Churchill-Nelson de\'elopmem in Manitoba, al­
ready invoh'cs the: flooding of larae: areas of per­
marrosl. and probably more: such projects will be:
undertaken in the future. (There is lillie or no
permafrost in the area of the James !lay projecl.)

The evenlS thaI ensue when permafrost is
nooded have been sludicd by Newbury and his
colleagues (Newbury and Malahrr 1972; Newbur~'
rl al. 1978) at Southern Indian Lake in northern
ManilOba. The level of lhis lake was raised aboul

2 m as a consequence Oflhe Churchill River di,'er·
sion. flooding about 600 km l of adjaecnl lerrain,
involving about 2900 km of shoreline. The sitr lies
on the Canadian Shield, and pari of lhe shorelinr
consisls of bedrock, bare:, or co\ered wilh all
organic layer. A large part of ii, however, consiSIS
of fine-grained varved clay. mostly CO\'ered wilh
an organic la)er, Permafrost occurs in much of
Ihis region.

When the water level was raised, erosion of the
shoreline proccedrd vcry rapidly. Typically, a
notch appeared III the water's edge, above and
brlow the walcrlinr, as a rrsult or thr combinrd
efrecls of mechanical rrosion by waves and mrll­
ing and liqurfaelion (solinurtion) of the frozen
day. As the notch grew deeper, the undercut soil
abo\r it, along wilh Ihr Irees and olher vegelation
on it, slumped inlo the lake and Ihe process was
repealed (Fig. 9). In some areas, lhe shore:line
receded as much as 12 III in a single season, releas­
ing into the "'ater aooUl 20 m' of malerial per
melre of shordine. There is a striking contrast
bel"ccn lhese slumped shoreliOl:S and nel\ shore­
lincs on bedrock" hieh I,ere partly cleared before
flooding and are almost indistinguishable from
natural shorrlines. Ahhough Ihe process or ero­
sion will be slowed somewhat by lhe prolcelivr
aClion of Ihe barrier produced by the fallentrers,
it appears that il will eOlllinur unlillhe shoreline
rece:des 10 bedrock or becomes paved Wilh gravel
and boulders.

This is a n(\\ field of n:search as tht very eXlen­
sh'e: studies on permafrost in Canada (e.g. Bro" n
1970) ha\t nOt oonsidered Ihe problems associated
wilh reservoirs. Further research in Ihis field
should be ghrn e\ery encouragemenl, if the: con·
struction of h)'droelrctric installalions is to con·
tinut 10 move northward.

Much of thr northern part of the USSR is in the
zone of prrmafrosl and a grral deal of work on
enginerring projects, including resrn'oirs, has crr­
tainly been donr in lhal eOUlilry. Howr\'er, Cana­
dian conditions art significantly differenl from
eondilions ill the USSR. MoS! of Ihe Canadian
arelic was glacialed during lhe Ple:istocene:. Under
Ihe ire Shffi, there was a rtlali\ely thin layer of
permafrOSl, much of which was dissipated under
Ihe e}(trnsive areas of nooding Ihat occurred as
Ihe ice rrlreated and did nol refOflll umil Ihis
standing water recrded. A large part of the Soviet
arctic was nOI glaciated and a much thirker layer
of permafrost was produerd and has persisled.
The permafrOSl lone rxtends further south in Ihe
caSlrrn hemisphrre lhan in the wrstcrn, and the
layer of un frolen soil lying abovr il is lhicker. The
proble:ms which Canadian engineers must face are



FIG. 9. Erosion .nd sJumpinl or IX'" UlorC'li!X' OIl ~rmafrost. SolJth~ Indian
Lak~ (rouncs) of Frcshwat~r Inilllut~. phOtO by G. McCullough).

therefore somewhat diff~rent from Ihose ron­
fronting Ih~ir Soviet counterparts.

Sedimcllt:l1ion, like erosion. i~ of immediate
concern to reservoir engineers because of its influ­
ence on the storage capacity and userul life of
reservoirs. A revie", of this topic, with particular
reference 10 Canada, was written in 1973 and is
readil} available and generally \"alid (Wiebe and
Drennan 1973), so onl)' a brief outline of some of
Ihe main points seems 10 be n~ed here. The
amount of sediment carried by a Stream depends
on Ihe amount of sediment entering it, which, in
turn, depends on the sile and nature of Ihe water­
shed and the type of land-usc within il. and on the
capacity of the stream to carry it, which depends
on the velocity and turbulence of its flow. When
the rate of flow decreases, the sediment will be
deposited according to its size, but in reservoirs
(as opposed to natural lakes), the spatial distribu­
tion of the malerial will be greatly influenced by
the praclice of drawdo",n because sediment de­
posited "'hen the water level is high will be eroded
away again and deposilcd elsc",here ",hen the
water le\'el is lowered. Unlil reeently, there has
been liule information available in Canada on
rates of loss of Storage capacity or reservoirs as a
resull of sedimentation. In one inSlanee, the reser­
voir formed by the Bassano Dam on the Bow
River in Alberta, the ~torage capacity was reduced
from 34 X 1()6 mJ to II X 1()6 ml in about 60 yr
(1911-1970). Techniques for colleeting and pro­
cessing data hal'e been considerably improved ill
subsequent years (K. Wiebe personal communica-

tion). but the main conclusions of lhe 1970 rcvie'"
still stand, namely:

I. Therc is still no way of prcdicting the pattcrn
of sedimcntation in a reservoir before it is
buill. cxcept in a very general way.

2. The best ways or minimizing sedimenlation in
a reservoir are by a judicious selection of lhe
site and the control or erosion in the water·
shed. This invohes, for example, SC'lecting a
site '" ith the lowest possible SlTeam gadiem
(Kerr 1973) and encouraging careful agricul­
lural practices within the walcrshed. In some
places the construction of roads I\,ithin the
watershed has increased lhe sediment load of
stream~ I'ery substatllially (Anderson 1974).

Scdimelllation in reservoirs has othcr conse·
quences besides the loss of storage capacity, Sedi·
mentation and delta fOrmal ion in Ihe upper part
of a reservoir, known as aggradation in Ihe back­
water 1.one, raise lhe water le\el and may cause
"ooding if the banks are low (Kerr 1973). Allhe
same time, the opposile process, koo"n as degra­
dalion, may occur in the sITeam bed below the
dam, as the stream picks up a neu' load of sedi·
menl 10 replace what was dcposited in the reser­
voir. As Ihe finer material is washed away the bed
becomes paved with heavier nonmovable material
so that bed crosion stops (Hanll11ad 1972). !lank
erosion may then occur, increasing the meander
of the stream and sometimes leading 10 damage to
the banks which may require eXlensive remedial
measures (Kerr 1973).
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Research on these topics in Canada includcs
study of aggradation and degradation associated
with Lake Dicfenbaker, carried out during the
International Hydrological Decade (Anon. 1975)
and a 5·yr study of changes in channcl mor·
phology below Deer Creek reservoir in south·
western Omario (Burna and Day 1977).

Although il is usual for reservoirs to act as traps
for sedimems, discharging clearer waler than they
receive, this is not necessarily true for new im­
poundments on highly erodable material. Bank
erosion following the raising of the water level in
SOUlhern Illdian Lake has produced large quan­
tities of sediment (Fig. 10), thus probably increas­
ing the amount in the streams leaving il. The
water has an opalescent appearance, due presum­
ably to thc presence ill sllspension of extremely
fine material, which must Stllie OUI vcry slowly if
at all.

The construction of a tidal barrage for polI'er
generation in the Bay of Fundy will be associated
wilh a new sct of problems. Some of these have
becn discussed by Amos (1977). Sedimcnt is nOt
only carricd seaward by rivers, but landward by
tidal currents, so sedimentation will be expect cd
to occur on both sides of the dam. Observations
on the Windsor Causeway, which is in effect a
dam across lhe estuary of the Avon River, indi­
cate lhat extensive and rapid siltation call occur
on lhe seaward side- of such structures, leading to

the formation of extensive mudnats.
The material carried in suspension by running

water is an extremely compkx mixture of particles
of various types of clay and other inorganic
material as well as organic detritus derived from
terrestrial and aquatic organisms. These COIll­
ponents intcract with each other in VllTiOllS ways
(c.g. Hyne- 1978; Jackson et al. 1978; Thomas
1969). A variable but significant fraction of thc
total amounts of nutrients in the watcr may be
associated with suspended material and removed
from the water when the sediment seules (Gill et
al. 1976; McKee at al. 1970; Schreiber and Rausch
1979).

Other substances, such as pesticides (Pionke
and Chesters 1973) and metal ions (Frenet~Robin

and Oltman 1978; Pita and Hyne 1975) may bc
absorbed OntO the particles and removed in Ihe
same way. Reservoirs therefore act as traps for a
varicty of imponalll chemical substances. Some
of these can probably be returned to thc water as a
result of changes in the pH. redo.x potential, or
Olher characteristics of lhe sediment, but more
information is nceded before the cfrects of reser­
voirs all thc nutrient dynamics and environmental
toxicology of aquatic ecosystems is thoroughly
understood.

The biological consequences of reservoir sedi­
mcntation are discussed below in the section on
biological effects.

FlO. 10. Plumes or sediment rrom newly nooded ground. Southern Indian Lake
(courtell' or Freshwater Institute, photo by G. McCullough).
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Downslream Effects or Changes
in the Flow Regime

The imposition of It new and in some respects
unnatural pallern of variation in water levels can
ha"e effects below the dam that are at least as
dramatic as those abo,-e it. The changes that may
occur are of two kinds: an increase in the diurnal
variation of now, and a decrease in the annual
variation. The former resul1s from variations in
the amount of water passillg through the: turbines
in response to diurnal variations in the demand
for power. This may lead to large and rapid
changes in thc water k"el downstream, which can
b( very destructive to aquatic organisms (Fisher
and laVoy 1972; Ward 19763, b), inducc changes
in Ihe morphology of Ihe strcam channel. impede
access to downstream islands, and impair the
usefulness of the stream for such activities as
boaling, allgling, and swimming.

The longer term or annual changes are the
result of the storage of water at times of high
natural flows and its gradual rekase throughout
the rest of the year. This may induce changes hun­
dreds of kilometres b(low the dam. Degradation
and aggradation at the mouth of tributaries arc
often observed. Abolition of high flows in the
main stream when the tributaries are in spate
increases the now velocity in these near their
mouths, with consequent degradation of their
channels. At the same time materials deposited in
the main stream by the tributaries can no longer
b( swept away, leading to the formatioll of bars
and deltas, which e"entually become stabilized by
the growth of ,'('getation on them. Such changes
ha"e been observed in the downstream portion of
the Peace Rh'("r since the construction of the
W.A.C. Bennell Dam (Kerr 1973; Kellerhal1s and
Gill 1973).

This dalll had an even more dramatic impact on
thc Peace-Athllbasea Delta. Because lIlost en­
vironmentalists would probably agree that this
was the most serious unplanned consequellCe of
the construction of a dam that has occurred in
Canada, and bttauSC' it provides an almost clas­
sical example of its kind, it is worthwhile to OUI­
line what happened. More detailed accounts are
readily available (Anon. 1972, 1973, 1974). A
study published in 1962 when construction of the
dam was just beginning foresaw changes in the
delta, but the authors did not offer any predic­
tions as to the nature of these (Anon. 1962). The
delta is largely a great marsh or series of marshes
interspersed with lakes and ponds of various sizes.
ikfore Ihe dam was built, it persisled in this state
bttausc il was nooded almost every )'ear so that

vegetation characteristic of dricr grounds was
unable to establish itself: it was a typical pulsc~

stabilized ecosystem.
The hydrological situation ....'as complex. The

Peace River, passing to the north of the delta,
contributed lin Ie to the annual ncoding, but the
nood waters of the Peace served to block the exit
of the Athabasca, emering from the south, the
waters of which caused the actual nooding. Short­
ly after the dam was dosed. il was observed that
the delta was drying up and that dry-ground
~egetation was b(ginning to establish itself. This
....·as an immediate cause of concern because the
residents of the area (mostly Cree, Chipewyan,
and Metis) depended largdy on trapping aud
fishing in the delta for- their livelihoods.

There was some uncertainty at first as to the
importance of the dam in bringing this about
because of lower than average precipitation for
some years previously. II was eventually con­
cluded that the dam was at least a major con­
tributing factor. After consideration of various
possibilities, a weir was construCted which, it .....as
hoped, would allow the original conditiOils to
restore themselves. Although it is probably $lin
too early to judge whether this has bttn entirely
successful, the results so far appear encouraging.

This example is instructive bttause il indudes
many of the features often associaled with en­
vironmental impacts of damS. The cfrcCI was rar
removed in space from the dam: it was not im­
mediately obvious that the effcct was caused by
the dam and nOt by SOmething else (in this case, a
decrease in precipitation) which happened to
occur althe same time; and the effCi,:t (lhe drying
up of a marsh) was one that, in another situation,
might .....ell have been considered desirable.

Deltas appear to b( particularly vulnerable to
the effects of alterations in the now pallerns of
rivers entering thcm. Regulatiun of the Mackenzie
River would probably produce rather extellsive
changes in its delta (Gill 1971, 1972, 1973, 1975:
Gill and Cooke 1974; Kellerhalls and Gill 1973).

EslUaries too may b( innuenced by the regula­
tion of their rhen, and effects may be produced
for some diStance away in lhe ocean (Elliott 1976).
Estuaries are ecotones between fresh and salt
water, h)'drologically complex bttause they arc
zones or interaction between freshwater carried
seaward by rivers and salt water carried landward
by tides (e.g. Fischer 1976). Recause of this, they
are rather sensitive to disturbance: for example,
fairly extensive changes have been induCC'd by a
relath'ely small disturbance of a British Columbia
estuary (Pomeroy and Stockner 1976). They are
highly produeti"e of many forms of life, including
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a number of organisms of great commcrcial im­
parlance.

An al;count of four importam Canadian es­
Illades and a discussion of the problems involved
in their management has reccmly been publishcd
(Fox and Nowlan 1978).

The influence of the St. Lawrence River on thc
oceanographic characteristics of its gulL and evcn
bcyond, has recently been discussed (Sutcliffe
1972; Sutcliffe ct al. 1976; Trites and Walton
1975) and the probable effects of its regulation
havc been poillled out (Hassan 1975; Neu 1975).
There is evidence that some changes have already
occurred (Sutcliffe 1973). Concern has been ex­
pressed regarding the changes that might ocrur in
the Sirait of Georgia if the Fraser River in B.C.
wcrc regulatcd (Geen 1975).

Much of the concern aboulthese regions relates
10 possible effects on fish, which are discussed in
thc section on biological effeclS. However, one
other possible consequence of regulating river
flow may be discussed, namely, the possibility of
downstream climatic changes. Gill (1971) has
shown that the spring breakup of ice in Ihe lower,
more northerly parts of Ihe Mackenzie River is
hastencd by the spring floods, which, by Iheir
hydrostatic pressure, crack the icc and alloll' water
10 flow up and over il. Less radiant cncrgy is
reflecled by lI'et ice than by ice covered with snow,
so the rate of heating and mehing is increased. Hc
has suggest cd that any reduction in Ihe height of
the spring floods might well cause a significant
delay in the coming of spring along the lower
Mackenzie and in its deha.

Even more dramatic consequences of Ihe reg·
ulation of large northward-nowing rivers in high
latitudes have been suggested. Aagaard and
Coachman (1975) have discussed the possible
results of regulating the flow of freshwater into
the Eurasian basin of the Arctic Ocean. They sug­
gest that this might alter the stratification pallern,
leading 10 increased mixing, an upward transport
of heat, and the disappearance of a significant
amount of icc from this area. Since plans arc
being drawn up in the USSR for lhe regulation of
the Ob, one of the largest riversemering the Eura­
sian basin (Rich 1976), these speculations are of
more than theorctical interest.

There is almost no previous expcrienee to serve
as a guide hne. since until recently no one has
regulatcd a large river !lowing northward to the
sea in high latillldcs. The James Bay project in­
volves the regulation of La Grande River and the
diversion into it of most of the flow of the East­
main River. Both of these rivers flow westward
into James Bay. It also involves Ihediversion into
La Grande of about a quarter of the flow of the
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Calliapiscau River which flows nOrlhward into the
Koksoak River and hence into Ungava Bay. It will
be interesting to sce what effect, if any, this will
have on the oceanography of the Ungava Bay
region.

The Caniapiscau diversion will only increase thl'
total amoulH of freshwater l;'lllering James Bay by
6.5070 (5. J. Prinsenberg unpublished data). A
lJIore important effect of the projecl will be to
change the seasonal pallern of innow by greatly
increasing the flow during the winter. This will
undoubtedly change the pallern of surface cur­
renlS (Peck 1977; Prinscnberg unpublished data;
EI-Sabh and Koutitonsky 1977), but the wider
consequences for the oceanography of James Bay
and Hudson Bay are nOI yet known. Also un­
known arc the possible oceanographic effects of
the Churchill-Nelson diversion on the weSI side of
Hudson Bay, and Iheir possible interaction with
the effects of the James Bay projecL

When a reservoir is being filled, the stream
below it may be almost completely shut off for a
time. lfit is ncar thc sea. salt water may be carried
by tidal action for some distance up Ihe rivcr to
the detriment of the nora and fauna. Engineers in
high lalitudes enjoy an advanlage over their col­
leagues in warmer regions because Ihe extent of
saltwater intrusion lJIay be reduced by delaying
the closing of Ihe dam until Ihe lower river has
frozen, providing a partial barrier. This policy
was followed on LG 2, the largest impoundmel1l
on La Grande River.

The diversion of water from one river 10 an·
other has effects on both strcams, depending on
the relative decrease and increase in the respective
flows, the nature of the terrain, and the prevailing
climatic conditions. A valuahle review of this
topic based on a study of 11 Canadian interbasin
diversions has recently been published by
Kcllerhalls et al. (1979). The effccts on the de­
pleted stream arc similar to those induced by
reducing the maximum now. An important effect
in high lalitudes is the formation of channel icings
if the flo\\' is shalloll' enough, where deep accumu­
lations of ice may spread over the noodplain. The
possible effects along the diversion channel in­
clude greatly increased erosion with consequent
increases in the sediment load, which may be
deposited further downstream. The magnitude
and characler of these effects can be predicted
only 10 a very limited exlent.

A tidal powcr plan in the Bay of Fundy would
have various oceanographic cOllscquences which
cannot be predicted in detail at the preselll time.
The pallern of stratification and mixing in the
affected arca would be altered (Garrett et al.
1978). Moreover, the tidal regime in the Bay of



Fundy and the Gulf of Maine- (which ap~ar to
behave as a single system) is controlled not only
by the approximately semidiurnal tidal period,
but also by the natural oscillation period of the
system, Hcnce a tidal barrage, by chauging thc
lenllth of the system, would chanlle its nacural
period and henl:c thc pattern of resonance be­
twccn this and the tidal cycle, with changes in the
tidal regime that might be perccptible as far away
as Boston (Greenberg 1971).

This is another area in which there is lillie
foreign operiena: to prO\'ide guidance. Thc only
tidal power plant in operation at present is in
FranCC', at La Rance near SI. Malo. Some studies
have bttn made in relation to a proposed installa­
tion on the Severn r:;.Stuary in England (e.g.
Robinson 1978).

Biological [Heels of
Dams and IlIllloundmenls

Thc biological effects arc many and complex,
both above and below the dam, aud have given
rise to much concern in Canada as elsewhere.
Various aspects of the problem in Canada have
been discussed previously by Breit (1957), by Ihe
contributors 10 a symposium on the effects on
fisheries of human activities in general (Larkin et
al. 1959; Miller and Paetz 1959; Pritchard 1959;
Vladykov 1959), in a lecture by Larkin (I972), in
two reviews by G«n (I974, 1975), and for four
important species (lake whitefish, COrf'golws
c{apea/ormis; northern pike, £Sax II/rillS; yellow
walleye, Slizosledion l'irrf'um vilreum; and lake
trout, Sa{I'l!linus Ilamo)'C/lsh) in a series of
bibliographies and literature reviews by Machniak
(1975).

It has long been known that fish populations
are often very large in new impoundmenlS during
lheir first few years (e.g. Ellis 1941). II has been
claimed that the effecl of the activities of the
Tennessee Valley Authority (TVA) on fisheries in
that region have been wholly positive (Wiebe
1960). The great impoundments of the USSR
(Zhadin and Gerd 196) and Africa (Ryder and
Henderson 1975; Goodwin 1976) have provided
important new fishery resources for their respec·
th'e rClions. In Canada, Lake Diefenbaker has
provided opportunity for sport fishing in a region
where such opportunities .....ere scanty before the
reservoir was eonslrucled (Richards 197j).

In all regions mentioned above, however, the
fish invo!\'ed have been nonmigratory species. In
eastern and westem Canada, anadromous fish
(i.e. those that are halched in freshwatcr and
spend their adult lives in the sea), cspecially

various species of salmon (Sa{mo and Oll(:orhyn­
chas), are an important resource and the effects
of dams on stocks of lhese species is almost cer­
tain to be deleterious unless special precautions
are laken.

In Canada there seems, until recently, to have
been little interest in developing new commercial
fisheries (as opposed to recreational fishing) in
new impoundments, probably because the fishery
resources of our many natural lakes have b«n
adequate to meet the demand. The emphasis
appears to have been on maintaining existing
resources in walers that have bttn modified by
damming and flooding. A recent plan to eslablish
a commercial fishery in lhe Smallwood RC'SCfvoir
in Labrador suUeslS thatlhis emphasis may well
shifl in the future.

The rapid increase: in fish populations often
obser\'ed in new impoundments is probably the
result of a number of causes. The increase in
reproduction ratt' by the provision of secure
spawning sites and the protection of young fish
against predators by the vegetation in lhe flooded
area is probably one. The increased provision of
food is another. When a stream is impounded, the
decreased now ratc allows a population or phyto­
plankton to develop, which is further enhanced
by an increased suppl)' of nUlrients leached from
Ihe nooded soil and vegetalion. This is followed
(or accompanied) by an increased population of
zooplanklOn, and so on up the food chain. The
benthic population also increases, utilizing Ihe
resources of organic mailer provided by nooded
\'egelation.

Considerable work has been done in Canada on
the development of the algal and invertebrate
populations of new impoundments. Laberge and
Mann (1976) have studied the phytoplankton of
MaClaquac Reservoir on the Saint John River.
The University of Waterloo has been a center for
such rcscarch wilh work by "lynes, Fernando, and
their colleagues on benthos (e.g. Fernando and
Galbraith 1973; Paterson and Fernando 1970;
Spence and Hynes 1971a, b), and Duthie and his
colleagues on plankton (e.g. Duthie and Kirton
1969; Duthie and Ostrofsky 1975; OSHofsky and
Duthie 1915; l)uthie 1979). Valuable .....ork has
also been done in Ihe Kananaskis Reservoir in
Alberta by Nunall (1952, 1969).

Not all the species of fish originally present in
an impounded stream will thri\'e; some may be
e1iminaled altogether. The case of the snail darter
(Perri"a ta"osI). a small fish found only in a
streich of Ihc Linle Tennessee River. has become
famous (e.g. Kinkead 1979). 1k(ause this species
would almost ccrtainly have been exterminated if
its habitat had been nooded. the complelion of
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IhrTc:llico Dam just downstream from its habitat
was dela)'«1 for M"\'cral yean. The freshwater fish
fauna of Canada is much poorer than thaI of the'
United 51111:5. so it .s«ms unlikely thaI a com­
parable situation will occur here, but the danger
of the diminalion of a "alliable spedes from a
panicular area still exists.

Comparatively little research has Ix'en done in
Canada on these maucrs, bUI from the general
literature on the subject, reviewed by Machniak
(1975) the following problems can be discerned.

Druwdown can be very destructive to popula·
tions of fish lhal spawn in shallow water if lhe
operaling rcgime is such as 10 lay Ihese areas bare
when the l1e~IS con lain eggs or small fry. $orne
SUCCCSli has been achieved in other CQUllIfieS in
reducing the damage dOlle by providing floating
spawning platforms (Zhadin and Gerd 1963) or by
the construciion of subimpoundments that re­
main filled wilh water when the reservoir is drall n
down (Grim£s 1965),

The opposite erfect, lhe raising of the I~'el of
Ihe Wiuer ol'er habitual spawning grounds, may
dismurage reproduction in soml' species. al­
Ihough Cuwier (1954) found in Lakl' Min·
ne"'anka, Aha .• that lake !fOUl conlinu('(i 10

spawn in thl'ir accuSloml'd places l'Vl'n aftl'r Ihl'
waler k:vl'1 had b«n raiSl'd.

Chango in thl' SC'asonal lemperature paUern
following impoundment may changl' Ihl' lime of
spawning to thl' delrimenl of some species. 'I his
possibility is being in\eSligall'd in Southern Indian
Lake by scientiSlS from the Freshwater InslilUte.
Winnipea·

If much sedimenl is released inlo the impound­
me1\l, Ihe effect will almost certainly be detri­
menial. AI very high suspended sedimenl loads,
adult fish are killed because Iheir gills become
clogged. At much lower eoncentralions. many in­
verlebrales. including species imporlanl as food
for fish, will die or alle1l1pl 10 mov!:' oul of lhe
affected area. Hynes (1973), in a useful review of
Ihis topic. has concluded that loads grealer lhan
aboUI 80 mgll. 3re likely to be harmful. Rosen·
berg and Wiens (1978) found Ihal addition of a
few mgll. of suspended sediment to a stream in
the NorlhlVcst Territories caused a significant
increase- in the drift of several species of macro­
benthos,

Deposition of silt can cause greal damaae to
sessile bel1lhic inl'erlebrates and to the eggs and
young of certain species of fish, especially those:,
such as cC'rEain salmonids, that spawn in rl'dds in
gravel. Deposited silt is likely to interfere .. ith Ihe
circulalion of the water lhrough Ihe gralel, caus­
ing suffocation (Hynes 1973). This topic is also
being invesligaled al Soulhern Indian Lake

"

IO.here, as was previously nOted. lhl' sill load is
very high.

Another danger to "hich fish are subjet:led in
reservoirs is deoxygenalion of waler. The unusual
longitudinal profile of most reservoirs. with Ihe
deepest Wall'r lying JUSI ~hind Ihe dam. favors
th(' accumulation of a layer of slagnan1 bottom
water in lhis part, This may becoml' deoxyge­
nated. especially in new impoundmenls where
flooded soil and vegetatioll l'lIens a considerable
oxygen demand. If, for SOllie reason, this waler
becomes milled with the upper watcr, thecffe<:t on
fish may be disamou.~ (Ellis 1941),

The populalion of fish !larasites may be in­
creased as a result of impoundment. This problem
in Canada has been discussed by Lawler (1970)
wilh spt':cial rl'ference to lakc whi1efish. although
the general principles involved should be appli­
cable 10 other specks. Thl' faClors invoh'('d are
not dl'arly underslood, but include changes in Ihl'
relati\'c abundance of various species of fish.
changes in thl:ir f('("ding habits, and increase in the
numbers of lhe species of looplanklon Ihat are
in1l'rmediate hoslS of lhe parasites, If a project in­
volved di"('rsions of riv('rs belween watersheds,
there would bl' serious danger Ihal parasiles might
bl' introduced inlo regions Ihat have prl'Vious!y
been frec of Ihl'm, as pointed OUI for Brilish
Columbia by UndSl'Y (1957) and for cerlain
Yukon ri\'ers by Arlhur el al. (1976). This is one
of Ihe possible undesirabll' consequencn of Ihe
Garrison dil'('rsion (Weber 1977).

Div('rsions may also inlroducc objectionable
species of fish to watl'fS whcrl' lhcy were not
found bl'fore. !O the possible delriment of desir,
able specil'S (Weber 1977; Loch C1 al. 1979),

In lhl' Mari1imcs, small impoundmems have
been constructed on coastal streams for the spe,
dfic purpose of providing habitats for AIl<llltic
salmon (Sa!mo salttr) and brook IfOul (Sa/I'e/inIiS
JOllliI1I1IiS). Saunders (1960) and Smith and Saun­
ders (1%7, 1968) hal'e dl'scribed the effects of one
such impoundment on Ellerslie Brook, P.E.I. The
nlo"emcnt of thl' fish was modified 10 some
degree. but no sUSlaincd incruse in yield oc­
curred.

EJuensil'c changes in biOla are frequently ob­
served bl'low dams. The physical changes respon­
sible for thl'se havl' already b«n discussed. They
include increased ShOrE-lerm and decreased long­
lerm fiucluations in the water 1l'Vl'I. increased
lransparency resulEing from sedimenlatioll in Ihe
reservoir, and changes in the lemperalure regime.
If the resen'air is dcep enough 10 stratify, and ifit
discharges from Ihe hypolimnion. the down­
str('am I('mperature will be lowered and the lime
of ma~imum lemperalure delayed. With shallow



reservoirs or lhose discharging from the epilim­
nion, lhe lempt:ralUre may be increased. There
may also be an increase in lhe amounl of organic
delritus derived frolll planklOn in the reservoir. II
is nOl always easy 10 disenlangle the effecls of
thest" various faclors.

Ward (1976a) reviewed 13 studies (10 in lhe
USA and 3 in Canada) on lhc effects of changes in
lhe flow regime on bemhos. The diversily of lhe
bel1lhos was commonly deweased, bUl the sland­
ing crop increased about as often as il decreased.
The specit"s composition often changed COll­
siderably. Increased constancy of flow usually
increased the Slanding crop. An increase in lhe
long-term constancy, by providing a stable sub·
st rate, can increase the standing crop even lhough
lhe shorl-term conslancy is moderately decreased.
EXlreme shan-term fluctuations, however, are
very deslructive to many spt:cies (Fisher and
LaVoy 1972; TrOllky and Gregory 1974).

Lehmkuhl (1972,1979) found decreases bOlh in
diversily and biomass of insecl larvae in the South
Saskatchcwan River below l.ake Diefenbaker: this
effecl could be observed as far as 110 km down­
stream. Hc allribuled it to lhc cooling effecl of
hypolimnion discharge. Spence and Hynes
(197Ia) found changes in lhe species composition
of the benthOS below a dam on lhe Grand River in
southern Ontario. Some of lhese seemed 10 bedue
10 lemperalUre changes, bUI other faClOrS playcd
a pare an increase in parliculale organic maller
favored detrilus feeders, and an increased growlh
of auached algae favored spede_~ that live and
feed on these.

Certain species of insects appcar to bc par­
ticularly sensilive to allerations of the thermal
regime because Ihe various slages in lheir meta­
morphoses are triggered by temperature changes:
if these do nO! occur, or occur al Ihc wrong lime,
Iheir life cydes witl be disrupled (Ward 1976b:
Gore 1977). This maller is of praclical impOrLance
because many of the susceptible species are impor­
tant as food for fish.

Fredeen (1977) has described some of the
changes thaI have occurred in the Soulh Saskatch­
ewan River below Lake Diefenbaker. The in­
creased clarity of the water has led to e.'lensive
increases in the growlh of auaehed aquatic plants,
espcdally filamentOllS algae. Mon,: surprisingly,
Ihe blaekny species Sillllllilil/l (lrcficllm has been
almosl completely replaced by two other spedes,
S. lugged and S. l'ilftlllllll.

The divcrsily of fishes is oflell reduced below
impoundments. Spence and Hynes (197Ib) ob­
served that four species lhat occurred above the
dam were absent below it. These were all southern
species so the effecl seems to have been due to

cooling. In warmer streams, such as some of the
rivers regulated by the TVA, below-dam lempera­
tures have been reduccd sufficienlly 10 allow
salmonid populalions to develop in place of the
less desirable species that were therc before
(Wiebe 196O), blll such benefits seem unlikely in
lhe cooler Slreams of Canada.

/<. decrease in turbidily as a result of the deposi­
tion of suspended sediment in Ihe reservoir may
favor an increase in primary produClivity and a
consequent increase in food supplies for fish, but
may also expose lhem 10 a grealer risk of preda­
tion. The nel effecl of lhese changes is difficuh 10

predicl (Oeerl 1974).
Depiction of oxygen and lhe consequent in­

crease in the concentrations of reduced chemical
species such as manganous and sulphide ions can
render Ihe hypolimnie water very dangerous to
downslream life (Hagan and Roberts 1972). The
effeci can be disaslrous if lhe waler is used 10
supply a fish halchery (Oglesby et al. 1978). Ex­
cessive cooling of the water can also do greal
damage to young fish in hatcheries by making
lhem more susceptible 10 infections (Hagan and
Roberts 1972).

When water mixed with air passes Ihrough lUr­
bines, or when water plunges over a spillway
carrying entrained air 10 a considerable depth, it
may becomc supersalUraled with gases, especially
nilrogen. If these come out of solution within lhe
bodies of fish, the resulting bubbles may cause
morc or less scrious injury, or death, depending
on lheir localion (gas bubble disease) (Fig. II).
H. H. Harvey of the University of Toronto is a
recognized expert on gas bubble disease and
recenlly published a review (Harvey 1975). In lhe
United States, gas bubble disease has been ob­
served in salmon in lhe Columbia River on a scale
sufficient 10 calIse considerable concern, and al
least threc reviews hal'e been published recently
(Boyer 1973; Rucker 1972: Stroud el al. 1975),
Supersaturation in lurbines can probably be
decreased or eliminaled by modifying the air val\'e
sySlem (Ruggles and Watt 1975), and super­
saturation below spillways by judicious spillway
design (Smith 1974: Smith 1976). Government
policy in Canada has not permiued the conSlrue­
tion of dams on imporlalI1 salmon Slreams all the
west coaSl (Harvcy 1976) so Ihe problem appears
nOl to have been serious there. II has occurred in
Atlantic salmon 011 lhe Saint John River (l\bc­
Donald and Ilyatl 1973).

If increasing cncrgy nceds make it necessary 10

change thc exiSling policy and pcrmit the usc of
salmon rivers for hydroeleclric development,
serious problems will arise. Some of thesc !la\'e
been menlioned above. Howcver, anadromous
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FIG. II. l:Jlophlhalmia in rainbow 1I0Ul (So/mo glJiroMf1) caund by I" bubble
disuse (photo roUrll:SY of H. H. Hlfv~,.

fish havt Ihtir o\\n panicular probltms. Thty
rtturn from Iht St3 10 Iht SlTtams in which lhty
art halchtd. Thty find lhcir way back b)' follo\\·
ing subllt olfaclOry lind laclilt clues. Somt sp<'­
cies, including all sptCks of Pacific salmon, do
not fted onct lhe migralion 10 tht spawning
ground has btgun.

These givt riSt 10 lht following pnn:l;eal con­
sidtralions, If a Slream is blocked, t\'tn temporar­
ily (if lhe blockage lam for a period equal to or
longtt than the IXriod of sojourn oftht fish in tilt
sta), the fish stock of the stream may bt errcctive­
Iy wipt:d out. If a stream is partially blocktd, the
clucs leading to the spawning ground may be
obscured 50 that the fish are delayed and may
perish berore reaching their dtstination. If a rescr­
voir is built on their route, Ihey may seck the
cooler, dCC'p<'r water and ~ unable 10 find their
way out again. Engineers havt dtvOloo a great
dtal of efforlto the dtsign of Slructures to p<'rmit
fish to pass dams and olhtr obstacles. A book is
a\'ailab1e dealing wilh lhis wilh panicular refer­
ence to Canadian conditions (03y 1961). How­
e\'tr, thfft apptars to be disagrtcmenl among
fishtriu tXp«ls as 10 tht compatibilily of dams
and andromous fish. It has betn said lhat "[tht)
probltms , .. 311 can bt solvtd if tnough tffort is
madt" (Collins 1976) but also that "Iikdy lht
salmon populations upslTtam of a Moran-tyJK'
dam Ion lhe Fraser Ri~rJ could not bt saved"
(Geen 1974). In somt inslances in Canada the pro-

vision of an unsupervised fish-ladder has only
made poaching easier (Sc'OIl and Crossman 1973,
p. 281-282; The Spectator 1911).

On the Saint John Rh'er. the practictofcaptur­
ing fish below dams and laking them upstream for
release has mtt with some success. Uowe.'tr. if a
large numbtr of fish arrive during a short period
of timt, the practical and economic problems may
be 5t'Vtre. Young salmon goiug down to the sea
are liktly to suffer considtrablt mortality if they
pass through turbines. In Nova Sc01ia, louver
deflectors havt been fairly erreclive in guiding
Ihtm alVay from lhc turbines (Ducharme 1972).
On the Saint John River a hatchery has been
established below the Mllctaquac Dam to pro\'idc
smolls to rcplace Ihose killed in the turbines and
lost in other ways (Ruggles and Wall 1975).

Dams also obstruct the movemtnt of catadro­
mous fish (those that are hatched in tht sea and
spend their adull lives in freshwater). The only
commercially important caladromous fish is lht
American eel (Anglllll(l roSlrofO). When the
Moses-Saunders hydroelectric dam was con·
Slruclcd on the Saini Lawrence Seaway in 1958. it
was expecttd thai il would pre.·em young eels
(elvers) from tntedng Lake Ontario, thereby
t\'emually deslroying Ihe eel fishery Ihtre (Eales
1968). Although Ihe passage is harmful boIh to
Ihe tels (Lefolii 1910) and lhe turbines (Eales
1968), apparently tht inSlallation is nOI a SC'rious
obslade for the elvers. By 1971 there was slill no



evidence of the antieipated decline in eel catches
(Ontario Millistry of Natural Resources 1972),
and catches were still high in 1974 (Ontario Min­
istry of Treasury, Econontics, and Government
Affairs 1975). However, tile young eels were a
nuisance bC{;ause they gathered in great numbers
just below the turbine outlets. When the turbines
were shut down for repairs they would immediate­
ly swim illto the turbine housings, dogging the
intakes of the pumps that are used to remove the
water from the housings. A temporary eel ladder
was thcreFore installed in 1974 and sincc thcn half
a million lO a million eels have passed up it every
year (WhitField and Kolenosky (978). A perma·
nent structure will be installed shortly (Anon.
1978).

The physical changes brought about in estuaries
and adjoining parIs of the ocean by regulation of
the rivers entering them have already been alludt'd
to. There are grave difFiculties here. The extent of
the physical effects is itself not easy to predict,
and the impact that any change may have on Fish
slOcks is even more difficult to foresee. The eco­
systems of estuaries, like those of streams, ulti­
mately derive most of their energy From organic
detritus produced elsewhere. II has recenlly been
found that young chum salmon (Oncorhynchus
ketal in estuaries feed largely on detritivorolls
crustaceans (Healey 1979; Naiman and Sibert
1979; Sibert 1979; Sibert et al. 1977). Therefore,
any diminution of the amount of orgmlic delritus
reaching the estuary might have serious results.

The LG 2 Dam of the James Bay project will
certainly affe~t the fauna of the estuary of La
Grande River (Dadswdl 1974) but the cffect will
probably not be sel'ere (Hunler Ct aL 1977:
Grainger and McSween 1976; Grainger 1977). The
partial diversion of the Caniapiscau River into La
Grande River is not expected to affect the salmon
fishery in the Koksoak River, into which it rUIlS
(Soucy 1978e),

On the other hand, there is reason to believe
that regulation of the Fraser River would have
adverse effC{;ts on young salmon in lhe Strait of
Georgia (Geen 1974, 1975), and there is evidence
to suggl.'St that the [l.'gulation of thc 51, Lawrence
River and other rivers entering the Gulf of SI.
Lawrence may alrcady have reduced the catches
of some spC{;ies in the gulf (Sutcliffe 1973). A
tidal barrage in the Bay of Fundy would cl.'rlainly
cause changes in the invertebrate population of
the affecled area, which might, in tUrn, ha\'e
deteterious effC{;ts on the fish and birds which
feed on these organisms (Risk et al. 1977).

Seismic Acli\'il)' Induced by ImllOtllldmenls

During the past d('("ade or so, there have been a
number of instances throughout the world of
earthquakes occurring during or after tlte filling
of large impoundmt:nls, and it is now generally
agreed that in most, if nOl all, of these instances
the shocks have been a result of lhe impoundmenl
(Gupta and Rastogi (976). For discussions on the
possible mechanisms involved, see Gough and
Gough (1970), Kisslinger (1976), Simpson (1976),
and Bcll and Nul' (1978).

The mOSI important single factor in detcrmin­
ing whether an impoundment will induce seismic
activity appears to bc thc depth of the water; if
this exceeds about 100 m, tht're is an appreciable
risk that quakcs may occur (Rothe 1973). This
phenomenon is not confined to regions of recent
spontaneous seismic activity, although in mOSI
instances, there has been a history of such activity
at some time in the past. Induced quakes have flOl
been large (maximum magnitude about 6 on the
Rit'hter scale) and have not usually caused serious
damage, Howel'er, a quake near the Koyna Dam
in India in December 1967 caused considerable
destruction :lnd loss of life. Geophysicists disagree
as to whClher this qU:lke was indeed induced by
tilt' impoundment. Induced seislnicity may also
have bel.'n involved in the most appalling dam
disaster of modern times, which occurred in
October 1963, when a huge landslide fell into the
rl.'servoir behind the Vaiotlt Dam in Italy. This
caused an enormous wa,·c which overtopped the
dam and killed more than 2000 people in the
valley below. It has been reported that the filling
of a large reservoir in Sovil.'t nldzhikslall had to
be halted because of increased seismic activity
(Rich 1977).

There is one well established instance of in­
duced seismicity following an impoundment in
Canada. This was a shock of magnilude 4.3 that
occurred in October 1975 during the filling of the
Manicouagan 3 Reservoir in Quebec (Milne and
Bcrry 1976; Buchbinder 1977). No induced seis­
micity was observed in connection with any of the
other darns of the very large Manicouagan com­
plex,

A number of scientists in Canada have had ex­
pcrience in this field. Besides the geoph}'sicists in
the Department of Energy, Mines and Resources
who investigated the Manicouagan earthquake,
Dr D. I. Gough of the University of Alberta is an
internationally recognized authority on induced
seismicity.
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C1imalic Effecls of hllpoundm~lIlS

F100ding a large Iract of land or damming a
stream in order 10 amass a considerable volume of
water may ha\"e- a signirtcant dfect on dimalO­
logical eharacleristics ne-ar Ihe body of wale-r and
at various distances above and downwind of lhe
projecl. The- magnilude and importance of IhC5e'
effttlS depend primarily upon the morphology of
the water body, ils gwgraphical sclling, and the­
lype of conve-rsion of land use. The physical and
biological consequences, bOlh benerid:11 and
harmful, which result from lhe climatic change,
may be difficuh 10 assess and will certainly be
different for different cnvironmems.

Few man·made lakes or r("SCr\'oirs have been in
existtncc long enough for the- collection of enough
meteorolos,ical dala 10 dell.'rmine whether the
creation of a reservoir can result in a signifieanl
change in c1imale. When the subtle changes in
local climate caused by lhe conslruclion of a reser­
\'oir are superimposed upon the natural vanability
of the almospheric c;rculalion, il becomes diffi­
cull to make definile Slalcments lhat link these
changes to the alleralion of Ihe carlh's surface. II
is possible that no definile and permanenl change
will lakc place. Vendrov and Malik (1965) eSli­
mate lhat lhe smallest quanlitative criterion for
the eXlenl of the innuence of a reservoir is about
a.Joc, which is in lhe order of magniwde of ran­
dom clinlalic nuctuations.

Much of lhe innuence is of less practical im­
porlanee- for thc rescr\oir itSt'lf than it is for the
surrounding ecos)'Sll:m. Snlall changes in meleor­
ological variables such as temperature, precipi­
lalion, and wind may havc a St'rious impact on
human activities such as agricullure, transporla­
tion, construclion, and urbanization. AlIcntion
should be dircetcd 10 the possible environmelllal
consequences of Ihe changes in climate, and to
suggest how wise planning of rcservoir design
could mil)imize lhe undesirable effects and maxi­
mize lhe advantages offered by more favorable
effects. For example, reservoir evaporalion may
be mininlized by St'lecling the reservoir sile so as
to reducc exposed surface area, and by posilion­
ing of discharge outlets in order to \\ilhdraw
warm surface watcr ralher than cooler, deep
waler. Similarly, the collocation of residenlial,
business, industrial, and recrealional facililies is
best done with a knowlcdge of the manner ;n
which air and water inleraCt to innucncc the
potenlial for air pollulion.

Another dirricuhy arises oul of the need to be
able 10 separate the magnilude and the impor­
lan~ of each effect. For example, nooding a
rorest stand in southern Canada may produ~ a
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moderation in local tempcrature of JOC, which
may be less destructive to the environmelll lhan
lhe samc construction in northcrn lat;tudcs, where
lhe lemperature- change may be only I"C, but Ihe
local ecosyslems may be more vulnerable.

The eXlent of the lone of climatic innuence
depends upon the type of land·usc subst;tution
and lhe character of lhe rcsen'oir and shoreline
landscape. Howe\"er, a simple rule of lhumb is
lhatlhe innuence will extend across lhe surround­
ing lerrain for a distance equal to the diSlance Ihe
wind has lravelled over walCr.

Untillhe Jamcs Bay hydroelectric de\'elopmenl
project. lillie inlerest was shown in Canada in lhe
climatic effects of water impoundments. Oppor­
tunilies for lhe eSlablishmenl of observing net­
works before and after conSlruction ha\'e been
misS«! at many large projcclS. Efforts in Canada
have concentrated on mcasuring lake effects, bUI
Ihe task oflranslaling them into possible environ­
mental impacts has been largely ncglttled. For
more than a decade, research has been conducled
by lhe Lakes and Marine Applicalions Section of
the Atmospheric Environmcnt Service into Ihe
effeclS of the Laurenlian Great Lakes on wealher,
and convcrsely, on the innuenee of weather cle­
ments on the lakes themselvcs (Richards 1969).
One must be caulious in Ifansposing to other
areas what we know about the Grcal Lakcs. To a
large degree, the samc physical faclOrs arc at
work, bUl lhe magnitude of the effects is much
smaller. The largest area to be nooded in the
James Bay project will be only 20", of that of
Lake Onlario, the smallest of the Greal Lakes.

There e-xists a considerable literature on lhe
temperature effeclS that result from the construc­
tion of small lakes and reSt'rvoirs in lemperate
regions, no doubt because modification of air
lemperature is easily dCleCted. (For a Canadian
swdy, sec Holmes 1972.) For small bodies of
water. extremes of air temperature arc generally
suppresSt'd. mean temperalures arc slightly cooler
than Ihosc inland in spring, and slighll}' warmer in
fall. ReSt'rvoirs also innuence diurnallemperature
range. On thc averag<'. resen'oirs raise nighuime
temperatures and lowtr da)·time values from May
10 July and warm lhe surrounding air from
!kplembcr to November, regardless of the hour.
One positi\'e effecl of water impoundment is lhat
nighllime temperatures are generally higher near
lhe walcr, so thaI local frOSI-free scasons are
extended by 5-15 days at the shoreline, depcnding
on the heat slorage capacilY of thc reservoir.

Studies on the Great Lakes show lhat largc
lakes may inhibilthe growlh of con\'tctivc clouds
and reduce the occurrence of showery precipita­
lion during spring and early summer {phillips and



McCulloch 1972), The opposite appears to be: true
in fall and early winter. Fe-o.' studies of the cloud
and precipilation regimes O\'er small lakes and
rcxryoirs ha~ been made. Nanus (1964) con­
cluded that summer precipitation at Lake Omega
on the Volga River is 5-7~ lower over the lake
Ihan at shore stations. For the Rybinsk R~ryoir,

D'yakonov and Reteyum (1965) discovered thaI in
July, in some areas, the reservoir is responsible
for increases in precipitation of up to 90 mm, bUI
there is a decrease of 10 mnl over the reservoir
ilself. In addition, there is a small diurnal differ­
ence in these numbers. Furlhermore, the intensity
of predpilalion is aboultwo thirds of Ihe inlensity
measured al inland stations. In Canada, for a
small reservoir in Ihe Fraser Valley, R. W, Verge
(unpublished data) found Ihat in July rainfall may
be reduced by as much as 200:, downwind from
the reservoir, For the same limited area, winler
precipilation was estimated 10 be: about IOfJ,
higher.

With the creation of a reservoir wind roses
usually would be: elongated in the direction of the
longest fetch. Probably the number of days with
strong winds would increase. the frequency of
lighl winds would decrease, and differeocn in
... ind speed o\'er lake and land would be: greatest
at night and least during the day (Phillips and lrbe:
1977),

Considering the size of some of the rcscn·oirs.
local winds in lhe form of land breezes and lake
breeles are sure to develop. Their intensity will de­
pend directly on the magnilude of the air-water
temperature contraSt and inversely on the general
circulation. For Ihe Illost pari, Ihe local circula­
tion of onshore lake breezes during the day and
offshore land brecles al night will prevail during
the warming season (Phillips 1980).

Soviet slUdies indicate thai humidities arc
slightly higher in Ihe area immediatel}' surround­
ing Ihe lake, compared wilh downwind land sta­
tions (Vendrov (965), However, Buckler (1973)
found, for Lake Didcnbaker, that the configura­
tion of lhe lake was such thatlheeffect of the lake
on specific humidity was too small to determine.
Schaefer (1976) made a similar observation for
Williston Lake. For the Great Lakes, Phillips and
Irbe: (1978) found that differences in dew point
lemperalllre be:tWeen lake and land were negative
throughout the year. except during May and June
when de" poims o\'er the lake were I or 2°C less
than those O\'er land.

Perhaps one of the most complex subjec1S in·
yolved in the assessmelll of lhe dimatic effeels of
new Waler impoundments is the difference in the
evaporation regime of an open·water body and
Ihat of a vegetath'e co'er, such as a lichen surrace,

or a coniferous fores!. The probkm is compli­
cated becau$C' several meteorological yariables are
invoh·ed. Some of these arc soil moisllIre, humid­
ity, atmospheric pressure, radiation, and wind.
Vo,,'inckel and Orvig (1974), in assessing the im­
plications of lhe James Bay development proj«l,
COll('luded Ihat evaporation would be redu~

after the crealion of a reservoir. They tite three
reasons: a prolonged ice CO\'er in spring would
reduce the absorption of solar radiation; water
would have a smaller evaporativity rate than Ihick
vegelation; and during lhe rail when lurbulenl
fluxes arc at a maximum over the lake, a larger
porlion of energy lVould be expendell as sensible
heat nux so thai Ihe annual lake evaporalion
would be reduced.

There is ample evidence to suggesl thai occur­
rences of fog increase after lhe construction of
man-made lakes or reservoirs. Fog may result
from the passage of cold air over warm waler or
from the advection of warm, moist air across a
cold lake. Besides lhe resen'oir itself, ancillary
developments such as cooling lOWers or ponds
may become sources of steam fog under ct'nain
meteorological conditions.

Shonly after breakup, the water receives con­
dense:d water from overriding moist, warm air.
This contacl may create persistent fog banks.
especially where Ihe water is coolest. The fog
could be: subsequently adveeled o\·er lhe sur­
rounding terrain.

Before freeleup, cold air coming into conlact
with the warm water or Ihe r~rvoir may causc
deposilion of ice on nearby surface features.
Under such conditions, actompanied by moderate
or strong winds, icing by spray lIIay be a hazard
for a few hundred metres downwind of the open
water. Under similar conditions, and tempera­
tures ncar frecziug, heavy wet snow can be ex·
pecled 10 accrele on exposed objects such as vege­
tation and lransmission wires. Accumulalions of
as much as 125 mm can be cxpecled (Chaineet ai,
1975). Temperatures below _JODe and light winds
provide ideal conditions for ice fog 10 form near
sources of moisture, sllch as cOlllprcssor sites or
idling traffic. On occasions with low-kvel fog,
severe rime icing may actulllulatc on slructures.
Buckler (1973) reported an incident on Lake
Diefenbaker in which steam foe produced
"walls" of cloud ....hich mo\'ed onshore and de­
posited 50-75 mm of ice crystals on trees and
other objects within J km of the lakeshore.

Results of reservoir-impact climatologies are
generally nOt applicable from projw 10 project.
Each construction requires site-specific analyses,
sinct' the effects "ill depend upon the morphology
of the lake and the regional climatology. Nemec
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(1973) calls for lhe systematic collection of hydro­
meteorological data as Ihe first and 1Il0s1 im·
portant task for funher understanding of the
interaction between man-made lakes and the
atmosphere.

Othl'" F.ffcds of Impoundments

The conslruclion of dams, or of roads, air­
pons, or anything else, hils incidelltal effects that
require no ecological insight to recognize. In
populated areas, noise, dust, and increased tramc
will cause some inconvwicncc and annoyance to
the residellts. In more remOle areas. wildlife will
be disturbed and tempting opportunities for
poaching may hr provided. Removal of vegela­
tion and topsoil for road construction, and exca­
vation of COllslruclion materials from quarries
and borrow pits afC likely to leave unsightly scars
on lhe landscape and cause increased erosion and
an increasc ill the sedimenl load in lhe slreams of
the walershed affected. When a largc amO\lllt of
construction activity is concentrated in a relatively
small area, as in the Wreek Cove hydroelecnic
projcct in Nova Scotia (Kelly 1978), these impacts
can be severe. Rockfi\l and earthnll dams in par­
ticular require large volumes of malerial; For
example the LG 2 Dam of the James Bay project
required about 150 X 1()6 mJ of fill. Disposal of
waslc materials of all kinds can be a problem,
especially in remote areas. Unless rigorous rules
arc imposed and strictly cnForced, Ihe area is like­
ly to be<:ome liuered with debris such as discarded
fuel drums. used lires, and garbage of all kinds.
Thc unCOnlrol1cd disposal of liquid wastes, such
as wastewater and used enginc oil, can cause even
more serious problems.

Considerable damage of this kind was done
during the early stages of the James Bay project
(Gauquelin 1978). Subscquently, the corporation
adopted a policy of preparing dirCClives for Ihe
proteclioll of the environment which the various
eonlraClOrs lVere required 10 respect, and assuring
compliance with these through the establishmcnt
of a surveillance team which supervised all con­
struction activities and provided advice whcre
needed (DuFort 1978).

At the same time Ihe coq>oration undertook a
research projecl to detcrmine Ihe besl ways to
restore areas affected by cOllstruction activities by
replanting them either wilh local plants or with
exotic species capable of thriving in the region
(Brouillette and Marceau 1978).

Dams sometimes fail, oFten leading to the loss
of human lives and almost always with more or
less disastrous consequences for the environment.
The sudden release of water and sediment may

cause significanl changes in the downstream chan­
nel (Chen and Simons 1979). When the Teton
Dam in Idaho broke in 1976, this not only eans~d

greal deslruction below the dam. but also dis­
persed many thousands of pounds of pesticides
and other chemicals over the flooded "rca and in
the river below the dam. Concentrations of some
of these compounds in fish subsequent I}' ap­
proached tlle maximum permissible levels for
food fish (Perry 1979). The failurc rate has been
estimated (Mark and Stuart-Alexander 1977) at
I X 10-' 10 5 X 10·· per darn-year. In assessing the
possible environmental effects of dams, the
possibility of failure should be kepi in mind.

In cold climates, dams can alter the icc regimes
of rivers. The reduced current velocity above the
dam generally favors earlier free~cup and later
breakup than in unregulated rivers. Below the
dam, on the other hand, the discharge of relative­
ly warm hypolimnic water tends 10 keep the river
Free of ice for some distance. This topic has re­
ceived considerable attention in the USSR (Ros·
sinskyand Lubomirova 1975) but lillie appears 10

have been published on it in Canada, although
Kerr (l97J) has pointed OUt thai icc jams call
seriously disrupt thc operalion of hydroelectric
stmions. Water illlakes on the Great Lakes have,
on occasion, been almost complelel}' blocked by
ice (Foulds 1974). The gencral problem of pre­
veming and clearing icc jams has received llluch
study frolll engineers, and Ihe general technology
is probably applicable around dams as elscwhere.

Effects of Impoondments on Man

Darns arc built because it is expected that Ihey
will be bencficialto socicty as a whole. They llIay
also be detrimental in ways described above. In
the southem agricultural and industrial parts of
Canada it is possible, in principle, to weigh the
benefits against the dcleterious effects and arrive
at a rational decision as 10 whether or not to pro­
ceed with any proposed undertaking. The prac­
tical difficultics of achieving this may be severe.
For example. it has not yet bcen possible 10 devise
an ovcrall plan For the management of the Fraser
River thaI would provide adcquate flood comrol
without causing unacceptable damage to salmon
runs (Sewell 1977). When the anticipated loss is
nOI a purely economic one such as the flooding of
land, but a less tangible one such as the destruc­
tion of a site of natural beauty, the problem
becomes morc difficult, but techniques of C05t­
benefit analysis may give somc guidance (e.g.
Bohm and Henry 1979).

In Ihe northerly parts of Canada, the situation
is very different. I-Iere the inhabitants, moslly



Indians and Inuit, still For the most par! live in
their traditional way, supporting themselves by
hUllting, Fishing, and trapping. These fragile
societies are in danger of severe disruption iF their
traditional hunting and trapping grounds are
flooded, if the fish populations in their streams
are destroyed. or if their communities are invaded
by largc numbers of outsiders whose cultural
values differ from those of the residents. Ecologi­
cal research ill these regions lIlay serve 10 define
the problems, bu[ it call offer few solutions.

The largest nonhern development to date, the
James Bay project, has dealt in lcng[h with these
problems, particularly through the native land
claims settlcment process. Early in the project
de'·elopmem stage, the mailer of outstanding
native land claims arising out of aboriginal rights
presented legal problems, which were resolved
through the negotiation of a detailed agreement
by the Federal government, [he government of
Quebec, represematives of the Crees and the
Inuit, and the three Crown corporations involved
(James Bay and Northern Quebec Agreement
1976). III addit ion to ntonetary compensation, this
comprehensivc agrcement establishes the con­
figuration of the hydro project, provides meas·
ures to mitigate effecls on traditional huming,
fishing and trapping, and includes measures for
thc protection of the social and cullUral values of
the nalive people. The social evolution of these
COlllmunities will be Followed with great interest
by all those concerncd about the impact of de­
velopment on Canadian northern j)eoples.

The problems discllssed in this section havc
been treated a! much greater length in an unpub­
lished papcl' prcparcd for Environment Canada,
Lands Directorate, by 1'. BOothroyd.

Conchtding Remarks

What was j)robably thl." FirSI general review on
the environmental aspects of impoundments was
published almost 40 yr ago (Ellis 1941). The topic
received lillie Further attention for a number of
years, except pcrhaps in Ihe USSR, but from thc
mid-sixties onward il has atlracteu increasing
interest and has been the subject of numerous
revicws and symposia (e.g. Ackerman et al. 1973;
American Fisheries Society 1967; Baxter 1977;
Ceen 1974; Larkin 1972; Lowe-McConnell 1966;
Obeng 1969, 1977; Efford 1975a). A considera­
tion of environmental consequences of impound­
melllS must not be limited to the immediatc vicin­
ity of thc reservoir, but should take into accoulll
possible events a long distance. perhaps hundreds
of kilometres, downstream. Such a considcration

must also takc into account a widc variety of
scielltific disciplines, From the biology of phyto­
plankton 10 the biogeography of deltas and
cstuaries, rrol1l the physical chcmistry of gases in
solution 10 metcorology and geophysics.

Probably the general nature of lhe impacts of
dams is now reasonably well understood, but we
are Still a long way from being able to predict.
specifically and quantitatively, the impact of any
given projeCt,

Most of the suitable sites For hydroe1cctrk
projects in southern Canada are already being
used or are in the course of del'elopment. When,
if ever. more remote sites will be developed will
depend to a large eXlC11l on a complex interplay of
economic forces relating to thc total energy need
and the relativc COStS or the various options.
Thl."rc are Illany gravc el1vironmental problems
that will havc to be considered in addition to the
purely economic ones. The construction of rcser­
voirs For other purposes (flood control, water
supply, heat dissipation from the thermoelectric
installations) will continuc with their associated
environmental problems.

It would bc unwisc to rely tOO heavily on
Foreign experience in seeking solutions to thc
problems that will arise in CaJHlda. Canadian
cngineers and cnvironmentalists who are con­
cerned with reservoirs arc probably most familiar
with work in the United States, among Foreign
countries. r..·luch American experience is doubtless
applicable here, but lower temperatures in Can­
ada should dictate caution. MallY important
problems in Canada do not oceur in the United
States (except perhaps in Alaska), such as prob­
lems of shoreline evolution on permafrost and the
eFFects of regulating larg~ northward flowing
rivers. Experience in Scandinavia and the USSR
may b~ of somc assistance here, but again, it will
bc IK'<:essary to ex~rds<.' caution.

Fortunately there appears to exist in tll<.' Cana­
dian scientific COlllmunity the knowledge and
experience necessary to treat authoritativcly vir­
wally all the problems discussed in this review.
Some problems, such as those related [0 s<.'dimell­
tatiOl1 and erosion, and to fisheries, have be<.'11
considered by scientists ill government labora­
IOries. Others have been considered by university
scientists pursuing their own particular il1terests.
In at least one instance, that of the problem Ortlte
Pcace-Alhabasca Delta, an ad hoc group assem­
bled to dcal with the problem has gained experi­
ence that should be of considerable value in deal­
ing with fmurc problems. Current research at
Southern Indian Lake should contributc greatly
to our understanding of what happens when
permafrost is flooded and how this innuences the



,

biologi~al communities of thc affected area.
Above all. studies carried out in Ihe James Bay
projt:<:t area by Environmcm Canada, the James
Bay Dcvclopmcrn Corporation, and particularly,
the Environmental Service of the James Bay
Energy Corporation call be expected to be of the
greatest value to anyone undertaking similar
projecls ill the north, bOlh for initial baseline
surveys (Anonymous 1977; Societe d'encrgie de la
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Bak James I978b) and mitigation techniques
(Soucy 1978a).

A combination of e<:ological understanding and
sympathetic considcralion of the feelings and
aspirations of the people likely to be affected
should go a long way towards lhc prevention of
undesirable environmental and social conse­
quences of the further developllIcnl of Canada's
waler resources.
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