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ABSTRACT

Major interbasin wéter transfers have bean proposed nn<Alberta and hailed as the
ultimate solution to growing irrigation water supply shortages \just as they were in the
Waestern United States. However, past large scale transfer proposals proved to be
unworkable because of poor benefit—cost relationships. environmentalist opposition and
' poliﬁlca! disfavour. In spite of this, the current gctiwties of the Alberta Water Resources
Commissior; are indicatve of: a continuing interest in our developing large interbasin
transfers to support Irigation development in Southern Alberta Altern-*i«c water
managément strategies ‘or dealing with existing and future subply and demand conflicts
do exist and are identified: however, the emphasis in ' 's study is placed on water transfer.
In Alberté, the explora:dr ' alternative means of developing interbasin transfers from

north to south has bren v n end the + -osition to existing proposals remains strong.
| IA response 1. the cuirent situation, it is proposed inat the viability of water
transfer a- a vaid w.'¢ - deve »pme st strategy can be improved through the. appli'cation of
a Amulti—means, multi-purpc- - approach to water transfer. A transfer from the
Clearwater River ‘in west—Central' Alberta to the Red Deer River may lend itself to such
developme;\t. In.this stuay, the tlicsis that interbasin transfer from the Clearwater River to
the Red Deer River may be developed in a number of ways with minimal damage and
possible enhancement to the dono‘r and receiving streams, is promulgated and ‘investhated.
A discussion of thé basi issues su rounding interbasin transfer in general, and its
‘ importance in Alberta water management in barticular, is provided to placé this study of
Clearwater transfer alternatives in" context Existing conditions in the study area are
discussed with particular émphasis upon physiographic features and their effect:on/
streamflow, water—based resources. and Iand." use. Following a discgséion o1 th’g
development potential of avClear'water transfer in terms of water volume and the irrigation
development it could suppo‘ft, a broad range of transfer means is explored. ‘Six transfer
alternatives are selected and each is submitted to a preliminary evaluat_ion based on the
foliowing criteria: the planning objectives'supportéd, potential transfer volumé, relative

cost, potential environmental and socio—economic effects, and other general concerns

regarding operation and future ad‘aptabi_lity.



'

It 1s concluded that water transfer from the Clearwater Rtverj could be developed in
“such a way that a sequence of progressively lérger transfer schemes may be used to
allevnate‘ water supply shortages in the South Saskatchewan basin In addition, it is
concluded that a Clearwater transfer coula be cbnducted so that detrimental environmental
and social impacts are kept to a minimum Unavoidable detrimental impacts could be at
least partially compensated for by' oberafing the transfer so that certain stream
environments in the area are act.ally enhanced. Such enhancement could improve the
recreational potential of some.of the receiving streams. In the light of these conclusions it
.Is concluded that a multi-means multi-purpose Clearwater transfc. study such as this
cou‘ld be ‘used as a prototype or mode! for other studies of sequential transf.
development in Alberta

In Alberta. there is a need for consideration of a broader range of alternatives.in
water managemént planning in general and interbasin transfer specifically. In regard tc
future transfer development, it is recom‘ménded that: i) transfer development should takc
piace slowly. in response to short ter-m projections of actual consumptive usé, ii) attempts
be made to compensate areas detrimentally affected by transfer deveiopment, Aiii)
possibilities be explored for deveioping transfers to serve a variety of purposes such as
flood controkand recreational development, and iv) public input be incorporated intg, the
actual design and seleétion of alternatives. Further studies are recommended to determine
the cost and feasibility of constructing Clearwater transfer systems and enhancing local

stream environments.

Vi
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N | ‘ . . INTRODUCTION

Alberta is blessed with an*‘bverall abundance of fresh water however, severe local
and regional scarcities do exist and are of concern to .. ertans. Considerable spatial
variation exists in the water supply and water demand patterns within the province. Most
of the streamflow (87%)! is in north.—fl‘owing tributaries of the Mackenzie River, while the
majority of the 'po<aul tion (89%)° and water d\emand is within southern basins. Southern
basins include the "Saskatchewan River basin, the Milk River basin (part of the Missouri
drainage syste_m) and the Beaver River basin {part 6f the Churchill drainage syvstem) The

Saskatchewan River basin accounts for 12% of the strear:nflow in the province, whlle the
~ Milk and Beaver basins make up the remaining 1% of provincial streamflow. The "average”
annual water supply for Southern Alberta fluctuates little" with variations due primarily to
variations in ‘climatev In contrast to this, the water demand is steadily increasing and in
future dry years, even with full management of avallable streamflow, the supply WI|| not be
adequate to meet projected demand {Laycock, 1879).

p Th;e prospect of increas.ing the water supply in the South Saskatchewan Basin by
diversion of water from northern rivers such as the Peace, Athabasca »ahd North
Saskatchewan has been a prevalent one in Alberta water resource planning for many yeakrsA
In the following chapter many of the proposals which have been made to develop large
scale water diversion projects, both on a continental and a precncial scale, will be
reviewed. Proposals for water diversion within Alberta will be emphasized, including
those envisioned by William*Pearce before World War |, the provincial governmeht's
Prairie Rivers Iimprovement, Management and Evaluation (PRIME) concept and the
SaskatcheWan - Nelson Basin Board Sti.ldy (SNBB}):

A major shift in gévernment policy concerning future water transfers occurred in

1971 when the Albgrfa Social Credit government, which had been initiating water transfer
vsyudie‘s ‘thréughout the sixties, was replaced by a Progressive Conservative government.
This new government declared a moratorium on any further transfer st‘udies\’and altered
govern'melnt water development policy so that it focused upon improved water use within
basins. In recent years, especially after the drought of 1877, when at least" one of the

! Peter G. Melnychuk 1979. "Prairie Provinces Water- Apportionment and Upstream
Storage Options”, Canadian Water Resources Journal, Vol. 4, No. 3, pp. 52-58.

» Statistics Canada 1982. 1987 Census of. Canada: General Population, Housing,
Househo!d and Family Data: Alberta.
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irrigation districts in southern Alberta was unable to supply enough water to users, there
has 'been renewed interest within the gov'ernmeﬁt ih water diversion schemes. The
~projects which have been suggested. however, are essentially the same as those put
forward in the PRIME and SNBB studies “hey are Iafge in scale and opposition to such
development is strong.

There 1s great concern that most water development proposals, whether they
volve interbasin transfer or not, fail to adequately review the; physical, economic. social
\d environmental factors involved. §ome opponents to such development may conclude

that no development is better than the expensive and poteniia!ly\ detrimental large scale
schemes proposéd. Hence, while provincial water managers have effectively restricted
themselves to only two options in r.elation to interbasin transfer - going ahead with
proposed large scale development plans, or halting any further development, there are
other options available. Alternatively: plannérs might concentrate on the "middie ground”
between these optior_ws to determine whether planning can procede for smaller scale
developments that will meet most >f the better defined regional needs within the province.
- The praposed ressarch is partly an examination of this "middle ground’; it is a
prelimipary examination of the p.otentialv for developing a water transfer using a variaty of
alternative means in an effort to feduce the costs and impacts associated with water
transfer. The argument for developing interbasin transfer to support further irrigation
expansion is examined in‘ chapter two. It is important to realize at this point that water
transfer is only one of thes means of relieving water deficiency problems in southern
Alberta. Improvements in irrigation water use efficiency could :'slleviate the problem to
some extent (Stanley/SLN Consulting, 1878) but éther "non-technological” adjustments
could prove to be just as important. For example, irrigators could apply less than the
optimum amount of water and/or revert in part to dryland cropping during dry years when
water supplies are iimited’ By doing so, agricultural productivity would be reduced auring
these years. But this may prove more economical than providing for optimum' dry year
irrigation demands through development of large capacity water supply projects.
~ ltislikely that the growth in demand for water in the South Saskatchewan basin will

initially be small and sporadic and that it may take mahy years to reach levels sufficient to

justify the costs of implementing large interbasin transfer schemes. In the interim smaller,



v
low—cost, more flexible arrangements for increasing -supplies in the South Saskatchewan
basin could be implemented. Logically, one of the first transfers from the North.
Saskatchewan basin hight be from theb southernmost tributary - the Clearwater River. The
volume of transfer could initially be small and be expanded as the need for water in the
South Saskatchewan basin may dictate. Ultimately a sequence of transfers might be
developed with subsequent transfer frém thé North Saskatchewan and if replacement
‘supplies are needed in this basin, the transfers from northerly basins (ie. the Pembina,
Macleod and perhaps in the very long term the Athabasc;a and Péace Rivers‘) could again be
modest in the initial stages. .

A varigty of exceptional means could be employed to transfer water from the
Clearwater River south of Rocky Mountain Hous»e to tributaries of the Red Deer River (Figs.
1 and 2). The po: .ible methods of diverting the water are considered to be exceptional
because, unlike most interbasin transfer schemes, a scheme designed to divert flow from
the Clearwater River would not necessarily require the construction of large scale
engineering structures. The unique physiographic and hydrologic conditions evident along
a short section of the Clearwater River would make it possible to divert water into
Stauffer Creek (a tributary stream in the Red Deer drainage system ) with the construction
of nothing more than a low weir and some short-di- i..nre ditching.

Tﬁese unique possibilities for transfe-ing v.-*er from the Clearwater River have
been recognized for some time, as will becorre evident 1 the discussion in the following
chapter; however, most of thé alternative means ot transfer have not yet béen studied,
even superf—icially Studies are lacking in regard to social problems associated with water
diversion, as well as prospects for environmental enhancement and multiple use of the
donor and receiving streams. Many questions must be answered and alternative ways of
solving problems must be reviewed. For example, the Raven River and Stauffer Creek are
among the best trout streéms in Alberta, largely because natural groungwater flow from
the Clearwater contributes greatly to favourable regime and water quality in these
receiving streams. It is not known whether water transfer would destroy these streams’
for fishing, although it is probablé that transfer without provision for maintaining- fish
hak?itat would be.damaging Means of transferring water to the Red Deer which maintain

the aguatic habitats and'possibly improve them shouid be investigated. Pf'eliminary studies
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hold promise; there may be several ways to carry out such a transfer. For instance some
of the ways are’ water spreading to increase groundwater flow, transfer by several routes
at various times and in various amounts, and perhaps pumping of surface and/or

groundwater with transfer by pipeline.

i
)

I} is proposed that this investigation into alternative n‘jeans of transferring water
can be treated as a prototype. or model for future umerbasin_l\\transfer studies for three
reasons First, the application of a multi-purpose and multi—h:)eans approach to water
transfer is rare if not unique. Second, environmental and social concérns are seldom
incorporated in the prelimmary planning steps of water resource developments. Thin:d, if
water transfer developmenf were to progress sequentially, then transfer from the

Clearwater could be the initial step in such a sequence.

Research Problem and Objectives

Simply stated, the research problem is to investigate how water can be diverted
into the R‘ed Deer River from the Clearwater River while attempting to keep development
;:osts and impacts to a minimum and provide for compensating enviroﬁmenta( and/or social
enhancemeﬁ: where possible. This involves exploring various physical means of actually
transferring the water, as well as identifying the possible impacts of such transfers upon
the ecosystems and human communities in the area.

The objectives in this research are threefold:

1. To investigate the possibility of transferring water from the Clearwater
to the Red Deer River on a small scale as an initial steb in a transfer
development planning sequence. | -

2 To consider the potential for developing a transfer in such a way that a
suitable compromise is reached between environmental pvrotection and
transfer objectives.

3. To examine a wide range of alternative diversion methods and
combinations, and to evaluate a number of them in relation to several
criteria, including: their ability to supply water to the Red Deer River,
associated environmental and social impacts, relative cost, and other

general concerns.



As part of the terms of reference it is assunﬁed that there will be pressure for
water diversion into the Soeth Saskatchewan River basin; this is a study of how it may be
done with minimal damage and with compensating ehﬁancement. Alternative courses of
action are identified and procedures studied that incorporate a balance of engineering,
environmental, social and other concerns in water transfer development.

[

Because of the preliminary nature of the research, certain components of the

LY

water development planning process wi[l receive greatér emphasis tHan others. Thereis a
strong emphasis in this research on ldescribing the . existing environmental and social
conditions in the study area, as well asb fefmulating water transfer alternatives and
assessing their impact. Unlike most Water planning studies, this research is not directed
toward the discovery of a single "best alternative” method for fulfilling the proposed
planning objectives. It is instead directed ~toward the sound ap'plicatiog' of a-
multi-purpose/multi-means water developmentk planning strategy to an actuel water
resource problem. A | _

In chapter two a discuesion of inter‘bwasiewater transfer and the problems involved
with past transfer plane is presented.” This includes a review of large continental scale
diversion schemes, followed by a baekground concerning \'Nater transfer proposals in
Alberta, the changes in government 'poliey concerning them and the nature of the problems
which have spawned them. This discuesion is theﬁ used to place water transfer in general,
and Clearwater transfer specifically, in context with other water management strategnes
desugned to allevnate ‘water supply shortages. )

Existing condmons in the study area are discussed in chapter three with partlcular
. emphasis upon the physnographlc features and their effect on land use in the area. The
surficial and bedrock geology'is outhned—wuth an emphasis on the pattern of deglaciation
which determined, to alarge extent the pattern of geomorphic and hydrologlc features in
the area. .A review of the dustrlbutuon and types of soils and \?egetatlon completes the
‘deseriptien of the physical setting of the study area. A description of the cultural features
of the area concerning community structure, agricultural practices, and population follows.

Chapter four ‘Jis divided into two parts. The first partis a physical descriptioh of

. the water resources in the area; this includes a review of the local water balance based on

monthly climatological records for Rocky Mountain House, as well as an analysis of local



streamflow for the streams in the study area Groundwater contributions to streamflow
are of great importénce to several of the streams and therefore a considerable amount of
detail is presented regarding groundwater flow in the area In the second part of the
chapter the existing and future use of streamflow is discussed The potential for using
transferred water in i}rigation development in the South Saskatchewan basin is explore;d in
addition to a discussion of thé importance of instream usage of water within the study
area for fish, wildlife and recreation. The. potential for environmental damage and/or
possible enhancement caused by water transfer in this area i1s discussed with emphasis on
changes in f‘ish and wildlife habitat and water—based recreational opportunities. The
im‘portance of establishing inst'ream flow requirements is discussed in reference to both
donor and receiving streams. |
In chapter five, a set of potential planning objectives for the wa.ter diversion
scheme are proposed and later used to formulate several plausible transfer alternatives.
The potential volume of water which could be transferred from the Clearwater is
estimated assuming various operatiohal and physical constraint’§ on remdval from the
Clearwater and transfer capacity of receiving streams. These volumes of water are then
exprlessed in terms of the amount of irrigation development they could support. A range
of physical transfer components is then described including location of water removal,
methods of removal and transfer, and the route of transfer. Finally, six plausible transfer
“developr_nent alternatives are selected and subjected to a preliminary evaluation in terms
of: il the planning objectives they best support, ii) poteﬁ{ial transfer volume, iii) a_:elative
cost, iv) significant environmental and socio—economic effects, and v) general concerns ’
related to flexibility of operation and future adaptability of the alternative.
In chapter six the findings of each chapter are summariied énd the principal
conclusions are statéd. Finally, recommendations are made ' in two Jareas: )

recommendations for future transfer development, and ii) recommendations for further

study in regard to Clearwater transfer development.



. WATER TRANSFER

Water transfer is a topic which has created a large amount of interest in North America
over the past three decades. It is still the focus of many intense controversies tod;gy and
will undoubtedly continue to be in the future. A huge body of literature has been
generated on the fopic including water transfer p’roposalé and a plethora of publications
concerning a wide range of political, economic, social, environmental, technical and legal
aspécts of water transfer. The most coniplete international biblio;;raphy compiled on this
topic is the annotated bibliography of Whetstone(1970, Vols. 1 and 2).

In this chapter. a historical approach is used to present and discuss many of the
issues related to interbasin transfer. The foliowing discussion sh.eds<light on several
trans'fer issues associated with water transfer and demon§trates that the situation in
Alberta in this regard is not unique. Analogous situations exist in the Western ‘United
States and there is much to be learned from these past experiences. Interbasin transfer is
bu? one of "the water manag;emént issues in Southern Alberta but it will likely continue to be
seén as an ultimate solution to water shortages in theAregion.

The review of past transfer proposals reveals their weék_nesses not only in the
justification for transfer but also their poor exploration of alternatives and consideration
" of the environmental, socio—~economic and poliyticlal factors involved. It isbfs‘uggested that a-
more complete exploration of alternative means, objectives and purposes in water
de\‘/el‘opment planning. would improve the viabili"ty of future transfer proposals. In this
regard,k many of the unexplored development alternatives related to‘ water transkfer in
Alberta (ie. matching scaie of tran’sfer to' end—-use need for water,
multi-means/multi-purpose.  development, anc? incorporation of compensating
environmental enhancement) could be beneficially applied in a transfer from the Clearwater’
Rivér. A ‘

Water transfer may be defined as the artificial diversion of wéter from one
drainag;e basin (the donor basin) to another (the receiving basinl. Any movement of water
across a drainage divide into a drainage basin other than.the one it would otherwise
naturally occur in, can be classified as an interbasin water transfer. Thus, not only are the

more familiar methods of surface water transfer recognized (ie. ditches, canals .and

pipelines) but also less common methods, such as groundwater transfers induced by
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pumping and atmospheric water transfers induced by cloud seeding.

Water transfer has often been hailed as the soiggion to water supply shortages; the
impetus for long-distance water transfer has long been apparent in the American Waest.
The immediate reaction to shortages of high quality fresh water has been to search for
more water from elsewhere - the "extensive” approach to water management accdrding _
to Quinn(1873). Typically, when the potential for exhaustion of local water supplies
becomes apparent, decision-makers Iooktprogressiye!y farther afield for supplementary
ones. As early as 1965, there were 146 interbasin water transfers in: the seventeen
western states and one out of every four persons living in the iegidn was served (at ieast
in part) by‘ a water supply system which imported water from 160 km or more”away
{Quinn, 1968). o

This 'increasing imbalance between water availability and population in thé dry
- Southwest and a reluctance to accommodate urban growth by reducing water allocations
to agriculture, led to expsectations of further water diversions. In the United States, the 17
western stateé alone account for about 84% (U.S. WatérResburce; Council, 1978) of the
country's freshwater 'consurﬁption (defined as the portion. of water with‘dra\wn for
offstream use which is not returned to a surface or groundwater source).” A similar
situation exists in Canada, with Alberta aloﬁe accounting for almost 50% of the country's
consumptive water use in drier years (Environment Canada, 1975 éndl 1882; Laycock,
1883). The majority of this water is consumed for agricultural purposes, p\‘rimarily
irrigation. In California, for example, 85% of the water consumed in the state, is consﬁmed
for agriculture (State of California DWR/SWRCB, 1982); irrigétion in Alberta is responsible
for 93% of the province's total consumptiveﬂuse {Durrant, 1983).

According to Frederick and Hanson(1982), the‘Western U.S. is not running out of
water. Rather, it is runnin"g-out of "low-cost” water and irrigation is one of the most
affected activities in response to rising water costs. Agriculture is not only the largest
water consumer but also a marginal user of water. Thevpr'ospect of sharply increasing
water costs not only threatens expansion but also endangers the viébility of many current
agricultural areas. Attempts to maintain and expand agricultural pr’oduction through
irrigation, coupled with growing urban water demands, in many areas of the western US.

and Alberta, have provided the impetus fo_r‘most water transfer. proposals in these -

B
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regions.

Water transfers in Alberta are, however, an exception to the overall Canadian
pattern according' to Quinn(19'81). In Canada, hydropower development is the dominant
consideration for theL majority of existing water transfers. In fact, the volume of water
transferred for this purpose in Canada is greatér than the combined transfer totals for the
next leading countries, the United States and the Soviet Union. Most Canadian projects
- have been developed by provincial corporations whose 'prin_cipa‘i objective has been to
maximize low-cost power geperation and thus to move electric po.wer, not water, to
southern Canadian markets. Alberta's situation should therefore be considered as an
exception to the Canadian water transfer pattern (even though /hydr.opowér“‘development
on the Slave River may change this) but closely resembling that of parts of the western U.S.
(Laybock, 1979). .

" The rash of interregional and international water transfer proposals began soon
after the U.S. Supreme Court ruling in June 1963, on the case of Arizona'vs. California,
which confirmed earlier allocation agreements on the division of water in the Colorado
River Basin. California, which Had exceemd‘ed its share, was forced to cutback and look
elsewhere for new supplies. Many possibilities for augmenting California wate.r‘suppliles
were investigated; those designed to exploit supplies within the étate form part of the
California Water Plan (California Dept. of Water Res, 1957). Similarly, Wi‘th growing
deficiencies in the Texas High Plains, Texéns began to lf)ok "for new water supplies both
inside and outside their borders. The Texds Water Plan of 1968, narrcwly defeated in a
1969 plebiscite, proposed transfér from East Texas, with the assumption that later
Areplacement supplies could be ‘obtained‘from the Missiésippi, to supply the dry High Plains
area of West Texas. Unfortunately for the proponents, both Lousiana and Arkansas
indicated that they would oppose such replacement transfers. Thus, some interregional
trénsfer schemes also involved traﬁsferring wateu" into Texas by ofher routes in addition to
those proposals to supply the Southwestern states. .

The realization that water supplies within California might not be adequate, much
less accessible, spéwned a number of interregional transfer proposals in theu early sixties.
These proposals involved transferring water from other "water r.ich” western states to the

drier southwestern states. The Western States Water Council(1969) reviewed 12 of

1
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these proposals including the Paciffc Southwest Water Plan, the Sierra—Cascade‘ Prqject,
and the Snake~Colorado Project Strong opposition to such plans_wés applied by the
area—of-origin states (ie\. Washington, Oregon and |daho) and eventually, in 1967, Senator
Hehry Jackson of Washington suceeded in having a 10-year moratorium imposed on.
further federal government interbasin transfer studies involving transfer to the Colorado
Basin. An amendment to the United States Water Resources Planning Act (U.S. Congress,
1965) forbids any study of water transfers between river basin areas organized under the
Act‘by either *he Water Reéources Council or any cqrpmission responsible for a basin
area. The mor?torium was extended in 1977 for an indefinite period of time.

Technical and political difficulties with proposed water transfers in the Pacific
Northwest led, in part. to prospecting further afield into Canada and Alaska. In order to
provide a broaaer background from which Clearwater transfer proposals can be examined
some of the major ‘international and Alberta water transfer roposéls will be reviewed.
Such a background is needed to help place thibs study, in context, both in terms of the

N

Alberta water management situation and the broader continental situation. Many of the

' - . IS - )
reasons for developing water transfers and for opposing such development can best be
ilustrated through discussion of the transfer proposals that initiated much of the

K

controversy which surrounds the water transfer issue.

A. International Water Transfer Proposals

The North American Water and Power Aliiance (NAWA%—’A) proposal of the Ralph M.
Parsons CAo‘, of Los Angeles, is probably the best known of the various international
| transfer proposals. The NAWAPA plan wouid involvé diverting water from rivers in
Alaska, the Yukon, British Columbia, and the Pac;ific Northwest of thé.:'U.'S. to serve thé
- needs of the western- and southwestern parts of the United States, thé Prairie provinces
of Canada and the American midwest (see Fig. 1). This would be .accomplished by the
construction of a series of high dams in the headwaters of cer(tain major rivér's in order to
.divert their flows into a chain of reservoirs incluaing the Tanana, the Yukon, the Peace, and
-the_ Rocky Mountellin Trench. It would require the construction of 240 reservoirs: 112
irrigation systems énd 17 navigation channels. The transfer of over 140 million dam? per
year wouid result, ‘with approximately 80% of this wa;tér goinga to the United ‘States

!
!

/
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(Alberta Department of Agriculture, 1968; F‘%alph M. Parsons Co., 1964).

Other proposals for -the transfer of Canadian water southward include the
Western States Water Augmentation concept put forward by LG Smi'th(‘1969),
Magnusson's(1967- 1968} Magnum diversion scheme. the Kuiper(1966) diversion scheme,
and the Central North American Water Project of Tinney(19é§7). Basically, these are all
variations of or alternatives to the concept put forward by Parsons. They differ,
however, in the extent and route of diversion from Canada, the administrative structure,
énd whetﬁer or not a brice is put on’the transferred water.

The Magﬁum diversion 'scherpe {see Fig. 2) is one of the few continental water
transfer proposals that would involve considerable alteration of streamflow within Alberta
and is therefore of particula} interest. According to this plan the Peace River wouid be the
chief source of supply ,gyith additions coming from the Smoky, Athabasca, North .
‘Saskatchewan, Red Deer, and South Saskatchewan Rivers. From Alberta, the Magnum
Canal would take this water southeastward across the Prairies into the Missouri Basin.
Several of the transfer proposals were further developed in the Alberta government's
PRIME concept and in the SNBB study which followed.

Obviously, the major incentive for such large scale interbasin transfers is to
" provide "water scarce” areas of Canada and the‘ Q_niged States with a dependable water
supply. Many feel that, if an »vaburiaéﬁ'tﬂ;\'/;fef‘ supply is maas available fof all conceivable
: purpdses, that rr;any unf‘évourable trends will be /’countered: unempioyment, rural decline,.
‘world food shortages, and so on. The list of bene;its assigned to Zanada in these large
transfer proposals inciudes increased irrigation, marketable hydrcelectric power, spinoffs

from engineering development expenditures, expanded iransportation networks, flood
protection, and creation of new recreational areas.

Most of these benefits are. illusory éccording to Laycock(1871,1872). The
assumption that Canada will benefit from increased irrigation from schemes such as
NAWAPA is unreasénable becéuse more accessible and economical sources of water are
available for irrigation development in Canada. The névigation benefits would be iimited
because, the canals would be frozen much of the year. A large proportion of the
"beneficial’ hydrbpower woula be required for pumping the water southward. Flood

protection would be provided to some areas but at the expense of flooding out other
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valuable developed areas, principally in British Columbia. For Alberta, the adverse impacts
which would resutt from such schemes outweigh any possible benefits they might create.
Few of the proposals mention any form of compensatiog for environmental and social
damages which would undoubtedly occur.

These large scale interbasin transfer ﬁroposals are essentially enthusiastic
engineeriﬁg rreconnaissance studies; they have initiated a lot of discussion but have not
progressed much beyond that stage. Poor benefit—cost relationships, environmentalist
opposition and political disfavour, especially in basin—ot—origin areas, are just some of the
factors responsible for the shelving of most laras scale inte-basin water transfer plans
{Laycock, 197 1; Quinn. 1973). The shortcomings ¢ these irtarnational transfer schemes
are, to a large extent, inherent in all interbasin transfer schemes and the proposals put

[

forward for Alberta are no exceptlbn.

B. interbasin Transfer in Alberta

It hag long been recognized that much of Southern Alberta would require increased
water suppli_es‘ in order to support a den.se population. Before the turn of thé century,
"~ William Pearce, who was then the acting Superintendent of Mines for the Federal
Department of the Interior, had recognized that the lack of adequate. water suppiies in
much of the prairies would pose serious development problems in the region (Mitchner,
187 1) Peérce fostered proposals for the construction of multi-purpose dams-in the
headwater regions of prairie rivers. Such dams would act as flood control devices, store
spring runoff waters fé)r use .Jring the long dry growing season and even provide a
means to electrify the CPR lines over the mountains to the Pacific.

Pearce Was later to expand these idéas into a water resources scheme covering
most of the arid reg’iohs of the present day provinces of Alberta and. Saskatchewan. He
also advocated the use of 'irrigationgﬂand his proposals concerning water rights wére
embodied in the Northwest Irrigation Act of 1894. One of tHe proposals he outlined was
the North Saskatchewanv Project or Red Deer River Diversion Project. This was a
proposal to utilize the flow of the Red Deer, Clearwater and North Saskatchewan Rivérs to ’
distribute fhe' available water supply by natural and artificial channels throughout a very

extensive area north of the Red Deer and South Saskatchewan Rivers, primarily for the
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de\velopment of the livestock industry (Russell, 1948).

Pearce continually pushed for greater federal participation in the development of
Western Canada. Designed ta did the western economy, his recommendations
foreshadowed the series of wide-ranging government programs.such as the PFRA and
the Agriculture and Rural Development Act (ARDA). He was particula‘rly concerned over
the semi—arid condition of the Canadian prairies and his ideas concerning the conservation
of vital-water resources instigated the large scale irrigation projects in Southern Alberta.
Some of his ideas were included in comprehensive plans for the future develbpment of
waters flowing from the eastern watersheds of the Canadian Rockies including Alberta’s
PRIME concept.

The PFRA which was created in 1935, was designed to provide for the agricultural
rebovery of drought areas in the Prairie provinces. By allowing the Federal Department of
Agriculture to promote systems of ruralleconomy, arboriculture and irrigation, greater
safeguards against droughts and greater economic security for agriculturists was
provided. The basic concepts “of conserving and storing water on the drought—-prone
prairies have been utilized in several PFRA undertakings collectively‘ called the "Water
Development Program” (PFRA, 1980). included under this heading are individual farm and
small community projects (ie. stock watering reservoirs, dugouts, water wells, and small
water impoundments), irrigation developments, tree distributian pfograms and " other
associated activities. The PFRA can generally be classified as a resource development
agency akin to the Bureau of Reclamation in the United States. It provides prairie
agriculturalists and communities with expertise in the utilization of water reserves, crops
and soils.

The PFRA has been involved in a major interbasin transfer project, a part of the
South Saskatchewan River Project, which transfers water from the South Saskatchewan
River at Lake' Diefenbaker to the QuAppelie River basin. The project provides water for
municipal use in Regina and MooseJaw, agricultural usé 'for irrigati‘on'in the Qu'Appelle
Valley and industrial use for potash mlnlng in part of the Qu'Appel' basin. PFRA was also
involved in-the SNBB study Jomtly commissioned in 1967 by Alberta, Saskatchewan

Manitoba and Canada to study the Saskatchewan-Nelson Drainage basin.
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The SNBB study is the most detailed inventory of possible interbasin transfer
schemes in the Prairie provinces. The terms of reference for the study were:
The board shall carry out a study of the water resources of the Saskatchewan
Nelson Basin inciuding the potential additional supply by diversion or storage...In
carrying out the study, the Board will consider the engineering feasibility and
cost of the many combinations of storage and/or diversion works needed to
provide a firm water supply of varying amount and with varying seasonal
distributions, at various selected points along the river system. !
The historic files of both provincial and federal agencies were reviewed by the
SNBB to ensure that all previous proposals were considered and numerous new studies
were instituted. It was decided that a total of 55 dams and 23 diversions could feasibly be
constructed, with enough water at each dam and/or diversion site to improve the
downstream water supply. There was no attempt to decide which of the projects should
be built at the-time of the study or in the foreseeable future; nor was there any attempt to
0

decide how, or where, the additional water supplies generated by each project might be

used (Godwin, 1981}

The SNBB study does, however, serve as a future planning reference by identifying
tr;e physical means and approximate costs of providing large scale water storage and
transfer facilities throughout the Saskatchewan-Nelson Basin and its potential donor
basins. The study was strongly "structures” oriented, in that the only means of improving
water supply considered were the construction of large dams and transfer structures A
minimum of effort was spent on mvestlgatmg economic and environmental concerns. The
findings of the study suggested that, with major expenditures, large supplies of water
could be made available to the Prairies. Mini‘mum stream flows could be increased by
changing the operation of existing projects; some further increase could be obtained by
adding new reservoirs; but diversion would be required to obtairt large increases in water
supply in the southern areas.

At the same time as the SNBB study was being carried out, the Alberta government:
was promoting the PRIME program that featured many of the water storage and diversion
plahe cataloged in the SNBB study. ' It was proposed-that ".. as water in southern rivers
becomes fully utilized, surplus water from neighboring northern basins will be- diverted to

augment supply in over-allocated rivers. Thus basin by basin, a transfer of northern

* pa. 3 Canada, Alberta, Saskatchewan and Manitoba 1972, "Water Supply for the
Saskatchewan Nelson Basin”, Main Report of the SNBB.
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waters to the south will be achieved’ (Bailey, 1969). To a large extént, the driving force
behind such interbasin transfer proposals came from, and in the future will continue to
come from, irrigation interests and contractor promoteré in the southern pari of the
province.

With the change in provincial government from Social Credit to Conservative in
1971 and the induction of a new Mini;ter of Environment (W.J. Yurko), the PRIME
program was shelved and the emphasis was shifted away from interbasin transfer.
interbasin divérsions could be studied and implemented where publicly desirable, but
interbasin transfers of water would generally be discouraged and would have low priority
(Alberia Environmesy, 1972); The Alberta governmént also‘placed a moratorium on the
use oﬁ provincial funds for use in studies that involve the diversion of Albet;ta surface
waters for export beyond the Canadian border (Yurko, 1872). Thé government’s policy in
water management since 187 1 has been to concentrate on fully utilizing water supplies
within basins before considering interbasin diversions (Alberta Environment, 1979). .
Senior water basin planners in the Alberta Department of Environment are not currently
involved in any interbasin transfer studies (Barton, 1982 and Wuite, 1982: pers. comms.).

Even though the provincial government has officially denounced interbasin water
transfer schemes it(_is‘-evident that such schemes are still being promoted by some
individuals in the government. in 1979 the Minister of Transport, Henry Kr\deger,
prdmoted renewed studies of potential irrigation expansion based on water di\;ersion
from northern rivers. The Water Advisory Committee, set up by Kroeger, ‘was formed
primarily to lobby members of the cabinet into increasing water 5upplie.s by transfer to
southern Alberta, The committee has_asked the cabinet tvo provide funding for a detailed
physical survey of all apparently irrfgéble and potentially drainable crop lands in southern
and northern Alberta respectively (Alberta Legislaturé, 1881).

Recent pedological studies in the South Saskatchewan River basin have identified
large tracts of irrigable land (Canada West Foundation, 1982) but much of the identified
land (particularly that.in East Central Alberta) is of only marginal value for irrigation because
of poor soil conditions and uneven topography. Pettapiece and Kjeérsgaard(1981)
suggest that north of the Red Deer River in East Central Alberta there are possibly

100,000 ha of land with a "fair" potential and another 200,000 ha which are marginal for



. irrigation. A small irrigation project (ie. less than 50,000 ha) could perhaps be supplied
with adequate volumes of water without the need for a large scale interbasin water
transfer (this is discussed further in chapters four and five) Nevertheless, the report of
the committee also recomrends studies be undertal;én to develop a "comprehensAive’p'lan
for the interbasin transfer of water from Northern Alberta to the South Saskatchewan
River Basin” (Alberta Legislature, 1981 pg 25). A cabinet decision in November 1981,
Ieaves the impression that the government is deferring major water diversion, but remains
interested in smaller diversion schemes (Byfield, 1982).

The Water Resources Committee has pointed to irrigation expansion within Alberta
as a potential means of alleviating wérld food shortages (Alberta Legislature, 1981: pg.
10). Proceeding from the assumption\ ‘that this is the best means available it has
recommended that more studies be undertaken to determine the extént of irrigable land, as
well as the potential for transferring water from northern basins to bring this land into |
production. Expansion of irrigatic;n agriculture, as noted previously, has been used as a
juétification for most large scale interbasin water transfer schemes. Let us evaluate this
argument for interbasin water transfer in Alberta.

First the threat of impending food shortage is of great concern, but it is far from
- obvious that the best way to deal 'with it is to raise more fooa in North America, especially
through development of marginal croplands in Alberta The heavy processing,
transportihg, and marketing costs involved in ge‘éting food to the needy wo‘uld erase most
if not all advahtages that might bé gained by producing it here; transfer of technological
skills and direct technical assistance in the areas where the food is consumed would bring
far greater returns (Crutchfield, 1967; Phillips, McMillan and Veeman, 1981).

Seéondly, it is by no means certain that potentially irrigable iand will be developed
as anticipated sirhply because sufficient wa‘ter is supplied to irrigate it Several socia|~and
economic considerations must be addressed, such as the future potential market for the
agricultural produce, ultimate size of the irrigation project(s), policy regarding the
maximum individual land holding allowed within the project and effects the-proje‘ct will
have on surrounding communities. For example, there is the possibility if land acquisition
is unlimited, tha.tAIarge corporate interests Would purchase large tracts of land within a

project in order to produce cheap fodder for large cattle feed lot operations, as has
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happened in southern California " It is unlikely that Albertans would massively subsidize
development involving only 20 to 40 operators. Conversely, if land acquisition limitations
were too stringent to allow a profitable farming operation, very Iiftle of the project land
might be developed. This was what happened in the South Saskatchewan River Project in
Saskatchewan where the maximum amount of land which could be acquired was
considéred to be too small to develop profitably by many of the farmers in the area
{Laycock, 1981},

Thirdly, such a project would comprise a massive subsidy to a relatively small
numer of u.ars. The Government of Alberta now pays the total capital and maintenance
cc . of irrigation headworks (this is where most of the expense of transfer would be
ncu <" and ~ares the capital and rehabilitation costs of the Irrigatién Dyistricts.' The
~ost-sharing spi  for local distribution systems is 86% from the province and 14% from
th rrigatica District; very few of the U.S. Bureau of Reclamation irrigation projects have
as ragh a le. ‘| of subsidy (Frederick and Hanson, 1982). .The Alberta Government has
provided flundmg for the rebuilding, rehabilitation and enlargement of the main irrigation
canals ar.d headworks systems which deliver water to'the irrigation distriéts {150 million
from 1980 to 1995 carri~ed totally by the province) and also for the water distribution
systems within districts (100 million from 1980 to 1985 with 14% péyed by the districts)
(Cookson and Schmidt, 1980). What is really involved, then, in t'he suggestion that the
government intervene to prevent water scarcities in the South Saskatchewan basin, is a
massive sAubsidy, borne by all Albertans, and designed to guarantee a rate of regional
growth in southern Alberta independent of the cost of water. It is important to realize that
irrigation projec;ts do not pay for thémselves and that they represent a marginal water use.

Fourthly;, and most importantly, it is by no means clear that large scale interbasin
water transfer is the best method of increasing the available water supply in order to meet
expanding demands "in the South Saskatéhewan pbasin. Other water management
alternatives do exist and although some of them have been identified, they have been given
little emphasis in past development studies within the basin. '

Several issues pertaining to the management of wa'tevr supplies in southern Alberta
have been alluded to, and it is important at this poin{ to.pl.ac‘e water trahsfer in general, and

this study in particular, in proper perspective. There are many facets to the controversy

~
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~over interbasin transfer in Alberta; the broad range of issues can be loosely grouped into
three areas of concern: i) Provincial economic development policies and their relationship
to water management, il the proper application of economic, social and environmental
evaluation procedures to water development projects, and i) water demand management

1

and forecasting.

Perhaps the heart of the water supply and demand conflict revolves around the
ques‘tion of whether or not continued economic development in southern Alberta should
be thé primary objective for the management of Provincial water resources. According to.
the Alberta Governfnent, the basic objective for the management of water resources in
Alberta is to support the overall economic and social objectives of the Province:

The Government's commitment to a program of balanced economic growth,
the general welfare of Albertans, and the present and future quality of life are

overriding considerations in water management. The supply of good quality
water should not be a limiting factor in achieving these economic and social

objectives.*
A 2
The development of water resources is apparently closely aligned with the

‘government's  overall regional development policy -in which balanced economic
development is an important ingr_ediént. Balanced economic development has often been
cited as an objeétive and used as a justification for further investment in large scale water
‘resource development schemes in Alberta. This objective was cited in regard to both the
; Oldman River Basin Studies and the Réd Deer River Flow Regulation Study which are briefly
discussed in the following section on South Saskatchewan basin supply augmentation.

Given that balanced economic development is a valid objective for fOture lwater
resource management, not only is it important that the precise economic development
policies be clearly defined but also that water resource blannjng objectives and future
development projects be in line with these policies. A review of economic and water
rescurce development policy perspectives in Alberta is provided by Plain{1981), who
concludes that the development of "cperational” water resource and regional development
policies is dependent upon the -identification of specific regional development targets
within each region of the Province. '

vThe.advancement of intermediate and long-range regional economic and water

resource planning is, in turn, dependent upon two factors: i) accurate determination of

‘Alberta Environment 1979. Water Reso&rge Management Principles for Alberta, p. S.
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" existing quantitative and qualitative demands for water within various basins, and ii) the
forecasting of future demands basedA on the pattern o{f urban and industrial growth. and
recreational use which is\to be encouraged within each basin. Forecasted shortfalls in
water supply, in the face of ?r?creasing demands in southern Alberta, have provided a major
impetus for proposed large s‘céale interbasin transfers. Those who argue against this form
of "supply side” water management, suggest that a determination of the true "needs" rather
than "demands” for water in the South Saskatchewan basin is required. It is felt that
inefficient and wasteful water use obscures the measuring ofv need and thus focus is
placed on meeting demand (Gysi, 1981). Reductions in domestic water use on a per capita .
basis would alleviate the situation somewhat; however, municipal and industrial water
demands are small compared to those for irrigation (ie. equivalent to only 14% of the total
net use in agriculture in 1978 for the Saskatchewan—Nelson basin).$ '

The primary‘ .reason for increasing available water supply in the -South

Saskatchewan basin is to allow for irrigation expansion in the region. Expansion of
irrigated agriculture in both Southern and East—Central Alberta héve been cited as potential
regional development targets for the province (Alberta Legislature, 1981 and Hornef,'
1981). However,' on st'rictly economic grounds there is some question as to the merit of

- expanding irrigation. Based on a review of the Oldman River Basin irrigation proposals,

Phillips, McMillan and Veeman(1981) suggest that the development of internal b\asin

supplies through a dam on the Oldman Ri'verb cannot be economically justified and they

suspect that the economic mérits of watef diversion from northern Alberta to supplement

Oldman supplies are even less attractive. It is also'suggested that the economics-of water

transfer to the scattered areas of non—solonetzic soils in East—Central Alberta are poorer

still, | | | .

This conclusion does not mean that such development might r;ot become
economically attracti\;;a i'n the future with irrigated land being used more extensively for
high value crops ér with a rise in current crop ma.rket prices. Alternatively, other r‘egional
- development objectives may override economic efficiency goals. Such objectives might
_include the impact on the provincial distribution of incohe, and the diversification of

economic activity and population growth in the province.

SPrairie.Provinces Water Board 1982. Water Demand Study: Historical and Current
Water Uses in the Saskatchewan-Ne/son Basin, Main Report, Regina, p. 130.
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in Fig. 3 the theoretical range of adjustments ‘hzt may be erﬁploy'ed by provincial
" water managers in response to growing-shortages in the supply of water évailable for
irrigation development are‘displayed. In Fig. 3. the various adjustments are separated into
isolated categories. Howeuver, the bverall adjustment to the water shortage shoyld involve .
a combination of these individual adjustments as op;)osed to an isolated application of a
single adjustment. Fou; instance, a decision to support future irrigation expansion does not
rule dut the possibility of periodic adjustments to shortage during exceptionally dry.years.
Similarly, a decision to develop interbasin transfer does not mean that adjustments related
to modifying the demand and supbly within \;b"asins are ruled out... Indeed, the most
effect‘iv.e za'djustment"to water supply shbrtag;s could very well involve the combined
application of all the categories of adjustment. shown in Fig. 3. Since the focus of this
study is on water transfer, a detailed discussion of the entire range of adjuétmehts to
growing demands_y,%br water in the South SaskétcheWan baéin is beyond the scope of this
research. Several of the means of modifying demand and adjusting to a shc;rtage have
been .previously alluded to, they include: i) improving irrigati‘on efficiencies, ii) limiting
irrigation expansion, iii) changing agricultural practices in dry years, and iv) incorporating a
‘water pricing scheme. Modifying water supply within the South SaskatcheWan basin could
involve such adjustments as: i) changing the downstream allocation.arrangement within the
basin in favour of particular sub—basins, i) improving the runoff storage potential in the
" basin, and i) managing the watershed to increase runoff.

in the. following section some of the water management issues which have
fostered proposals, to augment water supplies in the South Saskatchewan basin are
reviewed. Foliowing .th‘is'ereview, interbasin transfer from the Cliearwater‘ River into the

Red Deer basin is presented as a possible means of alleviatiyng future water supply

shortages in southern Alberta.

C. South Saskatchewan Basin Supply Augmentation

Agriculture, albeit the largest water use in the South Saskatchewan basin, is not the
only one; other instream and withdrawal uses are also of concern. They range from
federal—provin'cl:ial and international contractual obligations (apportionment), through

municipal and industrial water uses, to stream flow maintenance for recreational, fish and
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wildlife uses. ‘

The Old’man_ River Basin and Red Deer River ‘Flow Regulation Planning Studies
address tHe water supply and demand issues in these river basins. The ongoing South
SaskatcheWan River Basin Plannin\g Study being carried out by the Alberta Environment
Water Resource Planning Division is‘an attempt to first identify basin objectives for water
management, to analyze management options which would mb;et those objectives and to
.recommend a management strategy for the basin. Several Qf‘ the major water
maﬁagement issues for Alberta and much of the basic information concerning current
water supplies and their uses are reviewed in reports by the Canada West
Foundation{1882) and the Prairie Provinées Water Board(1982).

In"1974 the provincial 'gover;nment identified irrigétion in southern Alberta as a high
priority water use, with first priqrity beir;g an examination of current and future water use
requirelments in the Oldman River Basin. The Phase | studies completed in 1976,
supported theuconstruction of an onstream stdrage dam at either the Brocket or Three
Rivers site (Alberta Environ‘rﬁent, 1976a). Several offstream storage reservoirs already
‘existed within the basm but it was felt that a larger percentage of the spring runoff should
be stored if irrigation and other needs were to be met in dry years.

Strong public reaction to this study caused the government to initiate the more
comprehensive Phase Il studies and carry out public hearings"(administered by the
" Environment Council of Alberta) on the management of water resources in the Oldman
basin. Following the completidn of this study in 1978, it was recommended that rabid
rehat;ilitation of the irrigation water delivery system, in order to improve water use
efficiencies, should proceed and that construction of onstream storage dams be deferred
for an indefinite period (Oldman River Study Management Committee, 1978; ECA, 197'9)'

it was suggested during the Oldman River Managemeni Study that the useable
supply of water in the Oldman River could be increased if commitments to downstream
use could be reallocatéd‘to the other tributaries of the South Saskatchewan River. The
Master Agreement on 'Apportionment was sigﬁed by each of the Prairie Provinces and
Canada on October 30, 1969 (PPWB, 1969 and Alberta Environment, 1879). This
‘ag:reement, which is administered by the Prairie Provinces Water Board, domﬁits Alberta

to deliver to Saskatchewan one-half of the natural discharge of streams which flow
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eastward across the Alberta—Saskatchewan boundary. Alberta is entitled td a quantity of
water equal to a net depletion of one—half the natural flow of the river. The total
discharge is accounted for on a yearly basis. The discharge is a combination of the Red
Deer énd South Saskatchewan River discharges.

Although-50% of the natural flow of the South Saskatchewan is currently allocated
to downstream use in Saskatchewan this could be reduced by increasing the allocation
percentage of Red Deer River flow to greafer_than 50%. By increasing the volume of
water allocated to Saskatchewan from tHe Red Deer an equivalent volume vy_guld become
available fér use in the South Saskatchewan River basin. Hence, South Saskatc’vﬁ’ewan basin
users in Alberta would be able to use more than 50% of the natural flow in their basins.

Suggestions that flow commitments for the Red Deer River be increased fror% the
original 50% to 75% of the natural flow of that river met with opposition. Richard
White(1978) of the Red Deer Regional Planning Commission, maintainedQ that this
exploitation of the Red Deer basin for the benefit of the Oldman basin was‘no\)t consistent
with governmciit policy providing for balanced economic growth through Hatural resource
development. Augmenting the economic growth potential of one basif at the expense of
another was seriously questioned even though it Was felt that an allocationnof 75% of the
Red Deer flow would not cause any immediate hardship in the Red Deer basin unless
consumptive demands in the basin increased substantially. There is much concern over
how to apportion the flows 6f the Red Deer, Bow and Oldman Rivers. Accorcsing to
Primus{1981), this is the basic question now facing the Province in the South
Saskatchewan basin. If some of the basins are allowed to coosumedmore. than 50% o¥
natu@l streamflox;{/, then the others will have to allocate more than 50% of th=ir
streamflow to meeting interprovincial commitments. | The implications of such a decision
are obvious; the basin with an extra ailocation will grow at the expense of-a basin whose
supplies are restricted. ‘.

Alternatively, any scheme designed to increase flows in the Red Deer River could
also produce excess deli{?ries to Saskatchewan which could then be applied against any
" deficiencies in delivgry from the South Saskatchewan k;ranch o; the system.” Proposals to
increase flows in the Red Deer River hold promise for increasing useable ‘suppli'es- of

water in the South Saskatchewan Basin without seriously jeopardizing future development.



‘ 28
™

in the Red Deer Basin. Construc ‘ion of onstream storage~da‘ms on the Red Deer River and

interbasin transfer of water from the North Saskatchewan River Basin are two .

more thoroughly investiga%ed alternatives for increasing Red Deer River flows.

The recent construction of Dickson Dam on the Red Deer River is another exa . -
of the relationship between regional development objectives and water resource
develo,pmént planning. Although this dam could be operated in a manner that would
increase the average annual discharge of the Red Deer through storage from wet to dry
years, this would conflict with the proposed manner of operation. The principal purpose
of Dickson dam is to provide regulation of fhe Red Deer River in order to: i) increase low
winter flows and thus make the central Alberta region more attractive for future industrial
expansion, and ii) encourage d?céntralization of future industrial and popullation growth in
central "Alberta by providing ‘;'n adequate water supply (Alberta Environment, 1975al.
Secondary objectives such as flood protection, erosion control, creation of recreational
potential on and around the reservoir and hydropower production were also suggested
but not all cén be realized given the single-purpose nature of proposed feservoir
operation. - ‘

“As with the Oldman River Basin Studies, a great deal of controversy surrounded

‘proposals to construct Dickson Dam. Many of the cohcerns are discussed by
wcock(1877), who concluded that short term needs in the Red Deer basin could be met |

low cost, integrated, alternative means (notably transfer from the Clearwater and

conjunctive use of groundwater).

D. Water Transfer From the Clearwater River

The Cle;;rwater River in West-Central Alberta is the southernmost sighificant
tributary of the North Saskatchewan Riyer. Approximately éO km up the Clearwater from
its confluence “with the North Saskatchewan, near the locality of Bhtte, the surface
drainage divide between the Red Deer and North Saskatchewan River Basins is exceedingly

low (ie. less than 2 m). The ease with which water could be diverted across this divide has

I

been recognized for many years.

Although the information is unsubstantiated, Deén(1982: pers. comm) suggested

that as early as 1819 it was proposed that a smalt rock—fill dam be built in order to raise
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the level of the Clearwater and divert water into the Red Deer Basin. Itis ndt known who
proposed this dam or for what purpose the water was to be used. William Pearce’s plans
also incorporated Clearwater diversion, as have most Alberta interbasin transfer p.'roposals
since then, including those of Russell(1948), Magnusson(1967-1969), PRIME and the
'SNBB. The most detailed and ambitious proposal for Clearwater diversion is that of thé
SNBB which includes plans for comibined .transfer from both the North Saskatchewan and
Clearwater Rivers. . ‘

The SNBB scheme would consist of a dam acfoss the North Saskatchewan and
Clearwater Rivers which would raise the water Ievel. approximately 46 m to permit gravity
diversion to Horseguard Reservoir {see Figure 4) Thé resuiting reservoir would extend up
the North Saskatchewan about 16 km, up Prairie Creek about 10 km and up the Clearwater
as far as Butte. From this "Rocky Mountain Reservoir® a 5 km channel would be
constructed to convey diverted water to the Horseguard Resgrvoir which would provide
interim storage for the diverted water. The stored water would be released from the
reservoir into a channel which would parallel Stauffer Creek and empty into the Raven
River at the locality of Raven. Channel improvements along the Raven River would be
required to convey diverted flows the rest of the way to the Red Deer River.

The detailed project data and cos.t estimates are listed in the SNBB Project
Cataloga for 4 different diversion capacities ranging from 28 cms to 113 cms. The total
. project would involve the flooding of approximately 14,200 to 16,700 ha of land,
construction of 25 km of canal, 3 dams and 2 dikes, and cost between $128 and $135
million (in 1968 dollars)

Even though cheaper, potentially less detrimental, small scale diversion possibilities
exist on the Clearwater the large scalé dams and reservoirs have been tH'e only possibilities
studied. This research is aimed at investigating the more modest developmen;c\élternatives
which exist for water transfer from the Clearwater. As pointed out by Laycock(1981),
there is currently no pressilrig need for large increases in water supply in the South
Saskatchewan basin; transfer from the Clearwater could be considered as é small step in a
Iz‘arger interbasin transfer development planning sequence. This possibility is discussed in
chapter five in relation to the utilization of ‘various physical transfer components for.

transferring water from the Clearwater. Such development should be conjunctive with
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management of growing water demands and increased storage of v\u/ater within the South
Saskatchewan basin from wet to dry years. If and when larger amounts of water are
required. diversion from the Clearwater could be increased by constl.*uction of an
upstream storage dam; eventually the North Saskatchewan itself might be tapped. This
idea of sequential development was proposed in Alberta’s PRIME plan (Bailey, 1969) but
the d‘emand. for water was great‘y\/cgveréstimated and as a result smaller, interim
alternatives for augmenting supplies were ignored. T~ review 61‘ alternatives in the Red
Deer River Flow Regulation Study (Alberta Environment, 1976b) is encouraging in this
regard but it appearsvthat small scale alternatives to the proposed dams are viewed as

mere "stop—gap" solutions to a problem which ultimately only a dam can solve.

Summary

It‘was found that in both £he Western United States and Alberta, attempts to
maintain and expand agricultural production through irrigation have pro'vide‘d the incentive
for most wafer transfer proposals. fsast transfer proposals, both on a provincial and an
international scale, were .met 'with great op;?osition. The astronomical costs and
unacceptable impacts associated with past interbésin transfer proposals have rendered
them unworkable not only on economic and environmental bases but also on a political
basis. !t is instructive to realize that many of the problems as;ociated with past water
transfer proposals are' related to both the scale of development and the general fack of
consideration of environmental, social, political and economic factors involved. Itbhasb
been suggested that current proposals for interbasin transfer on behalf of the Water
Resources Committee exhibit many of the same we_aknesses as past proposals and
opposition to such development will remain strong. What is required in future water
planning is a greater emphasis on exploring alternative solutions to management problems.
Interbasirt transfer is just one of several water management alternatives that could be
implemented to alleviate water supply and demand conflicts in southern Alberta, other
management alternatives were identified.- :

It was suggested that transfer from the CIearWater could be developed at relatively

low cost with relatively littie detrimental . impact and perhaps even compensating

environmental enhancement. “In so doing. it could prove to be an acceptable compromise
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between the the "no transfer development” and "large scale transfer development”
positions. It is with these ideas in mind that alternatives are explored in chapter five for

diversion of Clearwater flows.



_ Hl. STUDY AREA

The study area encompassés 3520 km‘Z in West Central Alberta as shown in Fig.
2. This area is part of the higﬁ western Alberta Plain, is greater than 50% cultivated, and is
in a natural vegetation zone classified as an aspen ecotone to spruce. The topography
ranges from level and undulating to gently rolling, with local relief generally decreasing
from west to east. The boundaries of the study area were chosen with three concerns in
mind: i) to include the Red Deer and Medicing Rivers which could receive water from a
Clearwater transfer, ii) inclusion of the North Saskatchewan River, of which the Clearwater
is a major tributary, and which has been considered as a future source of water for the
South Saskatchewan Basin and, iiil to cAenter the study area on the portion of the
Clearwater River whére an interbasin transfer of water to the Red Deer basin could most
easily be effected. .

The aim in this chapter is to provide a description of the type, quality and areal
distribution of basic environmental and‘ cultural resources in the study area This
information will be used in chapter five (in conjunction with the detailed water.reource
information discussed in chapter four) in both the design and assessment of Clearwater
transfer alternatives. This knowledge of the resource base in the study area proved useful
in the evaluation of environmental and socio—economic effects of water transfer
development in the study area.

What follows is a brief discussion of the water courses within the study area and a
more detailed review of the topography with particular reference to the surficial and
bedrock geology. The sequence of deglaciation which parﬁy determined the existing
physiographic pattern wili be discussed and a brief outline of the types and distribution of
soils and vegetation in the study area will be presented. A review of the community

structure is presented with reference to land use and population/distribution.

A. Water Courses »

The drainage divide between the North Saskatchewan and Red Deer River basins
separates the study area into two drainage systems, the North Saskatchewan basin which
incorporates 705 km? of the study area and the Red Deer basin which incorporates“ 2815

km2. Three major physiographic regions are included in the drainage basins of streams of

33
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.the study area — the Cordilleran, Foothill and High Plains regions are all 'represented. The
study area itself, with the exception of small foothills areas on the western boundary, lies
almost entirely within the High Plains physiographic region.
¢ In Table 1 some basic data for each of the streams metered by the Water Survey
of Canada are shown. The location of the gauging stations is indicated in Fig. 1. It is
apparent that for the streams in the study area, the size of the drainage basins as well as
" the mean discharge and runoff values vary considerably. The potential of the variogs
streams shown in Table 1, in terms of annual water supply available, is striking. A detailed
discussion of streamflow regime, drainage basin characteristics and related hydrblogic
factors is presented in chapter four.

In relation to the potential of the Clearwater River, the meaﬁ annual discharge of
the Clearwater (above Prairie Creek) is equivalent to 30% of the annual Red Deer River
discharge at Red Deer, but only 11% of the North Saskatchewan discharge at Rocky
Mountain House. Hence, on a purely quantitative basis, the proportional increase in annual

“discharge on the Red Deer as a result of Clearwater transfer would be greater than the
proportiohal decrease in the annual dischar.ge of the North Saskatchewan. The high runoff
for the North Saskatchewan (410 mm} in comparison with that of the Red Deer (130 mrﬁ)
“Which has a similar basin area, is indicative of the larger proportion of high yield cordilleran
and foothills areas in the North Saskatchewan basin as opposed to the lower yield plains '
areas in the Red Deer basin. |

The higher yield of foothills étreams is e*emplified through comparison of the
mean annual runoff for Prairie Creek (160 mmj and the Medicine River (which drains &
plains area; 40 mm). The Raven River which drains an area on the boundary between the
foothills and plains, has a basin area which is only a third of that for the Medicine River ahd
yet it contributes approximately the same volume of water to the Red Deer River (ie. 4% of
the -mean annual discharge at Red Deer). Thérefore it is appareht that the potential
discharge of the particular basins is not so much a function of the actual drainage area as it

is the character of that area. This point is discussed further in chapter four.



TABLE 1

General River Basin Data for Streams in the Study Area

Drainage Aréa Mean Annual Mean Monthly Mean Annual
Discharge Discharge Runoff

{km?) {dam?) . {cms) {mm)
N Sask. River 11,000 4,460,000 1414 410
at Rocky Mtn.
Hs. (5DC001)
Red Deer River - 11,600 1,550,000 491 - 130
at Red Deer
(5CC002) ‘ ,
Clearwater 2,230 473,000 3.0 210
River at |
Dovercourt
(5DB006)
Medicine River 1,910 68,300 22 40
near Eckville '
{5CC0O7)
Raven River at 655 67,200 2.1 100
Raven (5CB004) \ |
Prairie Creek ~ ° 860 135,200 43 160

near Rocky Mtn.
Hs. (5DB002)

{

/
Source: Historical Streamfiow Summary, W.S.C. 1878.
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North Saskatchewan Basin

Within the stu’dy area there are three streams in this basin — Prairie Creek, the-
Clearwater River and the North Saskatchewan }'River. Prairie Creek is tributary to the larger
Clearwater River which is, in turn,‘tributary to the North Saskatchewan River. All three of
these streams drain Eastern Slopes areas of varying size and hydrologic éharacter‘ The
differences in flow regime for the streams in the study area are discussed in the following
_chapter. _ )

" The North Saskatchewan River flows across the northwest corner 61‘ the study
area; ét this point it has drained an extensive mountainous region originating at the
Saskatchewan Glacier on the Continental Divide and extending eastward through the

Eastern Slopes and foothills regions of the Rockies. Bighorn Dam and Abraham Reservoir,
120 km upstream from Rocky Mountaianouse, alter the n:;tural flow regime of the North
Saskatchewan. They are operated principélly + to produce hydroelectric power,
.increasingly for peaking power production. ’ .
The "natural” flow regime of the North Saskatchewan is characterized by low base

flows in the winter with sHarp increases in Aprit and May as snbwmelt'runoff begins to
contribute to streamflow. Runoff from the higher elevation snowfields and glaciers
maintains consistently high streamflows throughout the sgmme}. This is exemplified by
the high mean annual runoff shown i;m Table 1 (410 mm). Summer rain also contributes ’to
increased flows and often ieads to floo.ding. Qperation of Bighorn Dam has incréased the
amount of flow in winter and reduced peak flows in the spring. Because the North
Saskatchewan is the priméry source of fresh water for many downstream communiti‘es;
particularly the Ci‘ty of Edmonton, reduction in streamflow as a result of transfer from the
Clearwater is of concern. However, it is believed that the scale of transfer envisioned for
this study would generally have little effect on the future ‘ability of the North
‘Saskatchewan Ri.ver to meet downstream demands. If large scale transfer from the North
' Saskatcﬁewan does develop the Clearwater trénsfer might well be part of a larger

program of sequential transfer in which water from the Athabasca basin might meet future

needs in the North Saskatchewan basin.
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A The Clearwater River is the southernmost significant tributary of the North
Saskatche\-Nan‘ It originates near Mt. Willingdon in Banff National Park approximately 20
km from the Continental Divide and flows eastward draining an area of the Eastern Slopes\
south-of the Ram River and north of the Red Deer and James Rivers. Within the study area_.
the channel gradient changes from approximately 4.2 m/km, in a section from Ricinus to a
point near Butte, to a gradiént of 1.8 m/km from BQtte to its confluenée with the North
Saskatchewan. A significant change in channel morphology accompanies this rapid change

in slope. From Ricinus to Butte the Clearwater is highly braided with a wide gravel and
sand valiey outwash train. The existenice of large unstable gravel bars is indicative of low
channel stability and rapid rates of channel modification and migration across the outwash
during high flow stages. This channel instability could cause problems with the installation

of diversion structures (weirs, headgatés, dikes, pumps, etc.) and channel stabilization may

be required. For instarice, where Highway No. 54 crosses the Clearwater, a large section

of river bank has been stabilized with concrete gabions in order to prevent further bank
erosion whic;{ might threaten the bridge footings. From Butte to the North Saskatchewan,
the Clearwater becomes a single meandering channel of uni"form width witH relatively
stable sand and gravel point bars.

Throughout*the study area the Clearwater flows very close to the drainage"rdivide in
the southern section, the channels of the Raven and Clearwafer come within 1.5 km of
each other and the height of the divide is between 15 and 20 m. This would be the
shortest transfer route from the Clearwater to a direct tributary of the Red Deer River (ie.
Raven River). In the vicinity of Butte the height of the drainage divide drOps to as little as
15'to 20 m. This would be the easiest location to divert water into the Red Deer basin
from the Clearwater. Along this reach the Clearwater flows along the northwest edge of
an‘ ancient proglacial fan-delta deposit. In the past, the Clearwater River flowed along the
southern flank of the delta and down what is now the Stauffer Creek Valiey. This delita,
which will henceforth be referred to as the "Clearwatér delta”, has been mentioned by
Laycock(1877, 1981) and is described in more detail in folloWing sections on surficial
geology and groundwater. ‘ :

The Clearwater delta area is a focal point for this study. Because of the unique

hydrologic character of the delta area, a wide range of interbasin transfer methods are
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plausib|le. For instance, it is apparent that riparian groundwater from the Clearwater River
flows through the delta deposits into the Red Deer basin and appears as spring flow on
the eastern ‘edge of the delta in the headwaters of Stauffer Creek. In effect then, a
considerable amount of interbasin water transfer is naturally occurring. - Several alternative
methods of i_nc‘r'easing the rate of groundwater flow through the delta will be discussed in
later sections. Another indicator of the prolific groundwater movement through the deita
is the large spring which arises on the north edge of the delta 1.5 km north of the locality
of Butte. This spring, henceforth referred to as "Butte Spring”, forms a significant stream

which flows northwest to the Clearwater River. |
Prairie Creek is a tributary of the Clearwater which drains a small, timbered,

' . 4
foothills region to the west of the study area between the Ram River drainage basin and

€

fheCIearwater River. The creek flows 113 km out of the Cle'érwater Forest Reserve

thre ~h a wide, shallow valley for n\uch of its length. Even though Prairie Creek drains
quite a small area its mean annual discharge is twice that of the Medicine River, which has
twice the drainage area, and almost one third that of the Clearwater at Dovercourt The
large reduction in the runoff to precipitation rafio that‘occurs from foothills to high plains
drainage basins was previously indicated by comparing the Prairie - basin unit area .

yield with that of the Medicine River (see Table 1).

Red Deer Basin

There are two rivers which drain the Red Deer basin poftién of the study area - the
Medicine River and the Raven River. The hydrologic characteristics of these two drainage )
basins-dif.fer considerably. The Raven drains portions of both.the foothills and High plains
physiographic regions the Medicine drains only a high plains region.

The upper portion of the Raven drains a forestea low foothills area similar to the
middle section of the Prairie Creek basin; the lower portion drains an area of decreasing -
relief and increasing cultivation as it flows eastw;ard to the Red Deer River. Stauffer

Creek (also known as the North Raven River) is a tributary of the Raven which drains an

" area from its origin at the southeast edge of the Clearwater delta to its mouth about 20 km

AN
to the southeast, near the locality of Raven. "A significant proportion of the discharge of

the Raven (measuredbat' WSC 5CB004) comes from Stauffer Creek. Thus, underflow
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from the Clearwater River provides a significant proportion of Raven River discharge.

Beavér Creek is another small yet significant tributary of the Raven, like Stauffer
Creek, the rhajority of its flow originates from a spring. The Beaver Créek spring supplies
the water for the provincial spawning station located 5 km southwest of Caroline.
Because of the consistency of flow and -water temperature in the Raven Ri‘ver system, -
largely due to groundwater discharge. it. supports berh’aps the best trout fighing_ in Alberta.
The nature of the exceptional fish habitat f,nd popUlationsI/?@d in these streams will be
discussed_ in the following chapter together with the possible impacts (both positive and'
.negative) that alteration of fIOV\; regime and channel morphology might have on them.

The Medicine River arainage basin is characterized by Iow-gradient,ihighly sinuous
and low discharge streéms. The Medicine originates in Medicine Lake 30 km north of the
study area; it flows southeastward draining a large area bétween the Blindman River and
ASyIvan Lake basins on the east and the North Saskatchewan River basin on the west.
Within the study/ area many small, intermittent streams contribute to streamflow during the
brief spring runoff period and after heavy precipitation events. Lasthill Creek is the on]_y
significant perennial wributary to the Medicine within the study area. Dickson Creek and
Tindastoll Creeks, near the mouth of the Medicine, make minor contributions.

Lasthill Creek and one of its tributaries, Lobstick Creek, both flow in broad glacial
spillway channels which extend td the southeast from very near the North Saskatchewan
River all the way to the Red Deer River. They served as proglacial and early post—glacial
cfwannels of the North Saskatchewan River until the latter was captured to the north.
Because of this they could be used as transfer routes from the North Sasll_atchewan. The
flow. in these streams is sldggish and the in—channel plant growth is excessive. Partly
because of this, the potential fish and aquatic invertebrate habitat is ex’trerﬁely limited: The
same conditions exist in Horseguard Creek which drains an area of interspersed muskeg
and poorly drained pasture land originating 2 to 5 km northeast of the Ciearwater delta
The possibility of actually creating sport fish habitat and hence new recreational
opportunities by diverting water into the Medicine system vié Horseguard and/or Lasthill

Creeks is discussed in following chapters.



41

|

B. Surficial Geology
| In the study area onAIy one bédrock unit, the ‘Paleocene Paskapoo Formation, is
present at the surface. This formation consists of a succession of greyish, calcareous
sandstones, siltstones and mudstoyneAs which dip slightly to the northeast. The surface
expression, while generally subdued, is characterized by several low, southeast—trending
bedrock ridges. See Figure 2 for general topography of the study area. Note the lack of
a defined .valley at t'he point where the Clearwater River turns northwestward, as
mentioned previously the Stauffer Creek Valley (an old spillway channel) was once the
route of CIearWater flow. The distinct outiine of the Lasthill and Lobstick spillway
channels is also evident on the northern edge of the study area. |

The Paskapoo is underiain in the subsurfaée by th% Upp “etaceous Edmonton
Group and the Belly River Formation. The strata oﬁthevse fo“qma_tions withiﬁ the High Piains
-region dip to the southwest at shallow angles, the "ang!e of dip increases steadily in that
direction (Tokarsky, 1.971), The strong north;ve"s\"t-:southeast topographic trend is a
striking feature in Fig. 2, it is largely a result of past glacial activity in the area.-

The surficial deposits are largely of glacial ori,gin, with tills and glaciolacustrine

sediments predominant.. The North Saskatchewan, Clearwater and Red Deer River valleys

have been infilled with postglacial gravels, and in these a number of terraces have been cut

Organic sedimehts occupy the courses of many former proglacial drainagevchannels.' The .

surficial geology of the ea is displayéd in Fig. 3 as interpreted by Boydell(197._2).'_‘

jBy reviewing the surficial geolody of an arga some insight into the recent depositional and

erosional processes responsiblg for shaping the landscape can be obtained. In following
sections the pattern of degléciation and soil distribution are .discussed in relation to the
surficial depoéits. The surficial deposits in the -study area can be grouped into three

categories according to their period of deposition: i} "Recent deposits” which include .

organic and alluvial depositional features, ii) "Pleistocene to recent deposits” which inciude

only aeolian sands and, iii) "Pleistocene deposits” of glaciolacustrine, glaciofluvial and

strictly giacial ‘origin.
Recent alluvial deposits are present along most of the streams in the map area

.Along the larger rivers, recent aliuvium consisting of gravel and sand overlies Pleistocene
f i ’ : '

alluvial outwash sediments consisting of boulders and coarse gravel and alluvial terraces.



42

o

Aydesbodo) z 614

oo6g+—{ 00CI

004€ +—

F 00LL
00S€t+—

00€E€t+—1 0001
0oL € —

~

TSV 1331 00671 —t 006 1SV S3yLIw

AHdY¥90dO1 i




43

uoow3 ‘ges :
SIN OINOH WLNOW Axo0H ABOIOSO mMoyNg pLEL KOUNOD LOXRSEY CLAQY 800G

SONIIATY =
SNWN¥A &

INIYEOW ONNOYO o+

NIVINAOW A¥D0¥ |, *,
INIYIOW b oo
ANDOWWNH 31SOdWOD %Y
‘ INIVIOW R
GNNO¥D 3LISOIWOD |
INIYIOW b
ANDOWWNH IQINIANYT [ 1e®
INIVIOW
GNNOXD 3GIINIINYT
OINSNW
INIEISNDYIOIDYID

saNvs NvIIo3y

SANYS ‘STIAVEO HSYMLINO

WIHANTTY




44

|

are also present. These deposits could be easily exploited for use as construction
maternals (ie. roads, rip-rap, canal lining, etc) Alluvial deposits along smaller streams
prnmarlly consist of silt and sand. Postglacial accumulations of organic materlals better
known as muskeg, cover a large portion of the study area having formed in poorly drained
dep?essio‘ns between bedrock ridges and in glacial spillway channels. Most of the muskeg
in the area is shallow but some may be as thick as 10 m. Some patterned or string bogs
exist in the area and indicate slow flow of Water within these bogs.

The aeolian deposits consist of fine- to medium—grained sand in sheets and dunes.
The sand is derived from Pleistocene '_Iacu:strivne and outwash deposits. No active dunes
now exist as most of the areés are stabilized by covering vegetation. Several of the
interdune areas are filled with muskeg. |

Pleistocene glaciolacustrine deposits cover much of the study area indicating that
proglacial lakes of considerable size existed in the area In texture, the deposifs range
from clay through silt to sand, ice-rafted pebbles arc also common. These materials may
also pr'ove useful for construction of dikes, weirs and canals. Generally the surface of the
lacustr.e plains is level, but north-of Eckville and in the vicinity of Caroline the surface is
hummocky. In these areas the lacustrine deposits were likely deposited over debris—rich
stagnant ice which subsequently melted leaving the uneven surface. |

The Plsistocene glaciofluvial deposits. and landforms include outwash pléins
consisting of sand and gravel and valley train outwash deposits derived from mountain
"glaciers. Valley train deposits occur along.the North Saskatchewan, Clearwater and Red
Deer Rivers; they consist primarily of gravel, are generally thick and form broad terraces.
Outwash plains of significant size are located on the Medicine River near Markerville, along
Lasthill Creek and élong Stauffer Creek. The outwash plains along Stauffer Creek are of
particular‘intér.est and provide further support for the suggestion that fhe Clearwz;ter at
one time was part of the Red Deer drainage system. The areal extent and composition of
the outwash deposits in the study area suggests that large volumes of water once fiowed
in these channels.

The remainder of the study area is covered by glacial till. Boydell has ideﬁtified
three types of till in the area based on differences in pebble lithology. The "Sylvan Lake"

till which was deposited by the _aurentide ice sheet, the "Jackfish Creek” till deposited by a
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Rocky Mountain ice sheet, and the "Athabasca” till, which has mixed pebble lithol'ogy,
suggesting coalescence of the two ice masses. The Sylvan Lake till is Io\cated in the
eastern portion of the study area, its morphology is often subdued with extensive areas of
hummocky dead—-ice moraine occurring on and around areas of higher bedrock
topography. These hummocky moraine areas are located to the northwest of Eckville and
to the northeast of Stauffer. The Jackfish Creek till occurs on the westernmost edge of
the study area, just north of Ricinus. .The existence of drumlins in this area indicates the
direction of ice movement was towards the southeast. Athabasca till occurs in a broad
zone between the two other tills; it is present in the southwest corner of the study area

where much of it has been overlain by glaciolacustrine silts and clays.

Deglaciation
The bedrock surface topography (Carlson, 1870) indicates that the major drainage
before glaciation was to the southeast. It appears likely that the present channel of the
North Saskatchewan River downstream from Rocky Mountain House deQeloped asa resulf
.of glacially induced river diversions during Pleistocene t{me, A number of the preglacial
valleys are now buried, and contain sands and gravels, parts of which may be preglacial in
age. . ‘
According to Carlson's interpretation of the bedrock topography in the area, the
"preglacial” Cilearwater River was actually part of the Red Deer drainage basin. It flowed:
squtheastwafd from a point near Butte along what is now the Stauffer Creek valley and
égﬁbtied into the Red Deer River. At some' point - ‘ing the Pleistocene or soon after the
retreat of the Laurentide ice sheet from the area, the Clearwater River drainage was
captured by the North Saskatchewan drainage basin. However_, as mentioned before,
along the Clearwater deita the surface drainage divide between the two basins is poorly
defined and the pﬁre'atic or groundwater divide is apparently nonexistent with transfer
- taking place.
| The Rocky Mountain House area was affected by at least four Pleistocene ice
sheets (Boydell, 1872 and 1978) which originated either in the Rocky Mountains or on the
Canadiaﬁ Shield. The limits of the most recent ice sheets are marked by a zone in which

surficial deposits contain materials derived from both the Shield a}:nauthe mountains. This
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zlone of mixed continental and cordilleran source glacial deposits (ie. Athabasca or
composite tilll occurs only in the southwest corner of the study area East of this zohe
only continental glacial dri?t is found and to the west only drift derived from cordilleran
sources is found.

The likely sequence in which glacial advances and retreats took place as well as, the
prébable extent of each in the area has been investigated by Boydell. The correlation of
apparent glacial events in the Rocky Mountain House area with the finydings of Roed(1968)
in the Edson-Hinton area and McPherson(1970) in the upper North Saskatchewan River
Valley lends supp'ort to Boydell's conclusions regarding the glacial history of the study
area. Boydell suggests that the Rocky Mountain House area was subjected to four glacial
-advances during the Pleistocene, three of Rocky Mountain origin and one of continental
origin.

The first advance into the area occurred in the Early Wisconsin as a Rocky
Mountain ice mass advanced over the Brazeau Range and east to the edge of the foothilis.
It does not appear that this advance extended far énough east to enter the study area; the
till deposited during this advance has largely been overlain by subsequent advances but
small st face exposures are present fo the west of the study area on top of plateau-like
ridges of the outer foothills. It is likely that outwash sediments associated with this
advance were deposited in the study area although dif ferentiation between these deposits
and those associated with subsequent Rocky Mountain advances is difficult.

The second and third advances occurred in the Late Wisconsin as a Rocky

4
Mountain ice mass -moved eastward along the North Saskatchewan River Valley. This ice
‘ y

\

mass was deflected to the southeast by the advancing Laurentide ice sheet. A series! of
\

\

temporary prdglacial lakes were formed as meltwaters were impounded by opposing i‘qe
fronts. During this time, the margin of the Laurentide ice sheet was to the west of the\
study area, leaving the whole area under the ice sheet. Near \th_e margin, Rocky Mounfain
ice slowly began to retreat and the piedmont valley spillways and North Prairie Creek
channel to the west of the study érea were cut by meltwater streams.

The fourth and final glacial advance, referred to as the "Jackfish Creek” advance by
Boydell, also occurred in the Late Wisconsin as Rocky Mountain ice moved eastward and

coalesced with the Laurentide ice which had remained in the area. Much of the contact

\

L.
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zone was obliterated by a series of spiliway channels developed between the two ice
masses. Thgse northwest~southeast trending spillway channels are dominant features in
the study area and also exist to the north and V\:égt The orientation of glacial features
such as drumlins and flutings suggests that the primary axis of glacier movement -in the
study area was northwest to séutheast. A small grouping of Af‘lutings to the east of the
Medicine River indicate the perpendicular flow direction of the main body of Laurentide
ice. The Jackfish Creek ice began retreating before the Laurentide ice. Retreat of the
Laurentide ice to the northwest was slow and recession was marked by in situ stagnation
of larye ice masses, usually on areas of higher ground, surrounded at lower elevétions by
glacial lakes. |

The largest of these proglacial lakes was Glacial Lake Caroline; the areal extent of
glaciolacustrine deposits in the study area is indicative of the area which this .Iake covered.
The coarse gravel and boulder outwash sediments carried by the Clearwater River were
deposited in glacial Lake Caroline forming the Clearwater delta Glacial Lake Caroline
éover.ed an extensive area and waé drained by a succession of spillway t;;hannels which
formed as the Laurentide ice front continued to retreat According to Boydell, five .
spiliway channels formed during the draining of this glacial lake: Crammond | was the first,
located south 6f Caroline, followed by Crammond Il, Kevisvilie, Stauffer and finally Lasthill
each progressively lower and farther east than the last. This represents the last stages of
Laurentide ice retreat in the study area, although its disintegration may be traced
progfessively farther to the east and northeast. It is believed that deglaciation probably
began between 13,500 and 12,500 years BP, and the Rocky Mountain House area was

probably ice-free soon after 9600 years BP (Boydell, 1978: p.33).

..C. Soil Type and Distribution ) .

Soil is the product of climate, vegetation, and topography acting oﬁ ~the parent
rﬁaterial over a period of time. The degree and variability of any or al! factors and their
interaction is reflected in the numerous kinds of soils that exist in any given area Climatic -
influences include precipitation and temperature, as well as wind and water erosion.
Furthermore, climate determines the type of vegetétive cover and degree of biolbgical

activify. With topography it governs drainage and moisture conditions thus producing
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microclimatic variations which in turn produce variability in vegetative cover. A major
influence, however, is exerted by the parent material itself, with its variability in texture
and mineralogy.

The stu‘area is rouéhly bisected by the boundary between a predominantly black
or Chernozemic soil zone to the-east and a Grey Wooded or 'Po'dzolic. soil zone to the
west. Peters and Bowser(1958) identified six soil "Orders’ in the area, namely
Chernozemic. Podzolic, Solonetzic, Gleisolic, Organic, and Regosolic.  Maps of soil
capability for égriculture, completed as part of the Canada‘ Land Inventory, also exist for
the study area (ARDA, 1968). In the soil classification system used, soils are grouped into
seven classes according to their potentialities and lirﬁitations for agricultural use. The first |
three classes are capable of sustained broduction of common cultivated crops, the fourth
"class is considered marginal, the fifth is capable of use for only permanent pasture and
hay, the sixth is Capable of use for native gra\zin.g, and the seventh class has no capability
for agricultural use. No class 1 soils are present in the study area and the only significant
areas of class 2 and 3 soils are located in the southeastern portion.-

The strong relatibn_ship between parent material and soil type in the study area
becomes apparent upon comparison of Boydell's surficial geology map and the
aforementioned soil survey maps  Each soil type.can be related to a particular‘ surficial
deposit 'as mappéd in Fig. 3.

. Regbsolic Soils are young, immature soits fqund"mainly in large river valleys and are
developed on gravel and coafse sand alluviam. Recently dep.osited outwash gravels along
thé Clearwater, Red Deer and North Saskatchewan Rivers contain ve‘ry little fine textured
material and plant nutrients. These fegosols are Class 7 soils which have little or no
agricultural 'vaIUe Alluvium is periodically deposited by rivers during flood stages. The
overbank deposits in the study area have devel\‘c\)ped into sandy and silty loams capable of
providing fair pasture and small amounts of good ar;b!e land. These sandy and silty loams
are found along Prairie, Lasthill and Lobstick Creeks, the Medicine and Raven Rivers, and
along the lower portion of the Clearwater River below Dov_eréou'rt Most of these soils
fall into Class B with very severe limitations (primarily uneven topography and dense brush

cover). The fiood plain's of streams in the area are small and well define

J

d, thus the areal

extent and actual agricu'tural significance of these regosolic areas is limited.
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Organic Soils are found in poorly drained, level to depressional areas (ie. bogs or
muskeg). As previously mentioned, these muskeg areas are a striking feature of the
landscape and are of importance in relation to groundwater storage, controlling runoff and
providing wildiife habitat They are characterized by an organic surface layer which
consists of a semi-decomposed mat of sedges and grasses greater than 30cm thick, this
is underlain by a grey colored subsoil. Organic soils are not placed in C.Ll soil capability
classes but according‘ to Peters and Bowser{p. 35} the sedge peats when well drained
provide fair arable land however moss peats are unsuitable for agriculture.

Gleisolic Soils are poorly drained soils that have developed in the presence of a
high or fluctuating water table and offen have a somewhat peaty surface with a sticky clay
subsoil. The Raven Silty Clay Loam is the only Gleisolic soil mapped in the study area. Itis
a meadow soil formed on lacustrine material and is found adjacent to muskeg or on slightly
elevated areas within muskeg areas. The largest area of Gleisolic soil is located just west
of Lasthill Creek, other small occurences appear adjacent to muskeg areas south of Raven..
The proxfmity of thé water table to the surface, the depressional topography and the fine
texture tend to create a "cold soil’ more suited tb the production of coarse grains and
especially hay crops. These soils have been placed in Classes 4 and 5 with severe to very
severe limitatio'ns on their agricultural capability.

Solonetzic Soils develop on saline parent material such as lacustrine silts and clays.
Solonetzic soils are located only in the eastern part of the study area corresponding to the
glaciolacustrine deposits along the Medicine River. The combination of a hard, compact B
horizon and somewhat saline subsoil can restrict the agricultural capability of these soils.
Nevertheless, these soils are identified as Class 2 and 3 with moderate to moderately
severe limitations for use. The native vegetation cover was likely aspen poplar but much
- of the area has been cleared and is fairly productive under cu»ltivat_ign.

‘ Podzolic Soils are formed under relatively humid conditions and under a forest
vegetation. Grey Wooded soils are the only group of Podzolic soils found in the study
area; they cover an extenéive portion of the study area to the west of the major soil zone
boundary. The céoler wetter western areas Were and largely still are ~under a cover of
conifers and mixed forest To the east of this, Chernozemic soils developed prirharily

under grass cover are predominant. The Grey Wooded soils are low in fertility because
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the leaching process By which they were formed has removed much of the soluble mineral
plant nutrients from the upper horizons All of the Grey Wooded soils are identified as
Class 4 or 5 and Peters and Bowser(p. 23) suggest that "..wheat grown on these soils s
usually low in protein content a'nd hence of poor duality...(but) good malting barley and
legumes for hay and seed have proven quite successful”. These soils have developed on a
few types of parent material including giacial till. glaciolacustrine silts and aeolian sands.

The slightly warmer and drier eastern areas were under a parklanc vegetation
cover where chernozemic Soils developed under a grassland vegetation in mcderately - to
well-drained locations. Chernozems have developed on glacial till. g'ac:olacustrine silts
and clays, glaciofluvial gravels and, aeolian sands. Those developed on glacial till are rated
as Class 2 or 3 and vegetative growth is usually quité luxuriant. Those on lacustrine
material are subject‘to wind erosion but if adequately protected provide very good arable
land (ie. Class 2 and 3). Chernozems developed on glacioflUVial gravels ar.e found albng
the Clearwater River and covering the Clearwater delta. These soils are excessively
drained, subject to drought and the fertility reserve is low. They are identified as Class 3
soils and are primarily used for pasture and hay crops. Along the Medicine River, near
Markerville, finer textured chernozems have developed on glaciofluvial sands; these soils
retain moisture effectively but 'still have a low natural fertility and are identified as Class 3
and 4 soils. |

Along the Stauffer and Horseguard Creek valleys(the two areas most likely to be
directly a.ffected by Clearwater diversion) the agricultural potential of the soils is limited (ie.
Classes 3. 4 and 5). Organic and Grey Wobded soils are predominant and agricultural land
use is restricted to pasture and scattered hay fields. The Clearwater delta, however, does
support wheat and barley crops given adequate soil moisture availability during the short

growing season.

D. Native Plant Communities
Across the study area the native vegetation changes from a "parkland” type in the
east to a "boreal forest” type in the west. The parklénd pHytogeographic region has been

described by Moss(1955) as a mosaic of prairie patches and aspen groves, with prairie

occupying the drier areas and aspen the more moist and sheltered places. Trembling

¢
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aspen is the main tree species and it occurs over a wide rangé of edaphic conditions,
including dry knolls, moist river flats, and soil textures Eanging from élay to sand. The
balsam poplar is more restricted in its ocburrence, reaching its best develophént in the
moist situations suc as river flats.

Several identifiable plant communities exist in the stddy area; certain "dominant”
plant species characteristic of each cémmunity are used to distinguish between these

various plant communities. Six generalized communities were described for the area in

the Environmental Assessment section of the Red Deer River Flow Regulati_bn Planning

Studies(Alberta Environment, 1975b). The combinationﬂof dominant plant species which
characterize these six communities is laid out in Fig. 4. - L

in the eastern half of the study area native \;egetation exists only in small patches
interspersed betweer_ cleared crop and pasture lands. Déciduous and mixed wood
comrunities are most common with larger slough decidﬁoUs and muskeg areas occurring
in hummocky and poorly drained dépreséional locations. The oldest and most extensive
areas of native vegetation in the parkland region occur in the major vriver valleys. The
flood plain of the Red Deer River supports well established deciduous and mixed wood
communities on the infrecjuently flooded portions ahd a s‘lough deciduous community on
the frequently flooded portions. Small stands of coniferous forest are present on some
of the river escarpments. 4

Small stream courses throughout the eastern’portioh of the study area sup&qt
dense phreatophyte shrub and “stunted” slough deciduous plant commuﬁities. Ther
importance of these nérrow vegetation strips to aquatic and terrestrial wildlife is briefly
diséussed in chapter four. Ih all but the most difficult locations (ie. oxbow lakes, steep

banks), the vegetation along the Medicine River has been removed and land is cultivated

.and/or;grazéd right to the stream banks. Along Lasthill Creek the riparian vegetation

gradually changes from a dense slough deciduous community in the lower reaches to
muskeg in the upper portions.-

" In the western half of the study area, wit‘h a shift from Chernozemic to lower
capability Podzolic soils and extensive areas of muskeg, the proportion of the total land
area that is cleared and‘cultivated is noticeably reduced. This part of the study area is part

of the Boreal—Cordilleran transition zone (Moss, 1955). The dominant tree species is
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white pine but lodgepole pine, trembling aspen and balsam pdplar have assumed a
-dominant position in areas which have been burned over. In a large area north of the Raven
River and east of the Clearwater River the mixéd wood community is most common in the
better drained locations while muskeg occupies the moist, abandoned spillway channels. In
the higher elevation areas to the south of the Raven and west of the Clearwater the mixed
wood community gives 'way to the coniferous community. Along the Clearwater and
North Saskatchewan Rivers the inactive flood plain areas and escarpments suppc  Hoth
mixed wood and coniferous communities; the more active areas suppoft .a phreatophyte

shrub community.

E. Population and Community -

The easterr?\portion of the study area was settled around the turn of the century
with settiement radiating out from the Edmonton - Calgary railway line. The building of the
Alberta Central Railway line from Red Deer to Nordegg (completed about *1814) gave
impetus to the settlement of areas further west (Rocky Mountain House Reunion Historical
Society, 1977). The present rural population (including hamlets with less than 50
residents) of the actual study area is difficult to determine because it overlaps a number of
census subdivisions. However, a rdugh approximation of ’the present rural population of
the Stl:ldy area is between 5000 and 7000 (Statistics Canada, 1982). _

‘Rocky Mountain House is the largest town in the al;ea (population 4698). The first
trading post was established here in 1799 and a post remained in operation in the area until
about 1875. Currently, the town écts as an agricultural service centre, supports oil and
gas- exploration activgy in the area, plus a small lumber industry, and provides services for
tourists. Sylvan Lake (population 3779) is a resort town as well as an agricultural 'service
center. Other significant "villages in the area that provide services to the agricultural
community are Eckville {population 870) and Caroline (populatioﬁ 436). The total
bopulation in the study area is estimated at 15,000 to 17,000, 10,000 of whom are.livin’g‘
in towns or villages of 50 or more people.

The soil conditions and iength of tHe growing ‘s‘eason restrict most of the area to
production of hay and grain crops. But mixed farming operations’including ranching, dairy

\'.farmi'ng-and raising poultry are also evident. This is part of a marginal agricultural fringe

Ve
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area, where marginal arable land gives way to pasture land and ranching al.ong the margins"
of the foothills. According to the economic survey completed for the Red Deer River
Flow Regulation Study, which covers a comparablé‘regidn, 43% .ofx the labour force is
' occupied in farming, horticulture and/or animal husbandry. The next largest occupatiol
group, comprising services of all types, makes up 36% of the labour force (Alberta
Environment, 1975c). ) It is assumed that with any additional resource development activity
in the area that the éervice secto-r. would expand accordingly.

TI‘*ne infrastructure of the area is fairly well developed with &n extensive network
of ali-weather gravel service roads and several main highways (notably Highways 54, 11
and 22). Oil and gas exploration and periodic clearing of previously forested land has -
expanded the road network in the region. All of thAe towns, villages, hamlets, and most of
the established farmsteads are supplied with natural gas, electricity andfelephone service.

The potential for new development in the area appears limited With the local labour

market offering few opportunities for youths. The initiation of a water development

e

project in the area may provide temporary employment for ‘a number of local people. The
creation of new re_crea‘tion opportunities around the reservoir formea by Dickson dam
coupted with an increased demand for recreation from Red Deer residents may cause a
population increase and gradﬁal landuse changé in the area 'Furthér discussion ' of
water—based‘recreational resources appears at the end of bhapter four. S_om‘e of the
more important conclusions and recommendationé made in the Red Deer River Flow
Regulation studies that apply here aléo, are: i) population growth will most likely take place
in the cities and Iarger‘ towns; ii) those families required to move should be compensated
on an individual basis; and iii) compensation to families shodld take into account facts other
than the market value of their pfoperty. Because the population of the area is so small and
scattered and the value of the land use throughout the area is relati\}ely low, it is not
anticipated that social disruption associated with a Cearwater transfer will be large.

However, the effects of development on the existing recreational resources in the area

need to be assessed.



IV. STREAMFLOW'AND RELATED RESOURCES

A. Water Balance '

In order to gain a thorough understanding of water supply patterns, and uitimately
streamflow in a particular area, a number of va\riables need to be considered, such as
climate, topography. \{egetation, soils, and so on  By using the concept of "water balance”
it is possible to analyze variations in, temperature and precipitationﬁ in such a Way. that
changes in moisture availability can be predicted Accurate interprétation and
understanding of moisture availability de;Send upori« an ana‘lysis that inciu_d.es all critical
: \ql?ments in the hydrologic cycle: precipitétion, evaporation,’transpirati n, an;i surface and

subsurface movement of water. See Appendix 1 for a definition of the basic variables

included in the water balance equation. A
Thé procedures described by Thornthwaite(1848, 1957 and 1958) for calpulat/ing
' the water balance are perhaps the most usefQI for illustrating the effects of precipitation.
and evapotranspiration upon regidnal water surplus patterns. This pr'ocedure“has béen
successfully applied' in Alberta to describe water surplus and defi‘cit patterns on both a
regional and Iocél séale; Laycock(1967) used it to describe patterns in'the prairie region
and Mac‘lver(l1 964) used it to describe patterns in a small drainage basin. Some
abbroximations to the various inputs and outputs of the watef balance can be made’ by
processing comrﬁonly recorded climatic data (ie. temperature and precipitation) accordin:
to Thornthwaité"s procedures to derive pofential and actual évépotr-aﬁ’spiration', surplus,
and deficit patterns for various soil moisture storage values. Soil moisture stofage values
reflec‘:t basin characteristics such as plant cover, soil texture, root depth, and land use.
#he amount of water a soi|~can hold depends on the type and structure of the soil as well
as the depth. It can vary from just a féew millimeters on bare rock, paved roads and
shallow sands to well over 400 mm on a deep éili‘loam vx‘/ith a natural forest cover. Itis
.'expec.ted thét soil moisture storage cépacities for soils in the study area vary greatly.
- They range from the poorly developed regosolic soils which retain Iiftle moisture (some
less than 12 mm storage capacity) to the finer textured chernozemicvand‘ podzolic soils
with a deep rooted crop or forest cover Which may have a 250 mm storage capacity. For

discussion purposes it is assumed that a soil moisture storége -apacity of 150 mm is the
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most representative single vaIQe for the soils and land uses of the study area.

The water balance for Rocky Mountain House was calculated for the 30-vyear
period 1951-1980. The summary “tables in Appendix 2 contain annual totals for
‘precipitation, potential and actual evapotranspiration, water ;urplus and deficit, and change
in soil mo‘is‘;fn'r“éistorage for each of five different soil moisture stora > capacities. These
annual tot'a'lgiare useful for general discussion of climate in the study area but they mask
short term fluétuations. For instance, the mean annual precipitation was 550 mm and the
mean annual PE was 502 mm; mean annuaf deficits fr’angedﬁfrom 8 to 128 mm- while
surpiuses ranged from 54 to. 177 mm for soil moisture storage capacities of 250 to 12
mm respectively. By constructing an "av_eragéf" -anrjﬁal water balance for a soil moisture
storage capacity of 150 nﬁm several features of the water balance become evident (see
Fig. 1).

Since precip}tét’lon and evapotranspiration are due to different meteorological
causes, they are not often the same elther m amount or in distribution through the year.
The interplay between the: 35W.,. determlnes 'dw Patern of ;ﬂ‘msture availability throughout
the year. At Rocky Mountai”1 House, on average,vvthe fvr{ﬁ’tﬁre&v and )kst two months of the
year are characteruzed by below zero temperatures énd relatlvely low amounts of
: precnpltatlon ue les's than 3.,) rmm/month). Because PE Ievels ar'e Pffectuvely zero, all of the
precipitation which falls as snow during these months accyrnulates and is .available for
repleni'shing depleted soil moisture supplies come spring n%gl‘. in late March and April. Any
precipitat'ior‘\‘in excess of that réquired for recharge;aises groundwater levels and
préduces surface and subsuffkace runoff; on average, the greatest proportion of the
annual surplus occurs in spring. Naturally, the higher. the storage Capabcity cof the soil, the
smaller the propo'rtion of precipitation that runs off. ‘ '

Duri'ng'the\ summer months F’é levels are highest, with the maximum typically
occurring in July or August and reaching a level of appro;(imaitely 115 mm/month.
Precipitation levels are also the highest durmg the late spring and summer but they
fluctuate greatly from year to year. Because the amount of prec:pltatlon varies so much
through the ‘summer months qiscussion of an "average” condition can be misleading. Even
though on average thereiis no surplus during the summer, in many years significant

surpluses do occur as a result of short duration, high intensity rainfall events. Actually,
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there have been both deficiencies and surpiuses during the summer months although they
are “not revealed by averaged data When average monthly precipitation and temperature
data are used to calculate the water balance the extremely wet and dry years which
produce surplus and deficit situations are averageé out. Therefore..in Fig 1 the average
surpluses and deficits (based on mean ahnual water balance shown in Appendix 2) are
underestimated. In fact, no deficit is shown even though the average deficit for this
period was 22 mm. For the most part, however, the summer months are a time of soil
moisture utilization with minor deficits occurring in August and September. Over the
30-year period'the mean annual deficit ranged from 128 mm {12 mm storage) to as little
as 8 mm (250 mm storage). In the autumn precipitation levels once again exceed PE and
soil moisture recharge resumes. -

The historical rﬁonthly averages for elements of the water balance used in
compiling Fig. 1 and, even more so, the annual averages in Appendix ‘2 mask yearly
fluctuations. -For this reason some description of the past fluctuation of these values over
a sequence of years is needed forva more complete interpretation of water balance
conditions: at Rocky Mountain House. A comparison of the course of precipitation and
evapotranspiration on a year—to-year basis, as opposed to an average annual basis,
reveals significant.changes in the amount and timing of surplus and deficit conditions. A
diagrammatic representation of the water balance for the eleven year period 1971-1981
for a 150 mm storage c;apacity can be seenin Fig. 2

While the curves of potential zvapotranspiration do not cH'ange greatly frc_Sm
;ear—to-year, theA precipitation varic. _ eatly both Tn annual amount and seasonal
distribution. The eleven year period contains a range of climatic conditions from decidedly
"dry” years such as 1979 (ie. lowest annual precipitation in 30—year study period) to
moder'ately wet” years such as 1981. The wide fluctua\fren in the amount and timing of
the Water balahce components s well illustrated by the six year period 1976 through
1981. The annual total precipitation in 1976 was above average (634 mm) but because
the soil moisture _stérage had been totally depleted during the dry autumn of 1975, al H
‘the winter and "sprinfé pracipivzuon was taken up be so.il moisture recharge and no spring
-slurplus occurred.. D/uring August, which was a f;igh rainfall month, recharge was complete '

",",”\ ! ’
-and a sII 206mm surplus occurred. Moderate ' ‘2ls of soil moisture utilization in

| .
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September and October left s50il moisture levels high enough that e\}_enA small amounts of
precipitation during the winter produced a surplus of 43 mm for the‘first three months of
1977.  This éurplus became available from snow detention storage when spring
temperatures were g enc. gh for snowmelt.” |

Precipitatio~ peakad twice in 1977, once in May producing a large surplus when PE
levels were moderate. 4 again in July but this time without any surplus. A small amount
of soil moisture utilization in October was more than compensated for by snowmelt
recharge -in the spring. leaving soil moisture levels near capacity. Avsurplus situation
existed well into May of 1978vbut by the end of the year soil moisture storage was below
capacity and the scant precipitation in the winter was totally consumed by rechar‘gé the
following spring allo'w'ing only a smat.surplus in April. The summer of 1879 was the
driest of th'e 30-year study period; the total arhual precipitation was only 357 mm in
contrast to a mean annual total of 587 mm. Soil moisture was exhausted by July and the
total deficit reached 1189 mm as ‘compared to a mean annual deficit of 22 mm. Moderate
amounts of precipitation throughout the autumn and winter, plus consistently high amounts
during tHe spring and ;c,ummer of 1980, replenished the soil moisture levels and produéed
a very minor surplus in June. |

From July through October precipitation kept pace with PE ievels with only minor
amounts of soil moisture utilization; soil moisture capacity was reached in November. The
winter precipitation combined with a‘ large precipitation event in May. 1881 to produce a
40 mm sn’erlus. July was another higﬁh precipitation month and a 52 mm surplus occurred;
in August and September precipitatioh was low and soil rhoisture,storage levels dropped
well below capacity and did hot return to capacity by the end of the year.

Although the concept of water balance is useful for describing the seasonal
variations in local moisture availability, the relationsﬁip betweeﬁ water balance and
streamflow clearly involves other variables. .Because the _precipitation regimes are
different for the upper basin areas of the Clearwater and North Saskatchewan-than those
in the study area, correlation between streamflow and water balance could be greatly
improved through the use of upper basin climatic data Laycock(1957) provides ah
explanation of precipitation and streamfiow in the mountain and foothill region of the -
Saskatcha.w.an River basin. However, several .sign_ificént features of the stréamflow

Lo
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hydrographs for the Clearwater and Raven Rivers can be explained by comparing them

with the water balance for Rocky Mountain House. The snowmelt runoff peak occurs in

May or June on the Clearwater and a month earlier on the Raven. Low flow or Baseflow
- conditions .on both the rivers naturally coincide with the Winter period when preéipitation

is being stored as SNOW. The‘ effect of spring and summer precipitation events is also
" evident, ‘particmarly the peak flows during June 1972 and the dual peaks in 1981.

It is difficult to see any strong correlation between high streamflow years and
years containing significant water surpluses. For example, 1974 was a relatively high flow
year for both streams and yet fhe annual surplus was below average (ie. 57 mm with the
mean being 68 mm). Similarly, the streamflow for 1977 was only average at best, while
the surplus at Rocky Mountain House was 110 mm. Perhaps the strongest correlation
between streamflow peaks and water surplus is that of 1881 where the large surpluses in
May and July correspond to the two peaks in streamflow on both the Clearwater and
Raven Rivers." In order to discuss the relationship between water balance and streamflow,
in anythiné but very generalized terms, meteorological data representative of conditions in
the upstream portion of the drainage basins is required. Streamfl.ovy characteristics could
be better correlafed with water balance conditions for a station which is more
represenftlative of HeadWatér areas in the basin such as Lake Louise. Climatic features~of
the mountain parks area are .described by Janz and Sto‘rr(1977). The ‘climate in the
headwater areas is Marine Wegt Coast rather than Interior Continental as in the study area.
Therefore, the precipitation maximum occurs in winter in the headwater areas as opposed
to a summer precipitation maximum in the lower Clearwater basin as exemplified by da‘é:z.t‘: o

for Rocky Mountain House.

"~ B. Streamflow Regime
By reviewing- the histO{ical streamflow records for the streams in the study area
vyé gain a better understanding of the timing and quantity-of surface water availability.
Upon making a decision to augmenlt water supply in one vstream, through transfer from
andther, it is crucial that streamflow variations oQér both tirﬁe.(ie. on a daily, monthly
and/or annual basis) and spvace (ie. within and between the donor and receiving basins) be

considered. In order to avoid accentuating any undesirable periods of extremely high
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and/or low streamfiow, a sound knowledgé of the natural streamflow regime of. the
streams involved is required. =~ Streamflow ‘regime" is here defined as the seasonal
distribution of stream discharge characterized by a regular pattern. The 1 egularity of the
annual pattern of discharge for the Clearwater River (particularly for the years
1871-1974) is a good example of the steady state or- consistency of pattern implied in
the concept of regime. The importance of large fluctuations in discharge is masked in
hydrographs of mean monthly discharge but becomes apparent upon analysis of\mean
daily discharge hydrographs. ; |
The mean, maximum and minimum monthly discharge hydrographs for six of the
streams in the study area are '{ﬁresented in Fig. 3. The streamflow regime for the various
~ streams is compared and contrasted through discussion of a number of features of these
hydrographs, including: the highest flow month, the low flow period, the shape of the
mean discharge hydrograph, and sheer differences in magnitude between streams of the
two major drainage basins. The major strzams of the North Saskatchewan basin are on
the left side of Fig. 3 while those of the Red Deer basin are on the right side.
High Flow Month
For the streams in the Upper North Saskatchewan basin, the highest roWs typically
occur in June although for the North Saskatchewan River itself, July flows are squally high.
The high summer flows on the North Saskatchewan are a result of the combination of later
more consistent yields from high level snowfields and glaciers in addition to the longer
basin lag time in a basin of this size. Historical maxima also tend to come in June but large
precipitation events occurring as late -as »Septembe»r do. cause secondary peaks in
discharge; these secondary peaks are particularly evident for the Clearwater River ana
Prairie Creek. The strearﬁs draining lower elevation areas in the Red Deer basin tend to
reach peak discharge earlier in the year. Thgi-piyghest flow month for both the Medicine
and Raven Rivers is April when local snowrﬁ;‘it runoff contributions} are largest The
higheét flow month on the Red Deer River occurs in June just like 6n North Saskatchewan
streams; snowmelt 1runoff contributions from high elevation, headwater areas are
résponsible for this delayed peak. Historical maxima for the hed Deer and Medicine
appear to be related to summer precipitation events which 'may oceur anywhere from

June through September. The Raven, on the otherhand, invariably exberiences'the highest
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flows in April with little evidence of summer discharge peaks due to precipitation. The

absence of a distinctive summer discharge maxima on the Raven is likely a function of the

short period of record in which no large summer precipitation events occurred rather than
s significant dif ference in basin characteristics.

Low Flow Period

The lowest flows occur during the winter period for all of the streams in the study
area. The low flow period is slightly longer for those streams in the North Saskatchewan
basin than for those in the Red Deer basin. Streamflow begins to increase in March in the
Red Deer, Medicine and Raven Rivers while the North Saskatchewan and Clearwater Rivers
plus Prairie Creek remain at low baseflow levels until April. Low flow conditions feturn in
the fall for all of the streams as stream discharges slowly decrease to the lowest levels in
December. Baseflow is that portion of streamflow which is derived from groundwater
inflow to the stream from: i) transient bank storage. i) transient g.roundwater storage
caused by rapid water table rise following infiltration of precipitation, and iii) Iong—tef'm
groundwater storage where water movement is largely controlled by the general water
table confiéuration in the basin (Newbury, Cherry and Cox, 1969) When there is no
surface runoff from rainfall or. melting snow, the streamflow is wholly derived from
groundwater. This results in ‘a steady Iowerlng of the water table and a constantly
diminishing streamflow until a precipitation-<event or snowmelt period occurs of sufficient
magnitude to produce eith‘er surface runoff or groundwater accretion. Typically, the
period from October through -March is ché‘racterized by baseflow conditions for the..
streams in the study area, but at different levels depending in part upon how wet the fall
was. In recent years storage in Lake Abraham has increased the flow of the North
Saskatchewan in the fall.

Shape of the Mean Discharge Hydrograph \

The mean discharge hydrographs for the streams in the North Saskatchewan basin -
~have a distinct shape. A highly variable precipitation runoff component is consistently
reinforced by a dependable snowmelt runoff component in or<ljer to produce the
consistently high streamflows stan(ing in April-and peaking in June. " The influence of. the
snowmelt component is most evident for .the minimum monthly dischar‘rge hydrographs

.which likely reflect conditions of low precipitation runoff and yet retain the same shape as
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the mean discharge hydrograph.

The shape of the mean discharge hydrographs for the Red Deer basin streams
differ markedly from each other as well as from those of the North Saskatchewan basin.
BotH the Mgdicine and Raven River hydrographs are skewedi towards the eaflier part of the
year, when rapid local snowmelt runoff occurs, while the remainder of the spring and
summer streamflow is derived from rainfall and groundwater discharge. The presence of
a consistent snowmelt runoff corﬁponent is not apparent for either the Medicing or- Raven
which drain primarily lower elevation plains areas. Characteristics of streams draining
both higher elevation Eastern slopes areas and high plains areas are apparent in the mean
discharge hydrograph for the Red Deer River. The earlier rise in discharge due to
snowmelt runoff in the high plains region appears as a slight plateau on the ascending limb
of the hydrograph but the overall shape is consistent with those of the North
Saskatchewan basin streams indicating the considerable contribution of higher elevation
areas.

Magnitude of Discharge

The larger differences in the magnitude of discharge for the streams in Fig 3 are
obvious but some of ‘the more subtle differerces deserve mention. For instance, the
mean annual discharge of the Raven River is 75% of that for the Medicine and yet it drains
an area only 34% the size df the Medicine basin. The mean discharge of the Raven
exceeds that of the Medicine for seven months of the year (ie. September through March)
and accounts for as much a§ 15% of the flow of the Red Deer during the four month »
period from Nove‘nlwber through February, and even more in the drier years. Prairie Creek‘
is another example of the higher yield basins to the west of the study area. The Prairie
Creek basin is¥only slightly iarger than that of the Raven (ie. 860 km? vs. 655 km?) but the
mean annual runoff is twice that of the Raven. Increased annL;aI precipitation in the
foothills caused by orographic lifting along the foothills rise exolalns the higher water yield
in the Prairie Creek basin; reduced evapotranspnratlon and Iower ‘F{*mltratuon with increases
in elevation and proportion of bare rock surface are also important.

Representative Streamflow Conditions
The streams which{would undergo the greatest change in flow regime as a result

of an interbasin transfer from the, Clearwater are the Clearwater River, Stauffer Creek ~
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Raven River, and Horseguard Creek - Medicine River. Streamflow records are available
only for the Clearwater. Medicine and | Raven Rivers although individual discharge
measurements exist for several locations on Stauffer Creek Because important
fluctuations in streamflow are masked by monthly mea}%\}fl\&w data, discussion of an
"average” flow year can be misleading. Thus, actual discharge vfor years representative of
high and low discharge.conditibons will be used to illustrate the effects that various water
transfer alternatives mighf have on streamflow in both donor and receiving streams. By
. considering the range of historical streamfiow conditions a significant portion of the
natural discharge spectrum for these streams is encompassed in discussion of transfer
v'alternatives . | |
The representativé "high flow" year selected is 1981 over the period of record
(which varies from stream to strea;m - the Raven having the shortest record starting in
1972} this is the highest discharge year on the Medicine River and the second highest on
the Raven. It is important to consider the high flow years on these potential receiving
streams in order 10 detel;mine what volume of water could be added to natural channels
throughout the year without causing extensive flooding. The representative "low flow”
year selected is 1979; this is the lowest discharge year on the Clearwater since the
relocation of the gauging station at Dovercogrt.‘ It is important to consider the low flow
years on the potential donor stream in order to Jdetermine what volume of water could be
withdrawn during these yearsvwhile r_naintainiﬁg a'n;; ~acc'eptab|e level of flow within the
donor stream. ) ‘ ' 9
~ The mean daily discharge hydrographs of the Clearwater, Medicine and Raven
Rivérs are‘presented in Figs. 4 and 5 for 1979 and 1981 resp‘ectively. The corresponding'
daily precipitation at Rocky Mountain House appears at the top of the figures.
1979 - Low Flow Year
‘ As discussed before, 18979 was a year of below average precipitation and
streamflow in thé study areéi The discharge for the Medicine and Raven Rivérs peaked in
April as snowmelt runoff -combined with small amounts of spring precipitation. Medic;e\:“
River discharge declined rapidly from 31.5 cms on April 22nd to 3._5Jcms only 12 days

later on May 4th. For the rest of the year Medicine River discharges seldom exceeded 1

cms except when runoff from small precipitation events boosted it to 3 or 4 cms; after



mm 40

a0 ’ 1979

a

Jo

Daly Frecipitation 6t Rocky Mountoin House

i

67

A

TRN .]ll

Medicine River Discharge

O .

1 F oM A

Enviconment Canada 1979 Monthly Record “Metesorological Observations in
Carada AES, Downsview, Ont
2. Environynant Canads 1979 Surface ‘Water Dsta, Abbertsa Inland Waters Dir,
Water Res Branch. WSC, Ottawa . ’

_Sources. !

Fig4 1878 Precipitation and Streamflow: Representative Low Flow Year




68

mm 60
501 . 1981 Doily Precipitation ot Rocky Mountain House

' .

404

304

201

-

AT [ A ‘, I ' ll J . h!n. S‘Ill.,‘ A :1 .[Ol \‘ #9

O_JLI u L nlln

A T M ' ] v

60 Medicine River Discharge

50 1
40
304

204

cmsy 180 . . R R
160
Clearwater River Discharge
140

) 120 4.
100 1
801
601
40 1

20 A
0 T T L T T T 1
! ) A s R o N D

T F M A M

Sources 1. Envwonment Canada 19B1. Monthly Record Meteorological Observations n
Canada AES, Downsview, Ont .
2. Envronment Canada 1981 Surfsce Water Data, Alberta Inland Waters Dir .
Water Res Branch, WSC, Ottawa |

Fig.5 1981 Precipitation and Streamflow: Representative High Flow Year




69

approximately mid-August discharge remained at or below 0.5 cms. Considering the size
o? this dr_ain'age basin the contribution of groundwater to streamflow is very sma’li;
baseflow levels ére extremeiy low and decline is rapid following spring snowmalt runoff.
The rapid decline ra}e follow.ing spring runoff indicates a lack of active storage within the
Medicine Rive,r\;:a\inage basin. Even though a significant amount of the basin is poorly
drained muskeg, these areas appear to contribute little to streamflow during dry periods.
In dry years-much of the local flow is into these depressions and evapotranspiration would
exceed inflow thus net outflow for these parts of the Medicine basin would be below that
representative of local runoff for the rest of the basin.

' Thé fluctuation in discharge on the Raven River is much Iéss dramatic. After the-
spring runoff peak of 11cms on April 20th the discharge dropped rapidly \to 5.5 cms five
days later, and from then on the decline in discharge was very slow and interupted only by
minor oscillations resuiting from precipitation runbff. Baseﬂon levels for the Raven are
extremely consistent, remaining between 1 and 2 cms throughout the last half of “1979.

B For e"ight months of the year (ie. August through March) the difference between the
hi'storical-rfmaxifnum and ﬁinimum monthly discharge is less than 0.75 cms. This indicates

the signi.ficénce of groundwater discharg!e to the streamflow regime of.the Raven.

During 1979, Clearwater River discharge fluctuated markedly thrdughout the
summer but a general overall increase, likely due to delayed snowmelt from mountain areas
of the basin, was evident. \_A!thc;ugh the highest discharge occurred in May, the actual
seasonal decline in discharge did not begj_p }Avrwtil July and continued slowly through the

summer and fall reaching baseflow levels be“&eeﬁ 5 and 10 cms in October.

1981 - High Flow Year o )

Many of the features noted for the 1979 discharge hydrographs such as decline
rates, comparitive baseflow levels, and snowmelt éontribdtic;hé apply to those for 1981,
also. The intense precipitation event of .Mayv5th (55.mrﬁ) ré;ultea\ in a Iargé peak in l
discharge on the Medicine and Raven Rivers; tﬁé snowmelt ruﬁoffoccurred in March. On ;
the Clearwater the effect of this precipitation event was not 5;5mr~nt, the snowmelt
runoff peak occurrec late in May and discharge declined thro'ughout June. Lesser rain}?alls
in late May and June cau..od several oscillations in an otherwise deciini_ng discharge curve - -

for all three o7 e streams. By mid-July both the Mediq?ne’ and Raven had reached

N4
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baseflow discharge levels. ‘ ' v

In July, three large precipitation events occurred The areal extent of these rain.
storms ‘must have been large since ail three of the streams experlenced correspondnng
peaks in discha"ge. Although the first event brought the most precipitation (75 mm). the

third event (67"'mm) vielded by far the highest runoff. A much greater ‘proportion of the

precipitation was utilized for soil moisture recharge durrng the first event than “i%n\;_" S

increasing water table levels cOnsequent with hrgher preCIpntatlon
“ .

C. Groundwater , YL o

[

A part of the precipitation on basms percoiatee down thr‘ough the soul and upon

reaching the water table becomes groundwater So

g
streams as groundwater, runoff and some IS dlscharged lnto‘,._he atmosphere by the
(x ., o 1 4

processes of evapotranspuratnon Evapotranspwatnonus lmportant where grbundwater .
S

o

tables are shallow and w1th|n easy, reach of plant roots Evapotransplratnon and soil

o

moisture requ«rements have first priority. oh precnprtatron Ramfall percolates to ‘thie w»ater s
R s‘ ‘ ‘

" table to recharge the groundwater reservorr durlng perlods when preq;pltatuon is ln:‘excess
of both evapotranspnratlon and soil mo«sture requxrements and the’ ground IS not frozen
In the study area, groundwater recharge is greatest in the sprrng when snowmelt runoff ‘2,1,
occurs and PE levels are low. In the’ summer little precrpttat»on reaches the water table =~

&

except during perlods of excessive rannfall o e SR - - )

jors

By monltormg water levels in wells over an extended perlod of tlme the behaviour -

v

of a groundwater reservoir in response to premputatlon streamflow and other local

sources of recharge and discharge can be mvestngated No intensive studies of thrs nature .
have been carried out in ‘the study area bUL some monltorung of groundwater levels in-

relatlon to spring flow south of Caroline has beer“ done by the Alberta Research COuncrI

[N

(Borneuf 1983 pers. comm.). An evaluatton -of groundwater potent;al in the Rocky

Mountain House area was carrled out by Tokarsky(1971) in an effort to de*ermlne thHe
expected quantlty of weII yneld and quallty .of groundwaters Much of the nnformatnon on

which the hydrogeolb‘glcal mappmg is bas d was? obtaened from reports submvtted bv weli®

K

"o

\
e
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drillers. The recorded information includes depth to.water measured during drilling, extent

farmbs use groundwater for their domestlc watér supply.

. / .
of the water bearing interval, initial test rate, and general lithological description.

Estimates of probable well yield, lnformatlon concerning groundwater chemlstry
and the location of major springs are. dlsplayed on the hydrogeologlcal map constructed
by Tokarsky. Well yuelds to be exbected within the study area range between 100 and
500 I/min as a regional average The main aqwfers are bedrock ‘sandstones of the
Paskapoo Formatlon Yields above the reglonal average (ie. 500 to 2500 l/mm) can be
Obtained from alIuvnal br buried sands and  gravels, from confined aquufers in
topoegraphically low 6)areas and from aquifers recelvmg water by induced infiltration from
surface waters. Ylelds below the regronal average occur in areas where the permeability
of the Paskapoo Formatlon is low (due to lncreased shale content) as is the case in the
southeastern corner of the study area where wells may yleld only 25 to 100 I/min. All of

(3

the communltles within the area (except Rocky Mountain House) anu the ma;ornty of ghe .

e

The zones of hlgh groundwater discharge which contr(bute to loca'l streamflow are

of parnCUlar interest in this study because the potential exists for an interbasin water

“transfer via enhancement of groundwater discharge into‘ the streams of the Bed Deer

basin. Several large capacuty springs occur on thet Clearwater delta (see Flg 6), some of

which dram into the Clearwater River and sdme. Wthh constltute the orlgm of Stauffer %

a7 M

Creek. The contlnuous dlscharge af a number of these streams ,yvas measured for a‘h’ZO

month perlod from Nlay 1971 through December 1972 lBorneuf 1983%

»

L
sl
Yo

three sprlngs on the northwest edge of the delta whuch flow into the Clearwater and have‘

. been prewously referred to as Butte Sprlng have been momtored “Thie comblned

,_.duscharge of these two springs ranged from O. 38 cms in September t1971 to. 4.76 cms—

j‘durlng a flood in June 1872 The stream which'is formed by Butte Sprlng was monltored

at a road culvert approxumately one kilometer from the easternmost sprlng (see Plate,lV. 2)

o
As can be seen in the Cross section in F‘lg 6 t}he Cleax;\i??ater River is at a hlgher

elevatnon and is hydraullcally connected to the sprlngs through the alluwal delta deposits.

The extensive gravel deposits are evudent in the gravel pits on, the delta (see Plate IV.3).

This gravel pit is located ln the southwest quarter of section 7-37-5W5 and doesiaot

appear on the air photo. Several of the features discussed in earlier sections regarding
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- Pigte V. 1 Air photo of Clearwater deita area — Summer 1966(scale 1:46,080). - L

>~ . R N *



Plate IV.3 Gravel pit on Clearwater Delta’
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the land use on the ‘oelta and the highly br’aided Clearwater chann‘el are readily apparent on
Plate IV.1. Although a small amount of brush clearing has taken place along Butte Spring
and to the south of the delta, the area still looks Very much as it did in 1866. The origin of
the Butte and Stauffer springs are clearly visible, and the size of Butte épring is apparent in
Plate IV.2. | The depth of excavation in the gravel pit is approximately 7 meters (see Plate
IV.3) but water well drilling records indicate a total alluvial deposit as thick as 18 meters.
The fluctuations that were obser:fed in discharge in these delta springs were
 attributed to three factors: i) a daily drop in discharge due to the influence of
evapotranspiration; ii) sharp increases resulting from precipitation ;nd snow meit runoff,’.
- and iii) nncreases related to high water stages of the Clearwater River. The high discharge
©in June 1972 does not reflect the true spring discharge because the Clearwater
over flowed into the spring channel during this flood period (Borneuf, 1983; p.36).

As aresult of several large precipitation ever . in June 1972, the Clearvtrater River
reached flooé stages (ie. max. daily discharge at-Rocky Mountain House of 442 cms.on
June | 26th) and overland flow across the Clearwater delta in,to\*&téuffer Creek was

. l»,.v‘reported by - Tokarsk'y(1983:peref comm. and Geoscience, 197“5l and Shirvell(1972).
. ’fokarsk‘y witnessed overiand flow into the\Butte Spring channel and from there along the
| northern edge of the delta down into Stauffer Creek; Shirvell reported overland flow
- across the southern edge of the delta into intermittent stream channels of Stauffer Creek.
. It is:evident "».that the surface drainage divide is poorly defined .on the delta and that a
groun‘d\-/vater divide is not present. Although :1'\:; not:, known whether or not the |
Clearwatér River is aggrading along the delta reach, there is a”cons'ioerable potential for a
natu"ral shift of the channel to the east and perhaps recapturelb'y the Red Deer basin. If
aggradation is occurring then management might be introduced in order to limit the damage
associated with such a channel shifting. '
» In the southeastern portion of the delta four distinct‘springs have been identified,
these are but a few of a multitude of small ground\fvater discharge points that supply the
northernmost branch of Stauffer Creek. 1In July of 1972 Shirvell(1972) measured
discharge at ten locations along Stauffer Creek; at a point near the confluence of the north
and south branches, the dlscharge was 0.57 cms on the north branch and 0. 83 cme below

BRASEUN
the confluence The south branch drams a shghtly hngher area to the south of the delta and
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obviously Contrioutes significantly- less. flow ‘to Stauffer than the north branch. The
discharge at the mouth of Stauffer Creek was 1.30 cms, thus at least half of the
streameow was derived from the riparian: groundwater springs on the Ciearwater delta

(O‘ver the same 20 month period that Butte Spring was monitored, the Stauffer
Creek discharge fnear the two springs in section 19~37-7WS5) varied from about 0.19
cms in January 1972 to 0.38 cms in June 1972 Just as with Butte Spring, fluctuations in
discharge are related to precipitation events and C‘(&arwater River stages. Contrasts
between the streamfiow hydrograph for Prairie Creek and that for Stauffer Creek over a
16 month period in 1878 - 79 indicate differences in the hydrologic character of the two
streams (see Fig. 7). It must be kept in mind that the gauging iocation on Stauffer is .s0
close to the origin springs that the surface drainage area above the gauge is extremely
s',mall compared to that of the Prairie Creek gauge. Thus, the influence of surface runoff
on fluctuations in discharge is more. pronounced on'Prairie Creek. Agide from small
distinct peaks following summer precipitation events, the Stauffer discharge hydrograph
is very stable and marked by a gradual yet consistent increase in summer and decrease in
the fall. The lag time between the highest stages on the Clearwater {ie. May and. June} and
those on Stauffer lie. August and September) during 11978 and 1879 is about three
months The delta acts as a groundwater reseéhvoir which is siowly depleted during the fall
and winter and recharged -again .in spring and summer. when stages are high on the
Clearwater River. The Stauffer Creek hydrograph is indicative of this regulation of
discharge provided by the delta groundwater reservoir. i - '

V\/ater temperature measurements taken by Tokarsky (Geosc:ience 1975) m 1971

and 1972 indicated that the spring’ water was warmer during the winter than in the

summer. This would suggest that it may take several months for warmed Clearwater River.

water of the previous; summer to move thrOugh “the delta to the ‘Stauffer springs 'By

comparing yvater temperatures of the Clearwater and Stauffer the average velocny of the ,

groundwater flow through the delta was estlmated at 5A$§g\/day based on othér estimates

(ie. permeability of alluviam, hydraulic gradient across t"he delta and saturate&thickness of_.:, )

Y

the aquifer) the average transmissiwty of the delta was calculated to be 2608 m’/day/m

(Borneuf; 1983). PR
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-sptead over a Iarge area. Compared with.other spreadlng methods, flood spreadnng costs

Any means which cou)id be used to increase the hydraulic gradient across the delta
would increase the volume of spring discharge mto the Red Deer basin. In chapter five
some rough quantitative. estimates of the effect that raising the level of the Clearwater
River might have are discussed Another alternative would be to increase the el‘evyation' of
the water table in.the delta-by means of artificial groundwater recharge\i)e%né Clearwater
River water in some sort of water spreading scheme.

Artificial Recharge .
Artificial recharge may be defined as-the practice of increasing. by artificial means,

the amount of water that enters a groundwater reservoir. An artificial recharge installation

“may serve more than one purpose. Inthe Clearwater delta area artificial recharge could be

practiced to! i) conserve and divert a greater percentage of local runoff and flood waters
from the Clearwater, il supplement the quantity of groundwater ‘available in the delta

reservoir, and iii) increase the water level in the delta reservoir. <

Recharge directly from precipitation and by infiltrag~:;

A ,-‘f

31‘ surface water involves
the downward movement of groundwater under the mfluence of wvertical head

differentials. Thus recharge involves vertical leakage of water through deposits. The

quantity of vertical leakage is controlled by the permeability and thickness of the deposits

through which leakage occurs, the head differential between sources of water and the
aquifer and the area through which leakage occurs. Spreading methods 'may be classified
as floodmg basin ditch or furrow, natural channel, and irrigation. With the relatlvely flat

topography on_ the Clearwater delta water could be diverted from the Clearwater and

r

K
A

tHe Ieast for Iand preparat;on (Walton, 1970 ‘ | 2
oo (U

The creatlon of onelarge, or a number of smaller ponds on the delta could be used

to artificially recharge large portions of the permeab_le delta deposits.” This would raise

k) .
the water table in the underlying reservoir and in turn cause an increased groundwater

discharge into Stauffer Creek. These ponds may also create a small amount of additional
recreationg potential in the area. This is one alternative interbasin transfer method which
is considered in the following chapterAbut many other combinations of artificial recharge

and groundwater extraction couid also be used. For instance, by operating a network of

“water production welis on’the delta the pumped Avx(:ater could be'run into Stauffer Creek;

w1,
oo
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any drawdown in the groundwater reservoir would likely be offslet by an increase in the
amount of recharge from the Clearwater River. “

A better understanding of the acttiél hydraulic system involyed in the delta would
be required before any further dévelopment of the existing system of groundwater
_underfloyv could proceed. Accurate information concerning the aquifer thickness and

~ lateral extent, in addition to lithological variations would be required to model fiow through

the delta. Borneuf(1983:pers. comm.) suggested that oxygen isotope ratio con’iparisons A

between groundwater samples taken throughout the delta and Clearwater River samples
. could be used to accurately determine the velocity of flow through the aquifer. An
accurate simulation model of the aquifer could help in optimizing the operation of an
interbasin transfer scheme based on increasmg groundwater discharge Numerical models
of groundwater basms do, however, have limitations (Boonstra and de Ridder, 1981).

" The Raven River, like Stauffer -Creek, has a very stable streamflovy regime
indicative ‘o"'f" a strong groundwater basefiow component.. A large spring flovying at
between 200 and 300 I/s emerges from‘ sandstone underlying thick gravels near the Raven
River, southeast of Caroline (Borneuf, 1983: p. 76). This spring provides water for a
provincial fish spawning station. Borneuf(1983:pe_rs. comm.). suggests that, based on
monitoring of‘gr_oundwater observation wells in the cat’chment area to the south of this
. 'spring, . the iocal. recharge in the catchment is sufficient to supply a spring_of this
v magnitude. ‘However local water b'alance calculations do not support such a claim. The
largest mean annual surplus for the study area is 177 mm (ie. 12 mm storage capacity).

Assuming the drainage area supporting this spring is roughly equivalent to that of the
i DA

Beaver Creek basin (ie. 5 sections or 13 km?), the maximum discharge for the basin (both

groundwater flow and surface runoff) would only be 73 I/s. This discrepancy plus the

fact that this spring flows relatively consistently in both wet and dry years suggests that-,.

some additional source of groundwater recharge is supplying the spring Itis posmbie that

the Clearwater River is that source; it would be interesw\%) further investigate_the
h - |

%ibility of a groundwater connection.

{ A

E \ Carlson s(1870) work could be used to support e
"N { .

inter—glacial valley connecting the present Clearwater andé@ﬁé& valleys west of Caroline.

Further analy3|s of exnsting wéll logs apd cores in addition to a seismic survey would make
” .

5 of a buried preglacial or -
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it possible to deterrﬁine_ if such a depositional connection between the basins exists. If so,

in an effert to determine whether or not a hydraulic connection exists, a network of

piezometers and observation Wells could be used to monitor water table variations and
~ , .

compare them with variations in stage on the Clearwater. In addition, chemical' comparison

of groundwater and streamflow samples could be useful; such comparison was used

successfully by Newbury, Cherry and Cox(1969) to identify groundwater discharge

derived from in—basin and out-of-basin sources in a small drainage basin in Manitoba.

D. Exsstmg and Future Use of Streamflow

Fundamentally, ‘water resource development entails the modification of a natural
" hydrologic system to meet man's needs. Regardless of the modifications made to certain
parts of the system the equilibrium of the system is'changed and other compénents or
elements are a‘fected Consequently one of the main concerns raised in connection with
any water develogrpent scheme is the effect it will have on the existing stream system’'s
use. The usage of&s?treamflow can be divided into two categories: i} ' mstream_ use” which

encompasses any and all uses of water in a stream channel (ie. nawgation, hydropower,

recreation, fish and wildlife, riparian vegetation, aesthetics). and ii} "out-of—stream use’

)
2

which includes any of thé uses for which water is withdraw w2 Stream (ie.

agricultural, industrial, municipal, recreational, mining and thermal powg

As noted in Chapter two, the primary justification for d'elng interbasin

‘transfers of water to southern Alberta is to increase the supply of water avallale for’
out—-of—stream use in irrigation. Althou’gh much contreversy exists over whetfier such‘

water dcwhlopments can be justified on these grounds, lt |s generally accepted that the -

ultumate eqt‘i use of transferred water- would be for lrrugat:on Putting aside the questuon

of w%&’ or not expansmn of lrrlgatlon agriculture is suffncnent justlﬁcatLon for

interbasin transfer, the potentlal expansion of |rr|gat|on water usage in the pro_\ﬁnce will be

briefly reviewed. ' _ . ' BRI

aw e
E
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Water Uso in Irrigation . | ‘

It was suggested earlier vthatlwater transferred from the Clearwater along with
improved use of existing South Saskatchewan sup‘plies could support reasonable levels of
irrigation expansion‘in lieu of large interbasin transfers from the North Saskatchewan. The
amount of water used for irrigation is influ_qnced by a large number of interrelated footors;
in very generalizeo terms, the \rolume of. .water,, used for Iirrigation can be estimated by
applying an average “irrigation duty” to a given area of irrigated land. The éotual 'usage of%
water is influenced by such factors as: ’

e _ Amount of precipitation during the groWing season.
) Irrigation efficiency defined as the percentage of water diverted f’or irrigatior -
that is actually made available to plants. | '
® Watér requirement and efficiency of water use by various crops.
e  Farm management decisiohs concerning the area of land to be irrigated plus.the

v

R timing and-amount, of water apphcat|on

2

For southern Alberta, the Prairie Provmces Water Board uses an irrigation duty estimate of

4.57 dam’/ha (PPWB, 1982). This is the amount of water that is needed in a dry year to'
. irrigate most crops in southern Alberté. in 1977, considered to be an extremeiy’v‘dry y#_earf"
.‘(Vii’é‘* ‘May to September precipitation was 60% of normal), the éveré"ge‘_‘n‘et coﬁsurﬁpti\}\e uoe
) for all of the irrigation districts was 4.8 dam3/ha (PFRA 1982) ' \I
9 In Chapter five this nrrlgatnon duty estimate is applied to various Clearwater trarl\sfer_
volumes to determine the amount of irrigation it is capable of supporting. By, provadlng.
'further estumates concerning the average annual mcreases in land area irrigated, a rough g

,IL'

"’estlmate f the number of years of average irri atlon expansion Clearwater transfer could
% Y g g P

support is also Obtained. Although the total area of land actually irrigated fluctuates‘ ’
/ ‘greatly from wet-to dry years, the general trend (based on dry year vaIues) over the 1965
. 1978 period was an increase in the total irrigated area of 10,000 ha per year. Hence,

combining these two rough estimates yields an average annual increase in irrigation water

usage of 45,700 dam’;_thisvvalue is also used in discussion of potential Clearwater

transfer volume in Chapter five.

. - oy .
‘Assuming these éstimates are ‘\realistic, a transfer of 1.cms for tfe period May

PN

- through September could provide enoué_h water to irrigate approximately 2&00 ha of land.

PR
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This would be enqugh to support some of the smaller irrigation districts (ie. Mountain

View, Leavitt, Aetna, or McGrath) .but'it would be of little significance in expanding
irrigation, providing only one sixteenth of that required to support a year of future
expansion. However if the rate of transfer Was increased to 5 pmsﬁ and the transfer
operated year round. enough water would be transferred to irrigate 34,500 ha of land.

This wouid be enough water to supply the Taber Irrigation District or support almost 3.5

,years'pf irrigation expansion. If the entire Clearwater Riv-  ~s diverted enough water -
would be transferred to support 8 to 17 years of fu* 1 expansion. A water
transfer that cpuld provide volumes of water at this sc: »f great use (at least in
the short termj in dry years for alleviating conflicts betwe. «weam and out—of-stream

uses in the Oldman basin. By increasing discharge in the Red Deer River, water users in the
.South Saskatchewan basin in Alberta could utilize .greater than 50% of the ,treamflow in
that basin; this means of effectmg a transfer was discussed in ch/gtetjwvo ‘

Water transferred to the Red Deer River from the Clearwater could also be used

to directly off-set that withdrawn for irrigation in Ea_st Central A!berta if such a rrrlgatuon

. scheme ‘was ever to develop. irrigation in this area would basncally involve supplementary

watermg of crgas already grown in the area such as cereal grams and forage u’ops

xﬁy
[

amount of irrigation a particular tra\nsfejls capable of supportmg In the followmg sectuon
important mstream uses of water in the study area are explored inregard to the potential

effects brought abo'ut.by Clearwater transfer. 1

Instream Use of Water
The claim is often made that " surplus water can be rernD‘Vod for out- of stream

. uses without dramatically affecting the aquatic syste,g,tt ThlS raiges questnons in regard to

determining what- amount of stream flow can be™®

<

. A [%4 . E - .
amount can be considered to-be excessive when flows are augmented. It is important to

ered to befsurplus, and what
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determine how much Water should remain for the maint~ rce of v'ia‘ble aquatie
ecosystems (water quality, fish and wildlife) as well as the s for aesthetics and®
recreational use by man.

The interrelationships among elements of the hydrologic system, though\ varied and
complex, are relatuvely sumple in comparnson with the social, legal economic, political, and
institutional lnterdependencnes mvolved Not only is it hard to balance trade offs batween
instream and out of-stream uses of water but lt ns difficult to ascertaln what a desirable
instream flow requirement might be, glven eonflrctmg requirements among thg various
instream uses. | A general overview of the existing ihstreanﬁ uses of water in the study area
and a review of several approaches used to establish instream flow requirerﬁents for each
of these uses is presented. A range of flow requirements will be defmed for the donor
and receiving streams and apphed in quantltatlve volumetric estlmates of water transfer”
far a number of alternatlve trahsfer methods outlined in chapter five.

There are a number of questions which should be borne in mind when considering
the estabhshment of mbtream flow requurements The foliowing questlo T particularly
pertinent and are buM a few of those addressed by the Pacnfrc N.W. River Basin
Commission(1972) _during an instre)é?n flow requxrement workshop focusing gn fishery ’

: v

and recreational water quallty needs: A | '

A

° Should the objectives in estabhshmg lpstream flows be.i) the maintenance
CTof existing quality" and usage, ii) the qeturn of the stream to some natural
condition, assummg such return [is an lmprovement and i} the
enhancement of the. stream to its optimal condition? /'l
} e  How should one attempt to lntegrate varlous instream Iow reqmrements" :
° | How does one compare the cost of different ays of maintaining
= ;.‘~|nstream flow Ievels when-natural flows\ are |na/dequate (ie./ storage,
' "(transfer reductuon of WIthdrawls) wnth the beneflt? from flow reg,.:latlom
e . How does one ‘evaluate mstream flow reqmreme/ﬁt in l’é@ion to beneflts

In general water resources planning is a techmque of publlc lnvestment decnsuon
: I

. foregone7

a.ll

- making.  Consequently, there has been an upsurge of’ lnterest and concern nln water'
@
allocatron and instream requurements for mamtamrnthe mtegrlty of the, aquatuc-rlpaman
’. ' !
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ecosystem. This would unw - *~* ..y be the concern in regard to a water transfer using the
Stauffer—Raven system which is recognized as a high value aquatic habitat and recreational

resource worthy of protection. Instream requirements for the Clearwater must also be

be sacrificed ’J

considered since. in. this case a portion of the stream might hav

altogether in order to obtain 5|gn|f|cant quantities of water. For the Horseguard-
| system which has little if any value as a recreational resource, the possibility exlsts for

improving the stream habitat and perhaps creating a viable trout stream; this possbnhty

warrants further investigation.

Fish and Wildlife

The emphasis'in this revieysr is on the sport fish in the study area, in Stauffer Creel_{
particularly, because 'they' represent a unique and obviously highly valued resource in the
area. They also stand to be greatly affected by. any water transfer from the Clearwater

)"_w,hich utilizes the Stauffer Creek channeltto convey the diverted water. The long t_erm
‘eflfe/ct of such a development ory wildlife, with the possible.exception of aquatic wildlife
such as beaver and muskrat |s thought to be neghguble Howaever, if major channel
umprovement was undertaken along any of the receiving streams the rémoval of riparian
_vegetation could brlng ah,out a significant change in w_nldl_nfe habitat.”

Formal methouelogies for determining instream flow requirements for wildlife
purposes do not exist (Ka,dlec, 1976) but some methods that have been used to assess the
effects pf other water respurce developments lie. damns, reservoirs, land drainage) on
wildlif‘e, might be rnodifiecj for this- purpose. It is felt however that the disturbance
crqeated during the construction phase would be the greatest source of impact on resident

. wildlife populatlons and that during the operational phase the impact would be negligibie.
2 The two most sought after sport fish groupmgs in Alberta are trout which are -
prxmaruly native to cold—water eastern slopes areas and walleye natlve to northern areas.
The res urces available within the development unit of Albertas Fisheries Branch of the
" Fish and Wildlife Division are focused on the resolution of sport flsh resource shortfalls

through habitat ‘improvement particularly as it concerns trout {Crutchfield and Paetkau,

1982). ‘ ~
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" The objective of' habitat management on trout streéms is to provide ideal living
conditions for trout. Ideal trout streams provide the following characteristicé in adequate
and optimum amounts: cover‘, living space. spawning areas, food, temperature and
streamflow (White and"Brynildsoq, 1967 Streamflpw is perhaps the most important
because - " sctuates so do the other characteristiés of the stream.. Mostll,ir}niting
factors ae reducad in the presence of a stable flow. The difference in flow regime
between Stauffer and Prairie Creek is likety the major reason for their differences in
gamefish productivity (Fitch, 1981). A productive trout stream Hﬁs well défined banks of
firm sod supporting abundant grass and shrub cover. A near équé'l ratio of pools to riffles
and a cleatt gravel bottom for trout food production and spawning are also characteristic.
Cover and shade provided by overhanging vegétation is itnportant for maintaining cool
water temperatures (Hunt 1966 and Hooper, 1973)

Fish populatlon surveys on Stauffer Creek carried out by Cunmngham in 1961 and
again in 1964 indicated that the amount ‘of productive trout habitat had decreased
substantia‘lly. By 1872, when Shirvell(1872) conducted a more dtatailed fisheries[ study, it
was evident that watershed deterioration caused by increased siltation was the rttajor ‘
cause of the decline in the resident trout population.. The purpose of Shirvell's study was
to provide needed fluvial and biological baseline data, as well as to develop é plan by which
further habitat deterioration could be halted, deteriorated habitat improved. and existing
habitét protected élong Stauffer Creek. .

* Stauffer Creek is inhabited by nine species \Qf fish. The most abundant specieé are
eastern brook trout and brown trout which occur commonly in the a‘reas ot faster flowing,
cool Water. Northern pike and white suckers occur in low velocity,v warm water areas
where abundant aquatic végetati'on and silt sub.strate is preséht Longnose suckers, two
species of dace and brook stickleback are also present The two species of trout
separate their distribution in the creek according to water temperature. The upper 1.5 km
(summer rmax. of 10° = 11° C) on the north branch of Stauffer Creek supports
predominantly brook trout Between .1.5 and 5.0 km downstream (11¢ - 190 C) equal
numbers of brbok and brown trout are present, while predominantly brown trout occur

from 5.0 to 10 km (19 ~ 21° C) downstream. The remaining 10 km downstream section

of the creek has a very low trout density ie. less than 90 fish/km of channel) compared to
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the upper 10 km of Stauffer (ie. averagmg 560 fish/km) and is therefore assumed to have
llmlted potential trout habutat principally becuase of hugher water temperatures and limited
spawmng area. Perhaps the trout habltat ln the lower half of Stauffer could be lmproved
if water diverted from the Clearwater was introduced at a pomt‘ half way down the creek,
-or if groundwater. diecha?ge into Stauffer Creei("wasbincreased. | |
Shlrvell(1972 p. 67) came to the conclusion that it is the physical characteristics,
especially high amounts of sedlment (coverlng spawning and food producing gravel areas)
that are the major limiting factors to the trout population in Stauffer Creek. The brook

&

space. The downstream distribution of brook trout appears to be limited by higher water

tro(t ‘population in the upper reaches of the stream is limited by food production an

temperatures during the summer. By removing beaver dams’ in these sections of the
stream the water temperatures could likely be reduced thereby expandlng ‘the brook
trout's downstream range. Brown trout were generally found farther downstream than
the brook trout, near undercut banks or other cover, the lack of cover in the upper
‘sections could be the reason for their limited abundance there. Inadequate spawning areas
limit the number of brown trout in the lower sections of Stauffer Creek; silting over of
spawning gravels has reduced the amount of favorable. spawning area ‘

The provincial government has since taken- action to preserve and restore the -
upper half of Stauffer Creek based on ‘recommendationsmade in Shirvell's study and its
policy of acquiring and/or preserving valuable sports fisheries habitat. In 1972 a habitat
. management unit was organized within the Fish and Wildlife Dnvnsmn Th s marked a new
direction and expansion towards fish and wildlife management not concerned soie\y with
the harvest of resources. The "Buck For Wildlife" program was part of this
reorganization. It lnvolves the acqunsmon of revenue from the sale of ﬂshmg and hunting
Iicences.‘ Current annual revenues are approximately 8650 000 (Crutchfield and Paetkau,
1982). The objectives of the Buck For Wildlife program will be discussed in more detail in
the following section on water—-based recreational resources. A'

Along Stauffer C- cek It vsas felt that a protection effort on public and private land
was necessary and ~uck For Wildlife became actively involved in the protecfion of
significant trout hat -at ee Plat IV 4). Thrs has primarily involved the fencing of

disturbed streambanks (1 ~rdder to lsolate important habitats from adverse agricultural
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activities. Much of the effort has been directed to stream areas bordered by private land
and undergoing heavy. encroachment from cattle grazing and watering, land clearing and
vehicle crossing sites. Fencing off the strearﬁ (which began in 1974) has allowed riparian
vegétation to reestablish and stabilize stream banks, to date, it appears to have beer
effective in reversing the processes responsible for degradation of trout habitat.

In addition to fencing, some stream channel improvements were undertaken. The
primary objectives were to de\/elop suitable péols and scour fine sediment from the
stream bed to expose a more suitable gravel substrate. The channel improvement work
involved a two kilometer section of creek. It entailed the narrowing of the channel width
with wooden and steel basket gabion groins to induce bank development and the
development of new banks with gabion baskets (see Plate IV.5). Although the objectives
of this project appear to have been met the impact on the trout population is not known,
no post-project fisheries studies have been conducted. "vAccording to Kraft(1983: pers.
comm), the habitat improvement program will result in the alteration of the trout
population profile, especially for brown trout He expects that there is a higher
proportion of older, larger fish but that the'tota! population may have dropped, partly due
to increased angler use of Stauffer Creek. '

It has been suégested previousiy that a habitat improvement or more precisely a
habitat creation program could be undertaken on Horseguard Creek in conjunction with
water transfer from the Clearwater. Kraft(1983: pers. comm)) felt that there was definite
potential for. creating habitat based on work done in Wisc,:onsin by White ahd
Brynildson(i967) but the cost may be prohibitive. A large amount of clearing and snagging
of aquatic and riparian vegetation and creation of adequate spawr{fng areas would be

'required and perhaps straightening of the channel to bring about- a needed increase in
_‘ channel slope. As it presently exists, the Medicine River system has little if any suitable
trout habitat, water temperatu{'es are too high, fléw is sluggish and the substrate is
unsuitable. Iron concentration in the stream might also be of concern since the cresk
drains organic—-rich muskeg areas which yield high amounts o’fi soluble iron (Hynes, 1971).
According to Fitch{1981) good trout streams have iron concentrations less than 0.7 ppm
and fish die at concentrations between 1.0 and 2.0 ppm. Stauffer and Prairie Creeks have

iron concenfrations ranging from 0.1 — 0.2 ppm and 0.1 - 1.0 ppm respectively. Chemical
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dnalysis of the Horseguard water would bg réqui'red. and if” found inadequate. the
effectiveness of using Clearwater water to irﬁbrove the quality would neea to be )
investigated. | ‘ ' ' «

The excessive amount of aquatic and‘riparian vegetation aleng tha upper‘ reaches
of the horseguard is evide;wt in Plate IV.6. The actual channel capacity of the creek is quite
substantial (See,Plate IV.7) but because of the extremely low giadient and excessive
in—channel obstructions it drains very slowly. In fact, in August of 1887 (a lov;/ flow
period for other High Plains streams) the Horseguard was very close tc  -nkfull condition
in the upper reached but the actual discharge was insignificant. Hence, the a' ility of the
system to handle an increased level of flow would need to be improved in or. -~ to avoid
widespread flonding caused by interbasin augmentation.

Instream Flow Requirement

Most instream uses have an 'extinction point’, 3 minimum volume of water belowy
‘which that use cannot exist Simifarly, most in—place water uses have a-'flood point’ where
excess flnws, or levels, effectively extinguish that water use. Somewhere bet‘Neen those
two points lies an optimum, ‘being .hat fiow or” level at which a water use is maxirmized
" .7 oull and Loomis, 1973). On Staufrer Creek the situation is somewhat unique in that a
_ dete’ mination of the maxirﬁum recommended streamflow is required in contras‘t to
determination of minimum flow requirement which is the focus of most of the reseairch in
this field. ‘ |

High levels of discﬁar‘ge can cause extreme damage to trout populati&ms even if
flows occur for only a short period of time (Shirvell, 1872). During flcods, large amounts
of silt and debris are washed off the watershed, which includes cultivated land, into
Stauffer Creek. Fish eggs or individuals of any size can be destroyed by unusually high silt
laden water. The reduction in fish survival resulting from the 1972 flooding on Prairie
Creek is discussed by Fitch{1881). Although it is obvidus that the volume of transfer into
Stauffer Creek should be below 1Hat which woul;:i cause flooding, itis not so ObViOL}S how
much below thbe‘flood level it should be. Maintaining high discharge levels for long periods
of time could cause increased bank erosion and bottom scouring fie. increased sediment

loads) in addition to eliminating valuable trout habitat through the disturbance of the

existing pool and riffle sequence. Higher fiow levels maintained for. short periods of time
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may however be beneficial and help maintain a more desirable habitat for trbut.
Determining the consequences, that varying the timing and amount of flow in Stauffer
Creek would have on the aquatic hébitat, is beyond the scope of this research but it is
important to consider the possibility of actually operating a water transfer and at the same
time improving aquatic Habitat for selected species in the receiving stream.

Méthods for assessing uninhabitable (high velocity) portions of stream
environments have received little attention. primarily because most instream flow '
assessment has been directed toward flow reduction rather than flow augmentation. This
situation is’ sIowa changmg and several references which could prove useful for further
research are listed by Stalnak‘ér and Arnette(1976). Due to the preliminary nature of this
study and the lack of detailed stage vs. discharge relatlonshxps for various section of
Stauffer Creek a number of "best-guess” estimates of bar_\kfull discharge will be used to
base calculations of tHe volume of water transfer. | | i

Actual and bank full discharge estimates were made based on rudimentary channel
cross—section and velocity mcasurements taken at two locationg on Stauffer Creekvin
Augus.t 1982. One of the cross—sections was {ocated iﬁmediately dc;Wnstream of the
two headwater springs. An up'_st'ream view of the section is presented in Plate V.8, note
the meter tape at the bottom of the photo and the gravel substrate. Using flattengd stream’
bank vegetation and general channe! morphology indicators the cross—secfional area was’
determined for a bankfull condition. The actual cross—sectional flow area measured 1.00
m? and the estiméte‘d bankfull area measured 1.84 m?. Assuming that the average flow
velocity at bankfull stage would be one and a half to two times that actually measured; the
bank full discharge at this location would be in the order of 1to 2 cms.

The second cross—section was located approximately 5 km downstream of the
first (see Plate IV5). Here the channel is considerably larger and the d@r\ge was
estimated at roughly twice that of the first section at the time of measuremant. A bankfull
discharge of 3 to 5 cms is postulated for Stauffer Creek at this location. Obvnc(usly an
accurate determination of stage vs. dlscharge at a number of locations along the creek
would be required to make any definite decision regarding maximum modified flow

recommendations for water transfer alternatives.



Plate IV.8 Stauffer Creek immediately do\v_vnstream of the origin springs
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The maximum modified flow recommended for the purposes of this study is 2
cms for the upper half of Stauffer Cre;ek and 5 cms for the lower half. Assuming that the
flow measured in 1978 and 1979 by the ARC (see Fig. .7) is indicative of averaée
conditions on Stau.ffer 'Creek, the average discharge at the first metering section is
between 0.25 and 0.35 cnﬁs: Again, assuming that for average conditions, discharge is
roughly twice as high at the second’ rnétering section, the average discharge would be
between 0.5 and 0.7 cms. By subtracting the natural discharge estimates from the
recommended modified rovQ maximum we obtain a maximum transfer flow of 1.7 cms
for the upper half of Stauffer Creek'and 4.4 cms for the lower half.

‘ 'Th;are is virtually no streamflow data available for Horseguard Creek, éxcept for
the crude flood discharge estimate (ie. 6 cms) made based on visual evidence for a location
near the head of the creek (LSD 14-20-38-5W5 se Plate IV.7). It is however, assumed .
thét with considerable chapnel modification and veé;etation.removall'that the Horseguard
couid convey up to 4 Ems of transferred water withcgut causing major flooding.

Since withdrawal of Clearwater River water would be involved in any interbasin

transfer scheme it is important to address two questions: i) what minimum flow

~ requirement for fish, wildlife and recreation in the Clearwater River should be? and ii) what

compromise can be made between water withdrawal and Clearwater instream flow needs
during dry years when Clearwater discharge is too low to meet both needs?

In.reference to the first question, three different methodologies utilizing average
flO\j/'V records are applied to determine a flow regime which would be satisfact‘ory for

maintanence of the various instream flow needs. The three methodologies that are applied

_are all'based on historic streamflow records. Based upon flow studies and numerous

obszrvations, Tennant{1976} suggested semi—annual discharge regimen based on mean
annual flow pe-centages. The US. Fish and Wildlife Service (Anonymous, 1874)
developed a flow recommendation scheme for application to streams in the Northern

Great Plains area. This procedure is based on individual monthly flow duration curves and

. \
recommends instream flows that are exceeded 90% of the time (referred to as the 10 -

percentile flow). This technique results in a series of monthly flow estimates. The third
technique, developed by the United States Forest Ser\vh and described by Stalnaker and

Arnette(1976; p. 92), specifies preservation streamflows based-on discharge percentile
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\
levels also but is based on studies carried out on Rocky Mountain trout streams. The
recommended f'lows for ' the- Clearwater River, calculated utilizing these three
methodologies, are displayed irf Appendix 3. _ b e

Methodologies utilizing average flow records are primarily of value for
reconnaissance or limited field studies . for recommending instream flows early in ithe
planni"ng' stages. For an aopraisal of an extensive area, this type of method provides a
drelatively quick, inexpensive base for flow recommendations. Tennant's 30/60
percentage average annual flow and the monthly 10 percentlle fngure of the USFWS are
usually satlsfactory preservation flows. '

Flow record analysis, developed in a particnlar region and based on a local
hydrologic cycle; may be limited in its usefulness in other regions. The division of flow
criteria into seasonal regimes should be adjusted to the climatic conditions of the region in
question. Furthermore, flow regimes can also be modlfied to satisfy specific life cuycle
- requirements of a glven specues such as satlsfactory flows for fatl'spawning brown trout.
Before deciding on a fiow recommendation these considerations would have to be more
fully assessed. More detailed instream flow methodologies are available. These
methodologies require varying amounts of intensive on-site field work and therefore
larger time and funding commitments. They relate changes in hydraulic parameters
gathered at one or several stream cross-—sections at different flow stages to changes in
habitat features such a\s pool and riffles, substrate, wetted perimeter, stream bank
vegetati.ve_cover, turbidity, etc. These methodoIOgies are\attempts to assess instream
flow needs in such a way that the effect of "with" and "without” development plans on the
various mstream needs can be more accurately quantified. The U.S.. Bureau of Land
Management(1977) has evaluated several instream fiow methodologies and Stalnaker and -
Arnette(1976) have provided an excellent review of the entlre range of methodolognes for
determining instream flows for flsh‘andvother aquatic life.

In reference to the ;econd questlon regardmg restrictions on withdrawal during

dry years, a’real trade*off:betwin local envuronmental ob jectlvesmgatlon lassummg

it is the end use of the_ rans & d water) will have to be made. The importance of the

Clearwater reach‘ tte‘ ween the dlversxon point and the North Saskatchewan River should be

3 ~ B
Ny \.\

assessed*\ The agmﬁcaqce of this reach to flSh populatlons recreationalists, bordenng

2

l\i‘ ’ - ) L-‘/‘
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farmers and the region in general are of concern. Initially transfer would be small enough
- that provnsuon for off-stream storage could eliminate the need for withdrawal from the
Clearwater -during occassional summer low fiow periods thereby preservung
recommended instream flow levels and reasonable transfer rates. However as démand
for transferred wate_r.increases other altejrnatives would have to be explpred including
- upstream storage, supplementary trar\sfer from the North Saskatchewan.or eacrific_:ing this
section of the Clearwater. A dlscussioh of physical availability of water plus'receiving and
dOno'r stream Iimitati‘ons is provided in chapter five where potential ltransfer \\)o\lumes are
calculated. . ‘ |

Recreation

Y

It is ,common“practice to include recreational development as an overall benefit
arising.from major water development p'rojecte. Modification of an environment can
‘result'in the-creation of new recreationel'resources as well as the loss of existing-ones.
Opportonit_ies for recreationai enhancement exist in co‘njunc»tion with a Clearwater transfer
project- By inoorporéting features in the project deétén that provide for enhancement of .
existing resources and creation of new ones, some degree of compensation for any
detrimental effects associat_ed'With development could be'offered. HoWever, several
questions need to lbe answered to fulIAy assess the "'value" of such benefits to the
community, the region and jndeed the province. ' ' '

Although it is beyond the scope of this study to dnscuss the issues and confhcts
involved in outdoor recreatuon and water resources planning, some of ‘the more relevant

_issues that would need to be considered in relation to Clearwater transfer development

are stated they are: ' ‘ ' .

L

° Recreational -use of-agrilcu/tura/ /anq’: i) confiict over access, trespass,
¢0mpensation and the question of liability; ii) harassment of liv\estock and the ‘

. physical damage to farm property and crops;, iii disruptionfof privete
'. enjoyment of a person's own property; |v) landuse change accompanymg
mtensuve recreatlon development leg. agrncu!ture to country residential or

public reserve); v) ,pubhc acquisition of land for recreational development, and

vi) multiple landuse management approaches. - Many of these issues are
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discussed by Glasgow(1982) and Swinnerton(1987) in relation to use of
agricultural land in Alberta for recreation.
° Developmemt trade-oifs in water reso&rce and recreation planning. i)
sacrificing operating efficiency (ie. diversion rate or reservoir level) for
T maintenance of recreational resources {ie. fishing, botyting, viewing); i) higher
capital and oper'ating costs with development of new reéreational
opportunities. The ecohomics of including recreation as an objective o‘f _wz]ter
resource projects is dealt with by Knetsch(1974).
® Outdoor recreation deve/opmént p/anning in general: i) assessing both the
& supply'and demand for récreation; ii) distribution of benefits and costs of such
dévelopmeht; i) ability of facilities to meet demand; iv) conflicts‘ between
" various pres of recreational activiiies.
The prime water—based recreational- activity in the study area is sportfishing.
. Unfortunately detailéd information is not available on the number of fishermen using the
area and their preferences concerning when, where and why they choose to fish in the
area. However, it is suggested that fishing in upper Stauffer Creek, the Raven River and
parts of the Clearwater is generally excellent (Hilburn, 1980; Scammell, 1880). In fact,
Stauffer Creek is recognized as one of Alberta's finest trout streams. In terms of
p‘roductivity, Stauffer Creek was found to produce six times the average gamefish
standing crop of P,l_f)airie Cree.k which is considered to be a good fishing stream in its own /
right (Fitch, 19é1; p. 33). Both Cunningham(1964} and Kraft(1983: pers. comm) noted that
fishermen from many parts of the province use the area and that the upper portion of
Svtauffer Creek is fished year round. »
| ‘St'aﬁffer Creek Hgs the characteristics of a "specialized recreation stream” as
defined by Morris(1874} in his classification o.f rivers according to their recreational use.
If offers a special recreational attraction such as high quality fishing. The participants -
travel to the éité from the local afea as wéll as from relatively long distance. The relative
assessibility of- the river to population centers is not a distinguishing factor and they
normally take care to plan their visit to the site at a time when the conditions are suitable

for their activity.
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The larger streams in the study area are not as specialized toward one type of
recreation use. The North Séskatchewan, Red Deer and Clearwater Rivers are used for
instream recreation including fishing and boating as well as recreatioh adjacent to the
stream (ie. picnicking, camping. hik}ng, driving, and'viewingl The Red.D'ee”r and North

 Saskatchewan Rivers are much better suited for boating than the Clearwater (which can
become very shallow) and as a result are used to a much greater degree. Trout fishing on
the Clearwater is generally better in the areas upstream of the s:tudy area (Scammell, 1980)
and therefore actual reéreational activity on the C‘learwater in the s‘tudy area is low relative
to other sections of the river. | |

Streams in the Medicine River system offer very little recreational opportunity
principally because of their poo{' aesthetic ahc; water que;lity. The appearrance of these
streams could be greatly improved with flow augmentation and through extensive clearing
of bank and instream vegetation; such impfovemer;‘ts would provide new opportunities for
recreation adjacent to these streams. f water- quality and flow regime coQId bé'improved
enough to create viable sportfish ‘habitat: new instream recreation opportunities could
result and this would supplement the existing recreational resources in the area.

The provincial government has taken action to preserve the biological and
recreational fish resource in the area through the Buck for Wildlife (BFW) brogram as
mentic‘)r;ed previously. The large. amount of money expended on fisheries research,
aquatic habitat maintenance and preservation, and stream channel improvements on
Stauffer Creek indicates the value placed on this stream not only by the sportsmeﬁ and
local Ian'do‘wners (th conti;:Ue to contribute to the preservation of this resource)bu.t also
by the provincial government. The BFW improvements carried out on this stream have set
a strong precedent for the ongoing maﬁagement of this stream, this should be given due
'consideration_ during the design of possible water transfer alternatives. Another

“ consideration is the‘ fact that many people may derive satisfaction from knowing that work
'is being done to preserve and enhance environmental quality .wh.ether they engagve in
fishing or not, and whether they v/is.i;'\the site or not Thus, ehvironmentfxt enhancement
could prove to be a valuable addi{{on: o water transfer devélopment and serve to aispell

many of the negative attitudes towards interbasin transfer in general Additional

recrestional opportunities such as waterfowl hunting, fishing, boating, swimming, and

¢+
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cottage devélopmemt miéht be created by developii 1 storage reservoirs and transfer
canals with this purpose in mind. ;

Some of the objectives of .BFW co'u‘ld easily be incorporated in Clearwater
diversion plans to improve and perhaps create recreational opportunities in the area. Two
of the primar;/ objectives of BFW (Crutchfield and Paetkau, 1982) are: |

A T{W}sngn and manage habitat on public or private land to mtensufy the
| production of significant wildlife specnes through- habitat development,
manipulation and management to: i) increase the quantity of habitat, ii) alter it in
favour of one or more species, and iii) maintain habitat at a desirable level.
2. To promote change in the existing philosophies of land and water use toward
that based on sound ecological principles.

There are two basic en\glronmental modufocatlons associated with water transfer
that would have significant effect on the exnstmg bio— phys:cal recreational resources in
the area. The first is altered streamflow regime. Depending on the rate of transfer, the
receiving streams could-experience either improvement or loss of valuable‘aquatic‘habitat
and associated sportfishing potential. Secondly, instream structures on"the Clearwater
'River would detrimentally affect boating on that river.

Measuring the impact of changing streamflow on these recreational activities
wauld be difficult because approachés for specifically assessing recreation/streamflow
relatiohships have not been developed. The study of stream—related recreation in the area
could be important to the development of a water transfer for a number of rea;sons. ff
the transfer is to be developed for multiple purposes, one of which is environmental

enhancement for recreation, planners will need to know the attributes of streams that

- users consider important They can gather this information by observing, measuring and

quantifying the existing recreatiohal patterns for the area. Comprehensive data are also
required on actual and potential resource conditions, ecological and social constraints,
" attitudes, and user interests. Andrews et al{1976) reviewed several of the methodologies
that are applicable to measuring the effects of streamflow on recreation behaviour in
order to reach conclusions concerning the availability of recreational opportunities in an
area, the economic benefits associated with different "mixes” of recreation activities, and

the eXisting and potential future demand for a variety of recreational resources. Other
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methods used to assess the recreational potential of rivers, in general, are reviewed by

Hooper(1977).



V. CLEARWATER TRANSFER ALTERNATIVES

A. Potential Tr?nsfer Volumes

In order to gain a perspective on the actual scale of water transfer pdssible from
the Clearwater River, the potential volume of water that could be diverted is estimated.
. The combination of three distihct variables controls the maximum amount of water Which
can potentially be transferred: i) the Clearwater discharge at the point of diversion, ii) the
maximum capacity of the transfer system utilized, and iii) the desired Clearwater discharge
below the point of diversion. ‘Afrange of potential transfer volumes can be calculated by
changing the value.'é)f one variable while holding the other two constant. .

Although the actual Clearwater dis;charg.e fluctuates greaﬂy on an annual, seasonal
and daily basis (as discussed in Chapter four}, investigation\ is limited to a representative
low flow year (1979) and a high flow year (1“9‘81), thereby ehcompaséing a range of flow
conditions. The second variable, maximum transfer capacity, is varied from 1 to greater
than 30 cms. The maximum transfer capacities for various potential receiving streams a;'e
listed in Appendix 4. Whereas the first two variables can be described as physical
constraints on transfer, the fhird variabie is bect described as an operatibnal constraint
Two operational alternatives are cor iderac i) t*1e restricted withdrawal of Clearwater
River water based on Instream Flow Recornmendations (IFR) _established using the Montana
method (seé Apbendix 3), and i) unrestricted withdrawal with-diversion of water taking
place at receiving stream capacity. | °

In Figs. 1 and 2 the range of potential annual transfer volumes available is shown
for a low flow and high flow year, respectively. The po‘tentfal transf.er.volumes are also
expressed as a percentagé of the .total ann;Jal discharge of the Clearwater River fdr. the
respective years. This percentage is used as a crude measure 6f "transfer efficiency”. jn
order to‘jus.tify beginning a sequential interbasin transfer at a lesser level such as this,
Clearwater transfer alternatives should ultimately be capable of achieving tra/nsfer

/

efficiencies of at least 30% in low flow years. This level of efficiency might’x not be

reached until later stages of development when water from the North Saskatchewan River -

is also being. provided. If constraints on transfer were such that less than 30% of the

Clearwater discharge would be all that is available when it is most needed in dry years,

100



101

1000
900
800 .
700
600
500
400 L 100
' - 90
300 80
cesensseagesensadnsl - 70
! N -'W - 60
200 15 T L .o
- 40
..L. /’- — ——
— “ w1l —
no |— — — — Minimum Acceptable T 1 ~T ~ T = % -+t ——t+—-T—FT30 ¢
; . -0 s
100 =T s
e 90 - ] ~ 4 a
S 80 ! T L 20 >
Z 5 < O
W 7 Z
5 e G
D so 3 e
o o
o i
e -10 W
by n
Z Z
<« - o
x = Resiricted Removal (Montana“'sxcellent” IFR) [
| =+== Unrestricted Removal (Moy-éip'eﬁ?ber) AN
. — 5.
10 - - :
\ 2 3 4 5 6 7 8 910 20 .30 40 50

TRANSFER CAPACITY {cms)

Fig.1 Potential Low Flow Year Transfer Volume ~ 1979

) ’ "\\.

\



TRANSFER VOLUME (dam®x 10°)

102

1000
9OQ
800 - 100
700 90
600 - 80
50 - 70
T
7‘1 60
' 7z
4
00 ! v - 50
at
300 A : - 40
1 .‘f - 30°
200 /A -
/ 7‘0 - - 20
A8 .
- — — — ini A toble +— 4+ —4+ €1 & + — L L b —_ |- r=
Minimum Acceptable ) // 5 T E g
100 T 2 e bt
90 VA ' 2
A T ~
80 M L
. [ 1025
70 . ;
pd
d u
- "]
* jre
w
w
. o
L
- 5 W -
)
z
| <
oc
=~ Restricted Removal (Montana "excellent’ IFR) Lot
«e==s Unrestricted Removal (May-September)

2 3

4

6 7 8 91Q 20 30 40

TRANSFER CAPACITY (cms) . ,

Fig.2 Potential High Flow Year Transfer Voiume — 1981

50



103

planners mighf look elsew_heﬁre for a more feasible $ource of water. If such Ievéls cannot
be achieved by a combination of various trénsfer?‘ alternatives on the Clearwater, then
perhaps the potential for a large scale transfer fn\om the Clearwater or supplemental
transfer from the North Saskatchewan River should be\a\ considered.

Upon close examination of Fig. 1 it is apparentithat the maximum volume of water
that could be transférred, regardiess of removal restrictions (assuming djversion during
May through September period only) and transfer capagi\ty restrictions, is 264,000 dam?.
This volume represents a 68% transfer efficiency. Although a transfer capacity of 45 cms
{35 cms with restriction on removal) would bebrequired‘to ;s,ecure the maximum volume of
transfer, it is apparent that inéreasing transfer capacity past about 15 cms would increase
transfer efficiency by less than 10% in a low flow year. ‘Wsth restriction on removal from
the Clearwater a maximum of 145,000 dam®is obtai’n,ablé (38% transfer efficiency).

The Montana method IFR for "excellent” flow regfme was applied in calculating the
plotted values fie. 6.8 cms Oct. — Mar. and 10.2 cms Apr. - .Sept.). Application of the
"satis‘factory“ flow regime IFR would place a curve between the two shown. Applying
more stringent instream flow methodologies (ie. USFS or USFWS) Would greatly reduce
the transfer efficiency no matter what the capacity. For instance, application of the
USFWS methodology (see Appendix 3) in 1978, wéuld allow a maximum transfer of only
36 000 dam® which is less than a 10% transfer effncnency

Assuming that a minimum acceptable level of transfer effumency is: 30%, the
minimum required transfer capacity without restriction on removal is 8.6 cms; with
removal restrictions applied the requisite minimum transfer capacity becomeg 13.0 cms.
Therefore, transfer alternatives should have a minimuh transfer capa’city of about 8 or 8
cms in order to be capable of providing significant transfer volumeé in low flow years. )
Capacifties of a least 13 cms would howéver be preferable, in order to maintain suitable
instream flow levels in the Clearwater. ' |

The difference between the y-—intercept values of the two curvés',in Fig. 1
represents the small volume of water which could be transferred early in the spring
{before May 1) and in the fall (after September 30) assuming application of the Monfana
method IFR. Application of any of the instream flow methodologies reviewed, effectuvely

restrlcts thhdrawal to the open—water season Wlth only minor diversion allowed before
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May and after Septerrtber. it is obvious thet, at:transfer capacities below about 8 cms the
application of an IFR on the CIearwater rj_asv.-‘little impact on transfer efficiency (ie.
discrepancy of less than 5%). As trensfer capacity increases however, so does the
discreparcy between the transfer effnmenc*es for the two operational alternatlves the
maximum discrepancy is equivalent to 30% of the annual dlscharge

The greatest potentual for Clearwater transfer. |s naturally associated with high flow
| years such as 1981 (see Fig. 2) The total volume of water required to meet Clearwater
instream flow recbmmendations/%omonly 34% of the total annual 1981 discharge.
In comparison with low flow years like 1979 where the Clearvt/ater IFR is equivalent to
70% of the annual discharge. a phcatlon of removal restrictions has little effect on
transfer efficiency during high flow years As an example using a 10 cms capacity and
restriction en removal, 50,000 dam’ more water could be transferred in a year like 1981
than in a y_earrlike 1979. Thus, as expected, the problem of reaching a corﬁpromise
between water diversioh and mainteriance of Clearwater instream flows would be most
acute durlng low flow years b' "

The- maxlmum potentnal transfér volume that could be obtained in the May to
September - period, assummg no restrlctnon on removal would be 621 000 dam:.
However a transfer capacny of almost 200 cms would be required to handle peak
'Clearwater dlscharges Wlth the addmon of upstream storage and subsequent Clearwater
flow regulatnon the transfer capacity reqmred to obtain such large volumes of water
would-be sugmfncantly' reduced. At a smaller transfer capacity of 15 cms, about 200,000
| “dam? of water would still be obtalnable in high flow years. -

Although the efflmency of transfer is less :mportant in high flow years, it is
interesting to note that a transfer capacity of at least 18 cms would be required to capture
just 30% of.the_tetal annual 1981 discharge. Also of interest is the'greater transfer
" volume available with restriction on removal than without restriction (ie.. at transfer
- ‘capecitiee below 20 cms). This is a result of the relativelyt high Clearwater discharge ih the
fall of 1981, discharge did not reach base flow level until December (see Figl -IV. B), thus
allowing cor\siderable diversion when flows exceeded the IFR. '

Although it is. difficult to estimate the exact amount, it 1s apparent that’transfer

efficiencies could be improved with flow regulation on the Clearwater River involving

o
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controlled release of a large proportion of the upper basin summer snowmelt runoff and
some stora'ge' from wet to dry years. This process of storage is occurring naturally in the
study area f(albeit at a small scale) with sforage of Clearwater River water in porous delta
sedlments during high flow periods. As discussed in a preceding section on groundwater,
this stored water is also moving slowly eastward through the delta aquifer, ultlmately
appearing as sprmg discharge in Stauffer Creek and Butte spring. Varlous assumptlons
must be made in order to estimate the actual volume of transfer that is naturally OCCUrrmg
through the q;elta and to determine the potential for artificially increasing the rate of .
trénéfer. Xséuming that the Clearwater delta is acting as a large groundwater reservoir, it
is pc/>ssible to éstimate the volume of water that could be withdrawn from storage for
’transfer into Stauffer Creek. This could be acéo'mplished by either increasing the rate of
groundwater discharge in springs along Stauffer Creek or by actively withdrawing water
from the reservoir via pumping of water wells.

In the first instance, it is assumed thatb the rate of groundwater flow from the
Clearwater River to the springs along Stauffer Creekvcaﬁ be iﬁcreased by raising the water
surface elevation of the Clearwater River or by raising water table elevation in the delta by
means of artificial recharge. The increaséd discharge is  estimated using a modified form
of the Darcy equation (Johnson Div. UOP, 1972:p. 41);

' Q=TIW
where Q is the rate E)f discharge (m/day), T is the coefficient of transmissibility
(m3/day/mi, | is the hydrau\c gradient (m/m) and W is the width of vertical section through
which flow occurs (m). . ’

The transmissibility value for the delta aquifer was dete.rmined by Borneuf(1983: p.
40) to be 2609 m3/day/m. The drop in elevation from the Clearwater to Stauffer Creek is
estimated at 21 m over a distance of 4 km, yieiding a hydraulic gradient of 0.0052 m/m.
An aquifer width of approximately 3.8 km corfesponds to the distance that the CIearWater
‘River actually flows across the western edge of the delta (see Fig. V. 6).

Based on these estimates a discharge of 51,500 mi/day or 0.60 cms can be
expected from this aquifer. .This value closely correspbnds to the discharge measured by

Shirvell(1972) just below the delta on the no_rth,branch of Stauffer Creek (ie. O.57-cms)-.

The corresponding'i_nc.rease in discharge is estimated by adjusting the hydraulib gradient.
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Elevating ;the Clearwater stage or lowering the spring discharge point by 1 to 4 meters
results in a discharge increase of 0.06 to 0.15 cms. Over a period of a year this translates
into an increase in discharge volume of 1900 to 4700 dam’ respectively.

in the second instance, it is -assumed that the Clearwater delta acts as a
homogeneous groundwater reservoir. The volume of water that could be obtained from
such a reservoir by drawing it down a set amount is estimated using the following
equation: T

V=Adp
where V is the volume of water withdrawn (m®}, A is the reser;/oir area (m?), d is the depth
of drawdown (m), and p is the average reservoir porosity. The area of the reservoir is
taken as the area of the delta itself as delineated by the extent of alluvial deposits and is
approximately 1000 ha {ie. 1.0 X 107 m’).‘ The porosity of the reservoir was estimated at
35% which is representative of sand and gravel deposits. Hence, for sach meter 6f
drawdown over this area a volume of 3500 dam? could be withdrawn.

These increases in groundwater discharge would be too small to provide any
significant Volqme of water transfer, but they could be sighificant in exténding the transfer
season in a dry year and/or in providir;g environmeﬁtal enhancement in Stauffer Creek.
" For instance, a direct withdrawal of water from the aquifer eéJNalent to only a 10%
transfer ‘efficien‘cy-would require drawdowns in the order of 11 meters throughout the
delta A drawdown of this mégnitude would undo.ubtedly lower the water table below the
spring discharge points, effectively removing the water supply to Sfauffer Creek and
Butte spring. Even though the enhancement of gi'oundwater discharge cannot provide
significant quantiﬁeé of.water on its own, at relatively low cost it cdu!d be effectively
combined with-'oth‘er alternatives to provide additional transfer volume, offstream storage,
extend the transfer season, and improve operational flexibility.  These considerations are
discussed further in reference to specific transfer development alfernatives in following
sections. o \
lrrigation Devélopment Potential -

NoW that the range of p-o_tential transfer volumes has been estimated, the values

are related to various future end-use requirements and existing water withdrawal uses in
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southern Alberta. Because irrigation comprises by far the largest consu\mptive water use
in the provincve, it is useful to measure the potential utility of Clearwater transfer in terms
‘of the amount of irrigatio‘n' it could support. Therefore, in Fig. 3 a comparison is made
between transfer volume and various measures of irrigation development.

Transfer volume is plotted against the equivalent irrigation expansion it could
support in terms of both time and area. An avérage irrigation expansion rate of 10,000 ha
per year (PFRA, 1982) and a dry year irrigation duty of 4.57 dam/ha (PPWB, 1982) are:
assumed (refer to section on irrigation in Chapter four). Thus a volume of 45,700 dam® is
assumed sufficient to supply one year of average irrigétion expansnion in Alberta. Two
additional scales are also shown, one relating transfer Qolume to the 1979 Ciearwater
transfer efficiency and the other relating transfer volume to the percentage of the total
irrigated area in Alberta (ie. actual area irrigated in 1879 - a dry year) it cduld support.

* The range of transfér ‘'volumes under consideration is‘boundevd by fhe minimum
acceptable volume of 115,000 dam? (ie. low flow year transfer efficiency of 30%) and the
maximumvobtainable volume of 768,000 dam® (ie. total 1981 Clearvt/ater discharge). This
rahge is drastically reduced by applying various con;)binations of the three controlliné
variables previously discusséd (ie. Clearwater discharge, transfer capacity and instream
flow recommendations). There are five notable,points identified along the Iiné plotted in
Fig. 3. The first two points C/earwéter. ‘Discharge Totals are indicative of the maximum
transfer potential of the Clearwater River. Clearwater discharge in a high fl\ow year ‘could
irrig,ate‘(.1_70,0(")0 ha - rep'rhesenting‘almost haif of that irrigated in Alberta in 1879 and
‘enough :.fo"'r 17 yéars of futuré irrigation expansion. In a low flow year 84,000 ha could
be i.rrigated - representing 23% of that actually irrigated in 1'97_9 and enough for 8.5 years
of future expansion. It is this Iargér scale pote;wtial which' the SNBB proposals sought to |
develop and, indeed; to capture and divert sucﬁ vdlumes would .require large storage
facilities and high capacity transfer metho'ds.

| The third point Maximum transfer without removal restriction represents that
volumevwhich.'could be obtained if all flow during the May through Septg’mber p_eriod was
diverted during 1979. This volume could irrig’a@e about 57,000 ha (16% of that actually
irrigated in that year), which is equivalént to 5.7vyears of irrigation expansion. However,

either a combination of Clearwater flow regulation‘and an intermediate level-of transfer
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capacity or large scale transfer capacity wbuld be required to attain this‘level of transfer
efficiency (ie. 70%). . _

The fourth point Maximum transfer with removal restriction represents the
obtainable volume in a low flow year assuniing diversion of all flow in excess: of the
Clearwater“IFR. This volume could irrigate 31,800 ha (9% of actual 1979 total) which is
equivalent to 3.2 years bf irrigation expansion. Hence, unless wet to dry year'storage was
provided, this is the maximum volume of water that could be transferred without
jeo.parJizing conditions on the Clearwater below the diversion point Transfer systems
which do not incorporate storage would require a large transfer capacity (ié. at ieast 35
cms) to?each a maximum transfer efficiency of 38%. ' \

The fifth point Minimum acceptable transfer represents thé volume ‘of water
equivalent to a 30% transfer efficiency in a dry yeér as di;scussed garlier. This volume
could irrbigate_25,000 ha (7% of‘1979 totral() which ’s equivalent to. 25 years of future
irrigation expansion. o . v -

In: summar;/ a wide range of water volumes are potent:ally available depending on .
the physical and operating constralnts whlch are built into a transfer alternat:ve Based on
- the precedmg ‘discussion of Clearwater transfer potential; a number of concerns and
recommendations arise in regard to the design of alternative transfer meéthods: -

° Transfer alternatives should be capabté of transferring_.watef atarate of 8. ums
or greater. . |

] In drk/ years alternatives with transfer capacities Iess than 13 cms would initially
risk lowering Clearwater flow below a level satlsfactory for recreational use,
-and ultimately, below a ievel 'satnsfactory for survival of fish and other aquatlc
wildife. : | o |

e  For low flow years, increasing transfer capacities beyond 15 cms results in
) I’ .

little increase in transfer efficiency.

™ The enforcement of instream flow recpmm‘endations on the Clearwater

significantly'influences transfer volume only in low flow years for transfer

" .capacities above 6 cms.

e ' Clearwater River flow regulation would increase transfer efficiency in dry

°

years.



With these points in mind the possible range of physical options for Clearwater transfer

alternatives is explored.

B. Physical Transfer Components 2

« Water transfer development lalternatives are characterized by both the structural
means they incorporate and the operational procedures laid out for their use. A range of
physical transfer alternatives are presented for Clearwater interbasin diversions. The
associated operé‘tional.alternetives suggested in the previous section are discussed where
appropriate.

A wide variety of physical transfer alternatives are plausible, consisting of several
combmatlons of structures diversion routes and storage options. Even though a number
of alternatives will be discussed; the: Ilst presented is by.no means exhaustive. The scale
or capacity of transfer and storage options, although not indicated, is.equally important in
defining the entire range of physical transfer alternatives. Manipulation of strictly
operational variables, such as the timing and volume of water transfer, | rther complicates
the picture. '

In an effort to clearly, yet succinctly, de”scribev the numerous physical transfer
alternatives, each is broken down into five discrete components: i} water source, ii) water
removal location, iii) removal method, iv) transfer method, and v) transfer route. The range
of physical transfer alternatives as described according to th'esevcomponents is presented
in Fig. 4. The options presented within each component are not necessarily mutually
-exclusive; for -instance, more than one removal method rnay be incorporated with optional
storage and transfer methods to deliver water to as many as three different recei\/ing
' streams. Sequential development options involving upstream storage on the Clearwater
and transfer from the North Saskatchewan are not shown on the diagram. These have
" been alluded to in chapter one and jwo and are further discussed in'.following. sections.
Other alternatives such as water spéading schemes do not appear as distinct alternatives
but rather as options within alternatives and are indicated with footnote=< B

Although the ultimate source of the water to be transferred is the Clearwater
Rlver a distinction is made between dlrect removal’ from the river and indirect withdrawal

o

from groundwater sources. Based on‘thns distinction there are two wrthdrawal Iocat:ons
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considered for surface transfer and two others for groundwater removal he two
stream diversion locations a-= chosen for different reasons; the location near Butte is
chosen because it corresponds to a point where the drainage divide between the
Clearwater and Red Deer basins is the lowest. The Highway 54 location is chosen because
it rgpresents the minimum distance between the Clearwater channel anZﬂ a major tributary
channel in the Red Deer basin (ie. the Raven River). For gréundwater sources, identification
of the removal location is understandably less specific exéept in the case of Butte Spring
which has a readily identifiable point source..

-

3
. Removal Methods

Three basic methods of water removal are considered: i) the direct removal of
river water by means of gravity divérsion, i) removal by. pumping, and i) indirect
groundwater withdrawal frortr} the Ciearwater delta through the use of a network of water
wells or directly from Butte Spring. The construction of ‘a weir on the Clearwater could
raise'.stream stage enough to allow overland transfer of wéter across the‘delta’ wifh a
relatively small amount of requisite ditching or canal construction. THe weir would need to
raise stream stage by only 2 meters or less to divert flow out of the Clearwater channel
and over the drainage divide. The construction of a canal alone, from the Clearwater to
Stauffer Creek, would require a relatively small amount of excavation to allow gravity
diversion. Although withdrawal by canal would have little 'impact on Clearwgter
streamflow, compared to that of a weir, problems caused by natural channel shifting and
bank erosion would have to be dealt with. } |
~ A detailed topographic survey of this sectioﬁ of the Clearwater and the delta (1.0
to 20 m contour interval) would provide the inférmation needed to locate gra\}ity
diversion structures so that weir height and/or canal excavation could ‘be rﬁinimized.
Based on field observations and review of existing topographic maps, it appears that the
best location for gravity diversion is somewhere along the Clearwater reaéh immediately
west of Butte (ie. within section 14 or 23-37-6W5). A likely location for such a diversion
is shown in Plates V.1 and V.2. The lowest effective weir height should be specified in
order to minimize the "backwater” effects of the weir (ie. increased channe! width, depth

and rates of sediment depdsition upstream of the weir) and reduce the chances of
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Piate V.2 Broad, shallow channe! of the Clearwater near Butte looking downstream.

¢
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uncontrolled flooding and diversion across the delta.

Using a weir to raise Clearwater stage would also increase the h.yd,raulic gradient in
the delta groundwater reservoir resulting in a small increase in discharge for the springs
draining this reservoir. It appears, however, that to obtainmany significant increase in
groundwater transfer through the delta by this means, the Cleérwater stage would have to
be increased to such an extent that flow could not be rétained within the confines of the
existing channel. The ability to control the rate of transfer from the Clearwater must also
be considered; a headgate on the diversion canal or pipeline and some diking along' the
banks of the Clearwater upstream of the weir would be required to prevent excessive’
diversion rates during high flow stages on the Clearwater.

The second means of directly withdrawing water from the Clearwater is pumping.
The. great advantage of this method is that a pumping unit could be installed, relocated
and/or removed at relatively low cost and without causing signi.f'icant disruption to the
Clearwater. The range of possibilities concerning the number, location, capacity, and
vertical lift required for pumping units on the Clearwater is large. Pumps could be used to
divert water into three different streams, namely the Raven River, Stauffer Creek and
Horseguard Creek. Pumps located near Butte could be used in connection with pipelines
to transfer water to either Stauffer Creek, which would reduire a lift of only 1 to 2
meters, or to Horseguard Creek with a vertical lift of Iéss than 12 fne,ter's. A pump'ing
station situated near the Highway 54 bridgé cbuld be used to lift wéter 30_ to 35 m from
the Clearwatér over’the drainage. divide into the Raven River basin. To suppiement
Clearwater transfer during exceptionally dry ye-a:k’s pUmps could be installed on the North
Saskatchewan River to lift water 35 m over the drainage divide into the Lasthill Creek

_channel. The removal point would be about.8 km downsfream from Rocky Mountain
. House and approximétely 8 km of pipeline would be required. o
Because installation” of a pumping unit does not reqyire;_majof instream
construction, streamflow would be affected only c.iing pe:riods of withdrawal.
Conversely, installation of a weir would permanently- alter stream_flow and channel
morphology in the immediate vicinity (whether or not water was being divérted) and would
also act as an obstr(ctign to canoeists. Howe\)er, the lower impact'.and higher operatioﬁal

flexibility provided over ‘the short term by pumps, as opposed to a weir, is traded off
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against higher operating costs (ie. maintenance, energy and replacement costs) over the
long run. If pumping is considered instead of a dam as a means of supplying water in dry
years only (perhaps one in 5 to 10 years), the capital required to install a dam, need not be
invested as soon. ‘

The third method of water removal involves the withdrawal' of groundwater from
the Clearwater delta using a network of wells or withdrawing it directly from Butte Spring.
This is still considered to be a withdrawal of Clearwater River w;te-r, albeit an indirect one.
Water withdrawn by a network of shallow wells established throughout the delta could be
conveyed by one or several small pipelines to Stauffer Creek. The advantage of this
method is that no construction along the Clearwater River would be required and the
timir;g~ and volume of withdrawal could easily be controlled. The effect this removal would
have on Clearwater River flow is not known, but lowered groundwater tables in the autumn
and winter as a result of well depletion, could cause a greater movement of water out of-
the Clearwater River than might be. desirable during the low flow winter period.

A considerable volume of water could be diverted into either Stauffer or
Horseguard Creek from Butte Sering. in order to lift water over the divide to Horseguard .
| Creek, pumping and a pipeline would be needed. This method could also be used to
transfer flow into Stauffer Creek although gravity diversion ceuld be accomplished with a
small canal requiring only limited excavatlon

The combined use of several remok/al methods is also plausible. As previously
mentioned, pumping units could be used in concert with either a gravity diversion or a well
network to provide an extra increment of transfer should thé need arise. In fact, to
transfer water to either the Horseguard or the upper portion of the Raven, pumps would
be needed and could be used simultaneously with gravity diversion structures diverting
into Stauffer Creek.

iln order to provide for future expansion ra sequence of interbasin transfer
developments can be envisioned. For instance, short term transfers of limited volume
could be made during dry years using pumps and a pipeline. Conceivably, this temporary
transfer arrangement could prove adequate for several years. If, and when larger valumes
are required, this method could be expanded or replaced by larger scal-e and more

" frequent diversions f(ie. utilizing weirs, canals and upstream storage on the Clearwater).



116

i
]

Eventually‘ transfer from the North Saskatchewan may-be included in the development
sequence, with initial transfer on a similar, temporary, cost-effective basis 'involving

pumping until larger scale transfers are nesded.

Transfer Methods

The three pHysicaI means of transfer considered a"re canals, pipelines and

“underflow through the Clearwater delta. In conjunction with the transfer of water, the
' possibility exists for storing water diverted from the Clearwater during the high flow
seasbn for rglease into the recelvmg basins during the low flow season. The methods of |
storing dnverted water are closely related to the method of transfer employed and may
involve both surface and groundwater reservoirs.

Dependmg on the maximum rates of dlverS|on and the importance placed on
avoiding disturbance of Stauffer Creek, a canal. could transfer water to a number of
dif ferent locations on the creek. Three locations a_re considered: i} a pomt near the head
of Stauffer Creek near the origin springs, iil a point half way down the creek, and iii) a
point on the Raven River near its confluence with Stauffer Creek. The respective canal
lengths required for each of the above optlons are 4, 14 and 23 km. Detailed topographic
surveys would be requnred to most advantageously locate the canal A low-level aerlal
survey of Stauffer Creek was flown in May 19786 lie. scale of 1 4800) which would prove
useful for detailed topographlc and envnronmental surveys in the area (Alta. Gov Job No.
76-117). A survey of the Clearwater River from Ricinus to Dovercourt was flown in
September 1974 and would alse be of use In preject design (Job No. 74-94, scale
1:12,000) |

By transferring the water into the upper portion of Stauffer, the length of canal

_construction would be minimized, but at the expense of altering the streamflow regime
for all of the creek‘. By introducing the diverted water at this location the conflict between
competing uses of the stream for fishing and for water transfer would be most
pronounced. lntroducmg‘the diverted water half way down the creek where the channel
capacity is greater and aquatic habitat is less suitable for sport fish, would reduce the
chances of detri‘mentally impacting valuable fish stocks upstream and also enable

increased transfer rates fie. up to 4.4 cms). 'Increasing the’discﬁarge in this section of



Stauffer Creek could alter instream conditions (ie. water temperature, bottom substrate
and velocity) in such a way that a more favourable habutat for trout s created. | ,

Although the expense would be much hlgher if it is decnded that Stauffer Creek
~ should be Ieft untouched or that higher transfer rates are requr‘red, a canal could be
constructed paraliel to Stauffer all the way to the Raven River. With channel
improvements to_the lower Raven River a transfer 'capacity of 15 cms could be-
esteblished fer this route. Another option' which might be de‘ve‘loped is the creation of
useable fish habitat within the canals themselves. This would require the development of
an adequate pool and riffle sequence a.nd' suitable bottom substrate. References
concerned with aquatic' habitat enhancement are listed in Apperrdix 5 where potential
environmental effects associated \ with alteration of aquatic habitat are presented.
However, construction costs of sech'channels would be considerably greater than for
those designed strictly for conveyance of diverted water. |

Pipelines could be used to transfer water along the same routes for which canals
have been suggested in addition to those routes for which canals would be unsuitable. The
installatioe of pipelines is assumed to be the only method of transferring water to the
Raven River from the Clearwater Ri.ver at Highway 54 and the most efficient method for
transferring water to Herseguard Creek from the Clearwater near Butte. For both of
these  transfer routes a considérable amount of uneven terrain must be traversed and
pumping would be required. A pipeline 3.2 km in length could teke water from the
Clearwater near Highway 54 to a point on the-‘Raven River 4 km upstream of.Caroline. ‘A
6.5 km pipeline would be enough to cohnect the Clearwater near Butte to Horseguard
Creek somewhere in section 33-37-5W5. .

The decision regarding the capacity of the various canals and/or pipelines is largely
dependent on the channel capacity of the receiving stream at the tie=in location. ‘The
estimated méximqm discharges for the potential receiving Astreams are discussed in
Chapter four and restated in Appendix 4. However, by placing a limit on the maximum
transfer rate, a tacit aesumptioh is made concerning the relative importance of rﬁaxirriizing
water diversion rates and mimimizing the Ipcal'l environ_mental impacts associated with such-
a transfer scheme. Undoubtedly larger 'canals and pipelines could be used to divert larger

volumes of water info the receiving streams, but at the risk of permanently altering the
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existing physical and biological character of these streams. This might be intended for
Horseguard Creek which is at present a podr fish habitat, but for Stauffer Creek and the
Raven River a stronger case ;fan be made for preserving natural sfream conditions. It is
believed, in this case, that the use of separate pipelines or canals of requisite capacity
would-be the most cost—effective and lowest impact means of transfer. |

Still greater flexibility could be built into the individual transfer alternatives that
utilize a pipeline .or canal to transfer watér to lower Stauffer Creek or the lower Raven
River By diverting small amounts of the canal or pipeline flow at the proper time-into the
upper nortion of Stauffer Creek, the natural streamflow regime could be modified to
produce optimal streamflow conditions for trout.

2 storage of water following its withdrawal from the Clearwéter could also be
beneficially incorporated into some of the transfer alternatives. The possibility of storing
wat. - in one large lake or several small ponds located on the Clearwater deita has been
mentic “ed previously. The benefits of such storage inciude: i} the ability to store diverted
wsater during the spring for release during the fall when Clearwater flows are declining, ii)
the ability to better regulate the transfer of water into Stauffer and/or Horseguard Creeks,
and iij) pfoviding a means of artificially recharging the delta groundwater reservoir and
thereby increasing the groundwater diScharge into Stauffer Creek. Another possible:

storage option which could be developed is the diversion of water from a canal or pipeline

- _in the Stauffer Valley into the unnamed lake or slough at the head of Horseguard Creek.

This.lake apparenﬂy fluctuates in size throughout the year. Water- transfer into the lake,
along with installation of control structurés at bbth the northern outlet (whicH supplieé
'Horsegua,rd) and the southern outlet (Which infrequently supplies Stauffer), could proVide'
lake level stabilization, reduce organic iron problems, and provide storage for 'release>into .
Horseguard and/or Stauffer Creeks. It could also upgrade the Ai‘ssolved oxygen content
-of the Medlcme River which currently contributes to low oxygen levels on the Red Deer
River. Interestingly, this shallow basin is the suggested location for the Horseguard
Reservoir in the SNBB proposal for combined interbasin trénsfer from .the North

Saskatchewan and Clearwater Rivers to the Red Deer River.
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Seiection of Alternatives
Given the objective of augmenting water supplies in the South Saskatchewan basin
and the fact that the Clearwater River could most beneficially provide this additional water,

) . :
the following planning objectives and constraints are identified for the development of an

-y

interbasin transfer from the Clearwater to th‘e Red- Deer River:

° To provide quahtities of watcr sufficient to support a suitable amount of
‘irrigation development in the province'and to allow for several increments of
expansion as increases in demand may warrent.

. Tokeep to a minimum the detrimental social and environmental impacts of such

— development. '
«1" e To allow for operational flexibility as concerns the ra‘tve, timing and route of
transfer. .
) To provide opportunities within development alternatives for environmenfal
enhancement in the local area.

Now that various physical-'components which could be included in a transfer
scheme have been discussed, various alternatives can be developed to meet the proposed
planning objectives. One approach for developing alternatives is to formulate alternatives
that will meet each objective to the fullest extent possible (Johnson, 18974). By focusing
on each objective the trade—offs between objectives can be more clearly identified.

In ‘this study not all of the planning objectives can be considered to be of equal
importance. Obviousiy *the primary objective in such a .t'rans‘.fer development is the
provisi\on of "significant” quantities of water. Therefore, individual alterrlwatives should
meet this objective first in order to be given further considération. Ab dry year transfer
efficiency of 30% was suggested as a minimum acceptable for initial transfer from the
Clearwater. The transfer volume must be signi‘ficant enough to justify starting interbasin
trahsfer development at a Iés'ser level than proposed by the SNBB.

qut of the ;Shysical alternatives appearing in Fig. 4 do not meet this objective on
,én individual basis. However, a transfer schevme which combines two or more of these

alternatives or components could provide an acceptable level of transfer efficiency. Four
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'di'fferent combinations of these physical components are presented for evaluation as
distinct transfer alternatives. In the formulation of each of these alternatives the primary
. objective is providing sufficient quantities of water. Secondary objectives are also
consiaered, such as: limiting detrimental impacts, proyiding environmental enhancement,
operational flexibility, future adaptability, and minimizing costs. Physical components
which were not selected should not be considered eliminatéd from further study for any
reason other than expediency. ‘

Two longer term development options that would affect the operation of
preceding transfer systems Will also be assessed. One involves the addition of upstream
storage potential on the Clearwater, the other involves additional pumping of water from
the North Saskatchewan River into Laéthill Creek. One of the more obvious transfer‘
alternatives which was not selected for evaluation is diversion of the entire Clearwater
flow into the Stauffer Creek Valley using a weir. This would be a very economical method -
of obtaining a large volumé of wéter. However, the environmental damage to the
Clearwater and the receiving streams would be great. Although this method of transfer
would likely be favoured by transfer proponents, environmentalist opposition to such
fransfer would be strong. Similarly, those alternatives which place sﬁch a heavy stress on
environmental protec;cion that virtually no transfer would occur, especially in the drier
years, haV;‘hot been givén further consideration ‘Therefore, only transfer alternatives
that provide/,slo’me form of en\(ironméntal protection and a reasonable transfer potential
are selected for evaluation. | |

Hence, the six dgvelopment alternatives to be evaluategd are:

1 Removal of water from the Clearwater near Highway 54 and Butte with
transfer by pipeline to the Raven River and Stauffer and Horseguard Creeks
respectively. | | -

o2 Removal of water from the Clearwater »ﬁear Butte by means of a canal

* connected to a storage reservoir on the CIeAar‘v‘va'ter delta Water stored in this
reservoir would recharge the groundWater reservoir.and be transferred by
canal down the ‘Stauffer Valley to the Raven River.

3. Construction of a weir on the Clearwater neal; Butte to divert flow into a canal

that transfers flow down the Stauffer Valiey to the Raven River.
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4. Construction of a weir on the Clear vater near Butte to divert flow into a canal
that transfers flow into a stohage reservoir at the head of Horseguard Creek.
From this reservoir, water is releyased into both Stauffer and Horseguard
Creeks.
5.  Construction of an upstream dam on the Clearwater to provide storage and
flon regulation for transfer using one of the preceding four transfer methods.
6. Pumping of water from the North Saskatchewan River to Lasthill Greek in order
to supplemen'£ Clearwater transfer in dry years. 7
Each of these development.alternati{/es is discussed in further detail in the following
section where they are md:vndually assessed In Fig. 5 the possible location and areal
extent of associated structures in the Clearwater delta area are indicated for transfer

alternatlves 2. 4 and a portion of 1.

C. Evgluation of Alternatives
- The evaluation process for this study is entirely restricted to the "in—design” phase
of the development planning process. According to McAliister(1982), it is useful to
dnstmgwsh two distinct phases in the evaluation process - in—design and post—design, in
which the style of evaluation is different. In—design evaluations such as this, must screen a
large number of design ideas, filtering out the ones least likely to be successful and
retaining the few that shol.uld ‘receive detailed design and evaluation attention. Post—design
evaluation jnvolves detailed assessment of the few remaining alternatives.

In-design evaluations contain expert judgements and rule—of-thumb calculations
whereas post-design evaluations often involve detailed scientific' procedures for
identifying, measuring and placing a value on en&)ironrr’iental impacts. The following
evaluation mcludes a comprehensive presentation of potential effects associated with
each transfer alternatuve in addltlon to a general assessment of each in terms of planning
objectives, potential transfer volume, cost, and other general concerns.

Several transfer design alternatives have been selected and will be evaluated in
terms of the activities invo:lved in various stages of project development and the potential

environmental effects which may result A matrix format is used to visually display the

multitude of actions and related -effects. The format for the matrix and maArjy\of:the\
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components Within the matrix are drawn . s>m a guide for environmehtal screening
compiled by the. Federal Environmental Assessment Review Office (Government of -
Canada, 1978).: Thé screening document was designed to encourage departments and
agencies to incorporate environmental considerations into the conceptual stage of project
development. - v ‘

-~ In the matrix a list of project activities which mf{y occur during various phases of
project developmeht aré felated to areas of potential environmental impact. These Ii;c,ts.
~ were developed with the inten’.tion of striking albalance between comprehensiveness and-

brevity. The matrix is intended to be'flex’ible and éan ‘be modified to suit the needs of a v
particular reviewer. Blank rows and columns have beén included to allow the addifion of
factors .to the tist if reqdjr‘ed‘ Aldentification of the relationships between activities and
impact areas is assisted through the ekplanation of each 'aétivity and- impact area' in
Appendix 5. The general ériteria applied when making a decision as to the envirohmental
effect of an activity and the possible screening decision categories uséd, are also
discussed in Ap-pendix‘5. ’

Evaluation of the potential imipacts related to particular development alternatives is
only one of mény important considerations involved in the overall evaluation process.
Other important considerations relate to su&h things as: relative cost, operational
efficiency ahd flexibility, future adaptability, and overall practicality. Tﬁe resulting
assessment of individual alternatives is highly depéndent on the mix of planning objectives
adopted and the importance‘.assign.ed to each. What follows is an overall preliminary
/;assessment of each of the six selected transfer alternatives. Each alternative will be
éssessed in terms of: |

e The planning objeétives it best s;upports, keeping in minq that provision of
significant amou-nts of water is considered.to.b’e the prime objective of such
‘transfer.

® The ‘é>c'>ten’tial transfer volume available, allowing for variation in operational
alternatives (ie. with and without restrictions on Clearwater withdrawal).

o  The relative capital and operating costs involvéd.

o Ppténtially.signific'ant environmental and socio—economiic effects which Enay

result and are highlighted in the matrices.
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° The general use of the alternative in |;e|ation fo such topicsas. flexibility, future
adaptability, provision for compensation, and potential topics of conflict wt;ich
may arise. | . |

In order tb easily compare and contrast alternatives, a composite comparison table is
~ preserited which is a summary of the text discussion for each alternative (see Jable 1 at
the end of this section. 'fhe merits of individuai physical components (ie. removal location
and method plus transfer methods and routes) have already been discussed and will not be

-

- repeated in detail here.

ALTERNATIVE 1
This alternative involves pumping water from two ;:iifferent locatigns on the
Clearwater River and conveying it by pipeline into three recei{/ing streams (ié. upper Raven
River. lower Stauffer Creek and upper Horseguard Creek). The transfer é%pacity is limited
to the sum of the individual receiving stream capacities (ie. 11.4 cms, see’Appendix 4).
Objecti~s ' S ’ A
The great operational ‘ﬂei;ibility of pumping systems is embhasizedﬁ in - this
alternative. Other objectives such as minimizing capital fnvestmennt and environmental .
impact apply to the Ravén and Stauffer components but not to the Horseguard which
would»'r'eq'uire extensive channe_l alteration. Provision for environmental enhancement is
incorporated as an objective particularly fqr the Horsegdard cé)f‘nponent of the system.
Potential Transfer Volumes ‘
This alternative may incorporate a wide range of transfedr volumes. Not only can
the pumping rate be varied individually for each 'o.f the three components, but the amount
'of water made available for‘ transfer from thé Clearwater can also be varied. The
following estimates are taken from Figs. 1 and 2. If the amount of water made available is
restricted (ie. based on Montana method IFR) then the maximum volume that could be
transferred operating all-bthree components at maximum capacity in a low flow year is
107,000 dam’. This amounts to a transfer efficiency of only 28% which could sﬁpport
2.4 years of ir’Figation expansion. Operating without restriction could provide a maximum
c:f 152,000 dam? which is equivalent to a 39% transfer efficiency and just over-3 years of

irrigation expansion. Thus, it is apparent that in low flow years a compromise of IFR
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restrictions on either the Clearwater or the receiving streams or both v id be . “ed
to obtain a “significant” transfer of water. in high flow years operat.. maximum
capacity even with IFR restrictions would yield 167,000 dam® which is equivalent to 43%
of the Clearwater discharge for a low flow year like 1879 (ie. 3.3 years of expansion.
Relative Cost

This alternative is rated as having a "medium” level of capital investment this
‘accounts for purchase of pumps, installetion of pipelines and necessary headworks,
construction of access roads, and channe! improvements;‘ The level of "operating” cost is
assumed to be high, with rising energy costs becoming prohibifiye over the longer term.
The possibility of inordinate pump or pipeline failure requiring replacément should be
considered in addition g_c? continued maintenance of the vHorseguard channel.

(128

~ :
Potentzé/ Effects ‘ o

In Fig. 6 the potential effects of developing and operating this transfer alternative
are indicated. Although a great number of activities are indicated as ‘having potential
poéitive or adverse effects, the significance of most of these is unknown. Discussion is
limited to the "significant” impacts only. The significant positive effec_ts shown, relate
primarily to channel improvements along Horseguard Creek ar_wd improved flow regime in
both Horseguard and lower Stauffer Creek. Site clearing, channel straightening and
str\eamflc;w augmentation could ultimately improve )aquatic habitat for fish and the overall
aesthetic appearance of Horseguérd Creek. The only significant positive éocio-economic
effects foreseen are improvements in recreational opportunities along the two creeks and
expansion of the secondary road network.

The significant negative effecdts are associated with: i) stream’ crossings fie. both
pipelines and roads) and their effect on stream cqnditions, i) possible operational failure -
on the Horseguard component of the system would prévent the transfer of flows
adequate to maintain suitable aquatlc habitat, iiij possible flood damage on recelvmg
streams resulting from flow augmentation, and iv) adverse affects on flow reglme fish
populatxons and recreational opportunities on the Clearwater River in dry years when

withdrawals may reduce instream flow below recommended Ievels
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General Concerns

The bsggest advantage of this alternative is the operational flexlbmty it provndes
transfer into receiving streams ¢ . be controlled on an individual basis. If for example it

was necessary to reduce the flow in Stauffer Creek for a short period, transfer could still

be maintained in the other two components of the system. The transfer of water could-

also be. shut-off at any ‘time thus reducing the chances of uncontrolled diversion during

high flow years. Largely as a result of this built in flexibiiity the system could be expanded.

{cost may. be prohi‘bitive), abandoned. or adapted to future larger scale systems. If it was

. . \
decided to abandon the system for a more permanent larger capacity system, pumps could

be easily removed for sale or use elsewhere The initial capital investment in channel
improvements and pipelines would not be recoverable however. Aligning the timing and
gequence of 'transf‘er development with growing demands in southern Alberta would not

necessarily be simple. The actual demand for water is subject to large fluctuations. High

>demands in dry years might 'severely strain this transfer system and such years might then

 be followed by as much as a decade of wet years where no transfer would be required.
The disadvantages of this alternative are: i) the -high cost required to expand the
capacity , ii) the lack of off-stream storage potential, and iii) the inability of the system to
maintain both C.IearwaterleR and significant rates of transfer during dry years. In
connection with these disadvantages a number of potentiél ‘development conflicts can be
foreseen. Detrimentel impact on the C|ea_r water during low flow years versus maintaining
gignificant rates of transfer would be a major issee. Consideration of the short term
flexibility of pumping versus the lower operating cost of other gravity diversion methods
is also important Finally, the investment in environmental enhancement measures versus
more cost effective transfer methods should be examined. - Perhaps other forms of

compensation would be more desirable.

ALTERNATIVE 2
- In this alternative, water is diverted from the Clearwater into a ca‘nal which carries
water into a storage reservoir situated on the Clearwater delta (see Fig. 5). From this

reservoir the transfer is completed via a canal dpwn the Stauffer Valley to the Raven River.

Both removal ‘of water from the Clearwater and release from the reservoir would be
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controlled. It is anticipated that artificial recharge from the stor-age reservoir would
occur, thereby increasing Stauffer Creek discharge.
Objectives

Two major objectives were emphasized in the onrmuIation of this alternative,
Ilmltlng of detrimental environmental. impact and the enhancement of recreational
opportunities associated wngh/%he water :-ansfer development. Other objectives

- considered in the design are keeping operating cost to a minimum and maintaining
operational flexibility. |
Potential Trane.fer Volume

The - maximum capacity of the proposed canal to the Raven River is 10.0 cms.
Referring to Fig. 1, this yields a potential dry year transfer volume of 100,000 dam?® with.
restrictions on withdrawal, and 13},000' dam® without. This translates as transfer
efficiencies of 26% and 34% respectively, which would be enough to support 2.2 to 2.9
years of irrigation expansion. Although appropriate operration of the storage reservoir
could improve these efficiencies, becﬂause of the small storage capacity, the increase is
considered to be insignificant A much larger storage capacity than that env'isioned (ie. in
the erder of 30,000 dam?®) would be Vrequired to make a significant difference in transfer
‘evfficiency. The potential transfer volume during a high flow year could be as high as
150,500 dam?® even with Clearwater IFR restrictions in‘effect {see Fig. 2). This could
support 3.2 years of irrbigation expansion. | '

It is evident that Clearwater withdrawal restrictions would have to be compremised
in low flow years in order to obtain significan‘z transfer volumes lie. greater than 30% of
total Clearwater discharge). It is also apparent that the suggested maximum capacity of
the Raven River must ?e exceeded. The maximum recommended transfer capacity for the
Raven is 60 cms (see Appendix 4), thus channel improvements would be required on the
lower Raven to raise the transfer capacity to 10.0 cms.

Relative Cost

~ The capital cost of this alternatlve is rate& as "medium” with the major investment
being requnred for canal constructlon Reservonr excavation and improvements to the
Raven R|ver could also become significant. Operatmg costs for thns system are rated as

"low” since gravity diversion is utilized. General maintenance activities on canals and the
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storage reservoir could inciude clearing, repair and dredging.
Potential Effects ‘ |

In Fig. 7 the potential effects of developing and operating this transfer alternative
are:-tindicated. “The significant negative effects are primarily related to the physical
alté;i'é‘tioh of streamflow in both the Clear\}yater and the Raven. These alterations fie. flow
reduction and augmentation) would ‘,‘necessa}ily have an effect on aquatié habitat
(particularly for the Clearwater) and could advéréely affect resident fish populations. In
fact, similar effects are identified for all of the a|ternativeé that involve compromising
suggested Clearwater IER (ie. alternatives 1, 2 and 4). This transfer alternative has the
potential of adversely affectmg the Raven River as well. The augmenting of streamflow in
the Raven is not, however expected to have a sngmflcant effect on fish populations.
Other negative effects are related to residential displacement on the Clearwater delta and
possible damages caused by failure of canals.

The potential positive effects that are felt to be of sign‘ificance are associated with
the possible environmental and recreational enhancement provided by the canals and
storage reservoir. Not only could these provide new water—based recreational-
opportunities in the area f{ie. swimming, boating, fishing, qottége development} but
increased spring disch\arge, due to artificial recharge, could imF;rqve Stauffer Creek flow |
regime as well. ‘

General Concerns

The low cost of operation and minimum interference with receiving streams are
major advantages of this alternative. Existing conditions on Stauffer Creek are presérved
(possibly even enhanced) through the use of a by—pass canal. The major disadvantage of
the system is the flow reduction on the Clearwater during low flow years. Another
disadvantage is the limited transfer capacity of the canal; future expansion would ultimately

-require canal ~]enlarg:;erhent at considerable cost. On a short term basis, total transfer
capacity could be incrgased through the use of temporary pumping systems similar to
those described in alternatives 1 and/or 6.

Pqtential development lconflicts would be focused ogi such issues as preserving

suitable instream conditions versus transferring large volumes of water and limiting

detrimental impacts versus provision for future expansion.
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ACTIVITIES IN VARIOUS STAGES OF PROJECT DEVELOPMENT (Appendix 5)
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b ALTERNATIVE 3

This alternative includes a weir on the Clearwat_er River near Butte which would be
used to divert flow into a 15.0 cms capacity canal that would transpovrt'water down the
Stauffer Valley to the Raven River. Major channel improvements along the lower Raven
would be required to increase the transfer capacity frqm 6to 15 cms.

Objectives

The two major objectives considered in the develo‘pment of this alternative are
maximizing transfer \)olume and minimizing tHe detrimental environmental effects
associated with operation of such a water transfer system. Because of the relatively large
transfer capacity, the degree of operational flexibility and future adaptablility of the
system is also improved. o |
Potential Transfer Volume

In a low flow year, a system with a maximum transfer capaéity of 15 cms could
provide 132,300 dam* of water (ie. 34% transfer efficiency) with Clearwater IFR in effect;
in a high flow year 207,000 dam? could be transferred. By removing the IFR restriction ‘
the low flow year volume c‘ould be increased to 230,000 dam’® or a transfer efficiency of -
60%. Except for alternatives 5 and & which -afe considered as future expansion
sequencesl, this is the only alternative being assessed that could achieve a low flow year
transfer efficiency of greater than 30% without compromising Clearwater IFR. This
volume (132,300 dam?) would be enough to support approximately 3 years of irrigation
expansion in the province (see Fig. 3). | ' |
Re/ative Cost ‘

The capital cost of this alternative is rated as "medium’; this includes the
construction of a weir, large canal and channel improvements on the Raven Rlivér. The
operating costs are rated as "low" because it would be a gravity diversion with only routine
- maintenance required for the headworks, canal and iower Raven. River channsl. Regular
operating maintenance might include such activities as clearing of riparian vegetation, canal
cleanout, headgate repairs and bank stabilization along'the river.

Potential Effects
The most important negative environmental effects shown in Fig. 8 are associated

with flow augmentation. Since the maximum natural discharge on the Raven River in 1981

\
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was only 17 cms (Fig. V. '5) and the maximurm mean monthly discharge is less than 10 cms
(Fig. IV. 3), it is obvious that extensive channel ajterations would be required to enable the
channel to safely convey augmented flows of 17 to 25 cms. During the ‘spring snowmelt
runoff period (April and May) transfer rates may have to be restricted to prevent flooding
on the lower Raven. Severe summer precipitation events may also cause unusually severe
flooding éimply because streamflow would be kept at an artificially high level. The
significant negative effects identified with flow augmentation in Fig. 8 indicate the general
naiure of t‘he problem.

The possibility of flooding is indicated in relation to construction of the weir and in
case of canal failure.. The existence of instream structures on the Clearwater could have.
an'adverge effect on the recreational use of the river for boating, and on fish populations.
Héwever, it is expected that the detrimental effect on the Clearwater, associated with this
transfer alternative, would be much less than for alternatives which reduce instream flows
far below recommended preservation flow levels (ie. alternatives 2 and 4).

The Only.significant positive effects foreseen are those associéted with potential
flood reductlon on the Clearwater and the possible generat:on of new recreational
opportumtles along the canal similar to those mentioned for alternatlve 2.

General Concerns

In this alternative the most direct, lowest energy route and means of water removal

are abplied. The important advantage of this is the ability to provide significant quantities
of water in a dry year without compromising instream conditions on the donor stregm.
‘The future adaptability of the canal system is another advantage. The addition of sufficient
upstream s'torage could allow more‘%‘ven distribution of flow through the surhr‘nerl months
, and this in turn could increase the ;;otential transfer efficiency in dry years (ie. to perhaps
50%). The effect of upstream stbrége and Clearwater flow regulation is further discussed
in relation to transfer alternativé 5. "

One aisadvantage is the lack of provision for environmental enhancement. The
transfer of water is treated A as a simple resource extfaction problem with no effort

directed toward compensating the area-of—origin for any resulting development impacts.
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ALTERNATIVE 4

The transfer system.in this alternative consists of a weir on the Clearwater River
near Butte which ts used to divert water into a canal that conveys diverted water across
the Clearwater delta to a storage reservoir (see Fig B). From this r'eeervoir water would
be released into both Horseguard and Stauffer Creeks. Channel improvements would be
carried out on Horseguard Creek to allow transfer at a rate of 4 cms in this stream. This
rate might conceivably be increased because later transfer from the North Saskatchewan
would require a much larger capacity farther downstream on Lasthill Creek.

Objectives - o

The two planning objectives that this transfer alternative is designed to amphasize‘
are operational flexibility and the incorporation of environmental enhancemant features '
within a transfer system. In contrast to transfer alternative. 1, in which a dual
environmental protection/enhancement objective is adopted, the emphasis in this
alternative is on enhancement alone. It is assumed that enhancement of receiving streams

~can partially compensate for detrimental effects on the Clearwater.
Potential Transfer Volume ‘ -

The maximum transfer capacity of this system is 8.4 cms assuming simultaneous
discharge into Horseguard Creek from the northern end of the reservoir at 4. 0 cms, and
into Stauffer Creek from the southern end at 44 cms. In a low flow year 90,000 dam’® to
112,000 dam? could be obtained depending on.whether Clearwater iFR is strictly enforced
or not (refer to Fig. 1). The transfer capacnty of this system is the smallest of the six
alternatives assessed. As a result, the maximum transfer effncnency that could be achieved
in—a low flow year is 29%: this amount would support just over 2 years of irrigation
expansion in Alberta. During a high flow year, the maximum transfer volume could be as
high as 132,000 dam? even with restrictions on remO\ral. from the Clearwater, this
translates as 3 years of irrigation expansion (refer to Fig. 3).

" Relative Cost

The capital cost of this. system is rated as "high". The investment in structuree
alone would be-large, in¢luding: a canal, weir, dikes on the Clearwater, and dikes on the
reservoir (two with outlet works). The cost of improving the Horseguard Creek channel

could also be extensive. The operating costs involved with this system are- rated as
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"medium” and would cover continued maintenance of canals, headworks, and stream

channels.
Potential Effects

A large number of both positive and negative effects are shown in Fig. 9. This is
due, in major part, to the wide variety of consfruction activities aquainted with this
alternative. Even though a large number of significant ' impacts are indfc.ated in the
construction stages. the impaclts -associated with opérational activities are considered to
be of greater importance. ‘

Several significant negative effects on stream characteristicys are identified in the
| construction stage. 'Alterat‘ion of the Stauffer Creek channel caused by stream crossings
for the canal may be the most significant, other effect-; relate to canal excavation and
possiple flood damage during construction of the weir. Construction of the weir would
reduce aesthetic quality of the Clearwater as well as affect boaters. In the operational
stage, damages associated with flooding caused by operational failure of canals or dikes
.cou_l‘d_/ be severe particularly \ftor the receiving streams if control err reservoir outflow
was lost Streamflow augmentation might increase the chance of flooding‘whil\e flow
reduction on the Clearwater would severely damage fish populations and aquatic habitat
and may even reduce the flow of groundwater through the delta. i

Significant positive effects in the construction stage are related to Horseguard
channel improvements that should improve drainage and aesthethics. Creation of a
; storage reservoir is assumed to create useable aquatic habitat plus improve the quality of
water in Horseguard Creek through the dilution of existing slough water with higher quali’;y
Clearwater River water. The possibility of creating useable fish habitat and recreational
opportunities in and associated with the reservoir and diversion canal is also considered.

All of the positiVe effects in the operational stage are associated with flow
augmentafion, principally on 'Hor_seguard Creek. |
General Concerns

The major advantages of this alternative (ie. operaﬁonal fléxibf!ity and provision for
environmental enhanéement) are outweighed by the stroﬁg disadvantages of its high capital
cost and poor potential transfer efficiency. This combination of physical components, is

on its own, apparently too restrictive. However, the future adaptability of such a system
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ACTIVITIES IN VARIOUS STAGES OF PROJECT DEVELOPMENT (Appendix 5)
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\

is high. Future expansion involving larger capacity system components (is. large canals)
could make use of the existing weir and headworks and. need not compromnse the
continued operation of the existing system. This alternative could serve as a continuing.
operation after North Saskatchewan diversion became important and it could also
- complement pipeline transfer in dry years. In contrast some of the other alternatives
might be abandoned after North Saskatchewan transfer became effucnent

Potential toplcs of confhct suld focus on(the\tﬁade off between cost reduction
and providing for environmental enhancement, operational flexub:hty and future
adaptablilify, or betwe"en» high transfer efficiency and preservation of existihg

environmental conditions.

ALTERNATIVE 5

This alternative involves the construction of an upstream dam on the Clearwater
River and, as such, does not in 'itéelf incorporate means of transferring water into the Red
Deer basir/w It is presented”as a potential expansnon alternative to be operated in concert
with any downstream interbasin transfer system that may exist. One [ ossible location for
this dam and reservoir is located about 50 km upstream of the Clearwater delta in section -
2-35-10-W5. This site was .surveyed as part of Williarﬁ Pearce's- proposed North '
Saskatchewan Project and it is estimated-that at this spot, a dam about 45 m high and 500
. m wide could impound approximately 250,000 dam® of water (Russell, 1948 p. 44).
There appear to be several other sites that might be developed for different amounts‘ of
storage. | .
Objectives

The objective in the use of .t—his alternative is to provide flow regulation on the
Clearwater River in order to increase thé firm flow of water in the lower Clearwater
during the growing season. Water >storedvin the -épring would be released during the
summer at a controliled rate thereby reducing discharge fluctuétion and increasing minimum
flow rates d‘uring the summer months. By doing so, suitable instream flow conditions
could be maintained on the Clearwater, while at the same time improving the o;/erall

: .. . - AN
transfer efficiency and operational flexibility of exnstlnig transfer systems.

. Potential Transfer Vo/ume
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It is assumed that upstream storage would be great enough that in all but the driest
L years (refer‘ to Fig. IV. 3), regulated Clearwater discharge could be maintained at a
minimum of 25 cms from May through September (refer to Fig. IV. 4). This would allow
any of the preceding four transfer alterna‘t.ives to operate ‘at éapacity without
compromising a Clearwater IFR of 10 cms. This being the case, the minimum low flow
year transfer volume would be 112,000 dam’ (ie. alternative 4) and the maximum would be
198,000 dam’ (ie. alternative 3). In a high flow year the reservoir may providé some peak
flow reduction and thereby reduce fiood damages along the Clearwater. However, fiow
regulation in a year such as 1981 would have little or no effect on the potential transfer
efficiency of the transfer alternatives considered (refer to Fig. “IV. 5). Thus the maximum
potential high fiow year transfer volume would range fro’ 72,000 dam? (alternative 4) to

207,000 dam’ (alternative 3). :

\

Providing such streamflow regulatio{n_- would allow an additional transfer of 22,000
to 65,700 dam? in a low flow year. This wolld Vbe equivalent to only an additional 0.5 to
1.5 years of future irrigation expansion. which is not enough on its own to justify such an
altel;native. Therefore, unless a significant amount of storage from wet to dry years could
be accompliﬁhed' using this reservoir, flow regulation would provide little increase in
transfer efficiency and irrigation deveiopment potential.

Relative Cost

The capital costs associated with this alternative would be much higher than for any
of the other five alternatives considered.” The cost af constructing this dam for the single
purpose of improving transfer efficiency would be difficult to jusfify and yet multiple—~

er generation and/or flood control) which

purpose operation of the dam (ie. for
could spread 'the investment, woul require a compromise that may serverely restrict the ..
effectiveness of this alternative in terrsg of watér transfer expansion.

“The operating costs associated with this alternative are assumed 't.o be "medium’”,
including the maintenance and operation of actual structures and tHe cost of esfablishing
and operating a reliable forecasting system to aid in reservoir operation.

Potent_i.;:;/ Effects |
Because the actual developmeént associated with this alternative occurs well

outside the study area the only significant effecté on the study area wouid result from the
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actual operation of the reservoir. For this reason an environmental screening matrix was
not completed for this alternative. Instead only the effects associated with alteration in
strea'mflow in the study area are dealt with. | .

. Clearwater flow regulation would affect the operation of existing transfer
alternatives in two ways: i} by reducing fluctuations in Clearwater disch’érge and increé‘ﬁ'ing
summer minimum flows, .and- i) by allowing transfer at system capacity thr\oughout the
summerc period in both high and low flow years. The major positivé effects for the

Clearwater in the study area would be associated with improvemenfs in flow regime (ie.

reduction of peak flows and increased minimum flows) which could bring improvements in

aquatic habitat and recreational opportunities during normally iow flow years, and with

potential flood reduction. No significant neg;ative effects on the Clear’watér in the study
area are identified with flow'reguIaEion. .

In regard to the effects of continuously operating various transfer- syétems at
capacity, one should refer to the disﬁussion and matrix related to eéch of the first four
transfer atternatives (refer also to Table 1).

General Concerns )

The major advantage of this alternative is the ability to regulate Clearwater
discharge in éuch a way that existing trénsfer systéms can be operated at capacity without
compromising flow conditions on the Clearwaterr below the point of diversi'on. Th:e major

disadvantage is the high cost required to provide o'nlyi a small increase in low flow year

transfer efficiency. In order to obtain si¢ ficant increases in low flow year transfer

-

- efficiency Clearwater -IFR has to be ccmpromised, upstream storage released to

compensate fie. total IFR from May through Sebt is equivalent to 132,200 dam’) or a
combination of both. For example, if the IFR was reduced to 6.8 cms from 10 cms fie.
satisfactory instead of excellent rating, see Appendix- 3), only 42,300 dam? would be
required from storage to maintain maximufn transfer rates and satisfactory conditions in

the Clearwater. However, if a number of low flow years occurred consecutively such as

occurred in 197‘5 1875 and 1977 (refer to Fig. 1V. 2) storage would be, at best, severely

strained. In this situation a serious compromise would be required between irrigation and

environmental protection on the Clearwater.
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A wide variety of conflicts could arise in relation to this alternative, not only in
rélation to the role it is designed to play in water transfer but also in relation to the effects
of major dam construction and streamflow regulation on' the Clearwater. Some of the
pgtér;tial topics of conflict would be: i} Major cost expenditures required to protect a
short section of the Clearwater River and provide small increases in transfer efficiency, i) -
Altering sfreamfldw regime on a majority of the Clearwater in order to préserve the short
reach below the diversion point, iii) multiple— or single—purpose operation of the dam, and
iv) further expansion on the Clearwater River versus initial diversion from the North

[y

Saskatchaewan River.

' ALTERNATIVE 6

This alternative involves*the installation of pumps on the North Saskatc\'\éwan River
at a point 9 km downstream of Rocky Mountain House. From here water would be
pumped through a pipeline to a point on Lasthill Creek above the confluence with
Horseguard Creek. A vertical lift of about 35 m would be required to divert water out of
the NortH Saskatchewan River Valley and over the drainage divide. Approximately 8 km of
pipeline would be needed. Lasthill Creek flbws in a large, well defined glacial spillway
channel (see Figs. Ill. 2 and 3) and therefore minimal channel improvements would be
required to'»;:ontain transferred water within the confines of the spillway  channel.
However, the present creek channel is very small and highly sinuous therefore flows in
excess of 1 or 2.cms would cause significant channel readjustment Fvish life in the creek
is virtually absent. »

Objectives v _ .

The sole objec'tive of this alternative is to provide supplementary transfer of watér -

from the North ,Saskat?;hewan River in dry years (ie. in southern Alberta as well) when
Clearwater flows are low. Although the potential exists for providing environmental
enhancement along’ Lasthill.vCreék fhrough channel improvement and flow augmentation, in
order to minimize costs no active program is included for this. Depending on the actual
rate of transfer, significant flood dafnage and channel alteration may also occur. These
. detrimental effects are accepted in exchange for increased transfer volumes. '

Potential Transfer Volume

S
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Assuming that this pumping system would initially be operated only in low flow "
years when other transfers from the Clearwater are restricted, it would have to supply at
most 25,000 dam® of water. This is the difference between the 30% low flow year
. transfer ef'fiqiency (ile. 115,000 dam' and the lowest potential transfer volume fie.
alternative 4 with réstricted removal from the Clearwater, 90,000 dam?). To provide this
volume over the entire May — Septgmber period would require only a flow of 2 cms.
Alternatively, the whole volume could be transferred over 2 months at a rate of 4.7 cms.
If the system was operated in high flow years only to ensure thét a minimﬁm of 115,000
dam’® was transferred without compromising Clearwater IFR, then only 4000 dam® would
have to be transferred from the North Saskatchewan to supplement Clearwater transfer
(|e using alternatwe 4). |

ThlS volume of water is so small however (ie. 25, 000 dam?) that lt could supp rt
only half a year of irrigation expansion (ie. 5500 ha) which would hardly jUStlfy the cost of
constructing the system. However, this alternative would probably be developed at a later
stage whentarget transfer volumes would beﬂ higher than the 115,000 dam?® (ie. 30%
transfer efficiency) suggestéd for Clearwatér transfer. If transfer was maintained at, say
7 ‘cm's (May - Sept), enough water to support a further two years of irrigétion expansion
could be provided- (ie. 91,400 dam?). If this volume of water was transferred in
' conjunction with the largest capacity transfer alternative on the Clearwater (ie. alternative
3), a maximum combined transfer of 223 700 dam® (ie. 132,300 from the Clearwater)
could be realized without jeopardizing flows on the Clearwater. This volume of water
would be enough to irrigate 49,000 ha supportmg future irrigation expansion for
approximately 5 years.

" Removing water from the North Saskatchewan at this rate would not have any
significant effect on that river since the mean monthly discharge at this time of year is no
lower than 150 cms (see Fig. V. 3) ‘On the otherhand, the effect on the streamflow
regime of Lasthill Creek and the Medlcme River would be considerable. The maean monthly
discharge of the Medicine is below 8 cms-for all months except April
Relative Cost

The relative capital cost of such a system is rated as "low" because only a pumping

unit and construction of a pipeline would be needed. The relative operating costs would
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‘also be low, at least on the short term. Over the long term, increased pumping rates and
periods, coupled with rising energy costs may raise operating costs above acceptable
levels. |
Potential Effects

The potential effects associated with the construction and operation of this
alternative are essentially the same as those for alternative 1 (refer to the matrix in Fig. 5).
The only major difference between the effects resulting from the operation of these two
alternatives' is the lack of significant effects caused by either streamfiow reduction or
operational failure for alternative 6. -

The §ignificant operating effects would be entirely related to streamflow
augmentation in the Medicine River basin. Transfer at a rate of 2 cms could significantly
‘improve water quality and flow conditions in lower Lasthill Creek and the lower Medicine
River. Transfer at rates greater than 4 cms would cause extensive ovérbank flooding but
flow would easily be contained .in the glaciai spillwz: channel. Since this channel is only
used occasionally for pasture, the~damage caused by such fiooding would be restricted to
physical effects associated with channel readjustment (ie. soil erosion, flooded pasture,
altered shorelines and channels) that are not considered to be of a seriously detrimehtal
nature. | . . |

The Medicine River has a large channel capacity a_nd very low summef dischargé~
and therefore could easily convey flows of 15 cms without serious detrimental impact In
fact, increasing summer discharges woul- . =atly improve water quality and regime in this
river which has‘ a very poor natural flow regime (refer to Figs. IV..3, 4 and 5)
Augmentation could increase the severity of flooding associated with large precipitation
events and the pbtential of increasing the flood hazard in Markerville which is located on
the Medicine River flood plain should be investigated. However, by restricting transfér by
this route to dry years, the risk of flood damage would be loWered since most of the
precipitation in dry years is used in recharging dep]eted soil moisture levels, leaving little to
runoff. The minimal streamflow respon’se in dry years relative to the response in wet |
years becomes apparent upon comparison of the precipitation and streamflow

relationships for 1879 and 1981 (refer to Figs. IV. 4 and 5).
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‘Depending on the extent to which water quality and flow regime were improvgd by
a}ugmentation, some new recreational opportunities in particular fishing, could be created
on parts of Lasthill Creek and the Medicine River. -

General Concerns |

The major advantage of this alternative is the ability to obtain small yet significant
increases in transfer volume at relatively low cost. A trade—off between the growmg
operating cost of pumping and the very high carrying charges on a dam development is
involved. Postponement of dam development for even a few years could be very
important, especially because pumping would not be required in all years. An expénded
range of operational alternatives for Clearwater transfer systems is made possible since
back up supplies could always be provided by this system. By diverting water from the
North Saskatchewan in dry years satisfactory flows could be maintained on the lower
Clearwater River without compromising the volume of water transfer.. Eventually, this
system might be replac_ed by a dam and gravity diversion from the North Saskatchewan.
Considerable potential also exists for enhancing.conditions in the Medicine River. The
d:sadvantages of this alternative are associated with potential flood damages along the
recelvmg streams and the dependence on an energy intensive means of transferring the

water.
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ol stream crosemg on uppar Stautiar
Crook may dmr nging fish populabions
¥ cause minox flooding

* Fiow reguishon would reduce. the
Ductuation in Clawewter discharge over tha
summer poricd  increasing mamum flows
would mprove  aquitic  condilions
Dacroasng maumum fiows woud redice
the impact of flooding on fish populations
nd bark wasion

# Flow augmantation (contmually at maxmem
rato! wodkd graatly craase e pltental
for flooding, particularly on tha lowr Raven
Rvet. wheh would be subpcted 1o
. dischargas significantly lrger than rormal

 * Tha danger-of nat baing 20ie to mantan
, tansfer inlo Horsaguard gmk 0oy yous
would be removed, thus protecting sny
! rtificiall crantod aqualic and riparan habitat
i

+ Augmentng tlows in Lastil Creek and the
Medicne River would anprove flow regme
witet quilty #nd perhaps create bl
oualic habitst

# Transtor a1 hugh rates o Lastnil Crak
would cause fiooding. chawal alterstion and
itensive s0i 6rosion in the mitul stages
But av new chamels e formed and
stsbized, floodng snd soil erosion would
decrase.

4 Flood potential n the Megicna Faver would
ncreass, particularly turing wel yoxs

POTENTIAL
SOCI0-ECONOMIC

- EFFECTS!

o Datrunenta: offoct of flow feduction on
rocrgabonsl  use of the  Clearwater
particularly m low fow yews

o Possible improvemedt of recraations
opportunies i the aes :nd empioyment
OPPOVILAIIGS Burg CONstructon

« Extansion of tha vansportabion natwork
with new sacondary roads.

« Creation of » sl lake could provide new
racreational opportuniies fr dhe wea le
boating  camping, cotiage  csvelopment
Canals might aiso be used for fishing ind
wigwin  The combmajion of [sks ang candls
mght mmprove the sesthotc quity of the
deltiwrea

o Straamilow redustion on the Claarwater
could eeduce recraatonal use of the river
Canal congtruction and potential oparational
falure would attect the iocal ransportation
network

o f the lake 15 bult i the gusting gravel pit
2 suggested: then  farm cesidence would
have to be appropriated

o The sustenc of § wer o osram
obstructon on the Clearwater cowd cause
ditticues for racreational boatars and may
datract from the genardl esthatcs of t
SI0M It ocation

« T col might provise additiondl
rucraationa! opportutias withn the e {or
such actvites 1y floatng viswng and
parhups fahnyg

+ Improvad racrastional opportuntiss ong
upper Horssquird and - lower  Stautfer
Crasks Now facraational potental wrownd
the reservar and canals covld be crasted if
ey st devalopad accordngly.

|+ Improved sasthetc value of Horseguird

Crosh and ke

« Goirments effact of wer on boater § use
of me, Closrwater. plus passible flood
damage durng ts consiruction

# Dusruption of transpartation” during canal

consiruction and also n the case of |

siructucal falwe

+ Higher flow fevels  the summer could
wmprovy recreationdl potntil for boatng
w4 fighing on the Claarwatr,

# Potantul damagas assocuted with flooding
dong tha lower Raven Rver would be
inceeassd

+ Improvad water quality snd flow ragime in
the Madicioe system would improve the
sesthatic benty of the siream. Depencing
on th axient of the enhancament, raw
fcraational opportunties may be craated on
Lasthil Crask and the fower Madicine River,
n particulr fishng

@ Flood damage potental would ncraase
possibly affectng Markervile located on the
Medicng River fiood plain

(OPERATIONAL
FLEXIBILITY

o Hgh with abilty to precisely regulate
timng and rata of transter, a5 wel oS
opérate sach component indwidually or n
comamation Transfer can ocew only wen
pumps &8 -operaling thus the dinger of
uncontrolled diversion 15 mmmai Limiteg
transter capacty and lack of storage 15 a
problem o dry vaare )

o Low. with transfer restriclad to one foute
and possbilty ot uncontrolled dwarsion
dung Clearwater pesk fiow  penods
Limitad transter capacity and lack of
adequate storage 1 dproblem' ory years

o Low. with iranfer restrcted to ona route
and posshily of uncontrolied, dwersion
dorng Clsarwalar paak flow pencds Lack
of storags coud prove 10 ba 2 problem m
later yours. but in the short term # large
ansior capaciy sffectaly almnates the
naed for storage

# Medury with sbilty 10 vansfer by one or
two routes and precisely control the iming
g e of trster Lmigd transler
Capacily 15 2. provlem durng dry years with
mnmal storage capibilly  Possibity of
uncontroligd dwersion during pesk How
stages on the Claarwater Lack of sutheent
transter capacily m dry yeais 1§ restrictive

i{# Viciadle, depending on whethar the dam 15
{fopsrated soialy to raguiate Claarwater fiow
‘Jor other conflicting purpases &e dlso
Tiowoived 1 consistent flows high endugh to

maal FR and transfer capacity are provided,
tha operational flexiiity for sach transfer
aligrnative wil be mproved

o High, wiih sbity to precisely regulate
tming and rate of tanster There 15 no
dmger of uncontrolled dwersion  Transter
€ continue at capacity without restriction
onremoval, thus providng o safety vaive for
Clearwater transler systoms in dry yaars

FUTURE

ADAPTABILITY

+ Hleghem due 1o e relatie 8ase with which
siructures could be removes. expandad of
adiptes 10 futwre largar scale schemes
However, the cost of such expanzion would
fialy be hgh

o Madum with the addton of pumpng
systems for short term sxpmnsion ane
uiumataly  costly caal  enlargement 1o
WCreds system capacty

 High. with tha addinion of upsiream storage
this system coud pertups dwert 5% of the
total Clearwater diseharge ina low flow year
The constructed canal and Raven chamiei
wprovements Coud raman a8 mportinl
componants n an axpandad system with it
loss of imtal capital mvestment

0 HQh with e expansion muking
conlinug usé of enstng Components g
wer. headworks, cesrvor and Horsequird
chawel improvements) to  supplement
oxpinded  Tansfer  systems  Tharedy
preserving ikl capilal vestments

4 Yarghle dependng on whethar further
oxpansion nwoives further development of
Clearwater potental or rapid devaiopment of
rangter from the North Saskatchawan Rwar
drecty 3 Clawwater potentul 15 further
sxploled. ten -the adapiabibty of s
dtetratve woud be hgh bu: m terms of
contributing to North Saskaichewsn transiar
the adaptabiity would be low

o gl the system could aiways be used to
supplement transfar from the Claarwater. !t
could be expanced or removed ezsiy
dependng on future axpansion requirements

Y Estimates are n dam? ang ware made i section Potantal Transfer Volume” The range
of transfer volumes is dependent on whether or not removal restrictions are appled; the
percantage transfer efficiency appears in brackets

1 Thas affects ware indicated as "significant” in the preceding matrices; *¢" for positive

sffacts and "o

for nagative effects.

TableV, 1 Composita Comparison of Selected Transfer Altrnatives




" VI. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS '
Summary

In this study, the thesis that Clearwater transfer (to meet growing demands in
Southern Alberta) may be developed in a number of ways with minimal damage and
poséible eﬁhancement to the donor and receiving streams, was promulgated and
investigated. Six plausible transfer development alternatives were selected from a broad
range of transfer means and submitted to a preliminary evaluation The alternatives were
evaluated and discussed in terms of the planning objectives they support. the potential
transfer volumes available, " relative cost, -potentially significant environmental and
socio—economic effects, and other general concerns in regard to flexibility of operation
and future adaptability. ' '

The. major impetué behind interbasin water transfers and several of the major
points of controversy surrounding the issue weée discussed in chapter tv;/o | In both the
Western United States and Alberta, attempts to maintain and expand agricuiltural
production through -irrigation have provided the incentive for most water transfer
proposals. The various large' scale transfers proposed for Alberta, like those proposed .
for international transfer, \dare essentially engineering reconnaissance studies. Several
international transfer proposals and a specific Saskatchewan—Nelson Basin Board transfer
proposal for transferring water from the Nc‘>‘rth Saskatchewan and Clearwater Rivers were,
briefly discussed. Poor benefit-cost relationships, environmentalist opposition and
political disfavour, especially in the basin—of-origin areas, were just some of the factors
responsible for the shelving of sﬁch transfer plans. However, current aétiVify in Alberta
on behalf of the Water Resources Committee is indicative of the continued interest in
developing interbasin transfers of water from northern rivers into the South
Saskatchewan basi/_n to suppo}t further irrigation development. In the past, the review of
alternative means of increasing water supplies in the southern basins has been weak.
Therefore, before interbasin transfer (especially on a large scale) can be genuinely
consi,dergad a more thorough investigation of th._e balternatives is necessary; including.
modifying the water demand and adjusting the water supply within the South
Saskatchewan basin. A brief discussion of the water supply and demand conflicts in

southern Alberta and the related water management issues was presented. Several of the
,
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existing proposals for Clearwater ‘transfer were also reviewed.

Existing conditions in the study area were de.;;cribed in' chapter three with
particular emphasis upon the physiographic features and their effect on land use in the
area. The Clearwater River was at one time a tributary of the /Red Deer River and still
contributes groundwater flow to the Red Deer basin. The unidue hydrologic character of
the Clearwater delta area was described and a brief explanation of the processes involved
in its formation was also offered. Although the majority of the land use is related to
agriculture, the agricultural potential of the area is onlyk-marginal due to the short growing
season and marginal soil conditions. Local soil conditions, native plant communities and the
local population and community were described briefly in separate sections.

Variations in streamflow were discussed in chapter four with reference to local
variations in water balance, drainage basin characteristics and groundwater contributions.
Streamflow regime was found to vary significantly between streams in the North
“Saskatchewan and Red Deer basins and several possible implications for diversion were
mentioned in this regard. Clearwater discharges were found to fluctuate con?iderably on
an annual and seasonal basis; thus a representative ”Ib_w” flow year and a represe,‘nta‘tive
"high" flow year were selected to represent the entire range of discharge for calculations
of potential transfer volume. The importance of underflow from the ClearWater River in
relation to Stauffer Creek streamfiow and the possibility of enhancing this forrﬁ of
transfer through an artificial recharge scheme was also discussed. In relation to the
potential future use of transferred water, it was suggested that developing even a ;mall
percentage of the total Clearwater transfer potential could supply enough water to
support a reasonable amount of irrigation development in the province.

Fish and wildlife and recreational resources related primarily to riparian
.environments in the study area were also‘described:‘in chapter four. It was found that
several of the streams i.n the area are highly rated for trout fishing. The possible positive
and negative impacts of development on fish populations and aquatic habitats were
discussed in relation to Stauffer and Horséguard Creeks. Stauffer Creek lS one of the
best trout streams in the province; through the Buck For Wildliife program the Alberta
’Gove'rnment has sef a strong precedent to maintain valuable trout habitat on this stream.

Therefore, it was recommended that transfer into this stream be highly restricted to
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prevent damage., and/or to improve existing aquatic habitat. Suggestions for enhancing
instream conditions along the Horseguard were also made. The importance of instream
fiow requirements was discussed with reference to both donor and receiving streams.
Three different methodologies for determining acceptable instream flows for various
¥

instream uses were described, the Montana method was used in later calculations.
However, it was suggested that during dry years real trade-off between instream flow
uses in the‘ study area and out—of-stream usgs\i as - irrigation may be r:auired
* Environmental enhanceawent along Stauffer and HOFS:;&:‘ Creeks was suggestsc as a
possible compensation for any detrirﬁental impacts that might occur/c;n the Clearwater
River as a result of flow reduction.

In chapter five the potential volume of water which could be transferred from the
Clearws :r —ras discussed assuming various restrnctuons on the rate of removal and
transfer. “hese volumes were then compared to’ the amount of |rr|gat|on development
they could support A broad range of physical transfer components was also described.
Four Clearwater transfer alternatives were developed, each with a different combination
of removal and transfer methods, storage options, and transfer routes. Two expansion
alternatives were also suggested These six alternatives were selected for preliminary
evaluation because tﬁey each reflect a different mi* of the planning objectivee set out for
,Clear\/vater transfer. It was suggesied that in order for planners to realistically cpnsider
developing a Clearwater transfer, ultimately alternatlves would have to be capable of
A transferrmg at least'30% of the Clearwater discharge in dry years when demand would be
greatest In ,connection with this proviso, Clearwater instream flow recommenda'uons
were found to be too restrictive for smaller alternatives in low flow 'year‘s_. Three options
were suggested to improve transfer efficiency during low flow years: i) reduce or remove
restrictions on the removal of watef from the Cleafwater, i) incfease the level of
Clearwater discharge through upstream storage and flow regulation, or iii) supplement
Clearwater transfers with transfer of water from the North Saskatchewan River.

A broad range of means for transferring water from the -Clearwatéer was
suggested and discussed. including: four different removal locations, .four removal
methods, three transfer methods, and three transfer routes. It was found that a

combination of the smalier individual transfer methods could result in significant rates of

cc
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transfer. However, in order to achieve transfer efficiencies greater than about 45% a
large capacity transfer {probably using a canal) would be necessary.

Transfer alterrtlives were selected based on recommendations made after
calculation of potential transfer volume and identifying potential planning objectives and
constraints. Subsequent evalu.ation of the selected alternatlives revealed the advantages.
and disadvantages of each and led to the suggestion of a possible sequence of transfer
development making use of various transfer components at different s _2: However,
none of the alternatives were eliminated from future considération based on this

preliminary evaluation which was designed to assess the attributes of each alternative.

Conclusions

As !a!“ result of this study, three distinct yet interrelated conclusions have been
reached concerning the potential for developing an interbasin transfer from the
Clearwater River to the Red Deer River. These are sgmmarized belbw;

First, it is concluded that water transfer %rom the Clearwater River could be
developed in such a-way that a sequehce of progressively larger ;ransfer schemes is used
to alleviéte water supply shortages in the South Saskatchewan basin. Initilally, when
d'erﬁand for'additionai water would be small and ’wquld coincide with dry years in the
south, the most cost effeciive means of transferlring sufficient volumes of water from
" the Clearwater would be by pumping. Pumping would be required in dry years only — in’
the wetter (highel; flow and lesser demand) years, the southern basin supplies would be
more than adequate. However, as fhe demand for additional water increases so would the
pumping cbsts and at some point the development of a gravity diversion system using
canals would”provide a more effective means of transferring increased volumes of water
from the Clearwater. Pump:ing systems could be retained and opeérated together with the
gravity diversion system in later years in order to provide supplementary transfer capacity
in dry years. , |

Eventually, with a continued increase in demand, flow regulation on the Clearwater
might be warranted in order to increase the volume of water available for transfer during
the irrigation, season. At some stage it may be decided that' the remaining transfer
_, poteﬁtial of the Clearwater should be developed. The use of smaller transfer alternatives,

.
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singly or in combination could provide enough water to support‘irrigation expansion at the
current rate forufive to seven years. With future improvements in irrigation efficiency and
changes in agricultural practices, the need for large scale transfers of water may be
postponed much longer. ‘ ‘

in the future, if and when actual consumptive use in the South Saskatchewan basin
reaches high enough levels, the development of large scale transfer alternat:ves such as
those outlined in the SNBB and PRIME programs could justifiably be considered. However,
the develop'rnent of this remaining potential would entaif an increasing amount of
investment to acquire a decreasing portion of the rernaining transfer potential. As aresult,
in .keeping with the idea of sequential development, pumping’ first from the North
Saskatchewan River'r in very dry years could'_be gradually incorporated to provide a more
effective means of increasing the volume of transfer. Construction of a dam enabling
gravity.diversion' from the North Saskatchewan to the Red Deer River might'be the next
step. |f replacement supplies areﬂneede"d in the North Saskatchewan basin, the transfers
~ from more northerly basins could agarn be modest in the initial stages

Second, it is concluded that transfer from the Clearwater could be conducted so
that the range of detrin'iental environmental andvsocnal impacts associated thh such
development is much Iess than if only transfer ObJGCtIVeS are considered. By |dentlfy|ng
-areas of potential detrxmental impact and selectlng transfer alternatives which effect:vely
-reduce impact in these areas, compromises may. be achieved Wthh are acceptab|e to bath
transfer development and environmenfal'protect:on proponents. The development of
transfer alternatives which avoid disturbing the hi‘gvhly valued fish resources in Stauffer
Creek might be considered an acceptable compromise in regard to Clearwater transfer, at
least in the initial stages. If further development is warranted or a suitable compromise
cannot be found, unavoidable detrimental impacts could be at least parti'ally‘ compensated
for by operating the transfer-so that certain stream environn'!ents in the area are actually
enhanced. Environmental damage to 'the Iower | Clearwater could conceivably be
compensated for, at teast in p'art, by enhancing the environmental quality of Horseguard
Creek and the lower Medicine River. Alternatively, timely development of transfer from
the North Saskatchewan into the Medicine River basin could suppiement Clearwater

transfer thereby maintaining suitable environmental ‘conditions on the lower Clearwater



150
while at the same time enha_r{cfhg conditions in the Medicine River. By developing a ‘-
Clearwater transfer in this way, a portion of the benefits associated with"transfer could be
directly assigned to the local area, thereby improving' the distribution of costs and_be_nefits
connected with transfer development in the immediate area (ie. as opposed to the region
or province as a whole). Thus, despite the fact that water transfers are usually designed
and operated to fulfill a single purpb'se, possibilities for developing multi-purpose
transfers do exist and should be investigated.

| Third, up until now th‘e development of interbasin transAfers in Alberta has been
strongly directed towards the use of a single means of diversion (ie. large scale dams) for
a singie purpose (ie. irrigation expansion). [n the light of th r‘eceding conclusions it is
propo;sed that the viability of water transfer as é valid water de elop'mént strstégy can be
improved through the iﬁcorporation of a multi—means, multi—p rpoée approach to transfer
development Thus, it is concluded that a Clearwatet transfer could be developed in such
~a way that if could'be used as a prbtotype or ini‘;ial model for other sequential transfer

development in Alberta

Recommendations for Development
| ' Recommendations for future transfer development of the Clearwater River are
made below. Although these Pesult from this study, they may apply in varying degrees to
other transfer developments in Alberta. |

-\ F_irst, there is a need for consideration of a broader range of alternatives in water
management planning in general and interbasin transfer -épecifically, Past transfer,
‘ proposals which focus on large 'Stﬁale means allow little flexibitity for the future by
foreclosing a largé number of lesser transfer alternatives. The potential of smaller scale
transfer alternatives has been demonstrated. Initiating travnrs‘fer on a smal! scale not only
opens up a wider rahge of alternative transfer means;i it allows for mgr: flexibility in
regard to actual operation of the Ttransfer and future adaptation, '
‘, Second, transfer development should take place slowly, in response to More
accurate short term projections of actual consumptive water, use, rather than in leaps and

bounds in reaction to forecasts of long term demand which are often promotional. Long

term forecasts cannot accurately predict changes ir e efficiency of ‘water use or the
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expansion of irrigation. Thegefore. transfers constructed to meet a particular projected
demand may not be required.to do so for many years.

: ”:' ':Third the majority of the measurable benefits of transfer typically occur in the
recetvmg basin, often far removed from the diversion location and the basin—of-origin
where most of the significant detrimental effects occur. Thus, a reglonal disparity -
between the beneficial and detrimental effects of trans, or can be expected. However, an
attempt should be made o both reduce the detrimenral effects associated with transfer
and provide compensation (including envi,ﬁonmental enhancement) to those areas most
affected for unavo‘?able damages. | .

Fourth, it has been shown that Clearwater transfer can be developed for the
purpose of supporting irrigation development in the receiving basm m addition to
enhancing the environmental quality of receiving streams. Other possnbllmes shouid be

\

explored in Albert 4 Por developmg transfers (o) that they serve a variety of purposes such

as flood control and recreational developmen'{;xf 3 ) i ' '

"* ©  Fifth, "Alberta government departments rpspoﬁsible for the_; planning and
g de\r'elopv*:ent of. a'Tlerbasin tranfer schemes shoul"d'p"rp\:ide‘ for public input into the design
' and selectlon of alternatives. In effect, the- procers of formal evaluation of transfer
alternatives should be incorporated into the planmnq}process much earlier — in the design
‘phase. |f evaluation and public participation were bro_ught into the planning process in the
design stage, information could be provided which would allow designers to deveilop :
. superior design alternatives as well as, compromise solutions and mitigating rneasure_s‘that

may help avoid major objections to future recommended plans.

Recommendations for Further Study X » .

As research for this study progressed, it became apparent that there is a need for
more research related ‘to the develop‘ment of a Clearwater transfer. Several
recommendations forfuture research are outlined below.

First, the actual feasibility of enhancing stream conditions in the Medicine drainage
system should be investigated. The actual amount and type of channel improvements that
would be required to develop this stream for transferring flows of 4 cms and supporting

a.viable sport fish population are undetermined. The costs of such alteration could be

3
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high. Several studies have been done in regard to stream alteratilon and fish habitat by the
United States Fish and Wildlife Service (Headrick, 1976; Griswold et al, 1978; Marzolf,
1978). Information gathered in regard to the Stauffer Creek habitat maintenance program
would also be of use in this regard although a post development study has not been
carried out to assess the effects of the program. }l

Second, the actual engineering feasnbllaty and cost of the various suggested
removal, transfer and storage methods should be estabhshed Information gathered fromw
such studies could be used in the preliminary screening of alternatives. Investigations
" along these lines may also expand the range of transfer means un‘der ‘consideration by
suggesting new alternatives.

Third, before any transfer development takes place it is recommended that
environmentaljand recreational baseline st‘g;quies be completed in order to document the
existing condition and use of these water—%r’ated resource.s in the study area. A key area
of concern w9uld be the Clearwater River i;)elow the point of 'cji\)ersion.\' The significance
of this reach of the river to resident fish populations is virtually unknown and information
- on the recreational use of this section of the Clearwater is not available. This information
would be useful in establishing the instream fllow recommendation for the Clearwater.
Detailed information concerning the recreational use .of other streams in the area would
als' '~ helpful in planning for their use in a future transfer scheme.

Fourth, a stream routing study and establishment of a den.ser network of stream
gauges in the area could be used to determine the effect of various operational scenarios .
Aon components of both the ;natural and man—maa;e environment (ie. streams, canals,
reservoirs, etc). Such studies could'perhaps lead to improved._op'e}ating efﬁci.en;_:y. and
increased precision in regulating instream flows on both donor ar;d receiving streams. The
significance of downstream storage of diverted flows in the Red Deér basin on the

operation of a transfer as well as the effects on the North Saskatchewarr"River should be

studied. 2

23

In this study, the potential for deVelopment of a Clearwater mterbasm transfer’ f‘xas

been investigated Afthough the discussion has been focused prw‘r\a"w on ahetnatlve .

I. I

. means of water transfer, it is recognlzed that other developmenﬂ‘“f;nd operatnonal‘
considerations are also important and recommendations for future ﬁ-ﬁw.efopment and
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research have been made. Water transfer from the Clearwater is not sufficient to
support increasing water demands in the South Saskatchewan basin over the fong term.
However, in conjur_\ction with improved management of watef use and storage of existing
water’ supplies in the basin, a gradual sequence of water transfer development could be
used to alleviate future water supply shortages which might restrict future development in
the region. Pasf investigations aimed at developing a sequence of interbasin transfers in
Alberta focused on the use of a _singlé means of transfer — gravity diversion utilizing large
dams and diversion canals. By considering only one means of transfer the practical range
of choice available to planners on this issue has been restricted to large scale development
such as that propoSed by the SNBB and PRIME, and alternatively, no development which
has been the“official government sfance'since the PRIME program was shelved in 197‘1. In
theory, the range.of choiée for any particular transfer is much larger; a range of transfer

altérnatives may be considered from: large scale transfer with little consideration for |
~ environmental quality, to a g:ompromise situation between transfer and maintenance of
environmental quality, to transfer develo,‘pment“ with provision fc;'r QOmpensatéry
environmental enhanc’ement The full range of alternatives should be studied pending the
decisibn to go ahead with inte..rbasin transfer in Alberta, including studies of how existing
supplies mighi,be used more efficiently, and whether or not there might be some cut—back

in the low flow years rather than the expansion in use that does take place and which is SO

very expensive to provide. -
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APPENDIX 1
The water balance equation can be simply written as:

P=(PE-D)+ sﬁ;:\Asr_

where: »
P = precipitation =

water falling as rain or snow (mm water equivalent)

PE = potential evapotranspiration = o
amount of water that would be evaporated and transpired from a
plant cover if sufficient water were available in all seasons for the
process to continue at the optimum rate {(mm)

D = (PE - AE) = water deficit = ‘ ‘
amount by which the supply of water available for evaporation and
transpiration is éxceeded by plant needs (mm)

S = water surplus = .
that water which percolates at levels beyond root depth or moves
in surface flow toward streams and depressions after soil moisture
storage capacities have been recharged to a specified level (ie. 12,
50, 100, 150, or 250 mm) ‘

D ST = storage change = . , ,
net amount of water withdrawn from the soil (soil moisture
utilization} or infiltrating into the soil (soil moisture recharge) in the
equation period :

AE = (PE ~ D) = actual evapotranspiration = -
amount of water actually disappearing directly into the atmosphere
from evaporation.and plant transpiration

The Thornthwaite procedures for 1948 have been applied. Utilizing monthly temperature
and precipitation data the PE levels_were estimated, based on a simple accounting
procedure periods of surplus and deficit "are determined. Detailed procedures are
described by Thornthwaite(1948). Meteorological data was obtained from Environment
Canada Monthly Meteorological Records from 1951 through 1980. :

-+ The Thornthwaite procedure was used to calculate the water balance for Rocky.
Mountain House on a monthly basis for the 30 year period 1951-1980. The resultant
annual water balance for each of five different soil moisture capacities appears in
. Appendix 2. The actual monthly water balance for a 150 mm soil moisture storage
capacity for an eleven year period from 1971 through 1881 appears in Fig. IV. 2. The
mean annual water balance for the entire 30 year period appears in Fig. V. 1 and is based
on the mean monthly precipitation and temperature values for the period. o
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‘ Water Balance - Rocky Mountain House (12 mm storage)

APPENDIX 2

YEAR' P PE AST  AE
1951 703 445 18 271 . + 5 427
52 502 527 © 136 179. -68 391,
53 644 489 84 253 -14 ° 405
54 711 462 83 341 -9 379
55 . 473 479 201 162 +33 2,8
56 534 510 146 174 -4 364

- 57 392 476 219 117  +18 257
58 419 544 231 111" -5 313
59 555 488 87 129 +25 401
1960 476 - 515 . 168 13 -5 347
61 454 522 169 114 -13 353
62 - 493 518 95 - 91 -21 423
63 587 540 162 202 +7 378
64 550 503 126 159  +14 377
65 744 - 495 26 292 -17 469
66 580 483 85 1779 +5 398
67 381 494 272 130 429 222
68. 570 502 71 168  -29 431
69 557 506 99 - 133 417 407
1970 550 523 131 157 +1 392
© 71 “s32 . 523 177 [ 218 - -32 346
72 707 475 130 311 +51 345
73 477 507 180 175 =25 327
74 641 522 51 . 199 -29 471
75 482 474 159 125 +42 315
76 634 529 " 80 220 =35 449
77 627 526 . 93 192 + 2 433
78 555 502, 65 117 +1 437
79 . 357 478 257 89 . 447 221
1980 - 616 513 34 163, -26 479
AVG. ~502 128 177 -1 375

550
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Water Balance - Rocky Mountain House (50 mm storage)

AVG."

502

76

<

YEAR P PE D S A ST AE
19571 703 445 0 217 +.41 445
52 502 527 42 141 -124 485
53 644 489 46 215 - 14 . 443
s4 711 462 21 265 + 5 441
55 473 479 163 127+ 30 316
56 534 510 70 109 - 15 440
57 392 476. 181 - 54 43 295
58 419 S44 193 98% - 30 351
59 555 488 49 91 + 25 439
1960 476 515 124 90 -5 391
61 454 522 131 71 - 8 391
62 %93 518 54 55 = 26 464
.63 587 540 111 151 + 7 429
64 550 503 = 48 104 - 9 455
65 744 495 0 254 - 5 495
66 580 483 . 14 113 - 2 469
67 381 494 234 97 + 24 260
68 570 502 0 96 - 28 502
69 557 506, 32 46 + 37 474
- 1970 550 523 67 113 - 19, 456
51 S32 523 100 147 - 31 422
72 707 . 475 56 4199 + 89 419
73 477 507 138 171 - 63 369
74, 641 522 9 157 - 29 513
75 482 474 121 87 + 42 353
76 634 529 0 120 - 15 529
77 627 526 13 110 + 4 513
78 555 502 27 94 - 14 475
79 357 478 219 58 + 40 259
1980 616 513 0 106 - 3 513
550 125 - 2 427
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.

Water Balance - Rocky Mountain House {100 mm storage)

\

YEAR P PE D S O ST AE

1951 703 445 0 167 + 91 445
- 52 502 527 0 124 ~149 527 :
53 644 489 0 190 ~ 35 . 489
54 711 462 0 198 + 51 462
55 473 479 113 127 - 20 366
56 - 534 510 14 53 - 15 - 496
57 392 476 131 4 + 43 345 .
58 419 S44 143 48 - 30 401
59 555 488 0 41 + 26 488"
1960 476 515 74 41 - 6 441 :
61 454 522 © 81 21 - 8 441 . <

62 493 518 . 4 5 - 26 514

63 587 . 540 61 101 + 7 479
64 550 503 18 54  +J11 485
65 744 495 0 211 + 38 495
66 580 483 0 106 - 9  4B3
67 381 494 184 91 ~-20 310
68 570 502 0 46  +22 502
69  557. 506 0 46 + 5 508
1970 550 523 17 99 - 55 506
71 532 523 44 90 - 37 479
72 707 - A475% . 6 133 . +105 = 469
73 477 ﬁg&*ﬁ‘ 88 137 - 79 419
74 . 641 522 0 107 +12 522
75 B2 . 476 .71 - 78 4+ 1 403
76 634 529 0 70+ 35 529 e
77 627 526 0 110 - 9 526 .
78 555  502° o .8 .-28 502
79 357 478 - 169 31 - 17 309 ;

1980 616 513 0 56 +47 513

AVG. 550 502 - 41 89 0 462 .
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[}

Water Balance — Rocky Mountain House {150 mm storage)

YEAR P PE D S D ST AE

117 #M41  445
124 o -149 527

1951 7703 4445
52  S02 . 527
53 644 - 489
54 711 462 -

55 473 . 479 . ’
°56 534 ° 5104,
57 392 (R K
58 419 .5 544 -
59 555 . 488 _—
1960 476 515 AR
61 454 522 ; iF
62 493 518 -~
63 587 540
64 - 550 - 503 - - . e
65 744 495, { :
66 580 483 : 9, : %1‘ﬁ s
67 381 . 494 ( - . i
68 570 502 0 0+ 68 502
69 ° 557 ' 506 0. 42 + 9 .506
1970 - 550 =« 523 0 70 = 43 .. 523 ”
71 532 523 -0 73 - 64 - 523 . "
. 72 7077 475, - O 89 . +143 475
T 73 477 507 38 131 -123 469
74 641 522 0 57 + 62 522
75 482 474 21 78 - 49 453
76 634 529 0 20 + 78 529
77 627 526 .. 0 110 -9 526
78 555 502 .- O 81 - 28 502 > ]
79 - 357 A78 119 - 31 - 33 - 359
1980 Q]ﬁlszpr'513es"v 0 6 +97 = 513
AVG. 550 502 <220 68° + 2 . 481 "
i R 33; ST o
“y SR "



:é.i' . -

-
Water Balance - Rocky Mountain House (250 mm storage)

at

e
IR

% 'YEAR P PE< D S 'OST  AE

17 4241 - 445
124, -149 527
190 - 35 489
198 + 51 462
127 -133 4797
~33 425
=130 449
+ 67 . 488

+1951 703 445
52 502 527
53 644 . 489
54 7117 462
55 473 479
56 " 534 510
57 392 476
58 - 419 544
59 555 488

O u -

copoocoooo
I

1960 476 515 ~-35 515

61 454 522 5 - 16% 470

62 493 518 T =.25% 518

. 63 587 540 - . 4T 540
% 64 550, 503 v + 47 503 )
* 65 744 - 495 128 . +121 495 )

;10657 - 9 483 o
« 907"  -169, 460 .
. 0. + 6%&i%502
<0 +5I -506
23 . 4+ 4 7523
© 73 .= §b. o 523

rPOC0cOoOONOCOUVLWHOOOCOOO

w66, 580 483
e 67 38L 494
- 68 570 502
69 557 506
1970 550 523
71 532 523

(%

dooo

72 707 475 0 8. +1B3 475
73 477 507 0 131 - 3161 507 %
74 641 522 0 . 19 .+100 522 °
75° . 482 474 0 78 . -70. 474 .
76 634 529 0 0 4105 . .529 7
77 627 526, 0 .1H). - 9 52677
78~ 555 502 ¥ 0. &¥Y - 280 502
79 357 478" - 1% 317 -133 459
-1980 616 513 -f O ,0 4103 513
_AVGe 5507 ' 502. 8 54 4+ 2 494 &



MONTANA METHOD:

. recommended f(ie. 17 cms). . , at

/ | APPENDIX 3
/ _ METHODS FOR ESTIMATING INSTREAM FLOWS
FOR FISH AND WILDLIFE

These three different 'methods .of  determining instream  flow
recommendations are briefly described in ' chapter four and the ‘Montana method
is .applied in chapter five when calculations are made -of potential Ciearwater
transfer volume. The Montana method 'is generally the least restrictive of these
methods. ’ ' . ‘ ) ' '

ey

Based upon flow studies and numerous observations, Tennant(1976)
suggests the following semi—annual discharge regimens:

) Satisfactory Fiow\ Range: 20% of the average annual flow
October-March and 40‘7&- April-September. :

o :Excellverit Fiow Rangg_z' }40% ‘October-March and 60%: April-September.

® Minimum Flow Range 10% of average annual flow. considered-

survival of aquatic/ life.
. , . /

The average annual discharge (1976-1881) for the .Clearwater River at
Dovercourt is 17 cms, this translates into: R

.

adequate to sustain short—term

[N

]

. -Satisfactory ~ *{ftHA 34 cms October—March .and 68 cms
April-September#¥ ' '

A

Excellgnt Flow
~ Miniifum Flow

UNITED STATES FISH AND :WILDUF‘E SERVICE METHOD:

.68 cms "October—March‘ and 102 cms April=S

n

17 ems e

>

_ This -procedure was based first upon .estimates of stream flow needs
related to average hydrologic conditions for each specific month, and secondly,
on estimating flow needs for extremely dry periods (Anonymous, 1874). A flow
duration curve. for each month ih' the year is constructed using daily discharge

values for a particular month and all the years of - record. The six—year period
from 1976 through 1981 was used to construct the monthly . flow . duration

curves for the Clearwater River at Dovercourt The recommended instream: flow

" is set - at that flow' exceeded 90% of the time: as determined from each

monthly flow duration curve. This flow . is referred. o as the 10 pergentile
flow; adjistments were made upwards for spawning times (September = and
October on the Clearwater) when the mean annual’ flow of record was

9

LET
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The resulting flow recommendation for the Clearwater using this method would
be; " W ’, R .

r
(1]
3
)
N
-]

241

Q, Clearwater flow requirament
>

Y

| |

JEMAMJJASOND

UNITED STATES FOREST SERVICE METHOD:

Data (biological and bhysical) from studies conducged on Rocky Mountain

trout streams in Colorado were compared with average ahnual flow records and

discharge percentile recommendations were then made {Stainaker and Arnette,
1976). A fiaw duration curve wusing mean monthly discharge values is
constructed: jgn§l percentiles recommended for preservation of various aquatig
life-cycle requirements, such - as: fish ‘food production (80 percentile fiows},
spawning (40 percentile flow), and spawning area flushing (15 percentile fiow
for at least a 48-hour period. The latter is necessary for removal of fines
from the gravel beds and intragravel water movement

‘ Using this method the Clearwater flow requisgment: for food production
would be 6.5 cms, for spawning it would have to Bk increased to 18 cms and

for a short flushing period a flow of 35 cms is recommendeu.

R



APPENDIX 4
POTENTIAL ANNUAL TRANSFER VOLUI\;IES

These are the variables that were used to determine the potential transfer‘ volume,’
they are discussed in chapter five. The 1879 and 1983 mean daily discharge hydrographs

were used: to make the calculations; these appear in Figs. IV. 4 and 5.

<

(s
Variables:
s

N

Clearwater River di:scharge {cms)
“Q, = Minimum flow recommendation, all flow above this level on the Ciegrwater is
available for diversion (ie. Montana, USFS and USFWS methods, see Appéndix 3) -
o ] \ e .
Q, = Maximum flow recommendation, composite natural plus diverted flow ih receiving
_stream ‘ '
Q, = Actual diversion rate from Clearwater River which can be maintaingd without
exceeding Q; in the receiving stream (ie. 1 - 6 cms) . o B
V = Total volume of wa:x erted given specifié:d values for Q, and Q, applied to a
specified annual hydr~  p- for the Clearwater River (dam?) ,
NOTE: S | , ,
It is assumed that hen Q is greater than Q, all flow up to the specifiedrate Q; will
be diverted. : i ‘
, »g#* *  Postulated Variable Values
. . - QJ Q;A
Upper Stauffer Creek 2.Qcms 1.7 ¢ms .
g ~.. (2 |
Lower Stauffer Creekﬁ 9 . - B0 4.4
Horseguard Creek 5.0 4.0
i RaQ’en. River at Réven ’ 10.0 * 6.0
“Upper Raven River  *" ¥ 5.0 30
a . : ,
R L@ N . .
! 169 ¥ i
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APPENDIX 5 \

ACTIVITIES IN VARIOUS STAGES OF PROJECT DEVELOPMENT

The following descriptions are provided to aid in the evaluation of the water
transfer alternatives in question. Each "activity” listed along the top of the assessment
matrix is described in a manner which defines-the activity, and possibly when and for what
reason it is likely to occur, and then lists a number of "relevant factors” associated with the
activity. These factors need to.fde considered when making a decision as to whether a
significant impact is likely. ' The activity descriptions are those used in the Government of
Canada(1978) document “Guide for Environmental Screening”. The descriptions have been
modified where such changes were felt to be appropriate. The descriptions are intended

“merely as starting points in the screening process. . The list of factors is not all-inclusive
and the list can be modified to more effectively assess individual projects.

; For example, if the activity is an access road, the screener is told that the access
road may be temporary or permanent and is used to carry men, material and equipment to
the project site. Then, looking at the "relevant factors” listed below the definition, he is -
reminded that the road may have to cross a small stream which cotidaffect a downstream
spawning area (creation of barriers, increased turbidity, sediment deposition in spawning

" bed. ' : '

vy ' 1. AREAL SURVEY

During the pre—construction stage of projects there is usually' a ‘period of site.
investigation (either intensive or superficial, depending oty the project size and complexity).
Activities associated will normally consist of various types of data collection surveys
requiring survey crews, equipment (for transportation gnd/or testing) and associated
services. : -

2

1.1 Site Surveying -

That activity associated with the physical layout of a construction project including such
activities such as line clearing operations. . /
Relevant Factors:

e

‘a Extent of cutting and clearing opargtions, o P
“'hb. Disturbance of residents, traffig " terns. - : =
c. Type of transport equipment required. "~ . Lo
d. Duration of survey and size of survey team.
1.2 Soil Testing - . - , ':‘:/f/

: ‘ 7
Involves the operation and movement of equipment such. as drills, seismic equipment, etc.
to determine soil characteristics. T . o

Relevant Factors.

Size and extent of survey.  ». : ’
Nature of area being surveyed (wilderness, urban, developed, or rural).
Groundcover sensitivity to damage.

Size, noise levels of equipment.

oo

7 -

1.3 Hydrological Testing ‘ o _,;,J,«;:'.; '

Conducting surveys to. measure ‘charactéristics of streams and other bodies of water
within an area, including locations, areal extent, depth and course of streams, streamftow
and groundwater monitoring (quantity and quality). ‘ SR

179
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Relevant Factors:

3. Type and size of equipment required (transportation, operation 'in sensitive
@ aquatic areas, ground cover-damage from test well drilling operatnons)

b. Extent of survey. K

c. Types and quantities of die tracers used.

1.4 Envnronmental Survey

Conducted to determine - background data on water quahty lifeforms and ecological
relationships.
Relevant Factors:

a. Type of equipment and survey vehicles used.
b. Effect of sampling flora and tauna :

1.5 Equipment

That which may be used for earthmoving, clearmg surveying, servnce operatuons and
associated activities. ‘
Relevant Factors:

a. Existing off-site traffic den5|ty and patterns.
b. Duration of equipment operation.
c. Suitability of roads for truck traffic.

g

2. CONSTRUCTION
: Y
The construction: phase of a pro;ect may have associated with it a wide variety of
activities. The list provided is a representative sample of some of the activities commonly
associated with water development projects. .

v

2.1 Access Roads / - o -

Those roads either temporary or permanent over whlo.h men, materrals and equnpment w;ll ,

be transported to the construction snte
Relevant Factors: -

a Type of road surface (dust ievels expected).
b. Size of roads (traffic levels, degree of clearing required). o L
c. ‘Character of terrain (vegetatnon stream  crossings, habitats, - landuse, " soil
swtablhty) : .o , , o
ﬁqa | N ’!}i‘:‘& " Py LA
2.2 Site Clearing SR ' e
Relevant Factors: T P ",‘,«"v‘ : , v F
a. Size and type of equipment. '
b. Likelihood of soil erosion. <:» G
S MQ,d!flCBthl‘\ of habitat. ’ ' A
d Surface water bodies. o : e
. e Vegetatlon. S . : «
FEa e 2 '
wfie | i
f’ N . ' ! 4 ' N tx’c" - :‘
L, Ty e . :) S - :

L]
L
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2.3 Excavation

Relevant Factors:

Extent and depth of excavation.

Character of underlying sediments.
Requirements for watér table modification.
Surface drainage alteration.

Topography.

oo O®

S

2.4 Blasting and Drilling

Relevant Factors:

Duration, frequency and intensity of operations.

Soil and underlying sediment characteristics.

Water well supply and/or quality alterations.

Wlldllfe populations (beaver dams, spawning areas, nesting siteg).

aoow

2.5 Building Relocation

Relevant Factors:

Relevant Factors: Same as apply to exca\ia{L n
.associated with depositing.the excavated matefialin, "

2.7 Erosion Control » . ! "o

May be carried out during construction by physa G
procedures, check dams, etc.) or by chemical methgpds ..sou ‘.

b’ Impediments to fish movement resulting from v$t

2.8 Drainage Alteration )

a. Are building relocations Inkely to result in-aesthetic deterioration of the site?
b. Historic value of structures and relation to ornglnal setting.
c. Disruption of local operations. .

. . it \

2.6 Cut and Fill

TRy f

qg;a{ation's';vgi%,ihe added concerns -

3 -',;'\

ML a

Relevant Factors: , RN

a. Toxicity of chemlcal binders.

Alteration of the quantity and/or direction of s'urface_'drainage ' entionally to pérnﬁt qther

~

construction operations to be performed.

Relevant Factors:
Extent of alteration quantities of groundwater removed frpm a
of water introduced by recharging. .

ifer or quantities

_a;» Sensitivity of re@®iving water 1o in ch:Leased turbidity, sednment deposmon
" b Wetland habitat for fish, waterfo | and. furbearers.

C. Downstream water users. -
i) N \

\j.

I -
r - il .
L d .
. L et e . .
.- PR s ' =
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- 2.9 Stream Crossings

Relevant Factors: '

Flow characteristics (crossings impede flow resulting in possible upstream

a
flooding). ) o

b. ‘Watercraft uses. BRI

c. Short-term or permanent structures. FAR

d Use of stream by fish and wildlife (spawmng gravel, fish rearing areas, fish

‘movement, waterfowl nesting).

2.10 Channel Dredging and Straightening
Relevant Factors:
‘a. Effects on water quality, flora and fauna. .

b. Water uses lirrigation, livestock watering, recreation).
. ¢. Spoil disposal areas. -

2.11 Channe! Revetments : O

Those structures designed to protect the land bogsigring channeis {(levees and dikes).
Reievant Factors: :*,i'%f";::

a. Streamflow characteristics.

b. Sediment transport and deposition.
c. Habitat (feeding areas, protective shelters).

2.12 Dams and 'Impoundmen_ts

Reqwred to permit construction activity in areas normally covered by water. For example, '

water would have to be mpounded or diverted to construct a weir on the Clearwater

River.
-, Relevant Factors. AR ,
a. Character of bed normally submerged.
b.# Effects on fish.

R

c. River traffic disruption, recreational use.
d. Flooding. Sl
e. . Silt depegsition.
f. Groundwater changes in quantnty and quallty
g. Duration of |mpoundment
)
. 2.13 Canals

Vieelevant Factors:

a Dlmensxons of canal '

b. Type of lining (seepage. failure, maintenance, possuble in— canal fish habitat].
c. Amount of excavation required along route.

d. Number of road crossings.

2y
I
g

U
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2.14 Equipment

Same considerations as for 1.5.
iﬁ{.;'
2.15 Utilities !

Support services required for the labour force, for equipment stofage and repair, for

material storage, etc. Such services may include temporary housmg with associated waste

disposal facilities, water power supplles . i
Relevant Factors:

Quality of wastewater treatment facililities.
-Quality of solid waste disposal

Air emissions.

Size of work camp.

Fragility of environment

©CQ00®

2.16 Labour Force
Relevant Factors: ’ ' ' .

a. Size of labour force. . .
b. Economic and social interference in the area.
c. Recreational activities (increased hunting and fishing pressures use of vehicles in’

wilderness areas).
d. Expected duration of labour force pressure

2.17 Reclamation

Attempt to'restore or, if possible, improve on the original state of the construction site
following construction.
Relevant Factors:

a. Changes in surface water drainage.

b. Altered wildlife habitat.
c. Introduction of different species in revegetation.

218 Reforestation

Relevant Factors:

a- Change in wildlife habitat '
b. Change in hydrologic character of surface (mfnltratuon rates, evapotransprra

2.19 Ancillary Transmission Lines

Transmission lines and pipelines méy be requi

2:20 Pipelines

Some of the alternatives utlllge plpellnes to transfer the water to receiving streams.Many
of the concerns assocxated \M%anal construction apply here atso. '

oy,
o

©
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3. OPERATION AND MAINTENANCE T »
The operation of a facility refers to the actions and procedures required to run a facility
while maintenance refers to the necessary functions required to keep a facility in running
order (ie. upkeep of pumps and headworks gates).

3.1 Clearing

The periodic removal of vegetation from within canals and reservoirs and along the route
of canals and pipelines will likely be required. -
Relevant Factors:

Method of clearing. -
Extent of clearing. :
Susceptibility of cleared areas to erosion.
Aesthetics. ‘
Habitat alteration.

Adjacent land and vyater use.

~OQO0 T

3.2 Dredging

The periodic removal and disposal of bottom sediments from an area in a water course

may be required to insure efficient operation of the facility (ie. canals, storage ponds,

stream cRannels, etc.). ' . : , :
Relevant Factors: :
Ll

a. Timing and frequency of operations.

b. Extent of dredged and disposal areas.

c. Effects on water quaiity, flora and fauna.

%

3.3 Equipment dvperation

Although the equipment required to maintain the facility m
construction phase, the same concerns apply.

3.4 Operational Failure
Relevant Factors:

a. Availability of back—up equipment. : .

b. Results of failure (flooding, operational inefficiency, threatened fish angui
facility damage, property damage). : T

Probability of failure.

Contigency plans and safeguards.

a0

K€

3.5 Energy Requirements
Relevant Factors: ‘

Requirement vs. availability of energy.

Periods of peak demand. .

Efficiency of energy use. -~ . O
Conservation practices. .

Qo0
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3.6 Energy Generation

The production of power both to supply the operation and.as a product of the operation
through the use of hydro and/or fossil fuels.
Relevant Factors: Fossil Fuel Power Generation

-a. Type and quantity of fuel expended.

b. Noise. :

c. Generated on-site (ne gas powered water pumps and/or electrlc generators) or
off-site (electrical transmrssnon required). :

Relevant Factors: Small-scale Hydro
‘a. Rate and timing of discharge. o .
b. Efficiency of generation (energy required to lift water vs. energy generated by :

falling water).

3.7 Automobile Traffic

Relevant Factors:

' a. Noise.
b. Dust.
c. Water and adjacent land use.

3.8 Pedestrian Traffic
The amount of pedestrian trafflc in the area may increase if addmonal recreatlonal
“opportunities are provided. ; -

Relevant Factors:

Numbers. I \ :
-Adjacent land use. ' :
Type of ground cover.’
Disturbance. .

QoUW

3.9 Streamflow Augmentation

‘sRelevant Factors:

Timing and quantity of augmentation. . .
Method of transfer. A : : B
Altered aquatic habitat. R i ' ‘
Channel alteration.

Existing instream water uses

oapO®

1
3.10'Streamflow Reduction

Relevant Factors ‘ . .

Tlmlng and quantity of reductlon
Altered aquatic habitat. |
Altered recreational potentlal

. Downstreamuses.-. " , .

oo
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) ' AREAS OF POTENTIAL ENVIRONMENTAL EFFECTS
r
: With each activity identified for a project, there may be associated one or more
areas of potential environmental effect. An "environmental effect” is defined as a process
(such as erosion of soil, dispersion of poliutants, displacement of persons) that is set in
motion or accelerated by man's actions. An "environmental impact” is defined as the net
change (good or bad) in ‘man’'s health and well being .(including the wcli-being of the
ecosystems on which man's survival depends) that results from an environmental effect
and is related to the difference between the quality of the environment as it would exist
"with" and "without" the same action. ‘ ,

The list of environmental effects in the assessment matrix is by no means .

ali-inclusive. The following descriptions and ¢ ‘agories are intended to supply the
screener with a starting point, listing those &~ cern which should be considered
when assessing alternatives. Again, the cts has been taken from the
Government of Canada(1978) publication "G onmental Screening’ with various
additions and deletions' made to improve the . of water development projects.
in addition to the brief description of each pc .rect, specific refgrences are listed

for some of the categories in which significant mipdcts are foreseen. [etailed discussion-
of these individual environmental impacts is beyond the scope of this fesearch, however,
many of the signifiCant issues are addressed in those references cited\ There are several
general criteria that can be used when making a decision as to the envixomental effect of
an activity. These critigria are by no means mutually exclusive: : : ‘

Pt

pact Will ‘the
daptiblity of an
ea for other

. Magnitude: defined as the probable severity of-each potential i
impact be irreversible? If reversible, what'is the recovery rate or
impact area? Will the activity preclude the ‘use of the impact
purposes? , ' o ‘

e . Prevalence: defined as the extent to which the impact may eventually extend as in
the cumulative effects of a number of stream crossings. Each-one taken s@parately
.. might represent a localized impact of small importance and magnitude but a umber
% thern could result in-a widespread effect. Coupled with the determination of
lative effects is the remoteness of an effect from the activity causing it The
ration of fish production resulting from access roads could affect
PMshing: ih an area many miles away and for months or: years after project
bletion. ' e ' L |

.

o  Saltion and Frequelsdem

! . ill the activity be fong term or shért term?. If the activity
is intermittent, will it 403 ‘e
Ry

or recovery during inactive periods?
defined as the value that is attached to a specific area in-its

émple, the study area has a stream which is of regional,
ven national importance in terms of premier trout fishing.

e importance: This is
present state. .For ex
provingial and perhaps

Mitigation: Are solutigns to problems available? -Existing technology may provide a
solution to 3 silting problem expected-during construction of an access road or of
bank "erosion resulting from a new stream configuration. :

e Compensation: Are there possibilities for providing beneficial modifications to an
area in an effort to at least partially compensate for losses due to, negative impacts
associated with the project?. Who benefits and who losses as a result of the

development? ' » : _ .

arison between two states. Ong' state is the

An impact typically represents a g s e
' e_5ubject action. .The impact:.description

condition that resuits from implemen
compares this state to some reference §
or "null alternative” is taken as the state“vg@#¥ would evolve in the absence of the action
(Peterson, Gemmell and Schofer, 1974).° Based on the general criteria identified and
comparison to the imagined reference state, a number of possible screening decisions can

A

el , N . . 2

——

state. . For this study the "reference state” °
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be made:

No significant effect ~ It should be very ce 't an activity is not expected'tb
have an effect on an area of the enviroment. . ample, it is tairly safe to say thét

~"soil testing” in itself will not have any signinicant effect on "housing” in the

community. ' ‘ .

Significant positive effect - Any effect which brovides, benefits "easily‘-‘,;-f"

recognizable” by both the public and professional community. For instance, the
reduction of annual flood damages to a community or quality improvement in a
town's domestic water supply. T . ‘ ) T :

Significant negative, effect — An'y’ effect which results in "easily recognizable”
detrimental impacts. Such -as, poliution of domestic water supplies and resultant

human health problems or loss of a highly valued sportfish-population. The related

actions should be further investigated to determine whether the adverse effects can

be mitigated within the confines of the project design. If not, these effects should

be given particular atiention in any further post—design evaluation.

Unknown significance of potential adverse effect - If for any activity there is .
reason to believe that adverse impacts may result but there is lack of knowledge

concerning’ the significance and precise nature of the impacts, then. the activity
should be ratedas having unknown significance. For example, it is known that
removal of stream bank vegetation adversely affects both aquatic and riparian
terrestrial hahitats. But the magnitude and prevalence associated with the activity and

the importance placed on the habitats is not known and therefore, the significance of - :

such effects is, in this case, unclear. \ 3

“Unknown significancei_ﬁof'potential positive effect - any activity beneficial

impacsh are believed to result but there is insufficient . ormation goncerning the
natur#-and significance of the impacts, then the activity should be rated as-having
unkndwin significance. As an example, it is assumed that the service industry in the
area will benefit figg construction activity and possibly increased recreational use
of the area. But thé magnitude and prevalence of the improved Es‘usi,ness is unclear.

‘
¥

- s

1. PHYSICAL[CHE!J’!iCAL’EFFECTS

-Physical/chemical - environmental impact area

S

environment which are always present to some degree, namely: water, noise and air. For
this study it is assumed that any effect the water transfer project might have on the

atmosphere is negligible. “

1.1 WATER ; S - o

1\.A1.1_G_JfOUndwater T EA B b / L o

Areas of concern asociated with water may be summarized as follows:

¥

!
a. Flow and Water Table Elevation — Sources /’Qfg':s'gyoundwatel may change
- _(decrease’ or increase) as a result of a variet _Bigctivities. Major uses of

groundwater may also.change {ie. from local domiestig and agriculfural uses to use

for streamflow augmentation and/or. recreajcidﬁ/al purposes).

b. Recharge — The interaction of grdundwaf‘er' jith surface draina}ge through the

- affected. Artificial rechargé is an obvious example; some of. the factors

processes of infiltration, evapotranspiratioh, recharge .and disgharge may be
affecting infiltration and recharge are.reviewed by Williams an

Allman(1969), -
while the feasibility of artificial Técharge in .a small groundwater _basin is .

™

~
%

are those elements of the ~
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discussed by Jones, et « 16 .

c. Quality - changes in groundwater may occur resulting in increased user,costs
(for treatment) or possibly abandonment of sources. Conflicts may arise with
regulations or standards. Alternate sources may not be available; crops may
concentrate chemicals in irrigation return flows. : ’

¢

1.1.2 Surface Water

a. Altered Shorelines and Channels - may result directly from construction
activities as well as indirectly from processes of erosion and deposition brought
on by a change in geomorphic controls (ie. channel slope, lake outlet elevation,
stream stage, stream dimensions, stream discharge, etc). There has been a great
deal of research carried out in regard to analysis of fluvial processes; selected
references which could prove useful, in further study, are: Abbott(1876),
Kellerhals, et al(1976), Harvey(1969), and Neill and Galay(1367).

b. Drainage and Flood Characteristics . may change as a result-of altered soil and
.topographic .features. Watershed areas may be increased or decreased.
(interbasin diversion), runoff routes may be disrupted, flow rates and water levels
may fluctuate to a greater extent and affect users-or structures on the route fie.
bridges, buildings, etc.). ‘ :

c. 'Altered Streamflow Regime ~ may result from changes in the storage and
subsequent release of surface water. Interbasin transfer of water necessarily
involves the alteration of streamflow regime. : '

d. Water Quality — changes may occur resultihg in improved or restricted water
use. There may be chemical changes, biological changes, and physical changes
: (temperature, turbidity) in water quality the impact of each should be assessed.

~

1.2-NOISE

a Intensity — or loudness of a particular noise is one aspect atfecting both man
- and wildlife. The intensity also determines the distance over which the noise is
heard. . ’

v

b. Duration — of a noise can have a great effect on whether it will be accepted by
those affected. Short bursts of noise can be especially disruptive.
1.3 LAND o . " -

a Soil “iczion — can be damaging in agricultural areas; damage shoreline
prop:-ties and structures; affect recreational . fishing; change drainage
characteristics, wildlife habitats, etc. s - .

b. Flood Plain Usage - may be altered by changes in water'shed drainage
characteristics. Flood plain delineation may change; soils may change as a result
of deposits; agricultural use may be enhanced or reduced; waterfowl habitat may
be modified. '

c. Buffer Zones — built up by natural means are: those zones which provide
windbreaks, erosion control along rivers, sediment traps, and wildlife shelter.
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.d. Soil Suitability for Use - Some locations ma‘:y have limited areas with soil
‘conditions suitable for agricultural use, solid waste adisposal or use in
construction. If such-is the case, special concern should be shown to ensure that
those areas are not made unusable. :

’

e. Compaction and Settling - could occur as a result of structures_or materials
{water reservoirs) being placed on the surface. Underlying geology may be
affecte.i vsith resulting damage to project and other structures in the area. |

2. ECOLOGICAL'EFFECTS

Ecological effects pertain to the distribution and abundance of plant or animal
species. Because of the complex inter—dependency which exists between plant and
animal communities in an area, effects are rarely limited to those immediately impacted.
Indirect impacts may be important. For example, a change in water quality may
immediately impact aquatic macroinvertebrates, but the indirect impact on fish which feed
on them may take a long timie to occur or may never occur. ‘

2.1 SPECIES AND POPULATIONS

A species consists of groups of organisms which interbreed or are potentially
capable of doing so and which are reproductively isolated from all other organisms. A
population is a group of individuals of any one species. For example, a stream may contain
a population of brook trout and a forest may consist of populations of white spruce and
balsam popilar.: LY -

1

2.1.1 Terrestrial ) : -

a. Flora - Rare species may be adversely affected or unusal local populations
totally destroyed by project activities (eg. an exceptionally old stand of white pine
or boreal forest species). . T :

b. Fauna - Populations of migratory birds.or mammals may be adversely affected
through failure to map concentration Igcations and failure to reduce adverse
impacts through project timing and location, noise reduction, use of natural
vegetation buffers, establishment of wildiife' refuges, etc. - Certain wildlife
species are rare or locally unusual because of natural factors or, increasingly,
"because of habitat loss and degradation. The impact that operation of a water
diversion would have on terrestrial wildiife is not known but several references
that deal with streamflow/wildlife relationships are listed by Kadlec(1876).

2.1.2 Aquatic

v

.a. Furbearers — Many aquatic ‘'species are important to local economies (muskrat,
beaver). " Existing or potentially exploitable populations and their aquatic and -
shoreland habitat need to be identified. Alternatively, beavers may be considered
a nuisznce species in some areas, in which case, removal.of favourable beaver
habitat might be considered a positive impact. :

b. Fish — Failure to map the location of populations as well as their movements and
failure to take the necessary corrective action when adverse impacts are likely,
may result in the destruction of a local population and may ultimately lead to
species extermination over a larger area. Salmonids, for instance, are sensitive
to many kinds of habitat modification including increases in water temperature,
increases in nutrient and sediment loading and changes in water flow rates and
levels. Poor project timing may result in iterference with fish spawning.

7’
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Interference may also result from using culverts that -are too small, improper
placement and use of culverts and erosion control devices.

2.2 HABITAT ' ‘ ' \

-

a. Terrestrial — Natural vegetation buffers should be left between the project and
the habitats of important wildlife. In this case buffers along stream courses and
canal/pipeline routes are of particular concern.. The possibility exists for
increasing habitat diversity in the area through the creation of wetland habitat (ie.
surface water storage on Clearwater delta) In biologically homogensous
agricultural areas wetlands act as islands of wildlife habitat They are important
to ‘the survival of many species, including waterfowl and many kinds qf p)
furbearers.

b. Aquatic - Inadequate drainage control and soil stabilization near water bodies can
destroy spawning beds. Many of the effects which might occur in the
construction phase of a project have already been experienced along Stauffer
Creek as a result of local clearing and agricultural activities. Inadequate
knowledge regarding the effects of altered streamflow regime in both the
receiving and donating streams are of major concern. An excellent starting point-
for further investigation of the problems and impacts associated with alteration
of aquatic (particularly riverine) habitats is the section on instream flow needs for
fish and other aquatic wildlife by Stalnaker and Arnette(1976). Papers by
Schoof(1980) on the impact of channel modification, by Marzolf(1978) on the
effects of clearing instream vegetation, and by Eicher{1976) on the effects of
flow stabilization on fish habitat all present valuable insight into the problems
involved with water development and consequent effects on aquatic habitat. A
good general reference for stream ecology is that of Hynes{1971).

3. AESTHETIC EFFECTS.

Aesthetics is a branch. of philosophy dealing with beauty and the beautiful. Beauty
is a combination of qualities which provide an enjoyable sensation or a pleasurable state of
‘mind (visual: pieasant forms or colours; olfactory: pleasant smells; auditory: pleasant
sounds; etc.). The perception of beauty is subjective and refiects personal feelings as well
as social attitudes. | A particular locale because of its aesthetic qualities (clean air and
water, beaches, wildiife, vegetation) may be ideally suited for some particular landuse such
as a park or wildlife reserve. An adjacent development (eg. pipeline along Stauffer Creek
Valley) may adversely affect such qualities and thereby decrease the attractiveness of the
locale. Examples of some relevant concerns associated with aesthetic qualities follow.

3.1 WATER

a. Land and Water Interface — zones include sandy beach areas, rocky sea coasts,
mountains sharply abutting seashores, wooded shorelines, etc. The
attractiveness of such areas may be reduced by the physical intrusion of a facility
or the deposit of debris. By the same token, unattractive areas (bogs, vegetation
choked streams, b:o.ren stream banks, etc) could be improved through
revegetation, cleari~g and draining operations where appropriate.

b. Appearance of Wate: 2y be affected by changes in colour and turbidity as
well as changes i© quantity ara flow. Waterfalls, cataracts and fast flowing
streams are pleasing 'n their grandeur, while slow moving watercourses may be
attractive in the solitude aind peacefulness they engender.

i
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3.2 ENGINEERING STRUCTURES

a Consonance With Nature - Man-made objects may have an aesthetic
attractiveness in their form, uniqueness, age and historical significance. The
significance of m-n-made objects may be detrimental to overall aesthetic quality
of an area if attention is not paid to blending them into the landscape {ie. use of
colour, texture. material and landscaping to improve visual appearance). .

N

4. SOCIO-ECONOMIC EFFECTS

The effects of a project and associated environmental modifications on human
health, welfare and social organizations are considered in this section. The implementation
and operation of any development pro)ject will affect man and society in many ways: direct
effects on economic,and social conditions and on health and welfare; indirect effects

through modification of various environmental elements (ie. wildlife, vegetation, inorganic
elements. etc). These effects may be immediate or only appear at a late” time.

41LANDUSE . ‘ ’ /

g

Will the temporary or permanent use of land in or around the project affect future
landuse planning and development in the arza? .

a Grazing - cattle on pasture land bordering streams is common in the study area
and with further development and protection of stream courses the
opportunities fdr grazing cattle in these areas may be reduced.

b. Agriculture — Overland structures built to convey water (canals, pipelines), as
well as any wells, storage reservoirs and roads that might be built would remove
some land from agricuitural production. In some areas, a landuse shift from that
of agricultural productior tg recreational use is possible.

3

" ¢c. Residential - landuse might shift from primarilly farmstead residences to more
cottage-type residences. .

d_ Recreational — landuse in the area is currently very restricted and subordinate to
agricuitural use of the land. Crea*on of new recreational opportunities in the
area might result in a more intensive use of the existing recreational areas and a
change In landuse in some areas (ie. creation of a storage pond on the delta would
remove land from agricultural production).

4.2 COMMUNITY INFRASTRUCTURE

Additional infrastructure (housing, business, recreational facilities, hospitals,
schools, utilities, and transportation facilities) may be added to the landscape in or
surrounding a community in the area of the p. oject Obvicus benefactors could include
Rocky Mountain House, Caroline and perhaps Raven. Changes in community infrastructure
could alter land values and, inturn, affect the level of taxation in the area. N

a Housing - may be required in some of the local communities in connection with
the project. Some farm houses might be lost as a result of the project

b. Business - may improve in the area; atleast in the service sector where
additional services would be required during the construction phase and possibly
after given increased recreational use of the area.
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3

c¢. Recreational Facilities — might include picnic shelters pathways, footbridges,
toilets, campgrounds, river access points, etc

d Transportation Network - expansion .and/or upgrading might result from
project development. f :

4.3 LIFESTYLE/QUALITY OF LIFE

Impacts on economic activity in'and around the development area which .may
change the lifestyle and associated socio—economic activity of the community. ‘
Employment.

Population Density. ;
Community Patterns and Lifestyles.

Recreational Opportunities.

Displacement: Occupational and Residential.
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