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Abstract
.. There arc many water resources problems associated with

development of the oilsands deposits in northern Alberta. It has

become evident that these will not be limited to the strip-mining

‘operations presently in operation, but will also be significant factors

Y

in tﬁe more widespread in-situ fecqvcry pfocéssés. Séme'éf‘these
probleimns are'related:td water: supply énd diéposaljfzquireménts;but the
broader land use conflicts involving alteration of the Wateréhed‘érg
potgntially‘mofe serious.’ |

The purposé of this tﬁeéis is "to -investigate the boféntiql
dangets.in-situ.déyelopment of oilsands af Amoco' s Grcgoirg Lakg |

Experimental Site might have on the water resources of the Gregoire

 Lake Basin, and c0nsequehtly upon the quéliEy of watef for recreational

‘and’ other uses at Gregoire Lake Provincial Park. Other in-situ

operations in the Cold Lake and Ft. McMurray areas were also investi-

gated to provide some additional berspective.

.
o

‘Several general and specific water manaéement problems are
evident” from reviews of both tﬁe historical. stream flow data and
ciimaticiwater balance célcuiations, and the investigations into
poteptial wéfer éuélityAhazards. " Problems during the initial-phases

of déﬁélqpmént are related to incrgaseé in both the total quantity and
rapidify of run-off, erosion and_éedimuntation. Subsequent reclamation

“ . - .

ma& result in some potential for alteration of water chemistry in



Gregoire Lake and iﬁcreascd run-off wi}l continuec to bé a problem,
Estimates of run-off from in—s{tu siteé have been calculated from a
mapping of soil moisture storage capacities and climatic water balance
calculations using Thornthwaite procedures. Internal plant water

" budgets have been estimated utilizing data from present experimental -

process requirements. A theoretical integrated site water balance

i
r !

has been-established from this climatic data and process data.
. ‘Inspection of other in-situ sites in the province and interviews

. . ]
with the personnel invdlved indicate some additional environmental

\
hazards and land use coxflicts as well as some solutions. Many of
_these solutions may well prove useful-in the Gregoire Lake area, while

‘mutual access to development technology related to reclamation pfoblems

could prove advantageous to all concerned.

¢ e ' ) . . .V
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K Chapter 1

Introduction



1@1"Definition of the Problem:

'TEeIAlberta Oilsands, éohstituting in-place reséryes of
,approxihately 895 billion ba;rel§;.have recently come_uhder closer
scrutiny és a source of petroleum. The pioneering efforts at the Great
Canédian Oii Sands plant northfof Ft. McMurray have proven the commercial
feasibility of mihing and processing of the oiisands. Dur ing the pasf
‘sevefal_years thehmassive Syncrude st;ip—mining.project has,proceeded
with constrﬁctibn. More‘regent éétivity has been&fbcused ﬁpon the deve-
iopment of in-situ -reserves. Public concern over the environmental
consequences of strip-mining-and pgggﬁgtion process effluent hés been
apparent since the initiaﬁion of developments north of Ft. McMurray.
However, the:;ast ma jority of fﬁe Athabasca deposits will not bc.deQeloped
utilizing. surface mlnlng techniques, but wlll be e;plOlCed using in=-situ
extraction technology (Alberta Mines and §§§§§jls, 1974). When the
Cold Lake, wabasca and Peace River 01lsands dep3§§¢s are included, ;t
becomes evident that only ?bout four per cent of the Albgrta Oilsands
may be subject to the disruptions involved with strip mining. At
present, no commercial in-situ developments are past fhe planning
sfages. vInygpite'of this, the activities at several of the pilot plants
make it eVidenx that,iﬁ-situ development also may have a substantial
impact upbn the environment when enlarged to a commercial scale. Due
‘to the volumes of water involved in,the production processes and the
cleﬁring of véget&t&on over large areas, the in-situ development
sequence will havg a particulafly significant cffect upon watershed

capability in terms of water yield, regime and quality (Figure 1.1-1).
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uoge of the eafliést fﬁ-sitq.pil;; plén;s ié Located south.éf
Ft. McMurréy neé;IGregoife Lake (see Figure 1.1-2). Some concern has.
recently been expressed over possible dangers this piant might pose to
the watershed of the Cregoire Lake dfﬂinage baéin and to Gregoire L&ke
Prdvincial Park.1 The'work at the Grégqire Laké Experimental site is’
being conducted by Amoco in the area arained‘by Surmont Creek,Agbmajor‘
tributary of Gregoire Lake. The development sequence involvesbthé
cleariqg Qf many weli sités (éach approximatel; one acre or 0.4 hectares
in area) and servite roadé3‘eventua11y resulting in cleafgncebof up to
nihéty per cent of ﬁhe forgst_;ovef in.the,production area. . Much of the
lease ared,.including the pilot plant‘siﬁe, is in an area of high erosién

potential. Amoco has been.reasonabl§ conscientou$ in‘their attempts to

avoid degradaﬁion_of the environment through vafious.prbtective and

¢orrecfive measures. These measures have cerﬁainly reduced erosibn at

the site, with the conseqﬁent 1esgeping of water qQality proglems,(eg.

sedimentation) that might;havé occurred had the#e measufes\not been taken.
Much of the work donme in the area calls for earth movingk60~be

done in the winter months when,surfacés are frozen; the ﬁractébility of

sur faces in summer is low owing to'high soil moisture content and in

some cases, muskeg conditions. It is iméossible to fully protectvthese

areas“against erosion uéing preéent tecgniques.during the first spring

run-off period after élearing. Spring run-off from those areas cleared

during the preceding winter's operations may then find its way into

1Archie Landals (Alberta Parks, Recreation and Wild Life) has
suggested the potential for damage to Gregoire Lake.  Concern over
clearing practices and erosion was expressed by Oliver Glanfield
(Alberta Forestry Service)(1975).
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Gfeg01re Lake via Surmont Creek, with resulting wate quality problems. .

Due to the, existence of a prov1nc1a1 park in the area officials of

the Long Range Parks Planning Branch have expressed copcern over the

gituation. The: 51tuat10n at Gregoire. Lake 1is particula ly cr1t1cal

.

owing to the: fact that it is the only available outdoor tecreatlon site

offerlng a wide range of water-based activities within a reasonable’

. A
driving distance of the‘rapidly growing settlement of Ft.iMcMurray

Present plans for extensive expansion of the park.facilities are of
course contingent upon the maintainence of water quality standards in

Gregoire Lake which. are compatible with water based recreation.

;-

"In-situ development is not limited to the site south of Gregoire

Lake. Several miles north of Gregoire Lake (and outside the Gregoire

Lake dralnage basin) a pllot in-situ plant ‘has been established by

‘Texex (Texaco 0il Co.). Other 'in- situ experlmental plants haVe been"

operated for several years near Cold Lake, Alberta,by Imperial 0il Co.
New plants are anticipated -in that area as. a result of present programs

of Gulf, Canadian Industrial Gas and 0il, and other companies (See

3

 Figure 1.1-2). Gregoire Lake Provincial Park is the only park presently
‘threatened‘by in-situ development - but several prdposed park areas on

the west shore of @Lake and p0331bly to the west of it may be

affected by proposed or potential 1n-31tu development. The immediate

problem exists, then, in the Gregoire Lake Area. However, it is clear

that resource use conflicts in the future will not be limited to this

v ~

 area, but may occur wherever in-situ development takes place’ within -

_the province of Alberta. Further, it.is likely that one of the

e

K3
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major resource categories involved in these conflicts will be Alberta's

water resources.

1.2 Homsﬂ:'.

&

It‘waS'proposed that a study of the water resources of the
GregOLre Lake dralnage ba51n be conducted to determlne the steps
»necessary for protectlon of. the 1ake and consequently Gregoire Lake
Prov1nc1al Park from the pOSSlble hazards associated with in-situ
‘.development (Flgure 1.2-1). Thlsﬂlnvolved establlshment of basallne
eonditions relatlng to. the water resources of the area, determlnatlon
.'of existing and potentlal effects of in-situ development and the.out-
llnlng of poss1ble protectlve measures. The ex1stence of in-situ

.pilot plants outside the Greg01re Lake area provided an opportunity-

to observe some development and reclamation techniques”other than those

in use at the Greg01re Lake site and to make some evaluationvof the
potent1a1 of these technlques.‘ Flnally, some general recommendatlons
relatlng to the development and reclamatlon programs Of‘lnrsltu
oilsands production and their impacts upon watershed qualitybwere
posslble. |
The‘study undertaken lncluded the'following steps,lwith'fleld
work carried out during the 1975 season: h B
| 1. .Analysis of the general hydrology of the study area, with
special emphasis;on‘Surmont Creek and Gregoire Lake.
2. Determination‘of.the water balance‘patterns;of the study
area; with emphasis upon the effects of relatively wet .

years.

.
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. Bas iﬂo

Determination (as nearly as possible) of the "matural"

~water quality of the area as it rclates to the present

and potential uses. Included here is the natural variation
of water .quality over time.
Determination of the potential water management problems

in the Surmont Creek-Gregoire Lake basin (especially the

,patteins of wet and dry years with their consequénf

flooding 'and drought problems), with reference to the

-general hydrologic characteristics and the water balance

patterns. Short term flow fluctuation was also investigated,
with an emphasis being placed on rabid run-off characteristics.

Determination of ‘the effect of the Amoco Gfegoire Lake

' Expérimén;al Site development upon the water‘quality of

A 1 o
the study area; some projections related to Amoco's future

development plans were also included.

Evaluation of the relationship between natural water

quality and the éffecgg of in-gitu developﬁent upon that
quality, Qith>emphasis on the Surnnnt Creek-Cregoire Lake
Conduct'rééonnaiésénce édrveys ofvpresent in-sitﬁ work at’
the Texex site near the Ft. McMufray‘éirport.and the Imperial
site near Léming Lake and note the potentiai gffects of
those.developments.on the respeétiQe water resources>of

7 -

their areas.

.Suggqstioné of possible solutions to present and future

water resources use problems, with emphasis upon



54

those of the Gregoire Lake area.

1.3 Procedures: B , . | o \

The general hydrology of the area has been reviewed through the

analysis of stream hydrographs based upon measurements within and necar

* the study area. Most relevant to the studies in the Gregoire Lake afea_

'

are those based on data for the Hangingstone Riverbgauge, in operation

since 1965, and the Gregoife_Lake stage gauge, in-operation since 1969,

" The Hangingstone River is not within the Greg01re Lake drainage bas1n

but it drains an area with very similar characterlstics adjoining

ﬂthat portion of the Stony Mountain Plateau drained by Surmont Creek.

Owing to this, the Hangingstone River hydrographs hay be valuable

indicators of conditions in the Gregoire'Lake ﬁasin dUring years

:other than the studyrseason. .Other gauges in ‘the région do not record

flow characterlstics 51m11ar to. those of the study area, but some may

be used as addltional 1nd1cators of expected natural hydrologic .

condltlons within the study area.. The hydrogeology (Ozoray, 1974) and

surflcial geology (Bayrock and Re1nnhen,'l975) of the area are well
documented by reglonal standards, hls_lnformatlon is usged in the

groundweter aspects of the inVestigation. Interpretatlon of aerial

photography of the vegetative cover patterus 1n the study area’ is used

to indicate soil moisture storage wotential. :

The water balance patterns in the area are useful in forecasting

*

the hydrologic conditions. 'Different.sterage levels determined from the
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above-mentioned photographic interpretation, and soil moisture storage

tables calculated using the Thornthwaite method, are utilized in these

predictions. Meteorological data from the Ft. McMurray Airport stations
andvaummér records from the Stony Mountain Fire Tower (Stony Mountain
LO) will be used. In-addition, some year-long data.are available from
the Anzac station, located in‘the‘hamlet of Aﬁzac, and from the Stony

Mountain site located just outside the study area at the now abandoned

!

radar site (see map 1.2-1). While long term records are not available
. |

for these stations, the reco®ds are of long enough duratﬂfn that some

water balance calculation has been possible. The Stony ﬁouhtain 1O

station, by virtue of its location near ;he eége'of.the Stony Mountain -
Escarpment; is a good indiqétor of oroggébhically indqced preg}pitation
caused by uplift ovef Ston; Mountain. This station is als§ idéally
locatedlfbr monitoring temperaturé in the\uplénd area dufing:the spfing
snowmelt period.‘ | |

| Snowmelt’is often aLviméortant factor in recharing soil moisture

storage prior to and during the spring run-off period. Soil moisture

storage in many years is fully recharged without snowmelt, in which '

B

case the meltwater from entire-snowpack is available as surplus. The.-

latter was true-of the study area during the winter of 1974\75,‘but
very light snow-fall precluded more than light snowmelt run-off.

Some snow sampling was Farried out on the ‘escarpment prior to the

anwmgltAperiod during the studyvyear.'iThe anticiﬁéted monitoring of

the snowmelt period in the less accessible portions of the study area

- . 2 ' !
utilizing Landsat imagery proved to be impossible due to;the'cloud

1

LN



cover during some passes and technical problems at the Canadian Gentre
for Remote Scnsing (CCRS) during others. Tmageny of Canada processed

in the United States through the EROS centre is not readily available.

" In spite of this, fmagery from previous years was indicative of the

late scason snow-pack conditions. Analysis of earlicr years' imagery

is included a&

evidence of the general patterns. In “fut,uru years the
rapid processing and ready availability of this information may be
ugseful in prediéting stream discharge patterns.

Water quality sampling of Gregoire Creeck concurrent with
quality sampling of Surmont Creek and an un-named tributary (called
Cu%vert Creeck for study purposes), was undertaken periodically through-
out the study season in conjunction with stream gauging. A quanti-
tative anélysis of the susbended sediment load and a qualitative
analysis-of the nutrients, solutes and biologically related substances
has been undertakenvusing the services of the University of Alberta

[

Department of Zoology laboratories directed by Don Gallup. Initial

testing covered a broad spectrum, but further thordugh monitoring of

water quality appeared to be unlikely to provide enough additional
significant data to justify the expense. However, monitoring of sus-

pended sediment and total solutes was continued throughout the study

_season. The effect of the present in-sity.development on water quality

~was not evident in th%7zamp1e analysis, probably owing to the small size

of the Amoco development. As a result of the inconclusive nature of

the water sample analysis, it was necessary to depend heavily upon

on-site inspection of potential hazards at the Gregoire Lake site and



upon interviews with Amoco personnel in defining more closely the

development procedures and process requirements. !

13



Chapter 1I

The Physical Setting
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2.1 Physiography:

The study area can be divided into three brOad phy51qgraph1c
areas. Northernmost of these is the basin of Greg01re Lake and the
surrounding  low plain.\ The southernmost portlon of the area is coneti-
tuted by the Stony Mountain upland. (This is alternatively spelled
"Stoney' Mountain, and is eften'referred to as "Surmont Mountain''.
However, the "Stony Mountaln" appellatlon will be used throughout.)
Dividing these two areas 1s the north -facing escarpment of Stony
Mountain. This 1is an area ' of relatively high relief, the only such
feature of note within the study area (refer tovFigure 1.2-1).

Tﬁe plain surroundiﬁg Gregoire Lake is aﬁ area of very low
relief. Eleyation witﬁie the plain does not have a local varéence in
excess of seventy-five feet, with meny of the»lower areas being in
muskeg, sleughs and small. lakes. About thirty perlcent of the total
> eurface area is.in 1akesxand reletively permanent sloughs. Small areas
of greater lpcal relief include steep slopes drepping to the water's .

<

.edge on the‘hortheaét shoreJof Gregoire Lake: What appear to be raised
beaches also e;ist in several locations near the present shoreline.

) The escarpment which conetitetes the northern flank of Stony
Mountain riees above the plain surroenging Gregoire Lake from about 900
feet (275 metres), to an‘elevatioﬁ slightly in excess of 2,500~feet (760

metres). Slopes on-the escarpment are relatively steep, somctimes in

excess of twenty per cent (Amoco, 1974).. The face of the escarpment

o C .15



16
. kS

is relatively well dissécted, the main erosional feature being the valley
cut by Surmont C;eek. Numerous: small watercéurses tributary to Surmont
Creek and Culvért Créek are also incised into the landscape. ‘

The St%n? Mountain Plateau is a gently undulating surface at
and “average elevation of 2,400 feet (730 metres). Local relief geperally
‘does not exceed thirty . feet (tenimetresl; however, the nérthern edge of
the escérpment is elevated»lOO to 150 feet (30 to 45 me;res) above the.
southern portion of the plateau. Tﬁis.slightly elevated northerﬁ rim
is breached by Surmont Creek. Numerous small lake basins, in ﬁany
cases associ@éed Qith muskeg areas, are located in the souﬁhern tlower)

portion of the plateau. Few of these laked exceed one-half of one

square mile (roughly one square kilometre) in area.

2.2 Climate:

The most markéd influences upoh the climate of the Gregoife
Lake area are its northerly létitpde (56° to 570)‘and its continentality.
The area-is c1a§sified'as Being in the "short, cool summer" or Dfc
" zone of the Koeppen~Geiger climatic-;lassification (iongleyL
1968). This zone is defined as.having-sufficient warmth in some months
to support growth of high-t}unked trees (Sfrahler,'1969).‘ The area is
generally'snoﬁpognd from Névember through March. A
Mean monthly temperaturds recorded since 1949 in the area ranée
from a low of -6.39F (-21.3°C) in January to a high of 61.3°f (16.4°C)

in July; the mean annual temperature is 319F (-0.6°C) (Environment

Canada, 1975). The area is generally frost free for approximately 80 to
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100 days each year, bgcdming frqst free guring the first two weeks in
Juné. Tbé first fall frost is likely té oécur‘during the first two wée&gm
‘in September; ’The above frost dates, however, are long term averaées;
'théy can vary sigpificantly from year to year.
ALong,term‘ water balance pétterns éan be égtabliShed from

weather stations immediately adjacent to the sgudy area. In this study,
. the recofﬁs from the Ft.‘thurray Airport station were used. Some less -
complete'data ffom-withiq the study areé do exist. Complete year-

[+

round records were kept for the Anzac station during the years 1951-56,&§

and also from 1974 through the present.“The Stony Mountain Fire Tower ‘
pefsoﬁhel ai;o keep récords during the fire season, which extenas from
April'é¥'Maynthrough'Sepneﬁber,<depending.upon the fire danger éuring
any particular year. e b
| éverage.precipitation at Ft. Hchrray is 17.23 inchesb(438

miliimetres).' jhis is quite probably-éxceedéd‘in the upland portions of :
the study area (see Chapter IV). Evaéot;anspiratioﬁ exceeds précipatién
by,abouf two inches in anraverage year; the Iong term.average at Ft. |

: | : .
McMurray béing 19.20.inche; (488 millimetres)(calculations based on the
Thornthu%ite procedures, 1955, 1957). 1In average and comparatively

u

dry years there is little surface run-off, since most of the precipita-

tion is used in current evapotranspiration or is'stbfed in forest and
muskeg soils for later ‘evaporation and transpiration. Even a relatively
wet year may not be reflected by a proportionally great stream discharge

if soil moisture storage capacities are not greatly exceeded. As

is the case with the prairies further to the south, a maximum of



precipitation is in the sﬁmmer monghs. As was the case with the 1975
study year, s#;eam run-off maxima are often associated with rain storm
sequenceé rather than with‘Sndwmelt; In SUch years the recharging of
soil mqisture,storage with snowmelt-wateré séts the stage for later
surpluses. However, peak flow in_npst éﬁher'years results frbm
snowmelt-because.sUmmer precipitation is largely baianced by‘eva;
potraﬁ;piration. »The-hydrologiéal significance of these water balance
patterns is readily apparent, and is more fully discussed in Chapter IV.
Ddring the winter months the climate is'governed.by tﬁe presence‘éf‘the
relafively éold;:drvaolar céﬁfiﬁental air.ﬁéés. ’éevefal air masses
‘areipresent during ﬁhe‘summef months. Moét of these have their origin
'overvthe Pacific Oceaﬁ; cyclonic tracks into the area ‘may griginate

in létitudes from Alaska southward to Washington and Ofegon. These

éir masses contribute'most‘of‘the-ﬁrécipitation total to the area.

o

2.3 Subsurface and Bedrock Geology:

'Precaﬁbriaﬁ SaSement formation may berencounfered in Fhe
jstudy*aréa at a depth of about 1770 feet (540 ﬁeffes), although this
depth depenﬂs to some eXtént upon_topographic considerations (Amoco,
1974). The Devoniaﬁ stratum errlyingithé Precambriap is‘a granitic
sandstone, grading upward intb shales and evaporites. The upper
Devonian section is-represented by tﬁe Methy Formation. This is a
limestone formation, cappad by a porous dolomite which c&nstitutes a.

ma jor regional aquifer. The middle Devonian section consists of the
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‘Muskég Formatién, a 150 foot (fifty metre) thickness of anhydrite and
dolomite. ,fhe’Uppef‘ﬁevonian Period ié represented by the Wéterwéys
Formation, comérised of interbedded shalé and limestone; whicﬁ is 400
feét (130 metreg} in thickness (Carfiéy ;nd Kramers, 1973). |

The formations of the Lower Cretaceous Period formnfhekbédrock
of the sﬁudy'area. Although‘not outcrogping in the study afea,Athe
quartz sandstones and'ihterbéddéd silt;ténes of the McMurra§ Formation
aré pgrhap; the most importgnt formation in fhg region due.to their

impregnation_wiﬁh asphéltic oil. "Members of thig 250;300”foot (75-

100 metre) tﬁick fprmatibn.contain the énticipaféd production horizons
‘for the Anbco in-situ experimental plant:atOCregoire Lake. Develqpment
of commercial in-situ production in the study area may be consiaered

llikely in thé future, although none is presently planned (Amoco,yl975)..

The bedrock neafest to the surface in the study,area consists
of threé Lower Cfétacgous fo;matiops. The nortﬂfeastern_ﬁortién of

_the_studyvarea is ﬁnderlain by fhe Clearwéter Formation, primarily a ]
shale\of ébqut7260 feet.(80 metres) in thickness. The remainder of
the area beloﬁ approximate1§-1650 feet (SQO metres) in eievationbis
underlain By the shales énd sandstongs of the Grand Rapids Format ion.
The Stony Mountain Plateaﬁ and the escarpmenf along its northern edge
are underlain by the'Joli-P@iican Formatica. This forﬁation is Pleisto-
cene ih‘brigin,‘the céntact with tbe érand Rapids-Formafion being
and erosional unconférmity. The»Joli fou-Pelican is coﬁposed mainly '

of shales and sandstones (Anpco,’l974§ Bayrock and Reichen, 1974;
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Carrigy and Kramers, 1973)., =

2.4  Surficial GeologQ: . ‘ ' N ”

.,
-

The sdrficial ggoiogic dépogits_in fhe Gregoire Lake area are
p:imariiy glacial in'origin. Génefélly, the lo§1ands Qﬁirouhding thg__
lake have surficial deposits which are\#acustrine in 6rigin. ‘The
escarpment face and plateau afe overlain by tillAand mixed glacial

Y

andtﬂgdrgék_maverials. IIn addition, tbe slightiy,elevaped areas east‘~
.éndnnortheésp’of\Grggoire Lake'aré covered by till. uThroughopt‘the“
study afea are secti?ns of,bqth brganic déposits and aiiuvium.
Thé glacidlaéustrine deposits are prgdominant in the area west

‘and'nqrth-West of Gfegoiré Lake'andwin the lowlands betweeA.Surmont
Creék and Gregoire Creék. This material has been described as bedded
cla; and éilt wiﬁﬂvminor sand,constituents in .an area of fairly.level
topograpgy‘(Bayrock and-Reimchén; 1974). ‘Thgre afe someiareas,bevideht
w é1ong rdaécuts»near Gregoire Like Provincial Park; whicﬁ ha&e some gfaVel
componenté:(personél observation;>l975). These deposits are genefally
quite thin. Tg:|8cauter¢d pebblés and gravels, alqngJWith what appear
to be Beach ridges along the foot of Stony hbuﬁtain, indicate that
this zone may have been the shore area of a pro-glacial lake:

 The area of slightly hiéh relief along the north-easéqrn and

eastern shores of Gregoire Lake (including the Anzac townsite) is

large” ~d by Stony Mountain Till. This has been described as an
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area of hummocky‘moraine composed of loam with numerous pebbles and
boulders (Bayrock and Reiméheﬁ, 1974). Local reyief in this area of till
and.bevelléd till is not és great as in.some other till-covered portions
of the study area, but it still varies signifiCantly from the low
réligf éf fhe surrounding 1acu§trine deposits.  Some additi;nal\deposits
of’Stony Mountain Till may also exist in the area between,Gregoife Lake
Provincial Park and Culvert Greek. These may be variations of the
”glaciolaéustrinevdeposips‘showing some alterafion in compdsition”
and topography near the_marginénof-the lake. |
The face of the escarpmeﬁp thch defines the northern limit of
. Stony Mountain is also covered by the aboved described Stony Mountain
Till; in addition, a large percentage of.thelgurficial geplogy on the
scérp face‘consisté of slump features described as mixed bedrock and
glacial-matgrials. In‘general; the slump areas are found in situations
with iocallycgteep siobes, wheréas the till-;pvefed sections of the
escarﬁmeht lie in mdre homogeﬁously sloped areas.
Two types of surficial deposits have liftle genetic relation-
ship to the‘others’in‘the areé., The fifst of these is a broad
categofy of‘organié d?posité; These muskeg or swamp areas are found
scattered throughout the area whérever_relief is low. Especialiy
promiment are those.areasvof muskeg as50ciéted with Surmoﬁt Lake and
the other lakes in tﬁé upper d;ainage~basih. Of particular interest in
this study érg the.éirﬁvjalhdeposits assoéiated with the channel of
Surmont Creek. Bedded silt, sand and clay originating from the
escarpment have been deposited albng the watercéﬁtse in the middle

portion of the basin. An extensive zone of similar alluviation'has
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been‘mapped along the foot of the escarpment and at the mouth of
Surmont Cre;L. Numerous stream channels and ox-bow scars suggest the
shifting nature of Surmdnt Creek in its lower reacﬁes in the péé;.'
Although the surficial geology of the study area is complgx,
some broad generalizations can be made. Lowyand areas around the present
Gregoire Lake ére likely the result of‘méltw;;er lake‘deposits at the
'face of a receding or Stagnanf glacier: In contrast, the Stony Mouhtain
Plateau sths evidence of mechanical deposition by the glacier, with
till and morainal déposits.being predominant. - The escarpment face"
deposits are extremely complex, with glacial and bedrock material
having been altered by several agents, most importantly slumﬁing and
erosion and deﬁosifidn.by Surmont Créek. Organic deposits exist in

relation to topographic influences rather than geologic associations.

2.5 Hydrogeologys:"

The Athabasca region is»; natural.groundwater discharge area
for much of the province (Hitchen,.1963); A more extensivé hydrogeologic
survey haé recently been concluded which included the study area
(0zoray, 1974). ‘However, the data available did not, in the opinion
of the surveyor, merit constructioﬁ of maps at a SCaleAmo;e definitive
‘tha£ 1:250,000. Croés~sectional hydroggologic fransects were constructed
on both an east-west and north-gsouth axis through or very near the
study_area.“ |

Watef quéntities available from fround water sources appear

to be quite limited in the Gregoire Lake area. Flow from formations

“a



near-the sur face (with one exception) cannot be expected to exceed
twenty-five oMl (0.1 M3/ﬁ)2, and in most will‘be much less. Total
dissolved selids raﬁge between 1000 and 3000 ppm (parts per million),
constituted mainly of carbonates, bi-carbonates,.sodiuﬁ,and potassium.

Groﬁnd water under the Stony Meustaip Plateau shows some |
departure from this pattern. Well yields in this upland siﬁa ére

1expected‘to range between twenty-five and 100 IGM'(Q.l-O.S M3)m).
Quality is also somewhat superior to that of groundwater from the lower
areas, hav1ng generally the same proportlon between the: constituents,
but with less than 1000 ppm dlssolved SOlldS (0zoray, 1974 Amoco,
1974);

The Devonian stratum underlying the study area appear to have
the potential for production of somewhat greater quantities of ground-
water, also belng classified in the twenty-five to 100 IGM (O 1 0.5 M3/m)
yield range. However these stratum have not been investigated by
actdai field measurements for the study area. It seems unlikely that
the groundwater from these formations will be of a useful quality for
most purposes, considering the’presence of the same evaporites
cdntributingfto sevefe salinity problems fﬁrther to the north (Curfy

et al., 1975).

Imperial Gallons per Minute.

2Cubic Metres per Minute.
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2.6 Hydrology:

Dominating;the hydrography of the study area is Grﬁgoire Lake,
with an elevation of abproximately 1560 feet (475 metres)
above sea level. The lake is relatively shallow, apparentl& not
exceeding forty'feet (twelve metres) in depth. (An official -lake
Burvéy has not‘b;en épﬁHUCted for’Gregoire Lake.‘ However, dufing the
course of depth/tgmperature investigations, very few measurehents‘in
excess of thirty‘feet (ten métres) were évident. This information,
in addition to extensive wéed growth throﬁgﬁout most of the lake,
strongly suppoft the above estimate.) The surface area of the lake
is approximately‘lo.S sqqére miles (2750 square éilometres). Gregoiré

~

Lake is drained near the soutthast corner by Gregoire Creek.

The portion of the basin surrounding Gregoire Lake on the east,

~

north and west sides is very-narrow. This réla%ively'SmaLI area does

not contribute a significant portign of the total basin run-off.

‘Several small lakes and slougbs exist along these margins of the lake, °

5ut in general drainagé is good in this portibn qf the basin. In

contrast, the area to theﬂsbuth of Qrégoire Lake is much more cdmplex
in its,hydro16gy. Apart‘frqm the tributaries entering the lake, there
are a number of small sloughélandione small lake in this area. (This
small 1ake.is'discussed,more fully in sectiﬁn‘S.B.) Mus eé and swamp

exists in significant portions of the southern lowlands Hetween the

lake shore and the foot of the éscarpment. This muskeg and the ditches

along the road into Anzac show considerable’ fluctuation in water level

S
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during the course of»the YGar.

There are two'significant tributaries flowing into‘Grogoire
Lake,.both entering froﬁ‘the south gide. The major onec is Surmont
Creek, originating on the Stony Meuntain Plateau. Approximately
9.1 miles (14.6 krlometres) in etream-length, ?ermont Creck ig meandering
for auch of its length, but is relatively straight where it is incised
into the escarpment of Stony Mduntain. "In its lower reaches it flows
through Indian Reserve 176, very close to the Amoco Greg01re Lake
Experlmental Site. (Flgure 1.2-1). Deltaic dep031ts have been built
up over an area around the mouth ef Surmont  Creek, extending for several
hundred yards (several‘hundred metres) intoyGregoire Lake. This creek
drains the northern-most portien of .the Stony Mountain Plateau.
| Thé only'other ma jor tributary flowing into Gregorre Lake 1is
a smalitun-named,creek, called Culvert Creek for the purposes of this
etudy; This creek drains a portion of the eecarpment ih addition to
some flat areas south-west of the lake and a small un-named lake
(again, refer to’eeetiOn 5.3) just soutﬁ of Indian Reserve 17.6A
(Figure 1.2-1). Deltaic deposits appear to be absent for the most
part at the mouth of this creek. It should be noted that during
high water perrods Culvert Creek and Surmont Creek sometjmes become

'connected via the‘dralnage dttchcs and cu’verts glong the Anzac road;
during these periods_Surﬁont"CreeK overflow contributes to the flow
of Culvert Creek./ |

The Stony Mountain Plateau, in addition to being part of the

" catchment for Surmont Creek, contains several other sigqificant'

-]



hydrologic featurcs. Mosl noteworthy of these are the many small lales
and ponds in the arca. Although more than a dozen of these exist
and the total surface area is moderately large, none of the lskvﬁ
" excecds one half of onc squarc mile (one square Kilometre) in surtace
arca. Most of the lakces aru’cmmm;lnd to Surmont Creek via a rather
convoluted network of streams, gwamps and channcls. Extremely Large
portions of the platcau are algo in muskeg, both treed and open (see
Chapter IV). Watershed boundaries in this area are unclear; precipi-
tationvto the south and west of the Surmont Creck drainage arca flows
into the Hangingstone River, that to the south and cast flowing into
either Gregoire Creek or the Chrigtina River.

Gregoire Creek, althbugh by definition outside the Gregoire
Lake drainége basiﬁ, is significant to the area, as it drains Gregoire
Lake. Gregoire Lake ié a meandering stream,’draining.via the Christina
River into the Clearwater River and eventually into the Athabasca River
at Ft. McMurra?. Near the present hecadwaters of the stream a control
structure and fish ladder  have been built; this will sooﬁ be the exit
for waters from Gregoire Lake, contingent upon filling of the old
bridge gap- (Thg h?drolbgy of the arca is treated in depth in

Chapter IIT).

2.7 Soiis: : -

o -

‘Soils in the study area are of the Grey Wooded and\GleLsolic

groups. In nuékeg areas, the soils are organic. Grey Wooded soils in



northern Alberta are not particularly noted fur extensive development of

the A horizons (Bentley, et al.; 1971) and in the study areathis is
: >
especially true. Although road cut and ditch profiles indicate that

; .
the soils are more developed in the better .drained localities, in
‘general the Ah horizon does not exceed~onéfinch_in,thickness with the
Aé‘horizon bcfhg exceédingly thin. This is probabiy due in part ﬁo
climatic considérations, but aléo te the parent material, a fairly
sandy glacial ¢ill. In the lowland areas, sqrficial geolmgic%sfgdies
indiéate that more of the parent material is of lacustrine ofigin;
consequently less gravel and more clays may be expecteé to be
present. ° It iz noteworthy that, owing to theﬁexfréﬁely shallow
development of the soils in the Gregoire Laké aréa,ﬂeven minimal
disturbance of the surface layers can result in severe potentia¥ for
damage by surface ercsion.

The poFential fpr agricultural use in this arca is extremcly
limited; at'prcscnt only soﬁe livestock are maintéined'iﬁ'thc‘stgdy
area. Forage crops and inmfbVQd pasture a%g likely to be the ﬁbég
practical combinations for more intcnéivcbagripultural use in the area.
Even these uses will be Subjéét to the aforementioncc cxtrcmé"climat‘n
and topographic limitations. Use of muskeg arcens ig, of course,
quite‘minigai.

“Some arcas of permafrost may exist in the area, althgugh this
has not been confirmed by direct observation. Some cvidence of frost-
gencrated featurcs nas.been documentéd in a reccnt‘npzial survey of the

area, 0 & strong possibility of permafrost can be inferred (Shelford,
e
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1976). It has been suggested that permafrost presence is governed

largely by factors related to'air temperature (Brown, 1962). TPresence
of permafrost within the study. area could be dictated by a number of

) , e o e
factors; these ‘might include latitude, continentality, 'altitude,
| :
vegetative cover, drainage and aspect. Although the study area is

located at the extreme margin of discontinuous permafrost as defined

by Brown and others, it would not be- unreasonable to expect some small

areas ‘of permafrost to exist on the north-facing slopes of Stony

Mountairn:or on the plateau itself. More likely that permafrost would

el s . . 1,
be the istence of areas of discontinuous permafrost or climafrost™ in

)

i

similar situations (Williams, 1962). In cither case, a very minor

L]

portion of the study area would be affected.

2.8 Flora: .

The Gregoire Lake érca lies with{ﬁjthe zone of mixed boreal
forest. A very small bcrcéntage of the area has been altered by the
activities of man, these areas for the most part being in roﬁgh pasture
or hay meado&g aiong”Surmont Creek. Some areas around the Anzac townsite,
éfegoire Lake Provincial Park and at fhe Amoco Gregoire Lake LExperimental
Siteqhave been‘cleared; these areas remain“unvegetatcd for the most parf.

"Fires have had some influence in the study area in the past, but no

recent burns have occured. .

Five broad vegetation groups have been defined for the areca

(Amoco, f@?&).\ The wetland group is composed of marsh plants, moss-

.

1Discontinuous permafrost or climafrost is year-round freezing of
the ground in some years, but not in others.
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sedge fens‘and black spruce-Sphagnum bog communities. The upland
freeless commﬁnities consis& of the meadow and tall shrub communities.
The upland deciduous group inqludes‘the,white birch, aspen poplar and
balsam poplar communities. Upland spruceﬁgroups'consist qf botﬁ white
spruce aﬁd black spruce communities, although it should be noted that
the transition arceas between white and black spruce aré often unclear,
as well as ﬁhe zones between black spruce and treed muskeg areas.
‘The fiflh group ig the uplaﬂd pine group, consisting of the jack pine
community of plants. bThese-vegutation groups bear important relation[j

ships to soil moisture storage capacity, and are further categorized

in that respect in Chapter IV.

2.9 Faunaz.

-

Animal life in the study area is quite varied. However; a
.compiete listing of the fauna‘is.beyond the scope of this study. Some
of the species preéent are important to the humén occupants aof the
area, ‘and thus merit speéial attenti@n.\

Aquatic and semi-aguatic life‘in the arca is abundant. Several

species of sport fish inhabit the study area,<including northern pike

(Escox lucius), walleye pike (Stizostedion vitreum), cisco (Coregonus

artedil), lake whitefish (Coregonus clupcaformis) and vellow perch

(Perca flavescans). Gregoire Lake contains all of the above ment ioned

species, being rated by the Canada Land Inventory classification
system as having a Class 1I capability for sport fisher&. Surmont

Creek is also rated as Class 11, the important species for angling

IS
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being grayling (Thymallus arcticﬁs)u The highef lakes in the water-
shed, Surmont Lake being the most imporfant ofvthese, areialso coﬁsidered
to have séme capability fof spért fishery.

Water fowl are abundant in the area, w?th numerous igecies of
ducks, geese, teal, grebes, mergansers, loons and shorebiréé-present.
The lake does not éppear to have mo?e than a moderate importance as
a staging area. Among the upland game birds, uviuce grousé; ruffed
grouse and shérp—tailed grouse are present. Many othér species of

o

birds of less direct interest to mah also ;nhabit tBe~study area.

Ungulates exist throughout the study area; Canada Land Inventofy
categories for the study area are 11T and IV. Most important of the
ungulates is the moose. ‘A'number of these animals exist primarily on
the Stony Mbunta}n Plateau. Some woodland cariboo may also inhabit
this area,lespecially durigg the winter months when the~ar;a becomes
important as a winter feeding gfound. Deer (Odocoileus spp.) also
inhabit most of the region.

Furbearing animals are not of recreational importance, but are
of some traditional and financial significén;e to the human population
of the area. Based on 1971-72 and 1972-73 trapping ?ecords, khere
appear to be perhaps a dozen species of fuf-beayers present. TFive of
‘these are grappéd in relative abundance: beaver, lynx, varying hare,

red squirrel and muskrat (Amoco, 1974).
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galo History:

The early history of the Ft. McMurray region is linked to the
activities of hunters and trappefs, both native and white. The Indian
tribes of the area were .the Cree énd the Chipewyan, both of which are
still represented. The primary activities of thesé somewhat nomadic
groups consisted of trapping'and hunting,'sqpplemented by fishing. In
1778 Peter Pond coﬂfirmed the'e#istence‘of,whé; became knﬁwn as the
Methy Portage. Since early traﬁsportation and exploration:in the
region was limited to canoé (and later to York béats), this divide
be#ween the Churchill and-;he Peace~Athabasca riVer.systemé Waé the
gaéeway to north-western Canada. The éonfluence of the Athabaséa‘River'
‘and the Clearwater River became '‘an early point‘of contact betwéen'the
native population ;nd Europeans, 1eaéiﬂg to the establishment of
Fort‘McMurray.‘ The' fur trade poséibilities soon drew-tke.Hudson Bay
Company into‘the afea, iatef fpllowed ﬁy the Northwest Company. -The
activities of the trappers and trading companics dominated the history
of the area through the nineteenth century (Chalmers, 1974).

As transportation to tHe north became more impofﬁant, the trans-
shipment facilitieg in’the Ft. McMurray area became more acfiVeﬂ The
completion of the Northern Alberta Railroad to the settlémenf of Waterways
in 1916.;ontributed to the barge'traffic moving down the Athabasca River.
0il exploration in thg far ﬁorth éontinﬁes to be a~major source of
freight for the bargeé headiné dowﬁ the Athaba§Cg—Peace—Mackenzie route.

Freight from truck traffic has become increasingly important to Ft.

McMurray since the completion of the pavingﬁof.ﬁighway 63 in 1975 cut



travel time from Edmonton to five hours (Camp, 1974). -

The histo;y of the oilsands in the Ft. McMurray region begins
as early as the e#ploratidn of Pond and that of Alexander Mackenzie in
1792. The latter {irst described the oilsands and its use by the
Indians in tarring their cénogs. The oilsands remained somewhat of
a geologic cﬁriosity Qntil fhe iatter half of the 1800's, when the
first'attempts at commercial ?ecovery were conceiyed. ThelmileStoné'
in recovery technology was the development of a Hot water éxtraction
process by Df. K;A.<Clark in the 1920's. The next several decades
were derted fo many éttempts at larger. scale strip-mining operations,
'culminagéd in 1967 when the Great Canadian Oii Sands plant came on
stream (C;rrigy'and Kramers, 1974).

| More recently, the major fotus 6f'é¢tivity in the area hés been

=

rivate corporations and govern-

the 1255000 barrel per day Syncrude proj Slated to come on stream

in the lage 1970's, this consortium
ﬁéhté will_5ave,a,capitél‘ekbéﬁéi‘ﬁre fRe égﬁéighbofhdod of two billién
dollars. Owing to this huge inve tment requirement and.ogher'reasons
(see'éection 6.1), it now seems likely that the next major project to
come on étream will be based upon in-situ féchniqqes §ather &hén strip-
mining and processing.

There are a number of human influences within the Gregoire Lake
areca. The most prominent of these is ;he settlement of Anzac,‘with\a
popuiation of scmewhat over 200 persons. Settlement densit?lis nqt greét,
vthé‘pobulation.being”aistributed between the lake shore and the tfacks

of the Northern Alberta Railroad. The Anzac Forestry Camp is located

[
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just east of these tracks. ;It served as the field base for this studyf
Road surfaces throughout are dirt or gravel.

The Stony Mountain Indian Reserve covers two portions of the
study area; the most important of these is the larger area within the
drainage of Surmont'Créek. ~This area has been altered by the clearing
of some brush and foresg for the creation of rough pasture. or hay
meadows. Several habitations are scaétered wit%in'this area. ,Popuiatio;
‘density withinvthe Indian Reéerve is extremely low, increasing slightly
with prdximity to Gregoire Lake and the Anzac road. Mahy of the Indians
live outside the reserve in Anzac. The only major use to which this laﬁd
1is presently put ié extensi&e grazing;

Located within the Indian Reserve is the Amoco ih-situ experi-
mental site. Establi;hed in}l973, this is one of the'first éttempts at
recovery of oil from the Athabasca Qilsands by<other than mining aﬁd
processing techniques.  The site is locafed on the lower levels bf the
escarpmeﬁt, and it inciudes not only the ékperiﬁental area itself, but

-the assbciated storage and living areas, roads and a sma11>air strip.
(See fRection 2.11.)‘ |

Gregoire Lake Provinéial Park is iocated'on the Qestern shore of
Greg?ire Lake. A variety of facilities is present, including Gamp
sites, picnic éfeaé, hiking trails, boat iaﬁﬂching aﬁd ddcking facilities,
a'swimﬁing beach and a‘parking area. Use of this park has risen
d?amatically in the last few yearg, probabLyvbecause ;t.is the only
provincial' park within a reasonaBle distance of the ?épidly'growing

1

town of Ft. McMurray. Demand has increased beyond the present capacity
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of'}he park, leading to extensiye use of tﬁe'turn-outs alo%g the

southern shore of tﬁe Lalce as'weli as the camping, picnic and swimming
fac111t1§s adJOlnlng Anzar at the eastern end of the lake (Hilsen, 1975).
Present plans call for expausion of recreational facilities aro;nd

Gregoire Lake (Landals, 1975).

'2.11 _ Amoco Gregoire Lake ‘Experimental Site:

Inifial development of the Gregoire‘Lake site began in 1959
when Amoco (then Pén American Oil),initiéted their experimental workv.
‘with the partiai combust ion ﬁethod of’in—situbrecovery of the Athabasca
’oilsénds (Carfigy and Kramers, 1974). Sporadic progress since that
time resulted.in the gs;ablishment of’én experimental élant in 1973
vamoco,.1974). With the receﬁt addition of fﬁnding;froﬁ the provincial
government, expansionvto ﬁhe pilog plaht Stage can be.anticipated
in'the near future, with commercial scale éroduction to follow (Edmonton
~Journal, June ll; 1976).

Thf mahne;,and éequence of development on the Amoco acréaée‘will
be of the utmosf importance in maintainenée of a desiragble watershed
quality, Development of the Amoco acreage will proceed generally in
the followxng stages:

1. Development of access roads ihto‘the area and. into specific

>_siteé within thévdevelopment area. At present, this is
pfovided’by'tHeVStohy }bﬁhtgiﬁ Fofééﬁry Rbad, Bﬁfjiﬁufﬁé

futuré, more roadways will be needed to gain access to

I
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well sites.

-2, Cledrihg of vegetation down to mineral soil. This will

k A
‘>1 o

be neceséary on all drilling pads and support sites.
Approximately ninety pér cent of the development area will
be cleared, with each well site being about one acre

‘(0;4 hectares) in size.

3. Driliing of injection aﬁd recovery wells, installation!of
process equipmept, utilidors, etc. There is a minor,
hazafd of edvirénmehtal damage from driliing procedurecs
that might result in mud spills, etc. This damage would
be of a:very localized’nature; |

. Qperation of fhe wells during recover procedure. (éee
Section 6.3). Limited reclamation of the drilling pads
and access routes could Be undertaken during this bhase
and the previéus phase. ‘

5. Recovery of equipment (for re-use in other areas).‘ After

bthls final production phase, a flnal reclématlon phase
would be undertaken to achleve the desired post-development
environﬁent. | |

It*is‘évidéntAfroﬁ tHisvdevelopmenf énd reclamation sequence that

substantlal initial dlsLurbance over a wid~spread areé will occur.
Prolongcd dlsturbanée of a lesser nature, as well as partial reclamation;
. w;ll_takg_plgce during the pfoduction life of any set of wells. (This
productién life is estimated by various companies to be in the range of

fifteen to twenty years.) Thls will be followed by salvage of equ1pmcnt



and final reclamation.

Thebmajor‘human impact in the Gregoire Lake area will bé
directly linked to future increases in oilsands activities. A great
many of the impacts upon the environment will be results of human
activity peripheral tokthe actual development of in-situ recove}y. These
S L : S
impacts are likely to” become more severe as the regional population
increases. Analysis of these spin-off effects of activitiés associated
with developmgnt but not directly involved is beyond the scope of'this

study. Those resulting more directly from in-situ development are

~treated in Chapters V and VI.
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Hydrology
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3.1" Regional Hydrology:

‘The hydrology of the Athabasca Oilsands region is dominated by
the Athabasca River. The period of record for streamflow of the
Athabasca River at Ft. McMurray is from 1957 to the present. Yeérly
mean discha?ge_is about 17 million acre-feet per yeér (2,097,000 hectare-
metres per year), with a deviation of as much és five million'acre-feet
per year (6 7, OOO hectare- metres per year) from thlS mean. Mean daily
dlscharge is abou; 23, 500 cfs (665 M3/s) for the same period of record
However, deviation from this 'mean is the rule rather than the exceptlon.
High water marks, reiated to moﬁntain snowmelt, are usualiy reached in
.ea;ly summer. A maximum monthly dischargé also occurred during July'1971:
96,700 cfs (2738 M /s). LQQ flow characteristics prevail dﬁfing the
wintef months, the record daily low fléw of 3,410'cfs (97 MB/S) having
been recorded on February 3, 1964. The record minimum monthly discharge of
~>3,730 cfs (166 M3/sj also occurred during the same month-(Environment'
Canada, 1974). The river is ihcised_abod} éOb’feet (60 ﬁetrés) in the
Ft. MéMurray'region, with ‘any flooding usually the result of ice damming
in the spring break-up period.

Water quality in the.AthaBasca River varies seasonally, buﬁ
‘is generally low in solutes (less than 400 mg./1.) and high in suspcnded
sediment. Iurbldlty ranges from 10 Jackson ‘Thermal UnlLS (JTU)Y in the

winter wmonths to 650 JTU durlng‘high flow perlods.1

"IThe Jackson Thermal Unit is a measure of the opacity of water as
.reflected by suspended sedimenet. Data in mg./l. were unavailable.

38
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Most of the flowjbf the Athabasoa River at Ft. McMurray originates

’

14

wu

outside of the Athabaqca Qilsands ;eg1on so water quality condtions -
in‘the‘river are not‘at present 51gn1f1cantly a functlon of watershed
condition Qithin the region iFself. Generally, the quallty of the water
in the Athabasca Riveér at Fte. McMurray s goodofop most gses, although
somen§ett1ing may bthequireo for muﬁicipél and.inddserial‘uses.
Several smaller rivere and seeeams ;n>the‘region have'becn ,
gauged for varying perlods of time. The longéstvperiod of record is -
that of the Clearwaeer River, of whlch Greg01re Creek. is ; minor
ributéry Vie the Christina River. . Others 1nc1ude the Steepbank
River, Flrebag Rlvee, Poplar Creek and Beaver Creek w1th othersd
recently being added. The Clearweter River“gauge'hes been recording . ¢
sioee 1958,_thle the<others‘mgﬁtioned e50ve ﬁéve'been in opefation
since 1972 No aftempt has been made to,claéeify{thése rivers and
streams relatlve to their ba51n Characterlstlcs since the hydrology of
thls ‘region has only.recently come under Serious study Of particular
1nterest for this study is the gauge located on the Hanggngstone River
at Ft. McMurray, in. place since 1965 Although the point'of gauging
~is somewhat removed from the Gregoire Lake Basln, the Hanglngstonc
RlVer Basin 1mmed1ate1y adjoins the Gregoire Lake Basin’ along its
vwestern-margin (Figure'1.2—l). Manngf the topographlc &egetatxvc
cover, soil and ther'relationshipsvare'similan in-these two basins
and are more folly‘discuSSed bélow'(Sécfion 3.2).
Water quaiity and flow characteristics are not .constant
betweenltﬁeAébdQe"rathg? W%Fely oispersed st;eamé; in soite~of this,

R
i
o~ 70
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it ia possible to sugpest some common characteristics.  Streamflow in
the Ft. McMurray region is characterized by extreme sceasonal variation,
with discharge in some of the smaller streams (eg. Boaver Greok)
dropping to nil during some days in the winter nonths.  Yearly vacia@ion
is also great, with discharge in some years being three fimes that  in
others. This variation appears to increase in inverse proportion to

. . ‘ v. ¢
the mean dischoige of the streams with records. Water quality al go

. i ‘

varies f{rom scason to scason and from stream to stream.  In pur iods
of high flow the streams generally have a higher sediment ltoad, while
dissolved solids loading is greater during the low flow stages in

streams having significant year-round flow. This is apparently the..

- result of groundwater discharge in the Ft. McMurray region buing_highor

H

r(yjin dissolved solids than surface run-off. Snowmelt run-off (often from
outside the region) is quite low in solutes; strecamflow generated as a
result of snowmelt run-off will quite likely result in less solute

loading that that resulting from rainfall. The major exception,

thesc general patterns is the surface run-off originating in

AR
concen-

skeg. Dissolved solids in many of these®ayeas are inghd
] grs

#o-

trations, and the muskegs are generally characterized by water which

w

is Iow in éédiment'(clear) but has a‘distinct brown cof%ration

R A .
resulting from high iron'ion concentrations. Water originating in
muskeg areas is also'likely to have a high biological oxygen demand (BOD)
and to be relatively acidic as a.result of the high organic coﬁteﬁt

of muskeg soils. ™ The quality of this run-off for wildlife production,

especially fisheries, is poor?&
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lakee in' the region vary considerably in size and quality. The
4thabasca River terminates in the Peace-Athabasca Delta at the south-

western end of Lake Athabasca. The water quality as it relates to the

ccology of Lake Athabasca and the delta area has been extensively docu-
mented (Proceedings of the Peace-Athabasca Delta Symposium, 1971).
Water in Lake Athabasca and the lakes asscciated with the delta vary

somewhat in quality, but most arc highly productive lakes involving

IS} | v

“ange of wildlife. Lakes more local to Tt. McMurray are

v smaller, being gencrally less than twenty square miles

lkilometres) in area. The water quality is usually a

of septh and through-flow. Some, such as Namur Lake (located
} & > )

s st of Ft. McMurray), arg of high quality and considered
e P e cizes for sport fishing and other recreation. However,

¥ ~akes are for the most part inaccessable by road. Other lakes,
such as Gordon Leoke, suffer from extensive weed growth during the

summer, but are clted as good staging arcas for waterfowl (Environment

Alberta, 1972). Yom  swmaller lakes. including several on the Stony
3 [ J

Hourtein FPlateau, arve folt to hav p. ol rfeoreaticnal potential for

ooating and fishing.

S22 Mydrolor - of the Gregoire Lake Basin:

i

Py

e major hydrologic 7aature of the study arca is Gregoire

Lake, having an aros of approximatel- 10,5 square miles {27.0 square
ilometres ). The natural fevel of ake Lo about 1,560 feet (47505

Loobres ) oabove wow levels A lake fevel gauge hias beew prescot in
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Greééire Lake since 1967, where occasional rcadings recorded during
high and low water periods Eave been obtained. ‘Since{1967, lake
V“\
levele have dropped to a minimum of 1559 feet (475.2 metres), whi%c the
maximum recorded level has been 1562.5 feet (476.3 metres). The area
of Gregoire Lake is not significantly éffected by the fluétuatiops in
water level due to the rather steeply sloping shores. -The_léke is
relatively shallow, probaﬁly not exceeding forﬁy feet at the degpest
point. Soundings taken during ; preliminary temperature survey
of thé lake indichte the greater portion of. the lake to be less than
twenty feet (6.5 megres) invdeptﬁ. The lake béptom”ﬁs generélly sandy,
with gon beaches existing near Aniac and at the provincial park.
Gregoire Lake is drained by Gregoire Creek near the south-cast end of
the Iake, whilé the two majgr,tributaries, Surmont Creek and Culvert
@reek,_enter along the‘SQuthern shore (see Figure 1.2-1).

Surmont Creelt . "jas the greafest yearly discharge of the tribu-
tarics of Gregoire Lake. Periodic gauging during the study season
showed a peak flow for 110 to 120 cfs (3.4 M3/s) occuring during the
second week in September. However, no flow at all was observed during
the first week of the preceding April. Auger bores during this time
showed the formation of frazil ice throughout the cross-section of the

stream, with some flow through this relatively porous’ ice. This flow

was not judged to be in excess of one or two cfs (0.04 M3/s). ‘Owing

to the freezing of Surmont Creek to the bed, initial flow d.uiing thie
spring took place over the surface cf the ivs.  However, ¥liis may net
be the case in all ycars. / ]



-

RN

43

Surmont Creek does not haye a permanent gauge, but periodic
readings‘were.undertakén during the study season. The point of gauging
was the bridge where Surmont Creek crosses the Anzac road (Figure 4.4-1),
These gauging periods were coardinated with.periods of intense precipi-
tation in an effort to determine peakvflow characteristics.' Undé;
normal summer flow conditions, Surmont Creek appears to have a base
flow of about 30-40 cfs (ab6u£ one ¥3/s). Flow during years previous
to the past several m;y have been éubstantially lower, since the summer

PN

of 1975 was relatively high in precipitation and soil moisture stor-

: N
supplies from previous years were high. Surmont Creek was observed to +

have rapid response. to storms greater in magnitude than 0.5 inches (125

millimetres) of precipitation, or to a seriecs of days with lesser

amounts of precipitation. However, this response was not directly

proportional.to the magnitude of the storm. This is probably related to

a number of factors. The 1érge ar “the Surmont Creek drainage

Ly 1

» i A «E . . .
area located on top of the Stony MO@hAFain Platcau consists of dead ice

moraine and'ﬁuskeg,:and both;hﬁ; igh deteption storage. This quite
likely has the effect of delayihg»;nd moderating run-off peaks. The
distance from the point of gauging to the portion of the basin collecting
the majorify of the run-off, in conjunction\with the meandering nature'
of the stream inrité lower reaches, could also result in a considerable
basin lag. 1In addition, the several lal along Surmont Creek and on

its tributaries above the escarpment would also limit rapid storm

responsc. These factors are not present to as great an extent in

either the Culvert Cr+ k drainage area or for the Hangings:one River
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bbasin above Ft. McMurray.

Culvert Creek was gauged where it exited from a largé culvert
aunder the road between Highway 63 end Ahzac‘(Figu;e 4.5-1). Accurate
.guaging is generaily possible from culverts, but in thisicase deformation
\of the inlet made conventional discharge calculatiodns for corrugated

-~ : ‘ ‘
culverts impractical.. (While the putlet was circular; with a diameter
of five feet (1.5 metres), thg inlet had béen’gfushed to a height of
about three feet (one metre))} No;mal sumﬁer flow in Culvert Creek
in 1975 was about 15-20 cfs (about 0.5 M3/s); but response to storms
somet imes increasgd th?s to nearly‘as great a diécharge as wés observed
in Surmont Creek. _During the storm period which OFCUHEd during the

first two weeks in September, the capacity of the culvert was exceeded;

water levels behind the dam created by the road rose to within several

inc b%s

L»“' s

t

(about ten centlmetres) of the road surface be fére receding.

Durlng periods of heavy run-off such as tﬂose noted above, Culvert
Creck received some flow from Surmont Creek via a net work of ditches

) -
‘and culverts along the recad, although -this flow did not exceed several
cfs (0.1 M3/s) and ceased completely after water levels receded.
The characteristic difference betweeﬁ Surmont Creek and Culvert Creek
is in tﬁe'rapidity of flow response to storm run-off. CulQert Creecl
aoes contain a_small lake and some muskeg area in the'lqyer portion of
the drainage area./ However, this amount of detention storage would not
be likely to suépress‘rapid fun-off rélacive go‘the extensive detentio?
storage cépability of the éurmont Creek basin. This was, in fact,

borne out during the several ma‘jor storms occuriing during the study



Photo 3.2-2:

Culvert Creek above culvert.

(April, 1975)
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Photo 3.2-3: Surmont Creek near Amoco Sife, Note slumping bank on
right. (July, 1975) :

Y

v

Photo 3.2-4: Surmont Creek At high stage. Flow in roadside ditch is
: west toward Cdlvert Creek. (May, 1975)
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Géuging of Gregoire Creeck was possible at a much earlier date
than was the césc for either Surmont Crgck of Culvert Creek, since
Gregoire Creek has some flow‘throughout the year. This flow probably
resélfs in part from the reservoir capacity of.Gregoire Lake, in part
to the temperature of the reservoir water, and in parf from local
groundwater flow.- Initial gauging was undertaken-on April 2, 1975,
before the spring snow-melt, to establish a base flow rate. On this
date, and for.several.weeks afterward, the rate of flow was constant
at 13-15 cfs (0.36-0.42 13/s). Tt is difficult to determine to what
degree this figure>is representative of othgr winters due to a number
of'factors.' Lake levels during the winter of,1974—75 were described
by local residents as being substantially lower than usual. l7(The
lake level gauge was not in operation at.this timg~) This would suggest

. e :
that the flow in 1974-75 was less than normal. In addition, snowfall
during thé winter was extremely low, with the consequent low sno%-
catch exefting little pressufe on the ice. If‘heavier snowfalls had
"been experienced, then greater flows could have been anticipéted. A
complicating factor .exists in this situation, hqwever. Owing to the
lack of snow-catch and cbnsequent‘lack of insulétioﬁ of the ice ag;inst
low air temperature, deeber formation of.ice oécurrédf Obsérvations
near shore at the outlet‘from the‘lake‘indicated an ice thickness
of two to three feet. Therthickness was described &5 unuéually great

by local ice fishermen relative to the thickness experienced in other
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years. This thickness undoubtedly contributed to the late Break—up
date of Grégoire Lake in 1975, the ice 1eaving the iake during the
last week in Mayland the first week in June. Again, convefsations
with 1qcal residents indicated that this was an unusua}ly late date.
Diséharge max ima occur?edin Gregoire Cfegk during mid-July,
Qhen‘a fate of 125 to 150 gfs (3ﬂ6 to 4.3 M3/s) was observed, and again
in early September, when a flow of nearly 200 gfs (5.7 M3/s) was esti;
mated %rom the stage (F&ghré 3.2-1). Conéi&ering the unusual wetness
of the summér of 1975 (see Chapter V), it is notewdrthy th;t the run-
~off maxima wére achieved during periods of prélonged rainfall and not
’diréctlyifrom snow-melt. Precipitation on the.order of three to five
inches (750-1250 millimetres) during a period of a week resulted in
heavy run-off (Figure 3.2-1). Singie storm occurrences (for example,(
the 1.38 inches (350 millimetres) receivéd on Ju1§'26)vdid not reéult
in the rapid stage rise of the gentler but longer durétion rainé of

late August and early September. This is at least partially owing to

A

" the reservoir‘capaéity of Gfégoire Lake, but as was discussed‘previously,
‘similar characteristics were oBserved in Surmont Creek. The majqr
cause of this regime pattern is probably the depletion of soil moisture

B - ’ [
detention storage during the periods between precipitation, With‘the’lag
or absencé of streamflow'response Eeing turgely a résuit of the :
recharging éf fheSe storage levels, groundwater and interflow.
The Hangingstone River hydrograph daté (Figure 3.2-1),Valthough

from outside the Gfegoire.Lake drainage Basin, are useful in fﬁié study

because of the proximity of this basin to the study area (Figure 1.2-1).
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There are a number of physiographic factors which will cause the flow
: | L ,
j

characteristics of Gregoire Creek, Surmont Creek and the Hangingstone

River to differ. Several of the factors relating to the geometry of

the basins are in evidence. The Gfegoire Lake Basin, as a result of
a combination of shape and elevation, has a large percentage
! . '

of it% draiﬁéée are; at a_higher elevation. This high elevation, in
addit#on-to the presence of iarge areas of muskeg and numerous small
bodieé,of wager, results‘in bofh a high yield potential ‘and a high
detentﬁon storage. The relatively'rapid fluctuations in the Hangingstone
River hydrograph reflect the absence'of as much detention storage in

that bhsin. Some channel factors are also reflected in the flow charac-
| . ’ ,

A’teristﬁcs. The~meaﬁdering;channe1s of the sﬁreaﬁs in the Gregoire
Lake Bgsih would tend to modefate'storm pecaking more than is apparent
in the;HangingstonerRiver Basin. The lower slope and greater channel
étoragé capacity of Sﬁrmo;t Creek and Culvert Creek are likely the

causative factors of this moderation.
| . N
i R N

There are also some other variables which may be broadly

! '

classqfied as climatic factors (Chow; 1964). One of the most important

of thése is the form'in which the ﬁrecipitation falls. A 1érger portion
| v

of the precipitation in the Gregoire Lake Basin is in the form of snow

|

due ta the greater percentage of the basia being located at a higher

| o .
altit4de. This altitudinal factor also results in longer maintainence

[ L b :
of sngw-pack into the spring. These snow-related factors, combined
|

with ?n orographic precipitation increase over the same areas, result

in greater yields and 1oﬁger sustained flows. The rapid peaking that

N
!,
|
|
|
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might result from shqw?melt at lower elevations ié less eviaent and
this contrast is accentuated bécause of the widespreﬁd presence of
muskeg areas which have reduced potential evapétranspiration rates.
PAlthough there are some physiographic and climatic factors (eg. the
longer channél length of the Hangingstone Riyer) wﬁich fegd to_modify
the abéve mentioned contrasts, it is clear from the resulting hydro-
graphs that these afe‘the dominant fgcto:s affecting flow regimes in

the Hangingstonc River Basin and Gregoire Lake Basin (Apﬁendix'B).

3.3 Water Quaiity:

Seve al water quality pa}ameters‘were obseryed_and recorded
for Gregoire Creek; Surmont . Creek andwéulvert Creek as they related
to'seasonal and daily fluctﬁétions in’stream digcharge (Tables 3.3-2,
3.3-3 and 3,544). Initial teéting was completed over a wide spectrum
for samples collected on June 13,.1975; w%th little deviation from
expecged results. The water quality parameters tested are within
.tﬁe rangé to'beléxpécted in the Ft. McMurray region. JIt.wés
felt, therefore; that'further testing ébuld be limited to buspended
sediment, dissolved’solidsv(resistivity), and temperature. Suspended
sediment was used as an indicator of upstream erosion and of potential
sedimentation in Gregoire Lake.' Dissolved solids were used as a general
indicator of water quality, but also as suggestive of the sighificance

of run-off from muskeg arcas relative to the total discharge (see

also Chapter IV). Lower temperature is a general indicator



of snow-melt run-o ff, and also of early season run-off from the colder
muskeg areas. .Conversgly, the Hééping of ;he éreas of standing water
will providé warwe; flow later in the se&son." Regional groﬁndwater
is apparently gfeatly outweigHeqiby igflow frém upﬁ&reaﬁ areas,
cOnéidering thg very'low amount of solutes in thé“sugface water
'supply. .

Théreiis'éomq'yariatiéﬁ in'water qual ity between the large

and small streams of the Ft. McMurray region (Table 3.3-1). The most

evident of these diffe%ence is the éreater séd{ﬁent load cérried by
the Athabasca River and Cléargater Ri&er dﬁring'some seasons. In
contrast, the solute.load in the émaller>streams of the Gregéire~Lgke
areé aré~greater.' (These differgnces“would 1ike1y bé more accentuated
,;f there was‘f10w5throughout the wintér in the snailer’étreams.) The
major reasons for these differences are differences in seurces of flow
(mountain or shield snowmglt) of the larger streams which rise.qutside
thé region; TheseEVariations in watef quality in the regi;ns will be
a factc~in planning fOr future watér needs, provided sediment load

or solute loading are critical factors. The lack of.depehdablé flow o
in .the smaller streams, eithef‘during dry years or during winter
freeze~up,. may also be a factor. Conjunctive use of both local‘and
larger stream flowvmay be desirable,vespeﬂially if by rg-us;ng

local supplies the disposal probiems may be reduqedt

Quaiit§4of flow in Surmont Crpek is critical to a quality

water sﬁpply for Gregoire Lake. .Indications throughout the season were

that Surmont Creek is turbid relative to other water bodies in the S/
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Table 3.3-2: Conductance

Site April 13 April 23 "April: 20 May 16 June 13 July 18
Gregoire GCreck 115 118 84 94 102 g
Surmont Creck 148 116 00 Hes /7 0
Culvert Creek - 260 224 175 141 L7 159
lAll units are micromhos.
~Table 3.3-3: Susgpended Sediment !
Site | April 13 April 23 April 26 May 16 Junc 13 July 18
Gregqire Creek 5.6 @ 9.7 k2.7 17.0 23.5
‘Surmont Creek - 12.6 23.1 3.0 6l.4  81.1 46.5
Culvert Creek . {8 X p 2.9 4l.7 1.3
; B
“All units are mg./1, -
n %
Table 3.3-4: TempeTature (in ©C)
Site April 13 April 23 April 29 May 16 ‘Junc 13 July 18  Sept 14
Gregoire : , ,
Creek- +4.5 +4.5 +5.0 6.5 11.0 14.0 17.0
Surmont L ’ )
Creek”™ F 0.5 0.5 5.0 10.5 14.5 18.0
" Culvert : , _ ,
Creek F 1.0 1.5 5.5 11.0 15.0 19.0
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study arcu.  Turbidity in fhc two major tributaries showed a reading
of-81 mg./l. (45 JTU) -in Surmont Creek and 41.7+mg. /1. (21 JTU) in
Culﬁert Creek on June 13, 1975 (Table 3.3-2). This paLtern wa%
generally thc~samc‘thrbughout.the season. Tgé high concentration of
iron ions is also noteworthy in Surmont Creeck (Table 3.3-1), 7Tt is
higher t%aﬁ ‘in etther Culvéft«Creck or Gregoire Croek, and is qpitc
high relative to other major streams in the region.  This is undoubtedly

due to'the large muskeg area present in the southern portion of the

Surmont Creek ‘drainage. However, ther: is not a correspondingly

great component of some other tactors norually associated with high

organic content; specifically, conductance figurce for Surmont Creck
are consistently lower than those for Culvert Creok (Table 3.3-2).,

The most likely explanation for this is.a Lbigher percentage of flow

resulting from precipitation in Surmont Creclk, with relatively less

contribution from groundwater that is Lilely to be higher in solutes.

Some of the other datsa are inadequate for conclusions ta be drawm.

©s and phosphates are found in similar concentrations in botn
Sur ont Greel ond Culvert Creek. Gioen the avove dnformation, this
mig .t gecuw surprising, since Tirmont Creel has the greataer aiea of
umskcé within its drainage. Howeve's there is a significant drop

in elovnliun between the major colla¢riné portion of the basin and the
gauging polic.  This sortical drop of about 800 feer (250 notresy would

allow for signi“icant axygen replenishment of the stream and lover ng

>

of the BOL ascociated with o - Yessenivg of organic dece pogition rates
and consequent improvement in the over-s11 water quality. (Therc

.
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l
twenty foot (six metre) difference in elevation and about 1
|
g arcas of tki e

less than a
uile (0.6 ilometre) distance bueiwecrn the muske
) ;’
)

Some of - !
|

)

one~half
Culvert Creek Basin and its entrance into Gregoire Lake.

i
1

v

arca lies immediately above the point at which sampling
» . ’ |
- |
|
b

this muskeg
!

of Culvert Crecek was undertakeq;)
. . . j
Scdimentation in Gregoire Lake or its tributaries could be g
. co. |
lity in Gregoire Lake,
|

critical factor in maintainence of water qua
i i
|

a
especially relative to the fisheries potcntial. As noted above,
i

turbidity (suspended sediment) is high in éurmont Creck relative to!
‘ |
Culvert Creck or Gregoirc Creck. This is undoubtedly due at least Fﬂ
' 1
art to the rapidity of flow and consequently greater carrying capgcity
in the steeper seétion
:

P
Therc is also greater erosion

of Surmont

Crecek.
ite

of the stream in contrast to the Iimitgd erosion associated with t
Although sedimentation in tWe

shallower gradicnt of Culwert Creek,
certainly not a-problem at presTnt,

Creek is
are low by regional standards, the!/ high
ot ’—‘_—"‘_’—__v‘ ‘\ D

lower reaches of Surmont

and suspended scdiment figures
scctions of the streamcourse constifute a zorie o f

!

slope of the middle
Tf strecam discharge should increase, or become %ubj@ct
tainly be arcencuated.
!
i

active erosion.
to rapid fluctuations, erosion in this zownc could cer
of the erode:d material downstream and gts

The subsequent trancport
Creek or ju Cregoive] Lake

deposition in the lower reaches of Surmon
»g of either.
i

would not enhance the current uses
STRNI & a portion

noteworthy that while Culvere G
n Culveryf Creck

It is

of the same high slope area, the suspended sediment
Creel.. It is reagonable

ie substantially lower than that in Surmont
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to assume that the small lake just upstream from the point of guaging
on Culverr Creek acts as a settling basin, just as the muskeg below
the poorly developed drainage leading.into'this lake may function as
a filter, exciuding sediment carried-down from the eséarpr at,  If
sedimentation becomes a significént problem at some future date, a
trade-off between the lower quality of the diséolved constituents

.

of Culver: Creek (resulting from muskeg) and he' lower quality component

N i

of Surmont Creek resultipg from suspended sediment (9? bed load) could
be made by utiiizing‘the fiitration capacit—- of the muskeg areas. ‘This
mighﬁ involve channeling water from one basin to the other in the lower
reaches of the streams. It should be noted that at present the water
quality of both Surmont Creek and Culvert Creek is excellent for most
uses by regional standards, and no remedigl action of any sort 1is
necessary.,
Scasonal variation of water temborature in thé-Gregoire Lake ,

Basin is marked (Table 3.3-4). During the winter months, all surface
tributaries of Gregoire Lake are frozen, and 7c no: discharge into the
Jake. Outflow from thg.lake via Gregoire Creck d. 1 -+ drop below

4. 5°¢ during the study scason, and in all likelihood does not ever

fall morc than onc degree C below thie temperature. Thi; temperature,
when considered with‘thc_flow rates disct .sed earlier, is suggestive
of at least some ground-water flow conuributing to the maintainence
of Gregoire Lake. Thig flow is probably local in origin, since the
soldte characteristics oi regional flow do not appear to be a factor

in the water quality of Gregoire Lake. Quite low ‘emperatures persist
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Photo 3.3-1: Water quality sampling in Gregoire Creek ‘at exit from
Gregoire Lake. ’

Photo 3.3-2: Brown coloration of water in Surmont Creeck, indicating
muskeg origin.
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’in Surmont Creek and Culvert GCreek well past snowmelt and break-up
dates. Théy also pe;sist longer in Surmont Creek tﬁan in Culvert

Creek. This'is quite likely a result of the lower temperatgré run—éff
from muskég regions (Table 3.3-4). (Investigation of muskeg arcas near
the Stony Mountain Radar Station in late May and early June showed that, .
while flow from the muskeg was occurring, the muskeg was still ice-

bound at denths greater than six inches to‘a foot (15-30 centimetres).)
Surmont Creek and Culvert Creek contributed fiow fhat.was cooler than

the Temperature of the waters of Gfegoire Lake“un£11 early June. From
imid—July into Septemgér the flow from these tributaries was somewhat'
warmer_than-the walters of Gregbire Lake. Should fpture‘investigatigns

of Gregoire Lake show thét temperature is a significant fact§r in the
quality of the watef, ihformation o this seasonal fluctuation could be
-put to some use by diversion of water with undesirable thérm;l propertiés.

Water quality.in Gregoire Lake is generally gaod for all present

uses throughout thg year. In spite of the fact that much of the lake

is rciatively  shallow, winter kill does not'appeéf to be a probleﬁ.
Gr.goire Creek discharged from the lake throughout the study year.
Aé‘freviously indicated, flow was ' served to do.line to as-little as

ten cfs (0.4 MB/S) 22 the winter muuths (perhaps less in extreﬁely

dry years). Weed gréwth is a‘proBlem in *he shallower arecas late

in thc‘summer; and while this does not appcar to detract from the
environment in termé of fisheries production (in fact, quite the
contrary), it is not ideal for optimum recreational utilization.

Water quality is not consistent throughout the lake, probably
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resulting from both the major tributaries and the outlet all being.

-

located on’ the south shore. .General observations ofvthe visual
characteristics (eg. coloration) near the Gregoire Lake Provincial
Park, the park ﬁeér Aﬁzau, and at various points along the couthern
shore, indicate that tuec mixing of the tributary wators'}s‘uoc very
thorough. The characte;isti; brown coloration of the tributaries
(Surmont and CulvertuCreeks) duringJ%nd after ¥<a:;/%un-off is'also
' - .

present to a lesser extent in Gregoire Creek owever, this coloration
is lacking to a significant extent in the castern, northern and western
portions of the lake. This would. indicate a flow pattern within‘the
lake occurring from the south-west (the mouths of the tributaries)
ééstward along the southern shore and'éxiting from the Tlake via
Gregoire Creek. This'flow pat tern ma§ be supported by the dominance
of nprtherly aﬁd weéterly winds., TLis incomplete mixing does not
seem to have a detrimentél effect upon the remainder.of ghe lake.

Temperiture in the lake appears to have little areal or
QerLical variation. A preliminary temperature survey wgs~conéucted
ufilizing a YSA téiethérmometer and a fprty foot extension on September
14, 1975. This was primarily'to determine if a more complete survey
could be justified. Spot cﬁecks thro@?bout the lake iudicated less
than a 0.5°C deviation from a temperatqr; of l%QC. In addition, there
does not appear to be any sigpificant vertical variation of temperature
in ﬁhe lake, probably owing to the relatively shallow depth; Tt is
apparent that‘some invcrsunlof tempeféture exists in the lake during

. the winter months, followed by seasonal over-turning 9¥n the snring.




61

It is likely that this overturning, in addition to wind-generated
turbulence and good penetration of the rclatively clear water by

sunlight quickly counteract any stratification soon after break-up.



Chapter v
‘The Water Balance

of the Gregoire Lake Area



4.1 The Water Balance Equation:

As has been discussed in the preceding chapter, preciéé

relationships between surface run-off o d preéipigﬁgion will bc&impps-
. . 7 .

sibye to determine owing to the 1§ck of daily streamflow records in
tﬁe Gregoi;e Lakehﬁésin. The record for the nearby Hangingstqne Riveri
provides some basis for éh indifeét assessment of conditions in the
Gregoire Lake ﬁasin, but much of the'information necessary for run-off
prediction in the study area must be projected from lake level -data,
stréam guagiﬁg undertaken in conjunction with selected storms,baﬁd
particuiérly the available meteorological data. E e

Méteorological data aré évaiiaﬁle from four stations either
within the study area or in close’pfoximity to it. These include the
 Ft. McMurray Airport, Anzac, Stony Mountain LO and Stony Mountain
Radarv(Eigure 4.5-1). These daga are‘apﬁlied Qsiné Thornthwaite:
procedures to calculation of a water balance for tﬁé areasS(Layeock,
>A1967,'1973); Thé‘objective is partly one of deterﬁining>the:duration<
and intensity of run—off patterns by compariéoé of obse?ved sgream~
fréw charécteristics, available hydrographs and calculated soil moisture

surpluses. The more general objective is to improve the regional

perspectives concerning hydrometric relationships.

P
e

A water balance equation hassbeen shown to be an effective
device for calculation of a water budget for a drainage basin (Penman,

1963). The relationships and‘techniques,established”by Thornthwaite
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. | _ . ‘
(Thornthwaite - and Mather, 1955), with some modifications suggested

for jregional conditions (Laycock, 1961, 1967, 1973), have been uscd

I
] .
a

_in 4 book-keeping procedure in conjunction with the following water
i ”

bal?nce equation:

Ppt = (PE - D) + § ¥ SC. | | *
In &he above equat;on, Ppg representc precinitation, PE represcngc
! . . ' .
po%entiél cvapocranspiratioﬁ,
;§u?plus, respectively.

‘while D and S indicate deficit and e

SC indicates the change in soil moisture storage

]

|
leﬂels and ‘snow.detention hetween the beginning and the end of the

JL '. - . o : . ’ N
pé%iod under consideration.
; © The information obtained by the application of this'equaﬁion

td meteorological data wia an accounting of conditions in selected

‘ N
sdll mo}sturo storage capac1ty categorles in time units of one mqnth

4

will yleld yearly surplus and def1c1t totals: for each category.. This -

N\
ipformation can then be applied with a mapping S 3011,moisture storage

I
ategorlcb tbroughout the study area, rLsultlng in a total surplus

o

flgure for the dralnage basin. Corrections for retention and detention

-
storage must . , _

I a
!

}4.2 cch_ional Consjderations: o . _—
1[ » - ! o N . o
| . B
, . Techniques other than the one chosen for thls study could

i . .
| :

}theoretlcally provide thc same results as the Thornthwalte tabulatlons-

For 1nstance work done by Blancy ‘and Crlddle (1950) or. Turk. (1954

N N -
1955)~are based upon the .same basic_parameters and assumpbions as ’

S . . . g
O

be considered before a final runsoff régime can be determined.



Thornthwaite. However, the'availability of results af similar work
elsewhere in the province utilizing the Thorntﬁwalte tLChnquQS makes

it a clcar ch01ce done over the others for the sake of comparison, -

Work done by Budyko (l956) oxr Penman (1963) mlght wcll provide .superior-

accuracy at hlgher 1at1tudes owfhg to their -use of radlatlon measurement
in addition to temperature measurement for the calculation of potential
evapotranspiration rates.” ‘In the case of the present study area,

however, radiometric data from a station near enough to the study area’
. . . . \ . “ o <

o
©

to precludgferror'iﬁtroducad by local variations injmeteorological,‘
‘condigio;s we:e‘unévailabl;. 'Iq would have-been necessary to use °
cxtrapélafed.estimatesuinéfead of ;ctUAY data. The use of these
.vstlmat;s with 11ttle 1ocal supporting data in an equatlon of empirical
der1Vai16£ would 1ntroduce.a‘great poLentlal for error.: Therefore,

vtée éh01ce ;f‘the Thornthwalte technlque seemsf;eaaaaable..:

®

Measurement of preclpltatlon is. relatlvcly stralghtforward

data from Lhc Ft. McMurray Alrport and Anzac statlons were essent%ally

unalcared. Some perectlons of data for the SEony“M6Untain LO station

-
@

have been necessary, .and ale covered in detail below. Evapotranspiration:
rates at relatively high latitudes are subject to some inaccuracies

o

owing to the great1y~increased léngbh of day centered around the summer

solstice. Tables provided by Thornthwait. onl: provide corrections

>

for latitudes of up to 50°. For these and other reasons the figures
‘resulting from the water balan- - book-keeping,pfocedures should not . be

~interpreted as precise, but as a more general indicator of conditions
) o ,
and trends. WNone-the-less, there is some preccdent for using Thornthwaite

P



techniques ig Alberta under somewhat similar conditions, Wprk by

Mc Iver (1966) in the. Spring Creek Basin indicated thatvrunﬁéff
predictions can be made with al fair degree‘of accuracy under conditions
similar to those in the Gregoire Lake Basin. Earlier work by Laycock
(1957, 1961,.1964, 1967) in the prairie provinces alsq indicates:

that water balance eAUations‘(with some regional modificatidns) are
useful for .this purpose. .Stream‘gauing in futu;é years should S/

establish the degree to which the proposed figures are valid; in this

respect, the run-off figures suggested are preliminary.

4,3 Climatic Data Acquisition and Adjustment:

PfeCiPitation and temperaturé:data werejobtained for tﬂe
“four statijons (Section 4-1) within aﬁd adjacent to the study area
(Environmeﬁt Canada, 1975). " For the stud& year the most important
of theée'stétions is one iocafed in the hamlet of Anzac (Tébie 4.3-1).
Full years of record are available for watef balance éomputations ”
during the years 1951;56, and from 1974 to the‘present. Since ﬁo

's0il moisture storage levels were calculable for the deeper = -rage

+
. ~ R . ‘
‘levels in recent,years utiilizing the Anzac data alone, soil muisture

storage levels were.adjusted in acéordance with the data from the
nearby Ft. McMurray Airpoft station (Table 4.3-2). Although the data
from Ft. McMurray and Anzéc are siﬁilar, the somewhat wetter.conditions
at the Anzac site woula inéicafe that this 7 rection may yield

£

somewhat conservative estimates of surpluses for ‘e deeper soil
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<

i

- water balance calculations based upon the Ft. McMurray Airport soil

. v : R
‘molsture sloragercatwgories. TFortunatekyd
o R

67

1974 (the year for which

. e . - ‘ . ' . . .
moisfure storage levels were initiated) was a relatively wet year,

- with significant recharge occurring in the deeper storage levels.

Even the[modest snowfall ofuthe winter of 1974-1975 was sufficient
S PR .

‘deepest storage categories to capacity before any soil

to bring %hg[

‘moisture utilization occurred. From this point in time the Anzac
water balance calculations do not include any adjustments in déta or
me thodology. - B

The Ft. McMurray Airjport station is_the only long term station

which has been recording th:ough ut the year. Invoperation-éihce 1949,

its records’are'useful_to>this studv for several reasons. Owing to’its
1ocation,.the-Ft- McMufréybdéta al 'vpru:Jﬁtatiye of the more,general
implications regarding fhe clima" ¢ the "egiqn. ’Iﬁ ﬁeérs where
records from other stations are 2comple qvthis rééora‘can‘serve as
~a general indicator of condition: The .ata iﬁ‘Table 4;3f22;fe

essentially complete gﬁd unalteres.

The Stony Mountgin.LO station has a,reasonébly IOpg period of -
recgrg, comﬁencing in 1954 and continuing to thé‘present. Records are
kept'throhgh the months-of.poteptial fire hazardnlusuaily'from Héy
tﬁrough September. Year-round records. were kept erja ééri§d of foar
years at the now-abandoned radar site, Tocated jyst dutsjde the stu 'y,
area (Figure 4,5-1), ‘(Althoﬁgbvthe proper designat ion- for fhi; station
iS‘”Stony Mounfain”, it will be-feferréaité as ”Sfony Mogntaiﬁ Radar"

for clarification pr?pses; During the eafly,periods of record; "Stony
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MWomtain LO was referred to as "Stony Mount ain Forestry': rhe former
vse designations is usea throughout.) .Annlysis of the data of

s two sites for the months of concurrent record shows good

ragrecuent with temperature (and thug evapotranspirvat ion) heing very

similar, while precipitation was greater at Srony Mountain LO by cight
perbcont. Given the period of record, thrs is probably not a signifi-
cant variatioﬁ, considering the localized naturc of summer thunderstorms
in the area. Elevation differences between these two stations are
negligible. . The slightly higher precipitation at the Stony Mountarn
L0 'station may be attributed to its closer proximity to the cscarpment
and censequent"greater-exposureAto‘orographic upfift influences.

. Some indication of cllmetlc patterns throughouL the year are
valuable for run-off caleuletions invthe upper portion of the Surmont
Creek Basin. The Stony MouhtaianO adjusted data (Table 4.3-3) represents
then, an esfimate of petential evapotranspiratfon and precipiration
for:the;Stdny Moﬂntein Pleteag,e Probability of error in the projectionsg
of potential evépecranspirafioe’are slight; since thé only moﬁthly
totais’Ofi?E Whlch/are not a part of the Steny Mountain LO data are
October and April. The months before April and 4! October average
below freezing,.and thus fE is nil for the purposes. of Thornthwaite

calculationsL Potential evapotransplratinn in Anzac for April and October

bls 0.35 1nches (8. 9 mm. ) and 0.55 1nches (14.0 mm. ), rec-octively.

In accordance with the average temperature dev1at10n during thé period

'of concurrent record between these two stations, these values have

* ‘been adjusted’tOvnil foreApril and O.28’inches (7.1 mm.) for Oetober

£y
gy

«
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Precipitation data for St ~.4antain LO have been projected

in accordance with the Stony Mountain Eadar data (as noted above),

Ctaking into account a correction factor for the relative wetness of

P

cne vears LU59--% in onie T Lol oray rooion The o
Coyvals L/ o ] Ll O R SN J RGPS LR IS g 100 i

ol Loy crror
is much more significagt in these projections than for those of po;cntiél
evapotranspirat Zons OQing to‘Lhe lack of a statistically significént
period of r:coré, it should be ;uggestéd that the :precipitation fiéures
for tie Stony Mcuntain plateau during the wintcf months are more in
the nature of long term average figures adjusted 53mbwhht for_orogrqphic
effect (sec pclgw), and.ﬁhe meteorological peculiaritics of the study

. . 3
year. Despite this, they should ronde; a more real@s!ic figure for

run-off{ calcuvlations than if lowland static:. data were utilized as

representative of the cntire basin. The adjusted figures for Anzac

and Stony Mountain LO are markedly dissimiluare Petential evapotrans

550 mm. ) coher than

(a9

piration figures for Anzac are one to two inchos

those for Steny Mountain LO,, while precipitation is rouvghlby sixnteen

B
per cent lower.  Loug term waler balance cquation. {o ‘
station:s curyen:ly iu wraticn would anpear gene o aLlly 0o soiloas
ble 7L h-de  Long Term Uover Halance bBuat o
b jir ; r‘;"{ A L L7 V2 -
o . "N 7 - 7 o
CA4G mm) (626) 7)o,
Anz RN } EALE
(53 ) L4 ) CLD
Stony Mountain 207 VA VAL AL S
\ (636 wm) (4320 5y (20 .
1 N PR . . Cy 9 e 3 : i vy
Long term no-mal 2ais (Laycock LAY, pessan S : st LD ey
rorage capaclt o & '
9 o
) ; R data are net ¢ fur (Y P L 5
equat ions are ¢ vlinetes to the nea neb opr i inch 107 )
. : £ -

storage ~aprcit

(Appendix 2), ‘ E . S




5

~miles (12.6 kilometres) away. 1

70

It seems likely that the differences in the water|balance
equations over such relatively short distances are due in|large part to
orographic influonces. The driest of the three sites, Ft McMurray,

is at an altitude of 1211 -feet (369 metres); Anzac is at 1580 feet
|

(481 metres), with the change in ¢l-vaton between the tuc being

gradual and reasonzbly constant. Tn contrast, the Stony Mountain LO

is on top of the cscarpment at an clevation of 2500 fe.: (762 metres),
with Anzac being near the base of this escarpment (Figure |1.2-1).° The

rise betweon the two is relatively abrupt, snzac being leds than cight

Y

he distance between Anzac jand the TFr.

McMurray ;itport station is more ncarly fifteen miles (24 kilometres).
: 5N | ‘

\ ) . . : , - |

The very small elevation dif{ference involved betwecen Fr. MFMurray

and Anzac would account for the slight difference in tcmpefﬁture;

. ' ) : .
a standard vertical lapse rate cstimate would be approximately o

one degree Farenheit (0.59C.) temperdture differential.  The san: rate

|
|

computed over the 1000 foot (300 metres) rise from Anzac to the Stony

Hovitain {ire tower would result in a differ.nce of cloce to three

degrees Farenheit (1,79C.).  The rocords i) in fact, bear this out.

Consecquently, potential evapotranspiration ~ates for Tt. McMurray and

;

fuzac are gimilar, but a significant decline inn PE ratves can be

att=ibuted to Ui «icvation of the Ctonw Fruntain Plateau.

The o e o beoar duportant orogrooshiz e ffe 0 on o snow-

pack ccinenlation dn the Fo.o MeMuorray ropgics as well. Viois haes beew
supiaried by observations on Stony Mountain during the siady geason.

Since’ the gregter portion of the Greogo’ « Basin is subijecct teo orographic

5

7
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effects, it mayﬁ&oll be that the snowfall’;onstitUQnt of the total
precipitation is also subject to both increased precipitation rates
and réduced evapotransbiration rafes.

It was not possible to carry out a snoW gauging program through-
out the wintcr/of the study year. However, measurements of total snow-
pack were made prior ‘to significant melting. These measurements were
made during the first phrec days in April, 1975J It is recognized that
the results of a single scasons snow-catch are not subject to coherent
statistiCal analysis.: This iz particutarly true of the winter of 1974-75
owing to lighter than norm;l sno@-fall. In spitcrof'thesc limitations,

it appearcd that snowpack did tend to increase with elevation (Photos

4.3:1, 4.3-2, Appendix 3).

Landsat imagery of the region was not available during

o

study year. For this reason, imagery from the previous year was

. r
. . . : : o \ . /
used in analysis of regional snow-pack patterns. MSS bands five grd
‘ / ./7’

seven rocorded on April 15, 1974 were of excellent quality and ¢here
. . " !

e b ;
/

. . ’ 2 K
we. nuvgligible cloud cover. Microdensitomutgﬁb enhancement of/ these

;
imao.s is indicative of a positive correlation betwcen altitude and

stoow-pack (Phoro 4.3-3). These arcas of greater snowpack arce repre-

i
sented by the cooler colors of the spectrum (blue and violet), whercas
LY

il

the svreas of lighter SUON-COVeT . arc fcpfcscnggd by the warmer pinks

and oranges. (This reversal of tonal assignation orairred as a "
result of utilization of nepative imagery.) The major arcas of /
concentration - of these conler colors caﬁ be identificd as the

Thickwood Hills, Birch Mountain and the margin of Stony Mountain.

Thus, hecavy snow-pack is indicated on the only regional relicf featurcs

.

/




Photo

Photo

4.3-1¢

4.3-21

B

Rclatlvelv deep snow near summit of Stony Mountain
Escarpment, (9.83" or 24.6 mrr,/

Vi

Light gnowpack along Anzac road. (3.75" or 9.4 ram. )

&5 »
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capable of gencrating altitudinal climatic variation.

There are several possible causative factors for the observed

show accummilation in the more elevated - areas. The combination ¢ f{

orograpt « «lly induced increcase in precipitation and vertical thermal
lapse rate is probably the most important of thesc. Clower melting
would indicate not only le ~er maintenanc. of the snou-pack in spring,

but ‘also carlier commencement of accurwulation in the fall. Otbler

factors such as slope. aspect, and vegetati = tvoe can also have a
significant effect upon mdle rates. (These ifactors also affect
imagery interpretation. Since cnly general ¢rends were desired, no

attempt was madc Lo corrcct for thcsg factors.) Regardless of the
causation, added accumulation of snow in/ﬁpland regions will Bave a
distinct effect upon thevwater volance of the region. The delayed
utilization of snowmelt in s0il moisture recharge until the warmer
months is likely to result in dcqrcaénd defiéitsa More importantlya
fully recharged soil moisturce storage capacity in the scason of
heaviest precipitatien is iikgly to increase suypluscsw- Recharge

of even the deeper storage categorics is likgly to occur in nore

years, resulting in inecreascd {low from these aveas. It is difficult

N

to asscss the effect . peuak flows, but “igher flows arc likely to be
sustaiacd for longer prriodus and later inco the scason than if thc

slow release of moistu-2 “vow the melting snowpack was I prescnt.

In general, then, precipitation relationships are not as dircect

as those of temperaturc and evapotranspiration. This is perhaps a

_result of the more modest arcal extent of individual thunderstorms, but
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more likely a result of the massive orographic uplifts of air masses
which are likely to alter precipitation produéing conditions:aléfh.

The resulting pretipitation is transferred to ground level observation

stations, whereas the air temperatures at ground level are less

affected.

bl LocaI.Water Yield Variations:

The run-off characteristics of a basin are .direc.ly reolated to |

a number of factors one of the more important of wh ~t i, vegetstive
cover (Penman, 1963): Scveral vegetative cover paramecters have been
shown to be important in their effects upon‘evapotranajivation rates.:

|

i

Ages of .vegetation stands are important, since PE ger- 11y increases
as a function of increasc in total biomass within s s ws'e species.’
Age also results in deeper rooting of the stdnd, with :onsequent

- -

availability of soil moisture storage trom decper zcnes during times

'
i

P

of soil moisture Qtilization. Speciés is alse a'decisivé pgfamcte?
in»deterﬁiﬂiﬁg PE, not only because of thg'greater-biomassﬁder unit
area of some species over others, but alsc thbbabiliﬁy of some speciés
to transpire greater véluﬁcs of wafer per unit biomass. This relates
paftiy to’albed0’0f>the7covcr; and partly to leaf structu:e;‘in éddition
to a npmbef.df othcf:factors'(Penman, 1963). ﬁléo importani are the
apparent differgntgsqbetwgén speéiéé in their ability to contribute
,éﬁbgtantial tranépiration cither later or earlier in the scason th:%

others. 1In the Grégoifc Lake areé, this might be excmplified by spruce
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bon thélone hand, and aségn on Pﬁg’othér, sinpg leaf loss by the aspen
in.fallJand late‘chclopmcnt in‘spring prcvcntsfsignificant trhnsfi—
ggtiAn while: the needles of the spruce have ;his>abiliuy.

fhe storége categories éhoScn for this study are preliminary

and opeén to modifichtian pending résulgs f)>m futuré years. n

accordance wirh *he above listod factors. and with estimates used
elsewhere in vhe province (e.g. Laycock, - 1962, 1967, and McTer,
1966), the following assignations worcwmadg;;

1. 0‘5”“(12.5 mm. ) - cleéred arcas of bare soil, roads; '
campsitcs./—

2. 2.0" (51 mm.) - ;1éared pasture areas, marshfand muskég;

(The degd orgénic Qover in nmuskeg a;eas>1iﬁits losses from

qvapotranspiration. Wight, 1973)

] .

3. ﬂé.O” (102 'mm.) - ébarsely treed or brushy muskeg areas.

4o 6.0 {152 mm.) - imm;turevdeciduods trce‘cover,'spafsely

timbered arcas (largely in dead ice moraine).

5. lO.b” (254 mm.) - mature, well ¢stablished forest cover,
generally coniferous, but some nixed deciduo&s stands.

6. Surface water —'Ealculatéd with né maximum storage level,
with one-half the deficit from the six'inch category
added to P in'esfimating evaporation.

The dgainage basin was'mabpod by the author from air pﬂoto

imagery of twé different scales (Albertavtnergy aﬁd Natural Resources,
1951, 1967). The ne thern half of the basin uae mapped from 1:31,68

scale phofbgraphy, which was deemed adequate for the relatively large,



homogenous areas of the abQVG listeu categories. The southern
ﬁortion of the basin was mapped from photography of 1:15,840 scdie:
Although this detaiy'mny not have been entirely nccessary, some
diffituit.problcms in interpretation were found to cxist in the
southern half of the basin. Vegetation disfin&tions in afeas‘covorcd
byvmorc unQulating till were unclear; in these arcas an avelage Sto%agc
level is assigned where practical. These arcas also involved somc”
minor problems in definition of draiuage divides. In the .southern-most
marginé of fhe basin the éxtrémely.low relief made definition of the
drainage divide extremuly difficult. Hydrologic featurcs are poorly
déveloped at best, while in some iné:anccs there is evidence of shifts
ir. drainage direction or in lake éutlets. The marginé of the basin
in the most difficult.cases were finally determined by the Ny
directions as indicated by the chevroﬁ;like appearance of some of the
muskeg surfaces.”

Final transfer of the bhotography based patterns to the base

. ‘ . o .

map was dpge at a scale of 1:63,360, utilizing a zoom transfer-scope
for some of the more complex arcas. Areas for cach i the mapped
units were calculgted utilizing an additive planimeter; original
calculations were>perfdrmed_in acres, with final COﬁVQrSions being
"in square miles and SqUaré Kilometres. These are recorded both as
total arcas for the purposes of run-off calculation, and as perccﬁtagés

of ¢ 1 basin, for comparative purposes (Figure 4.5-1).

Zoom transfer-scope made available through the Albyrta Remote
Sensing Centre. : ' '
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4.5 Distribution of Storage Capacily:

The study arca was divided into two uncqual parts based upon
the orographic considerations prcviousiy~discus30d (Sectionlé.Z).
The water balance for the séuthern half of the basin Qas calgulated
utilizing the data from the Stony Mount;in 1O, while that in the
northern half was calculated uLilizing the Anzac data (Figure 4.5-1),

The lower (northern) portion of fﬁé basia has an area of
approximately 38.4 squarce miles (99.7 squarc kilometres). The most
notéworthy feature of the basin is Grggoirc Lakc,_for.it éonétitutes
tie gfeaterkportion of the area mapped as sufface water. The arca
designated as.surface water is quite large, covering abou£ 27.3 per
cent of the lower basin. The six inch,(lSZ mm. ) storage capacity
area is not of great importancc, having been mappea as only 3.6 per
cent of the area. The most extensive of the deeper storage arcas in
the lower basin is thaf with a ten inch (254 mm.) storage capacity.

59.0 per cent of the lower basin was designated as having heavy

~deciduous, coniferous or mixed stands of trees ranging from thirty

to gixty feet (ten to twenty metres) in height., This storage category
incorporates almost the entire high slope area in che léwer basin, in
addition.to most of the backshore area around Gregoire Lake. The arca
around Gregoire Lake Provincial Park is. dominated by tﬁis category.
The lbﬁer-storagevcapacitiés are not strongly represenicd in
the lowgr basin, totalling only 10.1 par cent of the arca. 0Of this
amount, 3.5 per cent is marsh or muskeg (two inch or 50 mm. storage

capacity), with low evapotranspiration rates because of the cover of
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Table 4.5-1: Distr ibution of Soil Moisture Storage Capacity
Upper Basinh - Lower Basin
Se. mi. Ki?) % Sq. mi. (szl) %,
Wat 1,688 7.1 10. 464 27.3
: (L2, 141) (27.102
11.020 16.8 1.339 5
- (28.542 (3.468)
o 6.931 10.5° 3.519 6.6
(17.951 (6.524)
115,230 25.3 1.389 36—
(42.036) (3.598)
‘10 126.261 40,3 22:634 59,0
(68.016) (58.622) -
'65.129 100% 38.346 . 100%
(168.684 (99.316) .




dead organic material,  The remainder is in the Fowr ineh CTO2 iy
storage category, consisting of cither treed wiskes or open mendoy
used for rough pasturc. The on ~half inch (L2005 s ) storage coparcity

does exist in the lower basin mainly ae roads aund clearings, partly

In.the hamlet of Anzac and ai (he Amoco oifo ;o the total area involved

does not  at present, constitute . stenilicaut feptor for ibead oo

of run-off for the Gregoire Lalke basing, and was there fore doleted as o
mapping cotegory (Table 4.5-1). -

. . ’ : . . /
The upper basin (the southern-most portion of the study aren)

I

is considerably larger then the lower basin, having an area of approxi-

mately 65.1 squarc miles (167.7 square kilomerres). Owing to the

location of the greater porticy of this areca on top of the Stony

Mountain Plateau, it 'ic presumed to have the crimatic characteristics
N |

’ (
of the Stony Mounta'n LO static:. The nature of the stiorage categories

v

in the upper basin is sinilar tc¢ those in the lower baiin, but ouving

o o
to a preponderance of miskeg condifions in the southermmost port Zon of
, ‘ /

~

the upper basin, there is = tigher percentage of shallow storage

categorics, . . /

The deeper storage cno

el

/

!

portes are located neares= o o+ e

e€scarpment. Approximately 40.3 per cent of th a has been assionoed
Pr &

a ten inch {254 mm.) soil moisturc Storage capac ity. Th oo iy orimarily .
/

along the better drained edge of the escarpment and in othe: artas of
: . ' - | ,//’
greater relicef in the basi Vegetation patt-rns f{or this zategory

are very much the same as in e lower basin. Tt is notewor "hy that

even though the total acreage of thig mature forest cover is grea:,
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Photo 4.5-1:

Photo 4.5=2:

Surmont Crceck centering Surmont Lake.

(Photo courtesy
Arch Landals) .

/ :

Mickeg and treed muskeg south of Surmont Creck. (Photo
courtesy Arch Landals) : '

)

%
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it dis.relatively 1$ss than the arcal

~ b

. -\,-" i — Y -
the remaindey of the deep storagé capgcities {8 nearly the same; as in

\

‘ B , o o
the lower basin. ~25.3 per cent of the area is dg§§ghated as havif
a six inch (152 mm.) storage capacity, teing mapped

or scrub. Another 7.1 péf cent constituted the’surfﬁéb

as Aimm

83

04

proqufion_of'ten inch (254 mm.)

storage catcgory found in the lower basin. The Areal percentage of

"N

.

“water of ‘rho

upper basin. _This’sg very nearly’the reverse of the pefcenpagcs of

water and six inch (152 mm.) storage capacities present in-the lower

v

. Lo 3 : {

. . Vo . . Y

storage capacity-to surface water area did not appear to have a large®
ceffect on calculated surplus since there was no deficit in the deeper

categorics. If the adoption of an alterbd equation‘(%ccgion 4.4) for the

run-of{f from the surface category shoguld be expected in dry yqars than
fgom the deep land st&rage categories. This gould°b¢ important in‘tﬁe
Gregoirc Lake Basin, since chﬁ by fégional stanhard
oF water surface in the area is high (Table 4.5-1).

The most noteworthy aspect of the distribution of soil moisture

s

arca mapped as onc-half of one inch (12.5 mm.) storage capacity, the

basin. 1In this particular study year the ratio of land with deeper

¢alculation of surpluses from surface water arcas is correct, then less

the percentage

. storage patterns in the upper basin is-the relatively great area in

the lower storage capacities. While again there is no significant

two inch (51 mm.) and four inch (102 mm.) categories occupy about

27.3<per cent of the upper basin. Of this amount, 16.0 per cent is ’

categorized as open marsh or muskeg with a storage level of two inches

‘(51 mm.), whereas the remainder is classified as tre

ed or scrubby

g_ - \\./‘/ g

- hy R
atute forest

R
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" muskeg in the four inch (102 mm.) category. This iswa significantly

larger'prOPOVtion thnn exists in the lower basin. .‘ |

"These lower storago categories may-tk expected to«ipf}uente
the surplus pattcrns of thc.studyvafoa.v The low poLtntlal storage
Capacity ‘would result in nlgh yleld evéen for relatively.- dry years.
This surplus is aL least partlally a funct1on of reduced evapotran

plratlon rates from the boggy arcas, rather than a lack of storage

depth or lower .infiltration rates. A’slowing of run-off rates may

.also be ant1c1pated resulting from the high detention storag associated

N

with the extremely low relief and poor drainage cvident in the areas

with lower storage oategories. This tendency is also rtlated to the
many small lakes and sloughs assoclatod with tht muskeg arcas. The
combination of high yield and high detention storage'méy be expected
@
to produce a run-off patt rn of sustained hlgh flews rather than the

rapid fluctuatlons between high peqks and deep depressions ‘in the
hydrograpns normally aSSOCynted with run-off from areas with the‘lowcr
storugo_capacities. |
Several inportantiOVer-all patterns may be noted in the distri-

bution of soil moioture storage categories in the study arca. The
percentage of the surtace area covered by woter is unusua(ly high for
thls reglon.? Tho pcrctntage of the area in muskeg is not unusual by
regional standards, but is important in relotion to run-off

patterns. Tnc prcponderance of this latter category in areas under -

the influence of orographlcally induced prec1p1tat10n suggests thL

probability of greater yield from thisg basin than m1ght be expected

s . %
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elsevyhere in the region.

4.6  Surplus Parterns:

As has been noted previously, the study secason was wetter than
nofmal. Accordingly, thc‘yield fiéures calcuiated‘using Thornthwaite
methods for tﬂis year cannot be considered as representative.of normal
2 . _ .
cenditions. In spite of this, a rcasonably clear in&iéation of major-
run-off péttefns is evident, especially as théy.relatc to ;he orbgraphic
féctor§ gnd to the lower storage‘categorieé.' ‘ \

Calculated yields for the 1qwer»basiﬁ are within the rénge'of

normal Qgttorns-estimates for this area. The lower storage categories

" have relatively high yields; the dgmparisdn of surplus figures from the.

two inch (51 hm.) and four inch (102 mm.f) storage categories is indica- .

‘tive of the degree to which potential storage depth is important even °

in a wet year. While the two inch (51. mm.) categofy is. only ‘about one-
half the -area of the four inch- (102 mm.) category, the run-off from . 4

~

the deeper area is only slightly greater (Tab1e14.6—1). It is evident’

from these sufplus figures that any major shift in the relative

dacreages of the'sh3116w categorieé to the deeper categorieé in the
lower basin édﬁld radically altér yield patterns in some ycafs'(See
Table‘S.b-l), -During the*study year the.run-off from the lower basiﬁ
orig#natcd predomipantly in the ten‘inéh (254 mm. ) storage category
and the surface ﬁater area. 'While the yield from these areas was

~

relatively low (2.69 inches or 68.3 mm.), nearly nine-tenths of the



.

L4
“

Table 4.6-1:

"Gregoire Lake Basin Yield - 1975

N

Storage Area . ‘Yield surplus
‘Capacity ", Acres . ' Inches - © cafy-
(mm.) _(Hectarcs) (mm.) (hmy )
"y PPER B@SIN !
Water 3000. 02 12,94 3235
o (1214.1) (322) (399.0)
2" \7052:66 . 13.74 _‘ ~ '8(575 ] o ~
~(51) (2854.1) (349) 7(996.0) . S
AL 4435.65 12.94 4783
(102) (1795.1) (327) (590.0)
6V 1038 24 L+ 12,94 C1120r 0
(152) (4203.6) Co(327) - (1381, 6)
10m 16807..16, 12,94 18124
(254) (6801.7). (327) . (2235.6)
Sub Total 41682.73 45,418
(16,868.6) (5602.3)
.LOWER BASIN
Water® 6696.88 2.69 ‘1501 .
, S (2710.2) -+ © . (68) (185.2)
20 . 856.73 J "5.63 402
(s1). ° (346.7) - (143)- (49.6)
AL 1161220 7 3.63 488
- (102) (652.4) (92) (60.2)
6" 888.83 2,69 199
(152) 359.7 ' (68) (24.5)
10n 14486.59 . 2.69 3247
(254) (5862.6) (68) (400.5)
Subtotal 24541,23 5837
(9931.6) 7 720.0)
) - i
BASIN TOTAL .  66223.96 ° 51255
: : - (6322.9)
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lqwer basin hasvthese storage cntegories. As indicated in the water
“balance tables for Anzaclfor'l975, there\was a surplus from cven the d
deepest storage cdtegories during at least four months of the year
(Appendix 4). Storage capac1t1es were nenrly‘cxcoedcd agaln during
éeptember. A dally calculation would 1nd1cate greater surpluses for .
, August and 1ndecd for most of the summe1, as several of the storms
T were sufficlcntly close to each other that’ evapotransplration between
them dld not deplcte 8011 moistu1e storage levels 51gn1ficant1y and
surpluses would have been registered.(see F1gure 3. 2- 1) |
| The-éreater palt of surface flow in- the Gregomre Lake Basin "--
or1glnates in ‘the upper two.thirds of the basin. During no nnnth
,wss there a deflcit in any storage‘category. All months and all
sLorage categorles were represented in total yearly surplus fxgurcs.
Even durlng June, the driest month of the 1975 run- ott season .storage'
: capacxty-in all categories was exceeded by.O 44 inches (11 2 mm..). As
a rcsult of the high total prec1pitat10n during the study season,
yields from all storage category areas were hlgh with flgures from
the shallowest storage‘capaclty be ing l;ss than one lnch greater than
those from the deepest storage'capacity. It is again the case'that
"the greater part of the calculated run-o ff orlglnates in areas having
deeper storage capacity due to the: greater areas involved (Figure 4, 5 l)
but in the upper basin the muskeg areas make a somewhat greater relat1ve~
contrlbutlon to the total run-off. This tendency would be much more 4
apparent in a dry year, yhen,the'deeper‘categories would not contribute.
,greatly to surpluses‘(Appeudix 43, | |

&
™)

e . . N
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The rclatiVe_wethess of the study year was not sufficient to

disguise yield'diffcrentiﬂtlon patterns resulting from depth of soil

moisture storage capacity,in the lower basin. In contrast, the
- . . ~

orographic precipltation in the uppcr basin’renched proportioné during

1975 that- do not allow délculatlons to be 1nd1catlve of probable

longer term surplus paﬁterns. .Nearly constant yield is lndicatod

: from all'storage categories. ln aVQrage and drier ycars this will v

fnot be the case, since ghe shallower capncity artas wxll havc soil -

\

‘-m01sture defic1ta after storage has becn dcpleted. After thesa
shallow capcit]es have been recharged éuring a ralny spcll surpluses

may be experlenced._ In contrast in the deepor categorles WIthdlnwali

'

from soll m01sture storage may contlnue throughout B | dry year.
Consequently,vpxec1p1tat10n will havc a deeper recharge requxrement

fbefore Capaclty‘ls reached;‘ Thls capacity was full for all months

’ln 1975, with eonSequéntly_little differentiatlonhbetween shqllow

and deep storage categories in terms of their contribution to surplus.

~

Conseqq_htly; the  aveas of muskeg‘ahd treed muskeg’will-cohtribpﬁe

relatively moge to the total run-off in yearsxof average or less

preclpltétioh.

The Haﬁgfngotohe River hydrograph uas usedegs‘a-basis for
'comparlson with!flou'coﬁditione in the Gr igoire Lake Basin. Yield per
"'unlt from the® Gregoire Lake Basin ‘was probably/somewhat greater than

that Erom the Hangingstone River Basin because vf the largtr relative

T N B

area at higher elevation.. Yield calculated from approxxmated flowv

figures based upon period guégin&.undertaken on Gregoire Creek at

9. . . . -
N ¥

-
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Table Q,6v2:,,Relntivo Yicld .and Discharge

" Name 4

Drainage
Arca

Mean

-Discharge

Yield’

Gregoire Creck
" 'Gauge dstimate
Thornthwaite

103.5 mi®,
(268.1 km™)

Hangingstone River

60 cfs (1.70°M3/g).

71 cfs (2.01 M/s)

Yield

7.87

9.2()“

t

(199 .9mm. )

(236.0 mm.)-

" Hydrograph - 344 mil 188 cfs (5.32 M3/s)  7.42". (188.5 nm.)
T (891.0 km?2) :
‘ {
AN
AN

2
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. the outlet from Gregoire Lake is slightly in excess of that recorded

for the Hangingstoﬁe River (Table 4.,6-2). Yicld for the Gregoire Lake
Basin bascd upon calculations utilizing Thornthwaite techniques may
Be somewhat higher than the estimates based upon field guagiﬁg. Both
of these figurcs ar;:within a recasonable fange of error relative to
whaf miéhtlbe anticipated;in‘spite of thé different basin characte%—

.Istics of the Hangingstone River and Gregolire Lake.

4-7 Over-all pa[‘t‘ernS: i i oo ) B

P >

The relationship of soil moisture storage to run-off patterns

. has been previously discussed. It has been noted that yicld from

muskeg arcas is high as 3 result:of.low potential evaPotranspiration»
brates, Thé rapidity of run-off normallyﬁassociatdd with shallqw
storagge areas is»no; prosent.' On the qontrgrx, muskeé areas have
significapt snrface detention étoragc'capgg}t&ce énd this in part.

.explainé the subdued storm peaking.éf the streams in the lower Gregoire

@

’ -~

Lake Basin relative to those shown in the hydrograph of the Hangingstone

: ( : _
River. This would contrast with the situation in other low storage’

" capacity areas (e.g. the cut-over forest that would be associated with -

-

in-situ development), where high yield is normaliy associated with

rapid run-cff. In the upber Sufmont Creék-drainage,,thé reservoir
capacity of the numerous‘sméll lakes also contributes to fﬁe maintain-
ence of even.fléw charactériéties. Althoughhit was not the case in "
A1975; thg heavily fo%estéd areas of the upper basin will genefally

‘be areas ofllower yield than the muskeg areas (Section 4.6). The



relatively large muskcg‘nrea in tﬁc southern-most ;hrtidn of Lho basin
isllikcly to be thé single most important factor in yhg maintaining of
flow ‘in Surmont Creck éuring rolntivcry dry'years'blénuse of this
combiﬁ;tion of high yicld and relatively high dcténtion storage

capacity. ~ : T,



~

Chapter V
Water Resources Problems of Qilsands Development

in the Gregoire Lake Arca

Y
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5.1  QGeneral Hazards:

1

"Gregoire Lake 1s a‘viable nggﬁrnl resource utilized hchil&
§ "g_,p

by the people of the Ft. McMurray arca. Given the nature of in-situ
’ 14

oilsands development, there is a very real danger to the maintenance

of this resource in a state which would allow for the continuance of

the present range of uses. - Present damage is minimal owing both to

the small size of the current development and to . precautions and

corrective measures taken by Amoco. In the future, development will

be at ‘a- much larger scale. It appears likely that significant problems

will occur if this area is developed as planned. Based upon problems

encountered in the expcfimcntal developﬁent, the mpsf‘Spvefo of these
problems will be those related to double-cnded hazard of erosion and
scdimentation; It is also probable that the alteration in both f{low
and regime and total yicld which would accompany the removal of vege-
: £ooE
tation would produce unwanted results. Alteration of-flow regime
reéultingiin higher and mofe frequent peaks-of tlow QiLl also incgcase
susceptibility to erosion.. It appears that the prcbiem of erosion on
Ehe high slope‘areas of the Stohy Mountain Escarpment may well prove
insoluble at reasonable cpét, givcn.thé thicipatcd scale and sequence
) . ®

of development. The -problems related to alteration of run-off patterns

have not yet been perceived by the developers. (Sece Chapter VI).

“°
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Photo 5.1:1:  Amoco Gregoire Lake Experimental Site (lookin& north),
(Photo courtesy Arch Ldndals)

Q

Photo 5.1-2: Vegetation buffer zones remainlng betwéen drilling pads
at Amoco Site. (Photo courtesy Arch Landals)



5.2 Erosion and Sedimentation:
. . ; ; |

The current AMocQ Gregoire Lake ékperimentai Site has been
cleared of vogcﬁation over an area ﬁot exceeding fifty atres (20 hectares).
Owing to the slope of the Stony Mogntain'E;cafpment at the site it has
been necessary to conduct fairly extensive cut and fill operationé
to flatten the slope té a managecable degreé, Precautions taken to
prcvent erosion to.che‘présept have cénsisted of filliﬁg ditches and
gullics with'dcad-falis,‘brushfand logs (Phofo/5.2-i>. Some attempts. .

) .
at expefimentatiqn with chggetation have  taken place,‘buf with mixed
7éhcéoss (Phota 5.2-2). Thesec measures have for the most part controlléd
gnvironmental hazards §ssociatcd with the water rcsource‘at‘ihe present
site. Ifi§hould be nqpcd,‘however, fbat the process water involved
in‘thé stimulation analrecove£§,of £he oilsands is both.supplicd'by
and disprwd of in dcepﬁwclls; and go does not entcr.into the surface\
wéter balaﬁce for the baéin. This may. not be the case at a commercial
scalce (Chapter VI).

An examination of the:-crosion and sedimentation which has taken
place at the current site is instructive as to the potential for ergéion
and tfansportation of scdiment'which might occur on g commerciai scale.
Erosion at thg Amoco site is primarily limited to the filled areaé on
‘the north-cést margin af the lcase (Photo 5.2-1). The £ill utilized
is from elseihere on the lease, and.it consists mostly of glaci;l till,

with some organic material intermixed. This till is very unstable,

due partially to the constituents of the till itself, partially. to

!
14



Photo 5.2-1:

LA

Brushing and dead-falls as erosion inhibitors at
Amoco site.

7/
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Photo 5.2-4: Fine and medium sand, anrproximatcly
metres) from origin.

200 yards

(200

A
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the stecp slopes involved, and parfiaily«to thg early scason moisture
content of the fill. The moisture content appears to be a major |
factor not only in crosion, but‘also in mass movomcnt, due to much
of toe carth moving being done in tho winter months. During this
period it is not possible to discriminate between snow, ice and earth
io fill operations. The melting of the frozen water conteot of the
unconsolidatod fill during the spring creates an extremely unstable
mass of material. Some mass movement by gravity is invo{ved initially,
followed by extreme susceptibility to erosion. ‘This instability makes
proventatiVQ‘work vefy difficult, partly bcsausc erosion is likely
to begin before the growing season will allow protective vogetstivc
cover to "develop.

The transport of scdiment from the Amoco site subsequent to
erosion‘would certainly have reached greater‘proportions if the present
precautions had not been taken. In spite of the precautions, a

i

-considerable "amount of sediment has been transported from the site

in the dlrcctlon of Surmont Creek (Photo 5.2-3). Obseryations dur ing
heavy run-off during summer thunderstorms hsve madc if clear that

the material iskmoved primari1y>by bed transport processes, as it

consists mainly of medium and fine sands (Photo 5.2-4), Transport

of these sands has proceded several hundred yards (several hundred metres)
from the site. The coarsest constituents of the tlll have not migrated

to the ssée exteot. The clay component of the till is generally not

in evidence past the boundaries of the site and may be presumed to have

been carried in suspension into the watercourses. - (Some thin films
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of clay can in fact be found deposited on leaves and other forest

litter along high water marks.)

Exploitation of in-situ oilsands reserves on a'commcrcial scale

o

- will involve the clearance of up to nlnety per cent of the vegctatlon

over an area of about three square mlles (7.77 square kllome{res) (Amoco,

1973) (Photo 5.1-1 and 5.1-2). Much of the area encompassed ﬁy the
Amoco leases is on the face of Stony Mountain., The potential for
erosion on this.amount of bare“ground.is extfeme.A It is a high slope
area'eubject tb fairky rapid flow, as is indicated by erosion along
the fbrestry roads on the face of the nnentain. Although current
plannlng allows for a buffer zone of natural veéetatlon between each
well 51te, it is unllkely that this will bc suff1c1ent to prevent the
mlgratlon of scdlme;t espec1ally during the first season after elearancc.j
The Amoco site is not located in the zone of higﬁest'slooe on Stoﬁy

s

Mountain; on the contrary, it is situated near the base of the mountain.

i " The higher ‘slope (and higher prégipitation) of the upperveScétpment

will contribute to even greater potential erosion rates. Although it®
should be noted that the development sequence of the entire lease area

will be spaced;over many years, the effects of erosion and sédimentation

~on Gregoire Lake will be to a great extent cumulative over and even
a . . .

past the period of development. N

vThe daﬁger ef sedimentation at present is confined to the Sufmoht
Creek drainage, since mbst of the erosion from the Amoco site is within
tHat Arainage. The gfadient ofWSurnnﬁt Creek appears to be sufficient

to transport the fine sediment (up to, medium grained sand in-size)
. . \\. -
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present in the Stony Mouhtain Till into Gregoire Lake. Sedimentation

- >

resulting from development of those portions of thc lease drained by
Culvcrt Creek is not llkely to be a hazard to Gregoire Lakc. 0w1ng

to 'a lower gradlent and poorer channL1 development in the upper portlon
ﬁofwthe‘stream, Culvert Creeck does not have the carrylng capacity of -~
Surmont Creek. In addition,.the presence of the emallﬂlake»between

the hlgh slope area and Gregoxre Lake should allow most of the sediment
lto settle out of Culvert Creek prior to entrance 1nto Greg01re Lake.
'Th;s area of muskeg and the small lake acts as e sediment trap for
virtually all of the Culvert Creek drainage, but the upper portion ef
pulvert Qreek and the emall lake itself are subject‘to sedimentation.
(The effectiveness of this lake in 1owering‘sediment loads may‘presently
be observedyingghe low sediment content of the water samples frem
Culvert Creek in Table 3. 3 3).

There is some potentlal for alteration of present .drainage

patterns to take advantage of ChlS naturalvsedrment trape. Water from
: Surmont Qreek could be diverted into the Culvert Creeck drainage abbve
the small lake. Alternetively, water from the development area codld,“_

be channeled into the Culvert Creek drainage before it.reaches:Surmont

Creek. 'This would involve considerable expense and add;tional distur-

™

bance of the surface. In addition, should Surmont Creek be diverted,

some sacrifice of its current use potential would be involved. (Surmont
Creek is presently rated as having a moderately good potential for

fishxng, in thlS case for grayling. It does .not appear to be important -

in the: life cycle of either northern pxke or walleyepike, the ma jor

o
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gport fish species in Gregoire Lake.) | S . \
It is evident that, of the several factors involved in the

erosion'and sedimentat ion problems in the Cr;goire Lake aﬁgq, thgbmoét
critiCal“is high blone, Prenions experience in oilfggid a\d'road . -
evclopmcnt in the Swan Hllls-Judy Creek area!;} norfh-cent\el Albertn'
is. 1nd1cat1ve of what may be antic1pated in upland areas (Zarachuck
1974), The situation. in the-Swnn Hills is very similar to th?t on
RN ! .
Stonﬁ Mountain regarding high pregipitatinn, nigh‘slope, pooriy deveIOped

soils on glacial ti%i, and general\yege?ation patterns. Extreme
difficul;y was encountered in stabilizing sﬁeeper‘slopes;(deﬁined as
greater than a fohr-to?one gradient) in the Swén‘Hills ?Lenéelleﬂ
1973); ﬁény of ;hé techniques utilized in the Swan'Hills area.nmy be

applicable to the Gregoire Lake area. It should be noted that corrective

work attempted in the Swan Hills was bbth expensive and only mafginally"

successful, whereas preventative work was less expensive and~gegefa11yn
' mote effective. The importance of integration bf'reclémation plans
with development plans appears to be of the utmost importance both in

terms, of unit cost and in terms of 1ong range success (Dlngle, 1973).

5.3 Altered Surpi¥

dtterns and Erosion: N

®

1t is evident that, in spite of the minimal size of the erosion
. &
and §edimentationiprobleﬁ at present, the problem will be severe if
‘present surplus patterns prevail over a lafge cleared area. These

problems may in fact become more dangéroUs owing to alteration of

surplus patterns. Totéi yield“will inérease (Section 5.4), but more

L3
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importantly, the timing of this yield will be radically altered.

Clearing of. vegetation and preparation of the drilling pads will

substantially lower storage capacity in the area of development.

\ >
Tnfiltration rates are likely to be very low owing to the high clay
14
content of the soil and to the compactlon of the soil by heavy machinery

. in many ‘areas. The effects of these reduced. infiltratlon rates are,
‘llkely to include 1n1tiation of run-off prior to recharge of the shallower
storage capaoities. ‘(This factor is not taken into con31deratlon when

computlng the theoretlcal surpluses in Table 5 3-1. ) Run- off in these
areas will be very rapld. For this reason, 1solated but intense

storms in even very dry summers can have a substantial input to surface

©

flow.,
Storms during wet years,ror early in the summer before depletlon

-of soil m01sture storage, will result in even more substantlal run- off

'-,arly season storms will a1s0'have a~m1nimum of qtorage to retharge
betore'erosion can begin., These tendencxes w111 be. 1ntensified by the
clearance of the larger area needed for commerc1al scale development. :
Erosion at this scale is not therefore dependent uoon extremely'

j wet conditions alone, but also hpon storm inten81ty. Minimization of

the area cleared around each drilling pad, and conseduently of movement .‘
‘of the amdunt of ea811y erodable‘flll necessary, would alleviate the
"problem somewhat, Directional drllling of multiple wells fromra single
bad would minimize the number offpads and therefore’the‘total‘cléarance

pér°unit area. Development as planned will result in very rapld

‘run~-o ff and consequently severe erosion problems will be experienced
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~on high slope areas.

Much of the arca under . lease to Amoco (and other companies)
~in the Gregoire Lake atea is located on land with relatlvely little
rellef. "Often this level 1and is p0011y dralned being either m.skeg
or marsny in nature. Development of“these areas is not likely to
initiete a substantial on site erosion proolem. There is some potential
~ for headward gu11y erosion where dtainage ditches intercept tneised
stream channels. (e g. Surmont Creek where 1nc1sed‘1nto the escarpment )
Drop'structures or other protectlve measures may be necessery to guard
agalnst this at some locations. Storage capacity and infiltration rates
will still be dlmlnlshed by clearance of vegetatlon and. compactlon by
machinery, out drainage is more 11ke1y to be the major problem (Photo
5.3~ 1) " Some safeguerds will certainly be needed those presently
proposed by Amoco are likely to be sufficient to prevent erosion in

those areas either above or below the Stony Mountain Escarpment.

S.4 Alteted Yielvaatterns: | s

Whlle 1t is dlfficult to afflx a quantltatlve estimate to

1ncreases in sedlmentation problems, it is possible to suggest some

reasonable estimates,of the increase in yield potential which would

) T .

-occur if a commercidl scale development was to take place in the Gregoire
Lake Basin. ﬁepending upon the‘storage capacity of the cleared area,

an increase in total yield of fifteen to twenty per. cent might be

s

expected in a wet year (Table 5.4-1). Figures for a dry year would be
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Table.5.4-1: Theoretical Yield Change Resulting from Commercial

In-Situ Development!

Altered Area Run-0ff

1975.

Storage Area in Yield " Run-0ff
Levels Basin Mi? (KmZ) (. ) afy (hmy) Mi? (Km2) afy (hmy)
2 13.25 5.6 3962 38.25 © 11,422
(50.8 mm.) (34.32) . (142)  (488.71) (99.07) (1408.:89)
4 15,25 3.6 2942 15.25 2942
(101.6) (39.,50) S(91.4)  (362.89)°  (39.50) (362.89)
6" . 38 2.7 5467 13 1871
(152.4)  (98.42) . (68.6) (674.35)  (33.67) (230.78)
10" 6.5 2.7 - - 2374 16.5 2374
(254.0) (16.84) (68.6) (292.83)  (42:74) (292.83)
Water 17. 7.1 6454 17 6454
Sur face (44.03) (180.3) (796.09)  (44.03) (796.09)
TOTAL 100 21,199 100 25,063
- (259.00) i (2614.68)  (259.00) (3091.51)
1

Calculations are based on Thornthwaite procedures for Anzac in

Basin area has been altered from 103.5 mi2 to 100 miZ. English

figures in columns two and five are both square miles and percentage.
Altered area presumes a change of 25% of the basin from 6" to 2"°

storage category, 'hmy' represents 'hectare-metres per year'.
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higher as a percentage of the total yield, but the actual quanrity
of water involved would be less. The fact that this greatér actual
increase in yield would occur in years of already high’run—off will
'increase any problems that might be crcated.rb N

 Total yield changes will undoubtedly have some effectﬂupon fhe
hydrolog& of the basin, but the alteration of the‘storage'patterns
will héﬁg a more important influence on the timing of run-off. Stream-
flow gener;ted as a result of storms in thé summer months wiil be much
more>rapid. Total surplus for more severe Stgrms will be greatcr,
leading to hlgher peak flows . in Surmont Creek and Culvert Creek. Many
sectlons of the banks of Surmont Creck are- susceptiblé to undercutt1ng
and this would be accentuated by more rapld run-off (Photo 5.4-1).
Some scourlno of the stream bed can also be anticipated, w1th consequent
damaée to bqttom llfe._ Floodlng of the meadowﬁareas 1; the 10wer reaches
of the stream could also occur with gréater frquency and damag? if hlgher
and more frequent peak flows are'experienced.

Groundwater patterns as they relate to flow in Surnnnt Creek

have not been eétablished, but alteration of the soil moisture Srorage
patterns will affect seasonal flow. Soﬁe leésening of detention
storage will accompany the shift to the shallower storage capacities,
this in turn lessening the contrlbutxon of shallow groundwater flow to’
étream discharge in the dryer months. Infiltration rates will also be
decreased, with the §aﬁe effect. (In addition to'strippingrof vegetation,b

compaction by heavy machinery could be a major cause of decreased .

infiltration rates.) Some increase in stream temperature later in the



106
.season‘may also be expccted (Sharpe, l975). However, given the relatively
high temperatures of the strecams flowing into Gregcire Lake late in
the season at present, it is unlikely that this will hahe a substantial
deleterious effect a; long as vegetation along the strcams icvretaincd.

Alteration of the muskeg environment on top of Stony Mountain

is unlikely to have a major immediate effect upon run-off patterns in

ke v

Surmont Creeck. The changé in so0il moistcrg-storage cahacitf”shbuld not”
be significant, since both the'present muskeg:environmeht andAa drier ° -/;///,//
c{eared environment wcqrd be in the lower §torage rahge. An increase |
ih the répidity of run-off could be anticipatedvas a reaction to'the'
loss of the detent ion storaée capacity exhibited by the nmskeg -In
this particular basin, though the ‘many small 1akes in the ‘hydrologic
system also provide a detention storage functid% and they are likely
‘to suppress extreme fluctuations in flow. ’

Longer - term‘flow changes could well be more s1gn1f1cant.
It'devélopment on the plateau Calls for extensive draining,of the wetter
afeas; in several decadec thebgr0wth of a maturing forect coVer will .
Se»éeen. This will élter preéentﬂstoragé:patterhs in a manner that
will iessen present yields by at least several'incheé each year
(Hornbeck, 1975). Alteration of this.muskeg environhent might well
-be,advantageous for many usés;-but in the cSSe of watershed yield,
it could be harmful when the vegetatlon again approaches a climax
state. Since the vast majorlty of flow into Greg01re Lake comes from

this portion of the basin, it is essential that even the. very long

term implications concerning maintainence of this flow be cons;deredi
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5.5 Previous Research:

It is unfortunate that the water regource discussion was so
ihéomplete in the environmental impact statement ‘prepared for Amoco.
Emphasis is generally upon Culvert Creek (called "Forcstry Road Stream')

and the potential hazards to Gregoire Creek, generally ignoring the

impact upon Surmont Creck and Gregoire Lake itself, Since Gregoirc

Lake is quite clearly the most important renewable resource in the lecase
area, a fuller treatment could have been attempted. The imptrtance of

seasonal patterns Kas not been adequately investigated. ‘As_has been

“

shown in earlier .chapters, seasonal variation can be important, as

well . as shorter term fluctuations. (Forvinéfanc;, no seasonal hydro-
graph was attempted; water quélity parameters we;é tested on one date
only.) ﬁeferenQe to occasional-"thermél effluent” (iBid.,,p. 102) is
not relevant. It is suggésted that this might be a danger during
monfhg of the:malgstfatif;catiPﬁ in Gregoire Lake. In fact, a seasonal
invespigation/would have shown that during thogse months Surmont Creek
ié totally frozen and unless a large and sustained flow éf héatgd
effluent were.released5 little fioﬁ would reach Gregoire Lake. Other
seasonal variaﬁions related'to-water quality were not treated. |

Attention is paid to the problem of erosion and sedimentation,

particqlarly to the éfforgs in rsclamation and revegetation. In this

‘respect the study is more complete. The trial plots maintained on site

forﬁtésting_of'dlfferént:épecies in-revegetation did not appear to
be flourishing guring the test season. Presumably better seed and
fertilizer mixes wil} be debeloped3,with past work dome by |GCOS and .

e
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Syncrudc(bcing likely guidelines. Undue fmportance is attached to
,
erosion and sedimentation along Culvert Creck. As indicated earlicy,
this stream presents no particular danger to Gregoive Lake due 1o
the presence of the small lake and marshy arca at its lower end.
Culvert Creck itself is of little significance as a resource since
it appears to be intermittent along much of its coursc. It is, however,
é good exnmple’of the type of erosion and scdimentation problems which
may Be encountered when development in the area proceeds.

The considerable impact of the clearing of vegetation on flow
regime has not been investigated in even a peripheral manner. As has beon
discussed above, this is one of the major impacts on the watershed
which can be evaluafed in other than a purely qualitative manncr.

Some estjimates afe made regarding theorctical maximum‘stage for the
various chénnels, but Fhese are based upon channel hydraulics of
present conditions. _Certainly alteration of‘surplug patterns will lead
to conditions which will be very different from those of the past. 1In
‘fact, some of the upper limits assumed in making these estimates (such
as stége not exceeding the height of present bridges or culvgrts) were
In fact surpassed during 1975. An adequate assessment of the impact

of alteration upon the watershed of Gregoire Lake should have given

o a

at least some perspective of the importance 6f these factors.

4
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Other Areas
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6.1 The Alberta Oilsands Areas: ' S

The - total reserves encbﬁpassed within the province of Alberta
" have been generaliy described -(Chapter 1). The areas of the Athabasca

Oilsands and the associated Wabasca deposits havexByén more closély o

described. However, the other majo;‘deposits of oilsands with

'éigﬁificant resérves>§;g rapialy becoming the focus of éreater in-situ’

developmeﬁt activity, énd because of this: require attention (Oilweek,
. . .

" March 15, 1976).

Sécond in size to the Athabasca deposits are the Cold Lake
Oilsan@s, with estimated reserves of 164 billion barrels (Alberta Minesl
» ana Minerals, 1974). The most important dcvelopment in the Cold Lake
regioy is the program of in4siﬁu exper imentation which has beea conducted
by. Imperial 0il since 1964. Current .operations at Leming Laké have a
max imum produgtibn capaéity of A,OOQ)BPD (barréls pgr‘day>, although
average'prodﬁction rates are considerably less. Pilot operatiéﬁs for
plants on leases;owned by Gulf 0il Co. and Canadian Industrial Gas and
0il, Limited (CIGOL) are anticipated in th2 same general area by mid—n,
1977. Although the Ceold Laké deposits are less exfensi&p than the
Athabasca deposits, inQSitu techniques arc being ﬁursged n@ré'acﬁivély
in the Cold Lake region beéause of‘the gréater depth of overburden and
other geoiogic considerations (Imperial 0il Review, March 15, 1676;
"‘Nodyell, 1976).

i

9
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‘Smaller that-either the Athabasca or Cold Like reserves, the

Peace River Oilsands are located mainly to the east of the town of

™

Peéce River. These deposits are relatiﬁely undevéloped, aithough éome
perﬁits have been issued fqr experiménﬂal»in-situ sites. fhe<only -
active research in the area has been carried out by Shell Canada; the
current stafus of these qperatiéﬁs has‘been described as "in mothballs!,
however, and nd applicafion for reqeval of the recently expired:

. permit haéﬁﬁeenvmadév(Oilweek, Maréh 15,'1976). As indicated by the
dispésicion inexperimental and pilot planf’permi;s;;in?situ techniques
appear to be the most promising technology for both the Céld.Lake and

the Peace River regions (Dunbar, 1976). .

6.2"Physical Patterns and Land Use:

1t i; iﬁpossible to clbsely definé'a,cémmOn physical setting'~
for all th?%? areas, altﬂough in mény aspeq§é ghey are similér. The
Athébasca_region has béenhéeécribed (Chapt;r 11).. The Cold Lake and
Péace River regions héve a somewhatgless severe climate than the
Athabasca régioﬁ (Figurg 6.2-1). Tﬁe water balance situation is there-
for somewhat different in terms of both surplus and dgﬁicit patterns.
In particular, highland pontion§ of the Athabasca region c§ntribuﬁe
more heavily”to the surface run-off.(Section 4.6), Temperatﬁres are
“somewhat , wer,vespecially in winter, in thé Atkégaécg regién, proﬁably

/ ,

a reflection-of its gomewhat more northerly lgtitude. The Peace River
<

‘and Cold Lake regions have longer frost-free pgfiods\(Longley, 1968).
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Climatic effecté Jponﬁsoils and-yegetation are also important
consideratione in'current 1andvuse in the oilsands regions;‘°The
Athabasca region, as indicated previously, is located in the zone of
mixed boreal forest, underlain by grey wooded and organic soils and
muskeg is.widespread. The Peace River‘and Celd Lake regions are on
the southern margin of thls zone and soils tend to be more of the‘dark
grey woodedysub group. The resulting present and potential agricultufal
use in the more soht@erly r@gione is less limited by climatic and soil
deficiencies and cereai gfains are succesSful in most years. dtilization
of that land not su1table for grains is limited mainly to. forage crops
and pasture. There is some potentlal for forestry, primarily for
pulp purposes.n(Outdoor recteatlon, especially»for water based activities,

is of some importance in the Cold Lake region relating in part to

the large number of lakes in the region. Current planhing indicates

3

'that sevefal.new provincial parks will come into existence in the

area between Cold Lake andliac La Blche (Landals 1976).

cIn contraet . the Athabasca region has a very limited‘botential
for the dévelopment.of’non-renéwable resources{_ No significant potential
for>the development of agriculture exists and the potential for'forestry,
recreation?and wildlife production are nog'gfeat (Chapter II). Aside
from the‘exploitation of the oilsands and related service development;

the traditional hunting and fishing carried on by the native people are

the major curfent usee of'theﬂland; It.should be noted that much of ¥

<
~

the land is unsuited for even this extensive use (Environment Alberta,

1973).
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It is evideﬁtwtﬁak land Qse confiicts in Ehe Athabasca region
wili be df a‘very limited nézure owing to the scarcity of Qiable land
use alternatives. Conflicts which do occur are likely to be of a site-
gpecific natufe, such.és the situation inighe‘Gregoire Lake area.
More consequential comncerns are‘fikely‘to;ﬁé the Prevention of
confamination in the more mobile_agpécts of the enviroﬁméﬁt,'air énd
gspeciall& water. The possibilitylof these becoming.a hazard outside
the sites of developm;nt must be ayoided.‘ Given the scale of the develop-
_menté and the’relatively small areas of valug with the Athabaséa région,
it should pvae'possible to plan for"the aceommodation of thesé
cbncerné. | -

The vérie%y éf présent and poteﬁtiallland uEes in thé PeaCe
River region and partlcularly in the Cold Lake region makes ;he potentlal
for land use confllcts somewhatvgreater.~ The recent. fo;us1ng of attentlon
upon the development of ln—éltu reservesiln the Cold Lake reglon is
gbring;ng about a situation’ﬁhere.these potential conflicts are becoming
more immediate in nature: A mapplng of potential confllcts between
01lsands development and other land uses at an early date is desirable,
but.beyond the scope -of this study. Howeyer, it is possible to suggest
topics of concern for wateréhed manégement derived from éome of.the
problems‘encountergd in present éﬁd past in-situ projects <in the Cold
Lake and Athabasca.oilsands.regions. Eurtherhore, some\valuable
solutions to specific problems have Béén'determined; and these should

be useful in allev1at1ng similar problems in.locales- outside the site

of thelr or1g1nal application.
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6.3 Specific Problems:

The problems encountered in the exploitatioﬁ of the éeveral
‘oilsands deposits are Sest definéd at this early stage of develoément
byléiting §pecifiqbexamples, éléng with the solutions. Inosome i
iﬁstancés the implications of an absence of a viable solutianare
'explored. Thfeé pilot sites are invdlvedtin on-going research, in
addition to.several othér modenafely acf%Ve sitég and sites under
‘ conétructibn»(?igure 1.1-2).0 Each of ;heSe ﬁas particular‘enviroﬁmental

vt

characteristics which.set it apart‘ffom others, making certain adjust-

ments in déve;opment énd‘planning necebsaryfg‘The Imperial Cold Léke

' pil&t plants are the most acfive in the Cold Laké region; examples .
frombthése closely as§ociated piants are‘used in conjunction‘ﬁith some
information:from planning for a Gulf‘011 pilét’plant expected to Be
operational by early 1977A(Gdlf, 1974,'1976); The lowland setting of
the Texex in-situ'site near tﬂe'Ft..McMurréy airéqrt is reéresentative
of‘much‘of thé area underlain B& the Athabasca deposits, and sdlréflecgs
" some of the problems totbe expected as dévelopmént proceeds elsewhepe‘
in that region. The Amoco Greg;ire Lake site has some of the proﬁlems
likely to be‘encouqteredlin highland areas attributable to climatic
énd geomorphic factors. 1In épite;of the differences in locale,
aevelopment and technolog;, some qf;the problems are Qery similar.

The solutions to these problems in oneiarea might very wéll be used

to advantage in.ptheré, ~

Potential water resources problems related to commercial scale

~
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in—eitu oilsands development can he divided into thrce'broad caeegories,
,The first of these-is the internal water balance, con81st1ng of the-a .
:prohlems of water supply and dlsoosal related to the ba31c process
' technology required for the extractlop of the heavy soil. Related to
thls is a second category encompa831ng the disruption to the’environ-
-
ment a33001ated with the preparatlon and operation of the actual well
sites. Flnally, problems in the reclamatlon process and the>post;
reclamation environment are likely to‘be encountered on awlarger
scale.opefations~prOCeed into commercial grodnction.
h brief deecription of‘the technology involyediin‘in-situ

recovery is helpfnl in:gaining ingight into the internal water balances
“of the processes. Thereiafejseveraljpossiblevmethods of in-situ
stimulation of the'high viscoeity oil involved (Figure 6.3-1). ' All
involve the_reduction.of oil viscosity; ah present through the~uee-of
heat. 'Two_df these nethods, the Steam and the eombustion'eechniques,

are currently being'tested,in_the field. Two different‘process

!
N
[

variations are also in use in conjunction with these techniques.
WI?pefial 0il Co. has heen’conducting exheriments since 1964

at its in-situ pilot nlénts near Cold Lake,. Alberta. The steam

‘injectlon technlque is Utlllzed in conjunction with the cycllc

stimulatlon or "huff and puff" method of .ecovering the oil. Well

epacing is var1able, with prodnction spacing of five acres (two hectares)

or ' %?ently‘under experimentalistudy. As many as fourteen wells

are . drilled from a single pad one to two acres (about

tare) in size to achieve this density. Steam

116
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injection thgn takes place; the recovery f;gio of "steam to oil is four
to one (Table 6.3:1). vaproximately sixty per cent of this Qater is
returned to the surface. A recycle potential of eighty per cent for
tﬁis returned water has begn suégested, although in the current
experimental phase two disposaf”wells;are used for thé re- injection

of waste water. Intensive treatment of the procéss water 1is required

“before it is suitable for use in the steam generators; the water must

be totally stripped of oxygen and>softened to retard the formation
of precipitates in the generator. ,Watep is cprréntly.sugplied from
nearby small 1ékes and does not excéed 20,000~barrels1 per day at>peak
use. |

The Texex (Texaco) exﬁerimental,site near the Ft. McMurray
airport is a more recent developmgnt‘utiiiéing the same basic techniques
as the Imperial plant. Water sppplyonr this/ - site comeS.from Saline
Creck, with storagé providéd in a small reservoir. Current use rates
a&e?age about ‘2,000 barrels of watef_per‘day. The s;ﬁe water quality
s;ipulations‘apply as at the Cold Lmke development. Precipitates of
calcium, magnesium and iron are parficularly troubléso&e. This™ suggests
the‘advantaggs of using.the natural surface water ;upply (having lower
ievels of dissolved solids) over ground water suppliess anwmelt
run-off would be.partipularly useful in this.respect, whereas local
groundwater is more.likely to ‘be high'in 561utes. This is particularly
true in the Athabasca! region (Ozoray, 19745. Su?face supplies

originating in areas of high organic content (ruskeg) with consequently

Lone barrel is equal to 35 Impérial Gallons or 0.16 cubic metres.
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’

higher iron content are also}to be avoided. ' E T N

The water supply situatioh at Amoco"s‘Gregoire Lake’site is
,quite"different from~that at elther the Texex or Impcrial Sltes.
A partial combustion process—-COFCAwl--ls util;zed as ‘the active agent
in a floodlng’recovery operatlon (Flgure 6.3-1). In the COFCAW"
process, partial combustion iskihitiated, foliowed b;.injectioﬁ of
. - .o : ; 5

water directly int's the formation: “Steam is generated at the bottom

of the well, the subsequcnt recovery belng from a dlfferent well as thc

» ~

comblnatlon of heat pressure and steam pushes ‘the now-flu1d 011
ahead through the unconsolldated .and highly permeable sands of the

McMurray Formatlon. The process is 51milar in many~respeéts to the

flooding technology utilized in conventiohat\seéondary recovery

~

operations. VThe advahtage gained over‘the‘steam injection techniqqe
is that water quélity fequirements are quiteulow since\ho steam
generating»equipment-is'used. It is not felt that precipttates or
even modest sediment build- -up in the formation will be a probleh.

Recycle potentlal of recovered process water will be hlgh--an estlmated*

BN .

n1nety per cent--but the total process water needed as a ratio of

water to oil is five to one.. The recovery rate of water initially

injected is not yet known; but it is presumed to be high. Due to the

. ' A . ¢ .
lower demands for water quality in the prc:ess, retreatment of the

recycle water should prove to be at a minimal expense. w

1”COFCAW" is the acronym for "Combination of Forward Comb?stion and
Water". o - \
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.

The projected internal water balance of a commercial scale
plaht is useful. This is compared to similar projections for a mining
+and hot-water extraction operation. (Ali figures have been projected

on the basis of 100,000 barrel per day production capacity (Table 6.3-1).)

o
“

On the‘ﬁasis of Fhese:figures, it i{s evident that the COFCAw‘proccss
‘ utilized by Amoco hgs-the lowééf consumpt ive use of wafer, in spite of
the fgct<£hat the total wetgr;flow redﬁiremehﬁs fo; the process are high.‘
Acfualkconsumptive us;s'may béus;méﬁhat higher over the entire life of

the projecﬁ,as'repiacement o formation fluid takes place, but this

N .

factor is difficult to detetmine at this time. The high recycle rates

in conjunction with the low water quality parameters are the main -

N

_ééusatiVé fattors in Mmaintaining this low ‘figure. The relatively large
water-to-oil” ratio of five to one (as compared to the four to one
.ratio.predicted for the Imperial site) should not resultein.any large

3

demands for water within a'sﬁort pefiod of timé,;as only a few wellg
\will come. on stre;mlduring reiativélyrﬁhort ﬁime;pefiods. .(Ihis low_W
dn-strgam démand fatevalsq‘applies to the Imperiqi pfpge§§;)

‘&n the above éiscgssion‘itj{s prgsumédithéf e#ﬁensive‘recycléné
of used process ?atef will be undertaken. While this is unlikely to brové
éritical in the éOFCAvarqcéés (as indicated ébové), it will.be so ‘in

the steam injectidn process. The technology for this rec&cling is not
presently available. outside the laboratory; there-are tentative

plans for a pilot treatment plant. If this recycling should prove

Ce g

impossible forqtechnical or economic reasons, some serious problems’
. i ) < v V
of disposal will arise. Effluent. from a single commercial scale



steam injection plant could approach 300,000 barrels per day. This s

not as severe as the problem anticipated at the Syncrude site, but Joes

[

approach it in the order of magnitude. If re-use does become problem,
then handling the above-mentioned water supply will become more dabfaealy
For these rcasons 1t is clear that research is needed to bettey cutablinh

a recycling technology which is feasible at a commercial scale.

A number of stages in the development sequence are Likely to
have adverse effects upon the environment, hoth‘wirhin the arvea of 3>)

s

development ‘and outside that area. Most of these effects are related
to the water resource either as a causative factor or as an intermediate
agent .

One 6f‘theAm09t visible of these hazards caused by water is
the erosion of soil iaid bare during development. This is a function
of many factors previously discussed (Chapter V). A special contributing
factor at the Amoco site is the seasonal nature of éarth-moving activitics.
Since some of the.area is wet or‘éf a muskeg nature, it is necessary
fo schedule much. of the clearing of vegetafion and building of drilling
pads, roads, et cetera, dﬁring the winter months when the frozen
ground can support heavy‘loads. The earth removed and subsequently
utilized as fill eisewhere is actually an unconsolidated mass of earth
and snow. Warming temperatures in the sp- ing and consequent melting
of tse frozen portion of the mass make it unstable.and,subject to
erosion aﬁd mass movement. * Theée factors, in conjunction with the

-Higher and mcre Fapid run-off to be expected from cleared areas, can

lead to extreme erosion problems when clearing is undertaken on a scale

5
P
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such as that required for a commercial devolopment,

Water is an intermediate agent in a more scrious conscquence

(9}

or crosion, that of deposition of eroded material downstream from the
point of ¢rosion. Extensive sedimentation can be expected to seriously

s .
disrupt the benthic population of a water body, with subsequent
impact felt throughout the biologic community. In lowland areas
erosion may not reach critical proportions, but in high slopc arcas or

areas immed@ateiy adjacent’to water bodies,_the potential dénger is
P
great. This danger is not simply from suspended sediment, but as is
the caée at the Amoco site, may well involve siénificant bed load
transport., ’
Several techniques have been employed in alleQiating this
double-e¢nded problem of erosion and sedimentation. . The most promiéing'
appears to be the directional drilling practiced by Imperial 0il.
This techniquc minimizes clearing, and so lessens the potential for
erosion and siltation. Since~the arca cleared oflvegetation is at a
mininum, alteration of soil;mélsture storage potential is lessened and
surface run-off is kept to a minimum. Although institution of directional

ques from.consolidated pads will have to be considered

-t

dr?lling techn
indiQidually in each area of devaloﬁment, it could well provide the
most iwportant single answer to problems of high surface run-off,
erosion and sedimentation, particularly in high slope areas.
Severzl snecific problems have occurred in the experimental
arcas, and arc l...ely to occur in others as developuent proceeds. Control

of thesc hazards is often achieved by methods which are simple and
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Photo 6.3-1: Settling pond at Texex site. Inclined overflow .
culvert retains oil film in pond. !

Photo 6.3-2: Ditching around perimeter of Texex site to prevent
flow into forest.
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Photo 6.3-3: Imperial Cold Lake site--tﬁinimal clearing needed.
’ between drilling pads.
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direct, if applied‘soon after ;nceptidn of the problem; Several of
these are illqétrated.

It:is evidept that, while @aﬁy of the iilustr;ted téchniques
are practiced in lsolated cases, they are often quite e?fectlve within
a limited time frame and may be viable components of an over-all

management program. It is unlikély that engineering solutions alone.

will provide a solution to severe problems .:{ erosion and sedimentation.

Management practices are likely to be more important in developmants
in close proximiﬁy to water ;ourses. Extreme cautioh is needed in
developmeﬁt of areas where rapid sediment tra;sport is in evidence,
and buffer zones substantially greater than those presently planned
(Amoco, 1974)-may be required. .In very‘low sloée areas, a sugges;ed
minimum of 100 yards (100 metres) may be sufficiénp; areas of higher
slope may require a mafgin of two or fhree times tﬁat distance until
the effectiveness of preventative measures is proven. This might call
for‘some'alt;ration\of the development sequence until more  is known

about the problem on a site-specific basis. Difficulties with the

instability of unconsolidated éarth masses will remain a proulem in

areas where winter construction is necessary.

6.4 Environmental Enhancement:

Discussion of alteration of the environment related to develop-
ment of the oilsands has to this point been limited to reference

to the potentially damaging effects of development upon the envirpnment.
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' The greater oortion of the Iiteratute devoted to the environmental
effects of development haS'centered upon the ultiméte restoration of

an ecosystem as closely as is’ possible to that in existence prior to
developmgnt. While this stance is certainly valid in locations with

a highly prOdUCthe enviromment, it should be open to question in areas
where the possibility.of significant improvement exists on a long term
basis. Alteration of the env1ronment through development and consequent
reclamation could simply improve the over-all quality of the land for
the present extensive uses at one end of the spectrum. At sthe other
end, a total alteration of the env1ronment might render it fit for a
.variety of uses. ‘Both the.public and private seotors might utilize

the land for both intensive activities and additional extensive uses.

.The areas of unbroken boreal foresg§and'muskeg present in tﬁe

Athabasca tegion have very low‘carryihggcapacities for most forms of
:wildlife. While the heavy forest cover ma§ provide sanct;ary for some
Species, it generally does not provide forage.‘ Muskeg may also'serﬁe
as a refuge for some species, especially waterfowl. But again, the-
speeies.of'vegetation_present are not’ideal-for feeding purposes
because of the acidie waters. The water resource of muskeg and
associated areas 1s not coéonducive to the maintainence of good fisheries,
mainly due to the high %pD associated with the organic material io
these areas. Those ungulates most able to survive in this environmeﬁt
(moose) are generally found to ‘avoid it if other habitat are availableh

Carrying capacity for most wildlife js quite low for both the thick

forest cover and the muskeg (Ecological Investigations, Peate-Athabasca
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Delta Study, 1973).

The seqﬁencehiﬁvolved in oilsgnds development is-initiated
as mentioned prev;ously, by some“degree of clearing. The creation
of cleared areas may, as has been the case‘elsewhere in Alberta,
increase the carrying capacity for wildlife. 'An'increaSe in forage -
will prove especially Beneficial to ungulates. Movement of heavy
equipméng and establisﬁment of drilling pads will qlso’iﬁvoive the .
draining of areas of muskeg. The creation of theselﬁell drained
clearings or of better forest cover through site imbrovément wili lead
to an environment that is capable of supporting a greater range and
larger numbers of wildlife. The network of roads and clearings will
make it more accessible for human use.

Presentlsurface wafer qualit§ is also a problem iﬁ many areaé
of the oilsands reglons. Relatively shallow water bodies with iittle
through- flow and high organic content have eutrophication rates wglch
prec%ude 1nten51ve use of the water bodies for flsherles or water-'
based recreation. ‘Slnce run-off from muskeg areas in ﬁ;ny years
contributes significantly to thesé relatively closed basins, the draining.
of some mﬁskegs could be maﬁaged S0 as’to contribute tq more usefﬁl
Qater quality. Conversely, some of the water bodies with a higher
_through-fiow (eg.‘the.Athabasca River) have an extremely low dissolved
solids content. Since the applicapion of‘chemical ferfilizérs during
révegetation will inevitably lead to some increase in solutes ié , ¢
-suFface run-off, research might weil indicate the encouragement of this

-~ . !
gort of "planned pollution" in some drainage basins, provided this

)
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added solute load could be used to advantage by the lifeforms present
in the water body (Hallock 1975). If the sur face water supplies can
~ : ‘
benefit from either of the two general approaches cited. above, then
planned alteration of Water quality might well be managed as an integral
.part of the desired sequence of‘development and reclsmation in the
oiISands}areas,
DeVelopment of the oilsands areas.and‘their snbsequent
modification during reclamation mignF well be~oriented tonard permanent"
, ;

alteration of the.envirenment if viable alternative uses for»the land
ean be maintained. Ne‘conerete proposals for alternative use'exists
“at the'present fime, but a number ef possibilities might be suggested.
Many uses‘, of the lard (e.g. recreation) are now precluded due /to the
: inaceessability of the various resources. Pargnof the neéwor of
roadways necessary for 011sands deVelopment mlght be malnLalned and

used for access to parks cottages, or other developments requiring
somewhat of ga wilderness sefting. For instance, a ski area_has been
sﬁggeseed‘for Stony‘Mountain which might well be integrated with some

of the construction required by Amoco for their‘enlarged pilot onerations
. . o » - L
(Amoco, 1973). Ease of access has also been suggested as'an incentive
to establishing some forestry in the area, along with the associated.
" industry. Tne enconregement of a tourist‘industry in the Athabasca
area would certainly be in line with prov1nc1a1 policy which favors
development ‘of industries outside the non renewable resources ‘sphere. .

Other potential uses may well exist which are likely to be far more

desirable than sifliply returning the environment to its relatively
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«

unattractive and almost useless present condition.
The Peace River and Cold Lake deposits are situated in regions

-

with attributes somewﬁat more conducive to alternative.or\multiple
uses. In view of this fle#ibility, and %p view of tﬁé rel ative near-
ness of these regions to population centers, some over-all land Qse
planning‘should_be of Bigh p;iofity. Many potgntiél_conflicc; exist,
but a planned sequencé and style of,developmént may well turn some

of these potentiéi conflicts into compleméhtary éctiﬁities or construc-
tive stages of Aevelopment. ~As mentioned‘above, recreation and forestry
could rank high among theée uses, as well as improvemeﬁt of wildlife- |
habitat and in some.instances even marginal»égricuitural production.
The potential for these aéti?ities does egist. Several 6f:the oil
companies involved in explqifiﬁg the oilggnds in these regionsrhave
shown their-wiiiingness:to coopgrata,in’gonjunctive planning_in the
very ea;ly stages. MThis cooberativa spiriﬁ ¢ould be fostered and
'used'to‘public advahtage.if the provincia1«govefnmgnt'would clarify
ﬁolicies on a lease specific.basis well in advance of the pilot plént
construct ion® phase. The present policy of reclamation of land to
its.previdus level of prbductivity is very'limitea iﬁ its objectives.
Modificatioh of this policy should be examined, with new bbjectivés

of maximization of environmental productivity and alternative use.

P




Chapter VII

Conclusions and Recommendations

131

- ki ol R



132

7.1 ‘Alberta's Oildgands Areas:

A number off general cnvironmental conflicts are appParent ,t this

early stage of in-slitu oilsands development. Perhaps the greatest

environhcntal dangex associated with development will be that relgted

| : .

to damage in the qu%lity of water resources of the oilsands ardas.

The problems associ;tqg with erosion and sedimentat ion are the most
evident of thesevat resent. Pre‘deVGIOPmCﬁL clearing will alter

regime and yield pat erng,vthus aggravating the érosion froblem.
Water supply méy,als be a ﬁroblem for individual projects, as will
~:thé'danger of pollutipn ffom effluent disposal. The potential for

land use conflicfs wi%l incréase, espccially as the more southerly
Oilsands>deposits éom% under develépmeﬁtf Finally, the possibility
of enhancing the produftivity of present environments should be
_investigated. The need for early‘researchiconcerning this and_other
problems is evident.
Perhaps the ﬁost pressing research need ié the establishmcnt

of an interna},water bgdget for eacé in—situ.deve10pment program so that
water supply and disposal relationships might be determined. Tt will be
Necessary to have 3 mucﬁ'more precise estimate of. process water require-. -
Mments than that provided in Section 6.4, The need‘for a coﬁmefcially
feasible process water recycling technology is apparent. This need

has got yet been met, and will be critical to both supply and disposal.
-This should receive eafly priorify. An external water balagce management

program will also be reqdired, since it is evident that the alteration

=5



133

of the waterehed necessary for development will drastically change total
yield; regime,- flooding, erosion and sedimeetation pattérns. Once the
internal aﬁd external water balances are known, it will be poss&ble to
deveiop an integrated water budget for €ach site. In this manner the .
max imum use can ge made of on-site surpluses and a minimum 1eQé1 of
disposal problems cen be achieved;

The pfoblem of erosion and seaimentation is closely related
to'site se}ection. ‘The most important facet of any crosioﬁ contrei
pro;ram will be the avoidanee of high slope locations. Most of the
oilsands reserves are under relatively flet topography. vjudicious.site
Seleetlon procedures wou ld result 1n 1ocat10n of 1n1t1a1 developments
in the flatter areas. This would allow the initia:ion eValu3t1on'and
modlflcatlon of erosion control programs w1thout the added hazards
asseCLated with use of ‘the steeper slopes. Areas of"gneater ;elief
could later be exploited with more assurance of success in reclamation:
and erosioﬁ control.

Erosion on.the present test sites has been initiated by the
* removal of vegetetion. The erosion of the unprotected seil has been
accelerated by rapid run-off from the cleared areas (Sectlen 5.4).

The use, where possible, of directional drilling techniques such as
those currently‘employed at the Imperial Cold Lake sites would minimize
the area of denudation. The importance of the resul ting buffer zones
of natural vegetation is manifest. Thege Strlps of vegetation are nec-

eSSary for 11m1t11g aedlment cransport., ‘Maintainence of substantlal

‘buffer zones of natural vegetation (up to 300 vards or about 300 metres

o
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in steeper areas) is required bordering all stream channels, river banks,
vincised water-courses and lakes. This requirement is quite attainable
in most oilsand§ areas because most surfaces are reiativoly flat and
strecam densitiecs are not great.

The consequences of oilfield construction without proper
reclamation planning ig evident in the'SQan Hills of Alberta. The
impact of carelegs development upon régime patterns and yield capabilities
probably h§5 not been great because MOSt areas remain uncleared but the
problem of erosion and sedimentation around well sites and along service
roads hgé been severe. Two recommendations appliéablc to oilsénds
developmegt might be based upon studies in this area (Settion 5.2).
The first of these isg ;hat deveropment'of high slope areas must be
avdided where possible. (A precise definition of what constitutes
ihigh slope’ will have to be done‘én a site specific basis, depending

upon the geomorphic and other characteristics of each site.) The other

recommendation }S based upon the greater success of preventative erosion

control measures thdn of corrective measures. . Implementation of
corrective measures only on the scale anticipated for commercial in-situ
development will.probably prove both expensive and ineffective. Thus

r

the second:récommendation is the developmept of a revegetation and
erosion reduction program prior to the iﬂitiation of Jévélbpment and
in phase ViFh the_SeVeral slagés-of constructién.

) Development of oilsandS“rese;VeS may well involve conflicts in

land use. Forestry andc agriculture may be viable alternative uses of

"land in some areas, although these uses are not totally irreconcilable



with short-term in-situ development. ‘However, the most prominent
present conflicts are with outdoor recreation and wildlife. Some cases,
such as the Amoco Gregoire Ldké site or Culf 0il's Cold Lake Project,
involve direct conflict with éptimal use of present or planned pfq-
vincial parks. This conflict may invqlve maintenance bf‘easily quanti-
fiable‘aSPects of the environment (é;g. water qdafity at Gregoire Lake). ¥
The more elﬁs;ye aesthetic values 31g0 may require consideration (e.g.
screenihg in-situ installations from proposed park fécilities);' The
value of early conjuﬁctive planning Has been madg.clear by;the.excellent
effé{ts of Gulf 0il in respect to propased park facilities‘near the
Medléy River at Cold Laké. Since these conflicts will occur more
frequently_as in-situ devéldﬁment increases, more planh%ng of this
nature willhée requ;red;
Many of Alberta's recreational resources are as yet undeveloped.
- It should be possible to identify thesc areas and provide some earl} . N
integrated planning to guard against degradation. of zopes with high
o )

park use potential. Several in-situ projects in the Cold Lake area

aré proposed for zones of high:recrgational potential and similar
potential_exists at the site planned for deveiopment by Numaé 01l a;d
Gas, Ltd., on the Stony Mountain Plateau. Proper.planning‘will_provide
safeguards for‘thgse areas, in aadition té access to préviously’isolated
recreational sites (e.g. Su;montnLake). Similar conflggts and cppor-

tunities for use enhancement will occur as more oilsands developments

are proposed, and should be dealt with on individual bases.
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7.2 The Gregpolre Lake Areac:

AT

Gregoire Lake is a valuable resource in the ¥t. McMurray “F;”v
unique because of its quality and ncceéribi1ity. The watershed which
maintains Gregoife Lake prescntly providés good quality flow and s
a relatively high yield for this region. In-situ (?X}W(‘_’X‘ili’\‘icfti‘lt':ll work in
this basin will soon include expansion of the Amoco Grugoifo Iugu
Experimental Site to the pilot plant phésc. Additional vxpofimontnl
work by Numac Oil and Gas, Ltd., will soon begin on the Stony Mounygiﬁ

Plateau. These projects have recently received substantial funding f{rom

_AOSTRA, and further development is assured (Edmonton Journal, Juncuil,

1976). It is not likely that development at this scale will grently
endanger water quality in the Gregoirc Lake Basin. . However, commercial

scale. development at these sites would very likély result in

a

ation in regime, and cause significant inqreéses”ﬁn flood
; o | W

and sedimentation. Degr¥gation of these aspects of the water resource

will have an adverse effect upon the use potential of Gregoire Lake

Provincial Park. Unplanned development on Stony Mountain could ser iously

-disrupt over-all water quality in the lower basin. ‘The recreational

potential of the many lakes on the Stony Mountain Plateau could be
endangered by in-situ activities. A closer investigation of the sites
proposed for development by Numac Oil and Gas, Ltd., is required if

the poteéntial hazards ‘are to be more closely defined. Commercial

scale development 'in either of these areas will considerably lessen the
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the recreational potential of the Sregoire Lake area if major damage

\ | preventative meaSures are not undertaken.

’

Particular note chould be wade of rhe poor site selection

o

for the present experimental work of Amoco (Chapter V). This is a

high slopeg arca, with a consequent high erosion potential. The proximity
of Surmont Creek, with resulting danger to the creek and to Gregoire

Lake from sedimentation, is also a dangerous situation. Should future

. : S I !
'r-scale developments cause erosion similar to that which has

A “ccurred, but on a larger scale, the planned safeguards are nor

2 adequate for protection of Gregoire Lake.

1l Gregoire Lgke Basin has a number of sites that have fewer
ciated with development. Thg abéve—mentioned plateau or the
Low 1o arrounding but somewhat removed from Gregoire Lake do not
potential’problgms of thé escarpment face. Development of the
cscayywwnt,‘and particularly those zones necar stream channels? should

.

be discouraged until a proven erosion prevention technology is available.
. . ~ - .

» )
It i. probable that present development technology will result in
damage that will be proivibitively cupensive to control in high slope
j ,
arcas. Directional ar¥lling will minimize this danger, but a substantial
hazard will still exist. Any development on the escarpment face which

involves clei ing of vegetation (this includcs road buildins} should be

discouraged at present.

- =0 integratod water budget study is needed for each of the
proposed in-situ developments in the goire Lake Basin.  Water supply

:ndbdispdsal.requiréments are not likeiy to be met by the present supply

Sy .
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,and-disposélrwellitechniques. Particular emphasis should be put upon
effects of the water surplus dncreases at each site on Surmont Creek
and Cregoire Lake. More information is needed, however, on thc@details
6f the internal water budgets of the plants. This should soon Becdme

available through AQSTRA. The material in this report is preliminary.

and may serve as a basis for a future integrated site water balancec.

vy .

7.3 General Program Needs:

Current‘trendsuin research ares that in—situAdevelopment will
become the dominant technology in the develépment of the oilsands of
Alberta sooner than was thought likely a few years ago. Government
commitments to rcseérch, both internal and through fugding 6f‘private
regearch, are reccnf evidence of this trend (EZmonton Journal, June 11,
1976). This resea£ch will be primarily oriented toward development
of an efficient proc?éé teéhnology. In confrast, very little research
has been done relative to fhe effects of in-situ developments upon the
environment. Conflicts in land use are inevitable, with watersheds and
'watef resources being among the more important areés of potential dispute.
The establishﬁent of research programs in severjl arén: is needed.

_ An cnvironmental impact statement should be required prior t§
—~ .
the initiation of any development, This should be writfen in conjunction
with a comprehensive reclamation plan integrated with all stages of

development with final plans being subject to periodic rf‘ivw. Th -

danger inherent here is the probable inabil ity of the zowrrnment to

} - J ‘
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deal swiftly and efficiently with individual cases. A streamlinéd
review mechanism will Qe needed. Another danger is that reclamation
will be interpreted to mean restoration of the original environment.
This is not a reasonable interpretation;' Emphésis should.be'placed
upon the establishment of a productive environment. A variety of land
use alternatives might be more productive than-the present uges'of the
environment, but long term enhancemgnt of renewable resources would be
. ; : .

. - . . ‘/ N
the most desirable alternative.

aLd
“a

A mapping of present and potential alternative land useg wd

be valuable as part of a preliminéry program. Probable land use conflicts

in the oilsands areas could then be anticipated in advance of development
planning. This mapping should be done in a lease and site-specific

basis. Particular attention to the recreational potential of the areas

The present body of ion knowledge in in-situ development

is much superior to the'pnf¢'@f
© gl : '
currently in existence. Cona_éhently, a pooling of reclamation tech-

nology and related informatioh is desirable. .There is a potential for

this to be accomplished in the private secter. However, since it is

desirable to integrate reclamation with the dev:lopment sco.uence, close

association of reclamation technoloéy with development technology is
the most practical solution. The mosc¢ likely agency for this associated
study aﬁd development wouid bé AOSTRA, since it will be involved in most
of the processes involved in in-situ development. Emphasis shéuld be

put upon the direct involvement of private industry regardless of the
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final constitution of the agency. Finally, it is recognized that

' ¢

reclamat ion research takes time. Evaluation may .be possible only several

seasons after implementation. Therefore, carly initiation of a common

reclamation data poul and cooperative research program is recommended.
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Glossary:

Many aspects of this theéis arc drawn from disciplines outside
the field of geography. Many of the terms used arc thus unfamiliar to
geographer« and as such nced some ‘explanation. Since this thesis is
intended for use by thosc outside tBe field of ggogrdphy, conversely
‘Ne geographic jéfgon may be unfamiliar to the reader. The following
explanatory notes are intended for use by those uﬁfamiliar with some

of this terminology. |

baseline conditions - the range of normal or natural environmental
conditions in an area. The early establishment of this range

providing a stationary basis or 'baseline' against which

" fluctuations in environmental conditions can be measured.

BOD (-~ gical Oxygen Demand) - a measure of water quality for
determingtion of the'supply and demand for dissolved oxygen

by organisms within a water body.

deficit - when soil moisture storage has been totally depleted by
actﬁal evapotranspiration, yef the potential for evapotrans-
piration still exists, this difference between actual evapo-
transpiration and pétential’evapopranspiration is acéumulated

as a soil moisture deficit.-
?

dry years - unit area run-off in certain years is less than that of the

long term average. This may be a result of modest precipitation,”
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low soil moisture recharges during the previous year, or

both (sce "wet years").

eutrophication - the gradual c¢nrichment of a watoer body with nutricents
F, ' . ' essential to plant growth. This aging process can be acceler-
ated by man's activities. <(e.g. the addition of phosphates)
evapotranspiration - the combined loss to the atmosphere of evaporation
. ; ) _
from land and water ‘surfaces in addit ion to transpiration

' ' from organic material.

in-situ - (in reference to. the oilsands) production is achieved from
the formation as it is situated underground, rather than
removing the formation (by strip-mining) for processing in a

plant.

Landsat (formerly ERTS) - either of two multiband remote sensing

-

satellites in polar syncronous orbits. Total coverage of the

earth is presently achieved every nine days.

e

ldﬁg term:réﬁofds'¥i(in referenge to meteorological data) this is a

Y

. L . TN . . ’ , L.
‘relative: term ‘indicating that’the record is over a periiod-
long éﬁough to prevent any single anomolous occurrence from
T ‘,v,.' .' .4 » o ' ‘ TR )
'significantly altéring the average of all the data. The minimum

for a single'meteorological station is considered to be on the

" order of thirty years, How oer considerable use can be made of

shorter runs of data if it can be supported by longer term data

.
l

lvm o ’ from nearby stations..

N




microdensitometer - in the jargon of remote sensing, the inst rurent
used in "density slicing. This instrument is ablo to diften
entiate tonal vaviation about thice fimes as precisely as the

human eye.

orographic precipitation - air which is forced to risce over Tandfooms
is subject to cooling, resulting in condensation and finally
precipitation. Orographically induced precipitation i norieally

greater than that which would ordinarily occur.

oilsands - deposits of asphalt oil deposits in Northern Alberta (and

el sewhere in the world). The oil is so viscous tlat it is not
7

recoverable by conventional--that is, by drilling and pumping--
techniques.

precipitates - VAr ouva aspects of in-situ technology require the

\

generation ot steam. . During the change of stdte ‘fyonm water

S

M&fd13501ved solids are left behind as deposits on

" to stég
the genératfﬁg equipmenﬁ.
soil moisture storagg - that portion of precipitation intercepted by
fhé earthwhich remains ;ithin reach of .vegetation for use in
evapotranspiration falls within this storagc -ategory. The
stofage‘capacity of a particular soil is determined partially
. byvpe;meability rateé and porosity and partially‘by rooting\

depth of végetation. ) : i‘
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surpluc ~ any precipitation which falls upon saturated soil-<that is,
so:l molsture storage categories which arc at capacitv--is

calculated as a surplus in the water balanco equation.

[

wvater qualivy - this term is meaningless unlese some desired quality

param.ters can be cetablished. This in turn demands that the

proposed use of the water be known.  In this thesis, water

quality is uscd as a relative term, "good" quality being that

which will-cuffice for anticipated use Ccategorics.

web yilars - unit area run-oi) In certain vears exceeds that of the

long term avera

ge. This mav be ihe result of unusually great

mecipitation; substantigl soil moistur: carrv-~over from the
I - 9 =

Previcis vear, or both., Even relativels modest precipitation

may resulf in large surpluses if soil meisturc storage capac ity

is Baturatcc.



Appéndix B

Drainage Basin Characteristics



There are a number of differences between the basins of

]

help explain

Gregoire Creck and the Hangingstone River which the
observed flow characteristics. These are broken down in the

following table as predominantly physical or predominantly climatic

in nature. The two streamé are then evaluated relative to ench other,
In some cases, the basin characteristic sﬁouid have a hydrologic effect
opposite to what was in fact observed. It likely that these
characteristics were a. moderating influence on the more dominant
factors in the flow reggme. These contrary‘characfeggstics are indi-

cated by~an asterisk. Differences resulting from actual cvapotrans-

piration from vegetative cover. are not included. i

>

L I B ;;’-44.;.,:- f
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Appendix C

Water Balance Tables
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lLo4

Supplementary Snow Survey of the Gregoire Take Aren

Weight Doepth

(02) (gms) Inches wm.
.]. 4.5 » 128 16.5 41 .9
£ 4.0 113 ' 13.5 3403
N 3 2.5 71 10 25.4
[ols ] . . . '
39 4 _ ., 1.5 ‘ 43 6.0 15.2
IR )
. 5 1.5 43 4.5 11.4
§‘L 6 2.5 71 8.5 21. 6
2 Average 2.75 : 78 | 9.83 25.0
1 3.0 85 10.5 26,7
B} 2 2.5 71 8.0 20.3
T e 3 3.5 99 11.0 27.9
oo . .
£ g 4 2.0 ' 57 7.0 17.8
A : -
2 5 5 2,5 71 | 9.0 22.9
& o 6 2.5 7 10.5 6.7
SL:J K R
) Average 2.67 ey 76 9.33 : 23.7
1. 1.0 28 . 3.0 7.6
2 1.5 - 43 5.0 12.7
o ,
X 3 1.5 43 5.0 12.7
= o 4 1.0 28 4.0 10.2
v O
N 5 1.5 43 c 5.5 14.0
&0 6 0.0 0. - 0 0.0
i ' ,
O Average 1.08 31 - 3.75 9.5

Noter sampler used was Mount Rose type snow sampler. Snow dengity
was constant throughout study area.

’

1 oz = 28.35 gm

.
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1971

1672

1673

1974

1975

a fy -

hry ==

166

Theorctical Yield Patterus
(Ferric Conversions in Brackete)
Yresent Altered §
106,257 aty 17.504 afy
©(1,264.5 hmy) (2.162.2 hmy) -
7,145 16,677
(882.6) © (1,318.9)
11,777 22,257
(1,45 ) (2,749)
13,847 21,601
(1,710.5) : (2,675.7)
4 21,563 22,487
(2,663.6) (2,777.2)
3,085 6,245
(381.1) (771.4)

acre fect per year

hectare metres por year
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Bracketed figures arc metric conversions.

/ 1970
Altered
Basin Arca Yield Run-o{f Arca Run-o ff
2 212 sq mi 5. L5 3482 afy 37 mi’ 10,755 ary
(5.02mm) (31.08 sq kin) (13.84 mm) (430.8 hamy) (95,83 km2)  (1328.5 B )
4 10 4.35 2320 10 2320
(10.16) (25.9) (11.05) (286.6) (25.9) (286.6)
6 17 3212 2829 17 « 2829
(15.24)  (44.03) (7.92) (349.5) (44.03) (349.5)
w4 0 0 21 0
(25.4)  (119.14) (0.0) (0) (54.39) (0)
Water 15 2.00 1600 L5 1600
(33.85) {(5.0&° (197.6) (35.85) (177.6)
100 10,237 100 17,504
(259) : (1264.5) (259) (2162.2)
1671
. Altcred
aBasin Area Yield Run-off Lres
il 12 3.47 2221 BEP
£5.08)  (3i.08) (8.81) (274.3),// (“5.33)
/ g
& 10 2.57 1371 | 10 1371
(10,267 (25.9) (6.53) (169, 4) (25.9) (169.¢)
en 17 1.70 1541 17 15641
(15.24)  (44,03) (4.32) (190.4) (44,03) (100,64 ! -
Lom 46 .82 2012 21 y13
(25.49 (119.14) (2.09% (248.5) -, (54.39) (113,40
Water 15 G 0 [ 0
(38.85) (15.85) .
7145 10677
: (882.6) (1318.9)



.. e e 2 S T SR I e

*

105

1072
Altered
Basin Arca Yield Run-0f{ Arca Runco {
2u 12 7.86 5030 37, 15,510
(5.08) (31.08) (19.96) (621.3) (95.573) (1915.4)
AL 10 k.20 2240 10 2240
(10.16)  (25.9) (10.67) (276.7) (25.9) (276.7)
6! 17 2.20 1995 17 1995
(15. 24) (44.03) (5.59) (246.4) (44.03) (246.4)
10" 46 0 0 21 0
(25.4)  (119.14) (0.0) (0Y (54.39) - (6
Water 15 3.14 2512 15 2512
(38.85) (7.97) (310.3) (38.85) (310.3)
11777 B 92257
(1454.8) (2744 5)
H
1973
. Altercd .
Basin Arca . Yicld Run-0f f Arca Pun-~ c‘
2 12 .66 3750 37 12564
(5.08) (31.063 (14.89) (463.2) (95.83) (1428 .4)
4 10 5,31 2832 10 2832
(10.16) _(25.9) (13.49) (349.,8) (25.9) 349.8)
6" 17 3.31 3001 17 3001
(15.24)  (44.03) (£.41) (370.7) . (44.03) (370.7)
| T
10" 46 0 o 1 ‘ 0
(25.4) (119.14) {0.0) (0) (54.3%) (0)
Water, 15 5.33 4264 15 42604
(3% (13.54) (526.7) (38.85) (526.7)
13847 21661
(1710.5) (2675.7)

(Figures

in braclkcts

¢ metric conversions)
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é ' (Figures

169
1974
Altered ¢
] Basin Arca Yieid Run-off Areq Run-off
g 12 5.13 3283 37 10123
(5.08)  (31.08) (13.03) (405.5) (95.83) (1250.%)
AL 10 5.13 2736 10 4336
(10.16) (25.9) (13.03) (337.9) (25.7 (337.9)
6" 17 5.13 4651 17 4651
(15.24)  (44.03) (13.03) (574.5) (44.03) (574.5
1on 46 AN 10893 21 4973
(25.4)  (119.14) (11.28) (1345.6) (54.39) (614.3)
Water 15 0 0. 15 0
(38.85) (38.83Y 0
q 21563 22483
(2663.6) (2777.2)
¢ P Y . - 'L';‘Tf : T
1075
= Altered ’ :
Basin Arca Yield Run~off Arca Run-off. "
2n 12 2.37 37 4677
(5.08)  (31.0¢" (6.02) CL87.4) (95.83) (577.7)
4 4 10 0 0 10 0
- (10.16)  (25.9) . (25.9)
6! 17 0 0 17 0
(15.24) “(44.03) (4
100 46 0 0 7. 0
(25.4)  (119.14) (o 19)
¢ | 3085 62
/ (381.1) SEREYE

in brackets are metric conversic...)



