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ABSTRACT

Flow systems and hydrochemistry of groundivater Ín

the glacial drift and shallow dolostone bedroek, and a

water budget of three cl-osed lakes l.ocated in a zone of

active groundrvater dÍscharge are discussed in thls study

of the Shoal Lakes basin in south-central Maniioba.

The southerly movement of groundwater in the dolo-

stone as eoncludeC from the distribution of hydraulic head.

is confirmed by hydrochemical data. The Shoal Lakes and

adjacent iow-lylng areas are located in a zone of active

ground.water d.ischarge marked. by florrring wells in the dolo-

stone and discharge g::adients in the glaclal drlft.
Groundwater is supersaturated î¡ith respect to calcite

and dol-omite and the concentrations cf Ca++, M8*+, and

HC03- 1n geheral exceed vahres anticipated using a dolo-

nite dissol-ution model. The precipitatlon of calcite as

a result of CO, degassing in the unsaturated zorle accounts

for supersaturations lrith respect to.both calcite and dolo-

míte and observed ca++4"1g++ ratios less than 1. snaLl

amounts of halite and gypsun d.isseminated throughout the

drlft and bedrock account for observed concentratlons of

N"*, C1-, and. S04=. Excess Na* is due to cation exchange.

A decllne of 9cm (3.5 in) in the leve1 of North Shoal

Lake occured during a four month pe1iod when net evapora-

tion losses totai-ed fi cm (2O.8 in). Ground.water input to

the lake, a.s a signifieant portion of the lake budge , 1s

postulated on the basls of piezometric and hydrochemieal data.
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An investigation of the groundwater chemistry and

hydrology of a portion of the Interlake area in south-

central Manltoba (Cherry pers. comm. 1968), suggested

that the Shoal Lakes (nig.1 ) are situated in an area

of groundv¡ater discharge. Goff and lrlebb (1968) and

Averill (1968) established that these shallow, marshy

lakes contain total dissol-ved sol-ids in the range of
2I5O to 2675 ng/I and that they occur in a region of
net annual precipitation deficiency. A more lntensive

study ruas undertaken to;
(1) define the groundwater flow systems in the basint

Q) relate the flow systems, the geclcgy, and the ehenlstryt
(3) estimate the magnÍtr¡.d.e of the groundwater contribution

to the lakes, and

(\) interpret the ehemistry of the lakewater and the

interstitial water in the bottom sedimento

Between May and September, 1969t l-5O field analyses

of pH and HC03- lrere completed on samples of surface and

subsurfaee water. AdditÍonal- fiel-d work included an inven-

tory of water wells, lnstallation and maintenance of¡
(i) a weather station, (ii) piezonreter network (i1i) a

lake level gauge on North Shoal Lakeo

Many conclusions reached in this study are applicable

to other el-osed basins in the Interlake area of ManÍtoba.

INTRODUCTÏON
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The Shoal Lakes

Manitoba, 65 t<n (t+o

Because there is no

basin was defined on

PHYSIOGRAPHIC AND GEOHYDROLOGTC SETTING

basin is situated in south-central

mi) northwest of Winnipeg (Fig. 1).

well developed dralnage network, the

the basis of topographic divides.
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The basin includes nLxnerous, minor topographic sub-basins

centred. on snall lakes and sloughs.

The terrain is flat to undulating. Northwest trend.-

ing alignments which reflect the direction of the ntost

reeent glacial advance and the aligrunent of interbeach

zones of Lake Agassiz are evÍdent in the shapes of lakes,

sloughs, and low ridges. Total relief within the basin

does not exceed 18 m (60 ft) and loeal relief is less than

3m (fO ft). Sil"urian dolostones of the Undivided Inter-

lake Group (gaj.llie I95l-) underlle the area (¡'ie. 1).

Data collected during an inventory of existing water wel-ls

and test drill1ng have shown that the bedrock is overlain

by glacial deposits r¡¡hieh vary in thickness between O and

30 m (fOO ft) over most of the study areao These deposits

are composed mainly of silty till with occasional sandy

or gravelly lenses.

Hydrophytes th'rive in the many sloughs which are

ringed by natural hay pastures. Apart from the Shoal

Lakes themselves, growth-free water surfaces are a rarity.

CLeared and farned areas are not extensive due to the

frequency of 1ow-Iying ground.

An account of early settlement in the Interlake

area (frist¡anson L965) refers to the existance of a

single Shoal Lake in 1B9O wfth dimensions of 48 t<m (3O mi)

by 16 ]m (1O mi). Discussions with locaI residents in

the course of field work verified that the present three



lakes had formed. a single lake in the early years of
this century and that a steam-driven boat operated on

that l-ake, It is estimated that a rise of L.5 m (5 ft)
in present lake levels would fill existing natural chan-

nelways between North and East Shoal Lakes. Residents

estimate that in 1940 after several- years of bel-ow normal

rainfall, only 16 hectares (4o a) of North Shoal Lake

remained. The present surfaee of North Shoal Lake is
approximately 4Ooo hectares (9500 a) and the present

average lake depth is between 122 and I52 cm (LlB and 60'

in) based on numerous measurements and on observed in-
creases in ion concentrations during winter.

Driltr ing and Farm Ï¡.tlell Inventory

Drl1ling was conducted using a 7.6 cm (3 in) dia-

meter portable power augerr ffid a I5.2 cm (6 in) diameter

truck-mounted auger for deeper work. The deepest hole

at each piezometer site was augered as near to the dolo-

stone surface as practical. Overburden sanples were ob-

tained from material- ad.hering to the botton-most auger

section but sampling of bedrock was not possible. Out-

cropping bedrock was observed. in roadcuts and in the

fnr,¡ood quarry' (fig. 2).

METHODS OF Ï}ilTEST]GAT]ON
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It is estimated that the 70 farur wells which were

sampled ln ]]969 together with 16 welIs from the previous

year (Cherry written comrni 1968) account for approximately

Bl percent of the rural wel,ls in the basin (FÍg. 3).
Appendix A summarises inventory data which includes name

and adci.ress of o'trrner, a legal description of the well

location, well depth, depth to bedrock, and. static water

1evel.

The open standpipe type of piezometer used 1n this

study is shown in Fig. tr together with an illustration
of a typical piezometer nest. Hvorslev (];95l.) inAicates

that rr:-ag timesfr for this type of piezometer vary dir-

ectJ-y with the intake section diameter. The piezometers

were constructed throughout of 2.O3 cm (0.8 in) dianeter,

semi-riBidr polyvinyl chloride tublng. Although a

smaller diameter of tubing would. have d.ecreased response

times, the water sampling technique r,¡ould have been con-

siderably more dlfficult.
Nineteen nests of piezometers, each nest containlng

2 to 4 in¿ivldual piezoneters, were installed at points

throughout the basin (fig. 5) to obtain water samples

a¡d to measure the dlstribution of hydraulic head.

Piezometric level-s wetre recorded. tw'ice a week although

Piezometry
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some conveniently located nests were measured more fre-
quently. Measurements h/ere made with a weighted steel

tape and al-l readings were referenced to ground leveI.

ì HydrometeorologY
I

A weather station was establi"fr"¿ "t a central

location in the basin between }Iorth and East Shoal

Lakes (flg. 6), Tnstrumentation included a Class A

evaporation pan, maximum and minumum thermometers for

alr and vlater, a standard rain gauge, and a wind tot-

alizing anemometer. The station was attended dail-y

aJad standard. meteoro'logical data forms from the Met-

eorological Branch, Ministry of Transportr were com-

pleted (Appendlx D ). A ttstevensil water level recorder

TJll'ith a weekly chart provided a continuous record of lake

level-. The record.er float was shielded in a rectangular

crib to minimise wave effects. Daily readings on an

ad.jacent staff gauge were obtained as well.

A battery operated pH meter (Radiometer Model PHM4),

combination glass and Calomel electrode, and a conmercial

fleld chemistry kit (Hach Chemical

&easure pHr HC03-, C"**, and Mgt*.

lfater Chemi stry

Co. ) were used to

pH electrod.es l{ere

6



standarized to commercial buffers (pH 4 - l-0). The

buffer solution and sample were maintained at well head

temperature in an ice bath.

puted by the method indicated

of potentiometrie' titrations
used to graph arithmetic curves of pH versùs titrant

volume. End points ulere selected by visually estimating

maximum slopes from the curves' After each pH and HC03-

determination, standard buffer solutions were remeasured.

If before and after reaciings differed by more than t O.OO5

pH r:nit, then the analysis was repeated. Reported pH

values are considered correct to t O.O15 pH ¿nit and HCQ

True pH values were coß-

b:/ Barnes (1964). Results

values are reproduceable to 1 L mg/I.

An EDTA titration (Hacn Chemical Co.), was used to

determine Ca** and Mg++. ResultS were reproduceable to

within ! 5 ne/t. Random spot checks of Ca++ and Mg++

concentrations, using an atomic absorbtion spectrophot-

oneter (Perkln-Elmer l'lodel 3O3), confirmed' the validlty

of the EDTA technique.

Sodiun and. K+ concentrations uere determined' using

and atomic absorbtion spectrophotometer. Repeated test-

lng indicated. that values were reproduceable to I 5%,

The Mohr nethod. was used for cl- d.etermination.

Using concentrated. silver nitrate solutÍon, the method'

u¡as shov¡n to be reprod.uceable to wÍthi n ! 3iâ. No test

of accuracy l¡¡as made with the dilute silver nitrate

with 0.01639 N H2S04 viere

3
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solution, however, t l% is reported. (Rainl¡ater and

Thacher 1960).

A turbidometric method (Hach Chemical Co. ), 1^ras

used to determine SOh= concentratÍons. Samples hrere

diluted so that SOt*= concentrations were between 20

and 50 ne/l since it was found that reproduceability
was within t 5/" in thís rffigs.

0f lot ion change balances, Bf are wj-fl:i¡ 90%

agreement, 4O witfrin 9l% agreement, and 10O withín 85%

agreement. Of the total 154 water samples analyzed

during the field season, 7I uere obtained from farm well-s

50 from piezometers, 25 frcn lakes, and. B were squeezed.

from lake sediments. In 12 analyses of water samples

from piezometers the pH was greater than p.O and the

largest measured pH was 12.3. this alkaline condition

is regard.ed as an indication of contamination by cement

grout which was used in the piezometer construction.

For groundwater samples, determiñation of HC03-t

pH, Ca++, and. Mg++ were completed. at the well and piez-

ometer sites rrrithin minutes of sample collection.

Before collecting samples for chemical analyses, farm

wells were pumped for a sufficient tlme to replace the

l¡ater estimated to be present in pressure systerusr lines
and well casing. As an additional check, punping tlas

contlnued pntil water temperature approached the

regional groundwater temperature of approximately 5"C (41oF).

B



l¿ilater samples from piezoneters were obtained using a

stainl-ess steel sampling tube with a one-iùay valve fitted
in its base. Each piezometer was bail-ed with the sampl-

ing tube prlor to collection.
Several samples were obtained from the Shoal Lakes

periodically during the field season (Fie. 7 ). Since no

hydrochemical variatlons 1{ere observed with depthr (Coff

and VJebb l-968) samples were collected by submerging

sanple bottles approxÍnrately O.3 m (1 ft) beneath the

lake surface.

Samples of saturated lake sediment were obtained

by thrusting a 5 cm (Z in) dlameter steel tube equipped

with a piston, Ínto the bottom mud and extracting tube

and sed.iment core iogether. A sediment squeezer modi-

fied from the d.esign of Reeburgh Q96fi was used to

extract interstitial water from the sediment. Sediment

sampling locations are shown on Fl 8. ? ,

No appreciable difference betweeii on site and field

laboratory results were noted in the case of lake and

lnterstltial water analyses. Because sampllng ruas done

from a boat, d.eterminatlons of HCO3-, C"**, Mg+*, and

pH were conducted at the field laboratory in Inwood'

(fig. 6) for reasons of convenience.

9



lriater temperatures were measured at most l¡ells
(Append.ix A) uslng a resin thermistor bead underwater

thermometer accurate to t O. O2oC. Temperature deter-

mlnations in florrlng wells Ïrere considered to repres-

ent the groundwater teinperature in the â¡sâr Prior to

measurement, the piezometers hleïe bailed so that temp-

eratures representative of surrounding groundwater could

be obtained. Lake water temperatures Were measured at

all sampling stations. A ].22 m (\OO ft) cable was placed

1n North Shoal Lake conneeting a thermistor bead with

the shore to enable daily temperature measurements of

the Iake.

Water Temperature

HYDROSTRATIGRAPHY

The dolostone and, the glacial drlft constitute dis-

tinct hydrogeologie units because each possesses dis-

tinctive mineralogic and textural compositions and hyd-

raulic properties. The drlft consists primarily of

sandy tir.l which is characterized by relatiler¡: uniform

texture, mineralogy, and. low permeability. A water table

ls present w'ithin a few feet of the ground surface ln

ilrost parts of the basin and confined conditi.ons appear

w'ith increased depth. Ground.water movement in the drift

10'



occurs via j-nterstitial pore spaces and poroslty values

ln the range of jO to 50% are typical of unconsolidated

sediments. I'fovement is influenced prirnarily by the dls-
trlbution of hydraulic head since the permeability dis-
tribution is considered to be isotropic.

Porosity in the dolostone is secondary and. consists

of, f,ractures, Jolnts, and solution channels an<i it ls
normally in the range of 1.O to IO/o, Groundr^¡ater in
the dolostone is normally under confined conditions and

groundwater movement j-s controlled by the distribution
of porosÍty and permeability as well- as by hydraulic

head.

The upper portion of the dolostone bedrock consti-

tutes a major aquifer in south-central Manitoba. In the

Shoal Lakes basin it is the source of rural, d.omestic,

and livestoek water supplies. Render Q97O) reports

transmissivities of 150 15oo ^2/d.ry, 
(loh to 7g5 gar/

day/tt) for the upper I5.2 m (5O ft) of the dolostone

aquifer 1n the ltllnnipeg ârêâr Transmissivities repres-

entatlve of the dolostone aquifer in the basin were not

specifically determined but variations are probably

large because of the consÍderable range in reported

well yields.

Bedrock

11



Carbonate aquifers cornmonly possess secondary poro-

slty and permeability due to sorution of the rock mater-

lal along cracks and fractures. permeability 1s norma]_ly

best developed. in the upper portions of the carbonate

section and may have topographic expression in sinkholes

and small caves (Rhoades and Sinacore 191+1¡ Swinnerton

191+9; LeGrand and Stringfiel-d 1966).

Sinkholes are common in the upl_and area immediately
to the northeast of the Shoal Lakes basin. Baillie (lglt)
describes a sinkhole approximately B t¡o (5 n.j-) north of
Inwood which exposes rtmasslve and highly porous dolomitetr.

Baillle also describes the 11 m (23 ft) thick section

visible in Tnwood quarry as followsl ttpoorly bedded to
massive fragmental dolo¡nlte contalning bun-shaped strom-

atolites, minor lenses of red and green elay contalning

fragments or nod.ules of d.olomite, and a d.ense, yellowish

dolomite which contaj-ns small spheres of white dolomitefr.

Goudge (194h) identifted the Silurian sequence in
the Interlake as. consisting of d.olostones separated in
several localities by a thlck belt of gypsiferous shales.
At the Inwood quarry, analysesr (Table I ) indicate the

upper 7.6 m (25 tt) are relatively pure dolomite whereas

at the bottom of the excavation the d.olomite is impure.

In 19tr4, when Goudge colleeted samples for analyses, the
quarry was only 7.9 m (26 ft ) in depth. 0ther analyse.s

frorn the lnwood area are included in Table I.

L2



Table I Chemfcal Composltions of Dolostone Samples*

Collected in the Shoal Lakes Basin and Vicinity

si02 Fe2o3 ¿1eo3 ca3(Po\)2 cac03 Mgc03

1.

2.

3.
I+.

5.

o.30 o.33

o.24 0.21

o.36 o.1l+

o.22 O.30

o.22 0.28

o.12

o.o5

o.18

o.06

o. oB

1. Silurian d.olomite to a depth of O.61 m (Z ft) in smalL

pits on Sectlon JLr, lor,n:ship L7 t Range 1l{.

2. Silurian dol-omite; top 3.6 m (IZ ft) in quarry owned

by Building Products and Coal Company Limited at Inwood.

3. Interval 3.6 - 7.2 m Qz - 25 ft) in the same quarry.

\. Silurian dolonrite; top 2.1 m (? ft) in aband.oned. quarry

on Section 10, Township 18, Range 1l^I.

5. Bottom !.2 m (4 ft) in same quarry.

o.02

0. 02

o. ok

o.o2

o.o2

55,25

54.59

f+.59

55.2j

55.77

44.58 Tr

)5.o7 o. ol
44.84 0.01

4t+.67 Tr

4l+. eB Tr

CaO/,MSO

1.45:1

1.\2¡1

L.42: l-

L.44¡ 1

1. \6¡1

*,Collected by Göudge in 1944.
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Thickness of the glacial deposits in the basin varies

from O to 30 m (1OO ft). The average thickness is esti-
mated to be 12 m (35 ft), however an irregular bedrock

surface causes large variations over relatively short

dlstances (Fig.2). The upper 7.5 m to 15 n (25 tt to

5O ft) of the overburden is a light olive-brown silty
ti1l and may be an oxidized phase of the greyish-brown

till- beneath, The color change is accompanied by no

apparent changes in texture or mineralogy. Clay content

in the drift was visually estimated. to be l-ess than 25%.

Mineralogic analyses were not conducted in the present

investigation; hor*evet, anal-yses by other workers are

avaiLable (nrrrt:.ch and Rice t955; lJicks 1965). Analyses

of till in the Winnipeg area (lrlicks 1965) indicate an

average composition of 40 to 5O/, aotomite t 5 to 2O/, clay

minerals, approximately l5f' eadn of quartz and feldspar,

and traces of gypsum (rl/,). Ehrlich and Rice (1955)

describe soil horizons developed in the upper 122 cm

(48 in) of a trstrongly calcareoustr till at Komarno, 16 km

(1O mi) east of Inwood (Table IT). Montmorillonite and

ilIite are the most abundant clay minerals and the CaC03

content increases with depth (Tabl-e III).
Hvorsl-ev (J95]-) tests were conducted on the pi êzotrê-

ters to obtafn average hydraulic con¿uctivities at points

Glacial Drift
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Table IT Mechanical Analyses, CaC03 Contentr Ðd pH of
Soil Proflles in Glacial Drift at Komarno,

Manitoba (ghrtich and Rice 1955).

SoiL
. Horizon

Depth of
Soil (cm)
Horizon (in)

2mm Rock 3.6
Particle s

o.5-2. o pm
Coarse Sand 10.1

0.1-0,5 mm
Fine and
l',ledium Sand 27.6

O.OO2-O.1 mm
Silt and
Fine Sand 51.1

O.002 mm
Clay 11.3

^2

o-5
o-2

B2

5-t2.72-5

B3

l.2.7-35.5
5 -1\

3.4

7.5

11.6 r5.5

C1

CaC0.
ContÈnt

16. B

35.5-7tIt+ -28

B.h 7.9

C2

7r-r22
28-l+B

52.6

2\.2

13. 5 r2.g

pH

24.6

o. o3l

60. l

18.0

12.\

1.30

6,8

63.5

16.7

20.5

40. l-o

6.6

58.0

9.I

5o.5o

7.6

65.oo

7.9

$

8.3



Table Itr þlineralogical Composition in Percent Dry laleight

of the Clay Fraction Present in the t SoiT Horizon*

at Komarno, Manitoba (Ehrlich and. Rice lg5fi.

Ì4ontmori llono id s

Chlorites

I'llcas

Il1ite
Kaolinites

Quartz

Feidspars

41203 Compounds

Apatite

Sepiolite
TaLc

25

10

5

13

3

3o

t2

10

-30
-L5
-10
-18

B

- 3:5

-t7
15

The C soil hori zon is 35.5 to ]:22 cm (14 to 48 in)

below ground surface.

trace

1--5
'trace
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in the drift section. Hydrographs of piezometer levers
\¡¡ere used to ascertain that water levers were stable
before proceeding with the tests. An arithmetlc mean of
1.9 x 10-6 cm,/sec (6.2 x l-O-B ft/see) was computed from

16 inaividual determinations of hydraulic conductivlty
(Table IV) which range between 2.3 x 1O-B cm,/sec (7.5 x
10-10 ft,/sec) ana 1.4 x ro-5 cm,/sec (4,6 x Lo-Z ft,/sec).
simj.lar trends were obtained by Freeze iog61) v¡ho report-
ed 1[ values with a median of ]-.2 x 10-6 cm/sec (3,g x 10-B

ft"/sec) for tilIs near Good Spirit Lake, Saskatchewan.

Groundwater flow diagrams (Figs. B and 9 ) have

been dravnr perpendicular to the principal ground.water

flow dlrection in the dolostone. Groundwater flow nets

for honogeneous, ísotropic media are forraed. by equipot-
entiaL lines and flow lines which intersect at right angles

if no vertical- scâle exaggeration ls used. Hor,¡ever, if
vertical exaggerations are used, then the angles of inter-
section will be other than 9Oo. Van Everdingen (1963)

has prepared nomographs which permit calculation of inter-
section angles in diagrams with vertical exaggerations up

to 10 times. The nomographs are applicable when the

Construction of Groundwater Flow Diagrarns

GROIINDIi\IATER FLOïü SYSTEI4
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Table ÏT IlydraulÍc Conductivities as Determined by

Hvorslev (I95I) Test on piezometers Instal-l_ed

in the Glacial Drffte

Pi ezometer

P- 3-67.9O

-l+6.3o

-30. 83

p- \-26.35

-]-.6.20

P- 6i9.z5
*20.60

P-1O-33.3O

P-t2-4r.50

-23-55

P-13-l+3. 60

_22..70

P-ll+-24.92

P-15-53. 13

_r5.go

P-I6-28.63

-r5.77

ft,/sec

f.9 x 1O-9

6.6 x 1O-9

2.0 x 1O-9

7,5 x 10-10

9.2 x 1o-B

8.5 x to-Io
9.8 x 10-19

1.9 x Io-7

!,7 x !O'7

9.8 x 10-10

8.5 x l-O-1O

1.2 x 1O-9

1.1+ x 1o-9

tr.6 x Io-7

!.5 x 1o-9

2.8 x 1o-B

5.6 x 10-9

Hydraulic Conductivity

cm/ sec

5.8 x 1o-B

2.o x Io-7

6,2 x 1o-B

2.1 x 1O-B

2.8 x 10-6

2.6 x 10-6

l.o x io-B

5.7 x :-:0-6

5,2 x 10-6

3.o x 1o-B

2.6 x 1o-B

3.5 x 1o-B

4.1 x 1o-B

1. Lr x Io-5

).? x 10-6

8.6 x Io-7

!.? x IO-7
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hydrogeologic unlts are assu¡ned to be isotropic. In
Figs. B and 9 a l-OO times vertical exaggeration Ís used

to illustrate tiie hydrogeology where topographic rellef
is loin¡. Flow arrows shoun in the figures are modified,

hor¡¡ever, the 1OO times exaggeration cannot be quanti-
i

tatively accomodated by Van Everdingents treatment.

The glacial drift is treated as an. isotropic medium and

the permeabllity difference between drift and bedrock 1s

emphasized by the refraction of the equÍpotentÍal lines
at the geological contactn

The dolostone l¡hich underlies the Shoal Lakes basin

is part of a regional aquifer system whieh drains much

of the Interlake area. Recharge oecurs primarily in the

poorl-y drained Interlake upland where glacial depositsr

are thin and sinkholes are frequent.

Aquifer zones in the dolostone are confined either
by glacial deposits, by less permeable layers of dolostone

or by combinaiions of both. A piezometric surface map of
the dolostone aquifer within the basin was prepared (Flg.lo)

using piezometric data and water level data gathered on

farm weIls. The configuration of the piezoraetric surface

indicates groundwater flow from northeast to southwest.

Piezometric highs indicate areas of recharge. The princtpal

Flow Pattern Interpretation
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high in the north corresponds to a topographic high where

glacial deposits are thin or absent and where sinkholes
are conmon. The sinkholes provlde a neans of rapid re-
charge to the dolostone.

The basin has been divided into recharge and diseharge

areas (Fig. 11 ) on the basis of¡ (a) piezometric levels,
(b) the relative elevations of the plezometric leveIs in
the dolostone and (c) the water table in the d.rift. Low-

lylng portlons of the basin, including the lakes and ad.-

jacent areas are discharge areas for groundwater flow
systems originating in the dolostone. Numerous flowlng
wells occur within the discharge area and many others

whlch have a history of discontinuous flow are located

near the recharge-discharge boundary. This boundary

fLuctuates with long-tenm precipitation trend.s. Resi-
dents near the boundary reported a history of flowlng
and non-flowing conditions whieh correlate with long-
term preeipitation trends. '

Groundwater Temperature ProflLe s

The temperatures of groundwater in severaL piezo-
meters: were measured. on July l-1 and th, ]969. Temper*

atures were found to increase !¡'ith increasing depth,
however the rate of increase !¡as less in dlscharge areas
as compared to recharge areas. The ternperature trends

20



(Fig. 12) are the result of the combined effects of

dlffusion and convection which differ between recharge

and discharge areas in the summer. Shallow groundwater

1s warmer in recharge areas because of a dor,mward cori-

vection of heat, In discharge areas where the downward

trarrsmittal of heat depends on conduction alone and the

rate of temperature decrease with depth is more pronoun-

ced. The ternperature profiles support the interpretat:
ion of recharge and discharge areas which krere inferred

from piezometry.

GROUT\TDi¡IATER CHEI'Í ISTRY
.Ì

Major Processes and Environmental Controls

the chemistry of groundwater at a particular point

in a shallow flow system is the result of many geochem-

ical process€s¡ The work of several authors (Charron

1965, 1967; Rozkowski 1967; and Toth 1966I sugsest that

fn the upper units of the Western Canadian sedinentary

basin the most important geochemical processes arel

(a) the chemical eomposÍtion of precipitation; (b) the

generatlon of gases in soil horizons of recharge areas;

(c) the dissolution of ninerals present in porous media;

(d) the precipitation of mineral phases v¡ithin the pore

network; (e) ttre exchange of ions between pore solutlons
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and minerals in the porous media; and (f) reductÍon-

oxidation reactions.

These processes are largely lnterdependant and are

strongly influenced by: (i) temperature; (11) rates of

fluid movement; (iii) pressure; (fv) position in the

flow system; (v) mineral-ogy of the porous media; and.

(vi ) the order in which the pore fLuids come in contact

wlth minerals. As a result of these factors there üsì-l-

ally is a progressive increase in ionic strength and a

continuing modification of ionic composition as ground-

water moves along fl-ow paths,

Solution chernlstry is valuable in understanding

relationships which exist between groundwater chernistry,

the geochemistry of the geologic environment, and posÍ-

tÍon in the flow system. It 1s the purpose of, thls sec-

tion to investigate these relationships as they occur

in the shallow ground.water regime of the Shoal Lakes

basin¿ This hydrochemical investigation has the fol-
low1ng objeetlves: to determine some of the specific
geochemical processes operating in the groundwater system,

and to utilize the distrÍbution of major-ion concentrat-

ions in groundwater and lakev¡ater as a means of further-
ing the interpretation of hydrologic processes operatÍng

1n the basin.
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DISTR]BLITION OF }4AJOR IONS, PH, AND PCO2

Large variations in ionic concentrations charac-

terize groundwater in the glacial drift (Fig. f3). In

20 of J2 analyses, Na+ is the maior anion while SO4= and

HCO"- are the major cations in 31 analyses. I-orty-one
J

percent of r,uaters sampled and apalyzed are of the sodium-

sulphate type. Ca++Att.g++ molar ratios are approxirnateily

O.5 or less while Na+/Cl- molar ratios are normally less

:than 1.

HydrocheurÍcaI correlations rd'ith respect t,o Sround-

water flow dlrection were possible to some degree in most

piezometer nests and consistent trends are best il-Ius-

trated in piezometer nests 3r 12, lJr and 22 (¡'ig. l4).

Recharge and dlscharge situatiorrs are each represented

by two examples. The cumulatlve increases in ionic constl-

tuents occuls in the dlrection of flow and the ions most

sensltive to position in the flow system are Na* and' S04=..

Most pH values in the drift vary between 7.5 and

8.5 but in several analyses the measured pH was as large

as 12.4 (Fig. !5). since the analytical- technique for

measuring pH is beLieved. to be reliable it is assumed

that values in excess of 8.5 ale improbable and result

from contanination by cement grout used in piezometer

The Glaeial Drift
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constructlon. All values are recorded as measured.

(Appendlx C) hor,¡ever, values of pH greater than 8.5
have been omitted from most flgures.

Partial pressures of carbon dioxide (lCO2) were

calculated for all analyses using measured. values of
pH and HC03- and the procedures outlined on page LiZ.

The range of PCO2 in the overburd.en is 5 x tO-h to
5 x l:o-2 (fig. I5;)," Values most commonly fall in the

range 1O-3 to l-O-2 and are consid.erably larger than

the atmospheric PCo2 which is about I x lo-Lþ atm. The

calculated PC02 values for analyses where pH exceeded

8.5 are 5 x fO-4 atm and have been omitted from graphs

and diagramsr

The Dolostone

Most dolostone waters are of the magnesium-bicarb-

onate type. The concentration levels of Ca++, Mg**,

and HC03- are uniform while Nr*, Cl-, and S04= show

considerable variation (fig. 16). Sodium, Cl-, and

sOh= concentratlons increase in the general direction
of groundwater movement (Fig. JT) however, C"**, Mgn*,

and Hc0r- concentrations vary only srightly and no areal5
patterns or trends are evid.ent (nig. l-B).

Groundv¡ater tends to contain larger percentages of
N"*, C1-, and. SOt+= in wells which penetrate more than
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3O n (1OO ft) of dolostone (fig. J9). Several shallower

wells in the dolostone (tZ, 24, 65, 66, and 6T) also

contaln increased levels of Na+, C1-, ffid S04=. These

wells are located together in a recharge area (¡'iS. 10)

and the anomolous increase in Na+, C1-, and S0¡*= coneen-

tration's is due to the addition of groundwater r,r¡trich has

pa-ssed thnough the drift to the dolostone lrrater. As

nentioned previously, grctrndwater in the drift is richer
in Na+, C1-, and S04= as compared with groundwater in
the dolostone.

The f,lowlng wells (F'ig. 2d are charaeterized. by

reduced concentrations of Na+, Cl-r ffid S04'.

Mcst values of pH in the dolostone ground.rrrater are

between /.0 and 8.2 with a median of about 7.5 (Fig.l5).
Values of PC02 are similarily uniform and range between

1O-3 and 5 x ]:O-2 (fi.g. 15).. The PCO2 in the dolostone

is, on the averager âfl order of magnitude larger than

in the overburden. In the flor+ing wells , P,CO2 varies

from f.14 x 1O-3 to 2,15 x 1O-3 atm and is lower than

fn most other wells.

MTNERALOGTC SOURCES OF IONS

The Glacial Drift

As indlcated. previously, the glacial deposits
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consist primarily òf doloirite which is moderately soluble

in water. From procedureà outlined in Garrels and christ
(1965) an¿ the solubility productç of Langmuir (I9Tl) t
concentrations of Ca+*, Mg++, and" HCO3- were calculated
and graphed as functions of pll at various pC02 for an

aqueous' solution iof dolomite at 5"C (Fig.. Z].). plotting

Car+, Mg++r illd HC03- field d.ata on the same graph, it
is observed that Ca++ and HC03- eoncentrations are

lslightly above antlcipated values while the Mg++ con-

centrations are well above equilibrium values.

Groundwater in the drift tends to be richer in Mg++

and poorer in Ca*+ than expected from simple d.issolutlon

of dolomite, The Ca++/Mg++ ratlo averages about O.6 in
spite of the fact tliat the overburden is derived prim-
arily from a dolomite v¡hieh locally has ¿ S¿++/¡4g++

ratlo of slightJ-y greater than 1 (Table I), A ratio
less than l- is unexpected for the additional reason

that gypsum is probably pres:ent in the drift (l^IÍeks

196il and a contributor of Ca**.

Negligible differences in Ca++, Mg**, and HC03-

concentrations between recharge and discharge areas

(Fig. 18) and. along flow paths indicates that dolomite

dissolution occurs relatively rapidly during infiltr-
ation. It 1s possible that the generally supersatur-

ated conditlon with respect to calcite and dolomite

and the Ca++¡t,4f+i ratio imbalance are due to partlal
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COZ degasslng in the unsaturated zene. During inltial
phases of infiltration in the unsaturated zone, ground-

water becomes charged with C02 generated in the plant

root zone. Carbonate dissolution to saturation occurs

almost inmediatgly, catalyzed by the dissolved C02.

As the úater infiltrates downward Ít eneounters larger
poroslties and reduced COZ partial pressures. Carbon

dloxide escapes from the water and. causes the ground-

water to become supersaturated with respect to calcite
and. dolomite. Calcite precipitates resulting in the

removal- of Ca++ and HC03- ions from solution and. a

decrease in the Ca++/Mg++ molar ratio. Dolomlte is
presumably not precÍpitated because of slower solution

kineties (Holland et al 1964). Most analyses are highly

supersaturated with respect to dolomite but only slight-
ly oversaturated with respect to calcite (fig. 22).

Other factors which support the degassing theory are

lncreases in CaC03 and pH (table lI )'with depth in
upper soil horizons as reported by Ehrlich and Rice

Q95il. The lncrease ln pH may be the result of cal-clte

precipitatlon (Table II). calcium carbonate precipitate

was observed. on the undersides of pebtrles in a zone only

a few feet below ground level in shallow gravel pits
along the western basin boundary. Degassing is thought

to have been the mechanisn which caused the CaC03 to

precipi tate.

27



Groundwater in the glacial drtft contains mod.erate

to high concentrations of Na+, û1-, and SO4= and 1t is
evldent that not only dolomlte d.issolutlon infruences
the hydrochemistry. The (l) incongruent dissolution
of dolomite, the (2) presence of readily solubl-e magnes-

lum minerals, (3) lon exchange rd1th montmorilronoid and

lIlite clay minerals, and (4) soLution of sllicate mln-
erals may contribute to the ion composition of ground-

water in the drift.
Impurities of Na+, IC, C1-, ancl SO4= at concentra-

tions of several hundred parts per mil]Íon in dolomite

crystal lattiees have been identlfied in paleozoic cs.r-

bonates'in Northern canada (Fritz and Jackson rgZ2)

hcwever the simple dissolution of dor-o¡nite crystals
r'¡ouLd not be capabJ.e of producing significant concentra-
tions of Na+r Kt, c1-, and sOh= relative to the cofic€D-

trations of ca++, Mg+*, and HCo3-. rt is reasoned there-
fore that highly soluble chrorld.e and'sulphate minerals
are present in the drift and are responsible for rnost

of the N"*, K*, Cl- and S04= and aLso contribute some

of the excess ca*+ and Mg++. Dissolution of silicate
minerals is considered to be capable of prod.ucing only
small concentrations of Na+, K*, C"*n, and Mg++ .under

the pH and temperature conditions in the basin (strr¡¡rm

and. Morgan l97O).
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It is assumed that Cl- cohcentrations are the result
of mlnute amounts of halite (NaCl) present in the drift.
Combining Na+ wlth CI- on a gram equivalent basis results

in an excess of Na* over C1-.

Gypsum is a likely source mineral for SOh= and if
excess Ca++ is combined. with SO4=, a large excess of S0,*=

remalns. Excess Ca*t is the total measured. concentration

of Ca++ minus the Ca++ contributed. by dolomite dissolu-

tion.
In molst analysesr, signlficant concentrations of Mg++,

Nt*, and SO4= must be accounted for. Two plausible

mechanisms are; (1) that all the SOb= is obtained-from

gypsum or anhydrite dlssolution with much of the Ca+r

subsequently lost to exchange for Na+ or ìnlg++ on clay

minerals r or Q) that other highly soluble minerals such

as mlrabilllte (Na2S04.'10H20 ), epsomlte (UgSO4. THZO) ,

and glauberite (iVa2CaçSO4)2) are also present and corr-

tribute Nr*, ca++, Mg++r æd sot= ions.

Montmorillonite and illite have relatlvely large

exchange capacities and are major components in the

clay fraction of the glacial drift in the vicinity of

the basin (Table IlI). !ühen water is 1n contact with

clays with exchangeable lla+, Ca++ tends to be adsorbed

on the clays in preference to Na+ providing the concen-

tration of Na* is less than that of Ca#in the ground-

water. Also, if the Ca++/trg++ ratio f s not too sma1l
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Ca+* will be adsorbed in preference to Mg++" (hliklander

j.96)). It seems reasonable that in the drlft dissolu-

tion of gypsum and./or anhydrite could be accompanied.

by exchange of Ca++ and Mg++ on clay minerals.

I'mpurities in the silica sand used in the piezo-

meter construction may also have contributed to the ion

composition of some samples collected from piezometerso

Since most cements contain aboú, ]rt gypsum, Lu:Ìusually

large Ca+* and. SO4= concentrations as in P-6 (Appendix C )

nay also be the result of contanination.

A reLatively pure ciolomiLe (Table I) is the raajor

rock forming mineral in the doJostone which underlies

the Shoal Lakes basin. the availability of Ca++, Mg**,

and HCO:- is virtually unlirnited and concentrations in
J

the groundwater depend on solutlon kiiretics, the partial
pressure of carbon dioxide, and the solubility of dolo-

uite. Calclum, i{g++, and HC03- were graphed as functions

of pH for dolostone waters (fig. 23) at various PC02 for
aqueous solutions of cal-cite, dolomltet and a cal-cite-

dolomite mlxture at 5oC.- The chemical data best appro-

ached caLculated. values for a dolornite model. The field
data normally plot above the theoretical equilibrium

The Dolostone
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lines of the dolomite modeL based on Langmuirt s (1971)

dolomite solubility values. The model ind1cates that

the simple solution of dolomite would produce equival-

ent molar concentrations of Ca*+, !lg++, and HCO.- and
J

a ca++/Mg++ ratio of I or slightly greater than I since

the Ca++/Mg+* molar ratlo in the bedrock is slightly
greater than 1- (Table T). The apparent excess of all-

three lons but especially of Mg++ and a Ca++/M1++ ratio

which averages about O.6 suggest that other processes

than the simple solution of dolomite effect the hydro;

che¡nistry of grounduater in the dolostone.

Because there is no apparent correlation between

direction$ of groundiuater movement and the concentration

l-evels of .Ca++, Mg++, and HCO)- ions it is reasoned
5

that d.olomlte dissolution to saturation occurs rapidLy

during initlal phases of infiltration. It is suggested

that the overall supersaturation with respect to calcite

and the large supersaturations with regard to dolomite

(fi.g. 24 ) occur because of C02 d.egassing after satura-

tion has been reached.. This processr described in the

previous section, is especially applicable in upland'

areas t¡here water infiltrates thin soil cover to reach

the water table which is generally several meters'below

the top of a highly porous aquifer.

RelatlveJ-y large concentrations of Na+, C1-, and

SOh= are present in the dolostone groundwaters and the
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concentration l-evels of these ions are sensitive to

position in the flow system (nig. I7). Minerals which

donate these ions are readily sol-uble and since ion

concentrations depend on fl-ow path length and residence

time, it is concluded that these mineral-s are dissemin-

ated in small amounts throughout the dolostone. Since

nost flowing wel-ls are relatively sha11ow, the flour sys-

tems are also regarded as being shal-low and the ground-

water movement relatively rapid. The resultant limited

contact with the bed.rock environment results in reduced-

concentrations of Na+, C1-, and S04= ions in flowing

well- analyses tending to confirm that disseminated' trace

minerals are responsible for much of the N"*, C1-, and

S0¡*= preseni. Deeper groundwater, in Seneral contains

increased percentages of N"r, C1-, and' S04= (FiS. 19 )

due to increased residence time and longer flow pathS.

It is assumed that all the cI- present is the result

of halite (naCl) ¿:.ssolution¡ Combining Na+ w'ith CI-

on a gram equiva]ent basis results in an excess of Na*.

probable S0\= donor mineral is gypsum and,/or

anhydrite. If availabJe Ca++ is combined with gram

equivalent amounts of S04=r â0 abund'ance of S04= results'

It is improbable tirat cation exchange is a signif-

icant geochemical process in the carbonate rock aquifer'

The Na+ and S04= concentratlons in the aquifer may have

been derlved from sodium-sulphate minerals in the
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dolostone or during recharge through the glacial drift.

hlater Budget Components

'

Hydrometric data col-l-ected j.n the Shoal Lakes

basin are used to estimate water budget components for
North Shoal Lake. Rainfall and evaporation were ilêâs-

ured from May 23 to September 28, 1969, using standard

rain gauges and a Class A evaporation pan (fa¡l-e V).

A record of lake stage for North Shoal Lake was kept

for the period June 25 to 0ctober !, ]969. Total &êâs-

ured. precipitation at the weather station (Fie. 6 )

for the May 2J to September 28 period was 26.92 cm

(10.60 in) compared to a JO-year average for the same

period. at the !{innipeg International Airport of 27.\B

cn (10.82 in). Net water loss frorc the evaporatlon

pan during this period. totaled 6r+.O6 cm (25.22 in).
Applying emperical correetions to the monthly net pan

evaporation values (McKay an<l Stichline 1961) resulted

in a corrected net evaporation estimate of 52.9I cm

(20.83 in) from North Shoal Lake. During the perÍod

for which net evaporation and lake stage are aval]able

(June 25 to September 28) the corrected net evaporation

I^/ATER BUDGET OF NORTH SITOAL LAKE
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Table I Meteorologicar Data from shoal Lakes weather

Statlon.

Mayr' June July August Septembe¡x*

Mean air
temp. oC 6.1+ 10.6 lB. 1 20. o ll. BoF tr3 . 5 5r.5 64.5 68 . O 53 .3

Mean pan
water temp.oc- 1!.1+ l!.2 2o.3 2z.g 13.8oF 5B.o 58.5 68.6 73.3 57.o

Mean lake
temp. oc 16.4 18.3 l8.h 14.1oF 6r.5 64.9 65.1 57 .4
Mean daily
wind kn 225.3 20O.O 1l+9.1+ I97.5 2L3. I

mile 183.5 124.3 g2.B 122.7 132.4

Total pre-
clpitation

cm 2.4I \.92 1o'. 82 6.69 2 . Cl_in o.95 1.9+ 4.26 2.66 o.T9

Net water
loss cm 5.ZB L5,Bz l5.BB IT.36 9.22in 2.28 6.23 6.25 . 6.84 3.63

Corrected
net water
1o"" ¿r 4.gz 13.66 :.:2.52 13. 03 8.T6' in 1. 94 5.38 4.93 5. t3 3.1+5

RainfaLl for measured period. r. o o........... ...?6.22
10.60

Net r,¡ater loss for meásured period.........o...61+.06
corrected estimate of the net water loss 

25'22

for measured period.. o.. ..... o........ o.... o 52.90
20. 83

* Beginning t{ay 2J, 1969

'ß{c ending Sep'r"ember 28 , l-969

cm
l_n
cm
in

3)+

cm
in



fron the lake was J5.14 cm (11+"23 in). A hydrograph of

North Shoa1 Lake (Fig" 25) indicates that lake stage

remained relatively constant untll late August when a

decline of approximately p cm (3.5 in) l¡¡as recorded.

Transpiration losses in marginal swamplands are

not known and surface runoff to the lakes could not be

measured because of large tracts of sloughs adjacent to

the lakes and the absence of well defined stream

channels.

The Groundwater Component in North Shoal Lake

Knowing ice thiekness (approx. 1 m) and the rel-
ative increase in ionie concentratlons d.uring the winter

period (Fig. 26), the average lake depth is probably in
the range of l,22 to ]-52 c& (4 to 5 -ft). During the

perfod June 6. to August 20, 1969, hyd.rometric ûleâsür€-

ment lndicated. the loss of 33 cm (13 in) of water from

the lake surface but in that same period there was no

observable net change. in lake 1evelt necessitatlng 33 cm

(13 in) of input to ¡raintain the Lake level.

The Cl- concentration together l¡ith hydronetric

measurements are used to estimate the CI- concentration

of the input component. Chloride ion was selected be-

cause it 1s not subiect to complexingr does not partic-

ipate ln exchange reactions, forns no slightly soluble

3'



preclpitates, and does not usually take part in bio-

Iog1cal reactions. fn order to end with the measured

Cl- concentration oî 2O5 ne/l on Augu.t ZO, the 33 cm

(13 in) of input must have eontained between 90 and

]-.]-5 ne/I of C1-.

The evaporation estimate of 33 cm (13 in) may be

small since transpi'ration losses from fringing swamp

areas was neglected.. If evaporation losses lìIere arbit-

rarlly lncreased to 38 cm (15 in)r then the Cl- in the

input would range betr,¡een Bo and 1O0 mg,/1 depending on

lake depth.

Chloride ion coneentrations in ground'water from

the glacial drift are in the range of BO to ]-.l5 nS/I

and it is considered that groundwater inflow to the

lake comprises the major portion of the input compo.n'

ent.

The

Floning weLl.s and discharge gradients observed in

piezometers have been used to .outl-ine recharge-discharge

areas in the basin (Fig. 11). Discharge gradients exist

adJacent to the lakes and probably continue beneath the

lakes. Groundwater dlscharge to the lake is estimated'

from val-ues of hydraullc conductivi.ty and discharge

gradients obtained from piezometers adjacent to North

Groundwater Component from the Darcy Equation
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Shoal Lake.

The arithmetic average of hydraullc conductivity

values obtained. in piezometer nests P-3: P-4, and P-lO

(table ff) is 1.5 x 10-6 cn/sec (5 x 1o-B ft,/sec).

Discharge gradients in these piezoneters ranged between

O.1 and O./ with an arithmetic average of O.4. Apply-

lng the Darcy equationr ylelds an average groundwater

seepage flux or 6 x Io-7 cmlsec (2.6 x 1o-B ft,/sec)
l

which, for the period May 23 to September 28 would con-

trlbute 6.4 cm (2"5 ln) to the lake. Using maximum hy-

draulic conductivity and gradient values results in a

maximum seepage fl-u:r of 27.2 cm (l:O.7 in) while mini-

mun values'result in the addition of only 1.1 x 1O-l+

cm (5 x l-O-5. 1n).

The necessary input of 33 cm (13 in) cannot be

ful1y accounted for by Darcy calculations; however,

discharge from springs and flowing wells has not been

considered. Local residents report tfrat during drought

periods numerous springs flowed on the dry lake bottom.

Discharge from sueh springs on the lake bottom prob-

ably continues augmented by discharge from flow"Íng we1ls

whlch drain into the lake. Some direct surface runoff

during storms may also have added to the lake level.
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I'AKE AND INTERSTITTAL I¡JATER CHE¡4ISTRY

North, East and hlest Shoal Lakes are chemically

similar (F:.e .. 27). Analyses are eharacteristically

low ln Ca** wh1le Mg** and. Na* are present in approx-

irnately equivalent amounts. Blcarbonate is the major

anlon.

The concentration levels of most ions increased

from November , 3}68 to Septembeq 1969. lrlhile lneom-

plete, the v"inter analyses from North Shoal Lake in-

d.icates two to threefold increases in Mg#, N.*, and'

S0\= concentratlons (fig. 26) with the formation of the

1ce layer which measured approximately o.9 m (3 ft)

thick. There was no signiflcant increase 1n the single

winter tine determlnation of Ca*t. . A HC03- determina-

tion on a sarople collected through ice on East Shoal

Lake on April tr, 1969, measured 3730 vLg/I; approxi-

mately a threefold increase as compared with su¡nmer

values v¡hich varied between rc75 and 1182 m\/L.

Chemistry of the Shoal Lakes

Reduced

ratio in the

the prÍncipat

removed from

Ca*+ concentrations and a l-ow ca*+ /t{g++

lakewater in a system ir¡here dolomite ls
ion donor suggests that Ca+* is being

solutlon by precipitation of CaC01..
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This view is supported. by the failure of the Ca++ ion

concentration to. change significantly from summer to

winter" Slow solution klnetics pïesumably prevent dolo-

mite from precipitating since calculated supersaturat-

ions with regard to dolomite are several o.rders of mag-

nitude greater than'for calcite. The pH of lake water

in winter decreased to 8.7 as compared. to a stanmer ßâx-

imrxn of 9.2. Summer levels of HC03- and pH result in a

calculated PC02 for the lakewater of 6 x 1O-4 atm, or

approximately tw'ice atmospheric (3,2 x 1o-4 atrn). Gen-

eration of C02 by decaying organic matter on the lake

bottom is probably the reason for higher than at¡nos-

pherlc PC02. In uinter, when iee prevents escape of

the C02 and equilibrium with atmospheric conditionst

the COZ leve1 increases as evidenced by the decline in
pH. this d.ecline will be aided if 'lon exehange and

preclpitation of CaC03 are taking place.

The (Na+ r' K+),/Cl- ratlo in laker^¡ater is only sli-

ghtly greater than unity suggesting that halite is prob-

ably a major souïce mineral for these ions. Excess Na*

may be a product of ion exchange r¿ith Ca+* although

insufficient Na+ is availabl-e to account for the ex-

ceptionally low concentrations of Ca++. Alternately,

Na+ and K+ may originate from dissolution of silicate

minerals in this relatively hieh pH environment. Unfort-

unatelyr îo sll-1ca determinations were made and it is
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recommended that future work include Si02 analyses'.

The very small Ca++Æg+* molar ratio probably re-

sults from the formation of CaCO, precipitate. Magnes-

ium ion is present in relatively large concentrations

because of slugglsh dol-omÍte precipitation kinetÍcs..

Gypsum is a likely S0,*= donor; the extra Ca*+ being

consumed. in the CaC03 precipitation.

Chemistry of the Interstitial lr/ater

The interstitlal water contains larger concentra-

tions of the major ions as compared. to the lakewatert

although the ion ratios between lnterstitial and lake-

waters remain relativeiy unchanged (fig. 28). The cal-

culated PCO2 in interstitial water sample hTSL-B is
1.4 x 1O-2 atm, however this value.is probably small

slnce some measure of equllibration with atmospheric

eonditions probably occured during pII and HC03- titra-

tions. Increased concentrations of Ca#, Mg**, and'

HCO,,- are due to the increased PC02 which 1s nearJ-y
5

l+OO times that 1n the laker^¡ater. This PCO2 increase

1s refleeted in a reduction of pH in the interstitial
water.

It has been demonstrated thaù groundwater cLischarg-

es to the Lake. The groundwater chemistry thereby
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affects that of the lakewater and interstltial water

and since the lake bottom sedlments are malnly reworked

drlft, the interstit,ial- waters have access to much the

same mineral assemblage as ground.water in the drift.
Halite (UaCt) and gypsua (CaS04) are probably the major

donors of C1-, Na+t, and S04= ions. Reasons for the

small Ca++/Mg# ratlo have. been discussed in previous

sections and are applicable here also.

Equilibrium activity products for dolomite and

caleite hrere derived from the Law of Mass Action

assuming the activities of the soiio minerai phase and

H20 to be r:nity. The d.egree of saturation with respect

to calcite and dolomite were calculated for all anal-

yses by dividing the ion activity products by the equi-

llbrlum activity produets. Activity coefficients from

Garrels and Christ (l:96il were used for Ca++, HC03-r

and CO"=. and from Hosteller (196t+) for Mg++. Activ-
Jr,

ities of COr= tüere computed from fleld measurements of
J

pHr HC03-, and temperature using disÇociati.o-* "otttants
caLculated by Baek (l96i-, 196!$). Calcite an¿ doLomite

dissociation constants are from Langnuir (1968, l97L).

The partial pressures qf dissolved carbon dioxide

ln the groundwater were derived from the relationships3

SATUROMETRY
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Kn2co,

and

aH+ aHc03-

The assumption that the aetivity of CO2 = fìrgacÍty of
COZ = partial pressure of C02 (fCOr) is justified for
total pressures Less than about 10 atmospheres (GarreLs

and Chrlst 1965)'.,

The effects of eomplexing or ion-palring on the

saturation lndicies u¡ith regard to eertain minerals

can be signifícant when ionic strength values exceed,

o.1 (Van Everdingen 1971). Since approximately 9516

of calculated ionic strength values are less than

o.o5 (Fig. 29)¡ lon-pairlng 1s not consid.ered. further.

aHrco"
J

^ro, tnro

\z



SUMMARY OF CONCLUSIONS

GLacial drift overl-ies Paleo zoic dolostone in the

Shoal Lakes basÍn in south-central- Manitoba.

UpJ-and areas where the glaaial drift is thin or

absent are effective recharge areas to the dolostone.

Ground.water movement in the dolostone is southward as

evidenced by hydrochemistry and the lnterpretation of

hydraulic head data. The Shoal Lakes and acljacent low-

lying areas are located in a zone of active groundwater

dlscharge marked by flowing wells ln the dolostone and

dlscharge gradients in the glacial drift.
The earbonate hydrochemistry field d.ata in both

the drift and dol-ostone groundwaters most closely fit
a simple dolomite dissolution modell however, C**o,

Mg*+', and HCO,- concentrations in the groundwater ex-

ceed. antieipated mod.el concentrations and. the Ca++/Mg++

ratio ln the groundwater is less than L. Calcite pre-

cipitatlon in the unsaturated zone as a result of C02

degasslng explains thç supersaturated conditlon of the

groundwater wlth respect to the caLcite and dolomite as

well as the d.ecreased eoncentration of Ca++ ion. The

w"idespread presence-of highly soLuble sulphate and

chloride mi.nerals is lnferred from the hydrochemical

d.ata.
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Despite a corrected net evaporation of JJ cm (13

in)¡ the water level of North Shoal Lake remained €ss-

entially unchanged between June 6 and August 20, 1969.

It ls postulated that groundwater discharge to the lake

was the source of most of the 33 cm (13 in) deficit.
I

lühile the calculated amount of discharge through the

drift is less than 33 em (13 in)¡ additional discharge

from springs and floruing well-s couLd supply require-

ments. Direct surface runoff may also be a factor

especially during summer storrns.
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Ffg. lJ Major ion composition of ground.water in the glacial
drlft.
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Fig. 20 Major lon concentrations in samples collected.
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Fig. 28 A chemlcal comparison of l-ake and interstitiaL
waters in North Shoal Lake.
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Appendix A - Records of l,Iater Wells in the Shoa1 Lakes Basin

Owner

1 Bar-4-Ranch

2 G. Grose

3 J.. Crockatt

\ id. cady

5 J. Friesen

6 Milan

7 D. Frfesen

B R. Jeffery

9 Jo Hallett
10 A. LilU-es

11 J. Carter

12 P. Sklhar

13 H. Ne1l

13* H. Ne1l

1l+ D: Hadfield

f5 A. Dupont

16 T. Bruce

17 4.. Morin

Location Elev.

SE

NE

NE

NE

Nl^i

Nìd

sl,{

NE

N1ÂI

NE

Nl^I

SE

Nï/\l

Nhi

SE

NE

SE

NE

3o-16-1hr 855

20-r6-2w 855

3o-16-21^r 855

27-t6-2w Bfi

3o-16-2hr B60

r6-r5-2w 855

31-16-2l,iI B60

3o-15-2hr 85'

3o-15-2w B60

9-r5-2w 860

3-L5-zw 860

r6-r5-2w 855

6-]7-tw B5l

6-r7-rw 855

25-17-2w 865

3o-17-Il/ü BBo

1-18-2hr 875

31-17-lid BBO

Well
Depth

e5

9o

1B

18O

r50

230

t62

75

65

7o

tL5

Bt+

5e

35

?o

SblL Depth Temp.
to Rock oC

f ltr

2

BO

65'
33 loo

ú

28 59

2B l+8

35

30

t5

s!üI,

f
*

statlc water level (a11 measurements in feet)
flovring well

sprlng

t2

{
f
f 5.o
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Owner

1

D. Tronrud

4.. Knapp

C. Enstrom

C. Enstrom

J. Gratton

Ferndale Fm.

C. Dyck

F. Zacharias

Ln Larson

School h/e]l

B. hrms

B. frn¡ns

J. lJnms

A. Emms

D. frnms

H. Kessler

Bendyck

F. Zeller

A. Ernms

hl. 0gilvie
Thorvardson

D. Dyck

E. Overby

Cloverdale

1B

1g

20

2l
22'

23

24

25

26

27

28

29

3o

31

32

33

3Il

35

36

37

3B

39

40

4L

Locatlon

SE

srtl

NE

iSE

SE

SE

s1ü

NE

NW

Sl.tl

Sl'I

er¡
LìIJ

NiÀI

NE

SE

s!ü

NE

NW

NE

NE

SE

NE

SE

NE

6-rB-rw

5-18-rtu

r6-t7 -zw

t6-r7 -2w

18-17-21^I

r9-L7 -zvl

2-t7-3w

13-17-31^I

18-17-21\l

3o-I7-2w

3O-17-21^I

30-17*2lJ

3o-r7 -2w

30-17-2ld

31-17-2I^I

31-17-21ü

5-tB-zw

32-]-7-zw

35-12-3w

16-r-6-1!I

2-18-31^I

1-18-3hl

\-17-11^I

t+-16-rw

Elev.

BBO

BB5

855

855

865

865

875

865

865

BBO

875

Qrt É,

BBO

870

870

875

870

855

865

875

870

87o

BB5

855

l¡Iel1 S!{L
Depth

rc5 t2

Bl+ 20

37f
49 1

a20

87 10

6Z lll
kB6
836
3o

30

5o

38B
108 f
30 10

160

Depth Temp"
to Rock oC.

9

v
30 5.O

40

\o

4l+

4¡

5'o

3.5

24 6"0

4.5

48 5,o

5'o

100

rL7 f
l,+

1ol+ I
385

106 I
160 14

L

\B

tl4

40

L2

3o

6o

20

5.o

5.o

).5
).5
3.o

5.o

J.o

BO



0v¡ner

Bar-\-Ranch

J. Mitchell
Dl tchfield
H. Crockatt

J.. Johnson

Gor,¡er

J. Doerksen

J. I¡iiens

H. Crockatt

Hi.. Crockatt

School Well

Ho Dyck

A. Eyolfson

A. Eyolfson

4z

t+3

44

45

46

4Z

4B

49

5o

5t

5z

53

54

55

56

57

,B

5g

6o

6L

6z

6¡

64

6'

Location

SE

c 1,1
rJ Ij¡

êt.t
!)UT

Nl4l

SW

NE

cE\r!J

Nï/ü

NI/'I

Nld

I\TE

Sï.tl

c]:a
\J I:¡

SE

SE

SE

SW

NIJ

ìltl
IT ¿J

SE

Sl/J

SE

S!\l

Slltl

3o-16-11ü

2B-16-lW

B-18-2hr

7 -rg-zvr

4-rZ-rw

33-16-lur

13-18-3I,f

18-18-2br

2-r7 -2W

2-r7 -2W

13-18-31^/

12-18-31ôI

24-18-3rd

2\-18-3l4I

12-18-31¡I

19-18-214I

20-18-21^/

16-18-21^I

20-18-2br

13-18-2!'I

18-18-lhr

1l+-18-21,I

2-18-11^I

3-17-31,1

E1ev.

855

875

860

865

BBO

BBO

860

855

850

850

855

865

855

855

865

860

860

860

860

BB'

900

870

905

870

l¡Ie11
Depth

SbJl Depth Tempn
to Roclc oC,

f lt+ .5.5
20 5.o

f 5o 5.o

10

t6 10 4.5

65

60

100

l-00

6o

110

100

1¡/. Duda

'II. Chartrand

J. Chartrand.

G. Chartrand

J.. tarman

J. Sherred

J. Carman

Enstrom

R. Bernard

t5

6

f
tt

2

20

5'o

4.5

5'o

B0 5.5

4.o

]-ø2

3o

160

163

L5

B6

5B

10

10

5

.f
o

f
f

7o

7o

60

56

5.o

\o l+. o4o

e5 3o

f
1\ 1B

L5 4o

7B

B2

B1

5.o



66

6Z

68

6g

0wner

tr{eÍbe

Cloverdale

If. Enns

' Location

NhI

NE

NE

NE

The followlng data have been taken fror:n Cherry (1968).

A ?-'

A3
.A. 4

A6
Ag
410
All
At2
413
AT6
LL7

824
st 11

sr r-4

sr 15

sr 19

34-16-3br

34-16-31^¡

4-r6-rw

20-r5-2w

EIev"

870

870

855

855

D, Drpont

l{n Masko

!üe11
Depth

.72

132

P. Morand

Sl,rll Depth Temp.
to Rock oCn

B\Z
\o

s!ü

SE

SE

NE

Sli,l

rfi.r
I\¡ Ív

S}I

SüI

StÁI

shI

NE

ShI

N!^/

NE

NE

SE

22-17-lW 9oO

i5-rs-rw ss5

5-rB-rw BB5

].2-77-].W 900

35-18-rw 910

21*18*IVJ 90O

t9_tB_l_hr 9oo

25-rB-2]ui' 890

15-18-2141 860

2L-]-7-rw BB5

2-TB-2W B60

1,5-19-11'I 9OO

10-17-3r,I 875

33-17-]V,r Sg,

34-17-rw 91o

27-t7-3w BBo

1r..* -^ ''t * ^*I\l-Ll.t ¿ti .l-lllcllr

S. Kogan

L. Anderson

M. McKague

Caspelein

6o

65

B5

Bo

9o

R(

9o

11tl

100

65

68

a20

103

66

76

A. Tillenius
J. ldall

Ut. McKague

l'I. Kitching

A. Dyck

27 10

17

5o

5o

:(

12

24

f
t2

f
20

1B

40

4o

1B

12

10

30

T2

4o

20

82

25



Hydrographs of
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Piezometers in the Shoal Lakes Basin
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Piezometer Nest No. 2 (P-2). Location NE 19-16-1t^i
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Piezorneter Nest No. I (p-3). Locatlon LO-I1-}W
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Piezometer Nest No- 5 (P-5). Location sI{ 2-18-21^l
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Piezometer Nest No. 7 @-7). Location NE 1B-17-1bI
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Piezometer Nest No. B (P-B). Location NE 21-16-rw
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Piezometer Nest No. 9 (P-9).. Locatlon NE 28-15-1hl
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Piezometer Nest No.. 10 (P-lO). Location NE 2-17-2hr
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Piezometer Nest No.lJ (P-f3). Location Slj'I 7-16-2V'I

P-13-/rI'
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Plezometer Nest No. 14 (P-14). Location Sl,lI 32-15-2VrI
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Piezometer Nest No. L5 (P-15). Location Nlf 15-15-21^i
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Piezometer Nest No. 77 (P-17). Location Sl^I 1-17-31^I
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Appendix C - Chemical Analyses*of l¡later in

lake.s Basin

I - Farm Wells

ca+* l4g++ Na+

5o 58 32

144 2L2 163

\z 40 160

5o 4o 136

53 48 163

BB 160 287

53 24 2oB

92 l-02 t78

5t 104 56

55 74 111+

68 7) r22

90 134 2o5

96 1\4 56

6t+ 48 11

70 5t 10

66 6o tr

52627

I
2

3

l+

5

6

7

B

9

10

11

I2!

13

13t

1l+

$
L6

K+ Gl- Hco^-
5

6 t6 42¡

2 255 3Bo

t7 14o 376

ß r2B 376

t2 138 322

t6 zth 6\z

t5 ß) n2
c1 'l (Ir ,l.cía
uL ¿)t t I ¿v

g 26 700

5 30 zT3

Lo 22: 2\2

16 rrh 6t2

19 1ol+ BZZ

6 7466
6 6492
3 6)9?
tT 7 t+gz

the Shoal

s04--

35

775

160

114

230

lBO

250

q0c)

104

350

\3o

490

13.0

20

13

7

t7

pH

Z.4rz
7.525

7.8O5

7.875

B.ooo

7.183

7.963
'/,3+?

7.5\O

7.930

B.ot}o

7.7)5

7 "375

7.379

7 .5ro

7.5\B

7.570

Sp. Condt*
@-16oc.. -

413

zSzo

1024

B\.9

107o

2l'20

TT97

--þ¿t-?u

azg

1006

1104

]670

1210

5zz

5t3

\tlB

565

ion concentratiuns in ng/l
mlcromhos/cm at I6oC i

spring

rot+



]l:

oa++ Mg++ p"+ K+ cl- HCo3- sor*--

17 ,80 , 56

18 92, ',,fr
18+ a72, r?g

rg 6S 65

20 58 ,41+

"2r '54 ', 40

22, 48 ,28
23:' hB ' \B

24 74 ,. ,90

25 46 6o

:;26 tr8.'43

27 12 55
'- l. rl

28 62,;,,' ,, T8

29 55 : \?'
'' , . ,. t

30: , 48, .56
: , i, : .

31 l+t+ '54
,.ll

32 ,lj, , 5l-
.'.1

33 :5o' : 44
'I : ..,:

34 ' ,55 ''" 50'

35 42 ,."'45
':

36',60 ,'r5
,. ,i,:,;,r,..',, . r ,

3? , gZ ].tl
' ' . .. ,

38 
,,- ..-65: 

, ,rb6.,i

39,,,,t-ir'64-:';. 11: 
4l¡,

t r . , :. .to 6e 95

'7
16

9B

T6

BO

\: 7

3' 18

2 294

10 38

'].2 64

"1170
r-1 5o

B50
B6z
9 )+4

10 L+6

,620
ì'

.7\6
i.I 20

: 622
B zo;

' 624
':" 7 16

,' .8 eO

'",, "' 
6 Z

'," 5 16

,t.'.22 86

l,', '6 $tt
,t. ? B
l.r15A

544' rr
5or+ 35

g6g 1,30

)re 26

4:6 'T?

4oo TZ

3s9 óB

372 :-4'

20k 6zo

376 160

372 11o

18+ 23o

3o3 3Bu

ltl+ 72

l+l8 t,r loo

36ã.:, 
' 1oo

3o7 ' 2oo

3g7 ' ,,38

4,o5 1)+5

4zg' ,' ' 26

472 " s,
lsi i.6o

552 68

398, .' 53

SLro 34

'79
6T

,73

148

,6?

',; V2
1,i; li

'7O,

,: 78
t' ,'1. I '

: 39;

.4g
¡+L

5e
'11r,..:

,.:,,-34

',48,r". ':,,

,19

'34,

. 
t+5'

.2:6;;,

,;3O,t

'19r:

pH

7:'375

7.665

7.1OO

7.18O

7 .\70

7.72r

?,,85

7.9rO

7.850

7.750

7.BO'

B. 63o

7.750

7.600

8.33o

?.655

7,868

7.825

7.7r5

7,625

7.\75

7 ,32O

7.425

7.58O

7.39;ç,

Sp. Cond .
@l_60c.

559, 
,:

6oz

17Bo , .r

669 
,

7e9

75e'

- 612

' ?ig+

]..250

' ?)2 '',
668

630 ,,
976

5\2

6Ll+

6+6

6gz
.t

575

n6
48:

6rg

ro52 .,
..,

].TTB

598 .r,,
598,.':,:'i'

+ r lsec,Orrd r,,re,ll .,ohll;Brop ert-g

Æ,\
W

,@

i;Ìj



Ca+* Mg++

70 75

6z 53

6o To

54 4o

6t 53

87 85

48 6g

26 73

44 40

64 \5
\4 3t
":B \4
go 111

66 6r

62 40

66 56

70 50

6o 44

,+ 5L

57 38

160 1\o

72 91

l+ 64

Zt+ 49

l+1

LF2

t+:

\4
)5

)6

4Z

ll8

\9

5o

5t
(-).
./a'

53

fl+

55

56

57

5B

5e

6o

6L

62

6Z

6t+

Na+ K+

T95 B

196 6

197 B

22 10 B

t5 B B

15 40 78

152 4

22 B 10

\B 13 ¡t+

r99 6

535 B

22 g r.6

6T to 82

48 29 6l+

269 12

r99 14

15 B B

75 4

7 h 2

11 B t+

t6 zo 138

11 31 46

2l_ 2

7 3 6

cl- HCo3-

545

460

556

389

418

5gB

4zB

424

378

441+

rRn

502

452

4oo

472

\oB

4oo

414

362

fi5
576

456

252

so4--

l+1

¡4
l+B

20

90'
Z6

B

65

65

35

5o

7

350

B6

3o

28

23

5

5

1B

100

:B

7

3

pH

7. \-40

7.385

Z.4Bo

? .535

7. [03

7.330

7,560

2,160

7.960

7.635

8.17O

B.og5

z.5go

7 .630

7,730

?.6].]0

7.64Ð

7.r30

7.535

7.570

7 .2rO

7.350

7.470

7.355

Sp. Cond.
@ 16oc.

n6
6or

732

466

5+6

1o7l

ítg
6oz

626

590

5zg

)rR"z

L220

B98

500

644

5zo

50t

5zo

499

L59.o

923

573

5e6

106



Ca** Mg++ tUa+ Kf

Bo Bo 1r1 9

76 ?o 114 9

78 5z r5a 10

92 50 226
T6 rzl roh Z

65

66

67

6B

6g

cl- HCo3-

64 3o4

56 z5B

92 220

10 504

rs 6g6

The following data have

A' 2

A3
Al+
A6

.uÀ *9

A10

All
At2
413
A16

^17
Bi 24

st 11

sr 14

sr 15

sr 19

5t 48

82 4Z

68 69

48 53

6'1 39

5z 72

t20 r\7
66 4:

6o 58

56 5r

56 5t
Bo 5z

16 50

32 6t+

56 \o

z6 7r

soh--

380

4oo

430

5o

270

pH

7.705

Z. B4o

7.92o

7.352

7 "255

13

B

26

4:

3

6

Sp" Condo

been tal<en from therry ça968).

7

17

52

5

tl

2l

3t7

386

\zo

32r

366

4r5

5ee

333

412

4r3

4er

424

304

378

381

362

rB 7.560

5 ?.46o

46 Z.2Bo

r5o 7.55o

3 7,,5to

2L 7.560

120 7.)5O

ir 2.59o

2l-, 7.380

It+ 2.528

t7 7.k4O

11 7.4O8

lBO 7.BBO

20 ?.)60

11 7.\9O
g 7.380

\r 139

109
73
t+ 68

72
t2 31

6o rz

4B
BL6

11 B

Lo7



Appendix C - Chemical Analyses*of Irrlater in the Shoal

Lakes Basin

II - Piezometers

P-1-13

P-1- 9
P-2" 7

P-2- 3
P-3-68

P-3-46

P-3-31

P-3-i7
p4-26

P-+-16

P-5-r7

P-5- 9
P-6-¡8

P-6-2t

P-6- B

P-7- 7

P-B- 9

P-B- 5

P-9-r7

P-9- 7

ca** Mg++ Na+

33 53 56o

36 33 2t5

fu 131 35

5z t72

26 11 114

16 t7 ]:26

20 15 140
--ô t r rô18 +1 1U9

iu h4 .,26

5z 131 4z

60 99 118

¡t+ ];7+ 89

68 54 16r+

960 Boo

4oo 1500

47 86 189

22 45 30

48 7) )5

1 57 t52
r+6 L55 74

K+ tl- Hco3-

160 20' 642

10 6 276

5 10 606

2

5 90 r92

6 70 282

9 72 274
- r ^aì a/aJl J_UO ¿O¿

101+ 30 1BB

l-l- ¡B 424

32 12O zLO

32 t7r 466

48 260 3fu

10!+ 2580 46
40 1o5o \04

24 9 trgo

t2 6o 232

B 65ç+
trz 26. 690

32 t6 9r2

SOh-- pH

1600 B.og5

130 7"52o

5o T.BTt

- 7,690

67 8.475

t7o 8.645

14o 8.853

25O 8.285

44o 9.163

273 B.l+10

420 8.255

3tlo 7.760

t56 7.Bto

27OO 7.660

2350 7.140

4oo 7.78o

3¡+ 9.340

76 7.685

t65 to.z)5

IT 5 B .or5

Sp. Cond" **
@ r60c"

3710

::65

:

68B

7l-5

798
r r ì. rrJ'1'J

1300

e75

861

1320

1o94

13000

11140

r660

5\7

7+L

118l+

13 50

ion concentration in mg,/l

micromhos,/cm at 16oC log



P-10-33

P-10-20

P-10- B

P-11-U

P-11- 9

P-12-+6

P-r2-2\-

P-].z- 9

P-13-4\-

P-13-23

P-13- 9

P-r+-25

P-t5-53

P-L5-L6

P-t6-29
P-16-16

P-16- B

P-r7-2)
P-I7 -T9

P-I7 -]2
P-17-10

P-18-12
'P-18- 

7

P-19- B

P-rg- 6

car* þtg++ Na* I(+ cl-- Fic03- s04-- pH

6¡

4z

13

7

244

6o

92

rel+

t7

B

2g

1+

\4

7

5g

l?6

B6

1B

158

78

53 t5 32 30

z5 89 t52 30

t5 Bz- tzo rB

23 zgo zt5 nh
10 13oo 56 5Bo

t+o fol+ 7 108

6 144 152 85

59 tg6 7 30

79 460 t6 148

10 BBo 27o BB

22 BBo r4 20

5 z8o 3'7j 20

2 267 12o ¡l+

5 z5o :60 10

25::54
2oz 1o3o 3ro ro68

tSoo zt+ 966

r5r 275 330 58

5 z6o 39o 58

94 6Z zt+ 54

6ozz7z\
74o 42 Z6

12l+ \2

13tt 56 t2 5z

r70 :4

43e )6
zz\ 32o

zz5 r9o

]..Q22 1O3

rSoo 7oo

l_20 2ro

282 310

535 t+5o

L56 L500

too4 14oo

1730 390

ll+u l,z(J

4oo 440

5zo 2go

222 t+g

330 LB75

n6o 2ooo

5BB BOO

,9 730

,oB 360

\78 77

56A r75o

574 4005

478 4ro

BBo 360

7 .B2O

g.7Bo

tt. \6o

lo.\25
B ' 3lro

7.975

tt.T85

7. BOO

T.860

rz.z\-o

7.900

l..2.32O

rr.795

ro.520

B.z\5

8.295

7.340

8,455

to.T 68

T .6ro

7;750

7.5r5
7.995

7.750

7.r50

Sp. Cond,
@ 160c.

6oo

rc56

15oo

436o

9+7

1820

rt+5o

3770

)770

2760

347o

]-750

13Bo

2770

8930

t4Boo

z6Zo

2200

teBo

706

11110

r2go

?;
114

T2B

109



Appendix C Chemical .Analyses*of Water in the Shoal

'Lakes Basin

III Surface ùIaters

NSL

NSL

NSL

I'TSL

NSL

NSL

NSL

ttôt
tr !)lJ

NSL

Nst

NSL

NSL

NSL

NSL

NSL

hfsI,

TISL

}JSL

t'lSf,

+

**

N.SL *

NSL

r n"/68 L7 54

A t5/ 2/69 22 615

c E/ 6/69 t9 2o2

D B/ 6/69 18 20\

E B/ 6/69 18 20+

t 28/ 6/69 B 225

2 28/ 6/69 B 22'

3 28/ 6/69 7 223

) zB/ 6/69 10 22r

5 za¡ 6/59 I 22o

6 z)/ T /69 18 224

7 2)/ ?/69 t6 220

B zo/ 8/69 24 zrL
g 20/ 8/69 23 2].2

l-o )/ 9/69 to 23o

r t5/ ?/6g 16 169

2 15/ 7/69 L7 r7r
3 t5/ 7/69 16 169

t| 6/ 9/69 68 138

ca*+ jllg*o Na+ I(+ cl- HCO3- so+-- pH

35o 135 r3cio 55 9.2oo

8BO

Bo l8o 460

B0 182 4Bo

Bo t+5o

32o ?g 192 1128 \65 9"t85

32o 82 lgo 1130 \45 9.t9o
? ?n 8r) _'r Qo r 130 460 g" 178JJv vv L/v

325' Bo 190 1130 4¡5 g.rï5

325 81 19o 1135 )2o 9.205

34o BL IBB rr22 \25 9.175

34O 79 rBB 1110 l+15 9.r5O

3\O BO ZZO 1O7O 25O 9.OBO

340 Bo 23o ro75 3Bo 9.r5o

355 82 2ro t13o 4zo 9.175

97 25o 29o

100 240 275

97 250

475 93 260 ]360 2go 9.265

Sp. Cond.. **
@ 160c.

1800 @110C.

2390

zt+5o

z)5o

z\5o

243o

2\15

2495

2)35

z)5o

2+50

z\\5
2450

2445

ztt+5

z560

2555

2560

2560

ion concentrations Ln ng/I

micromhos,/cnr at 16oC

averages of 14 samples coLlected in Novemberrlg68

North Shoal Lake; tlSL - lfest Shoal Lake
1Lo



ESL A

ESL

ESL

ESL

ESL

ESL

ESL

EST,

ESL

ESL

ESL

ESL

\/ 4/6e

12/ 7/69

t2/ 7/69

12/ ? /69

12/ 7/69

12/ 7/69

e / 8/69

o// 8/69

9/ Bt6e

9/ 8/69

4/ e/6e

22/ 9/6'9

1

2

3

l+

5

6

7

B

9

10

11.

Ca*+ Mg++ Na+ K+ CI- HC03- S04-- PH

10

T2

12

11

to

T6

20

20

20

9o

t7) T5
r7r 335

r73 335

r74 3\o

L7\ 340

úB 34o

]-56 340

:-56 3t+0

]-56 3\Ð

118 335

77

75

73

77

75

77

BO

Bo

79

BC

3730

20ì+ loZB

2o4 1o7B

20\ rO75

20\ roTB

2o4 ro75

23o llolr
23o llot
23O 1100

230 11OO

240 11oo

r-1"82

310

2Bo

290

310

28O

300

310

285

290

285

360

NSI

NSL

NSL

lllsL

!üSL

ESL

ESL

ESL

9. OBO

9.].65

9.l-7O

g.]á8

9.165

9"168

g. 130

g. 130

9.t45

9.r5o

9.24O

9.325

SD. Cond,.
ö 16 oc.

75OO @Ooc.

2360

2360

?360

2360

2355

e355

2355

?-355

2355

2365

2360

6

B

9

I
2

7

B

9

ù/ 7/69

zo/ 8/69

zo/ 8/69

15/ 7/69

15/ 7 /69

9/ 8/69

9/ B/6e

e/ 8/69

fntersti tial l¡laters*

64 2go 4ro

360

340 1\2o

460 1850

1690 2+oo

t690

4oo eo3o

4zo

\eo tBTo

ôr\7v

l-:62

1:/Z

ESL - East ShoaL Lake

* sampling sites correspond. to lakewater sampllng sltes

I92 Ë

ß6
$B-

6zo

9Bo

4oo

750

6zo

z.iy
7.830

8.610

8.295

8.265

B.l+5o

B. oo5

l_11



Meteor^ological Data Col-lected- at Shoal- Lakes l,,Iesther Station

I,Ionthly. Station Record s
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rl{t\ tr v^\r\JñÉ\1 l\-/l\ -rvl\Jl\ I rìLl f\tr\-\JltL,,

AU MoyEN D'J BAc DE CLASSE "4" - RELEVÉ ¡¡rNsurt
./. -'¿'',"' i

0bserver
Obs e rvatcu r izi:"-/-/-â--, ,r-&-

Tlne of reÂdlng of Raln
cauge tnd Evaporstlon Pan

Heuro dc lecture du
pluvlohòtrc et du bqc (û,n. )
d'óvroorutlon (du n¡tln)

Rcmark s:
RemorQues:

NOTt:: 
^t,L

ìYêter Tenç-él'ûture ("F)
Tenp. de .I'eau

5t
.1é

.xe
,i'.':':,;it'.... .:.:. : .

77rU

lltn LINE f.'0& Îflll PRlivl0Us
Nùr' rì: 1'oufl rs r,rls otrsrìltv 

^T 
I oNÌs-_!_!l_l!-41: I N-_!fll ',lseRtrtìs sun t,^ t,tc¡itl tlU.)0lJlì PR



teL^\JJ f\ r É\l\ L YAr vl\^l !vl\

.I MESURÉE AU MOYEN DU BAC DE CLASSE '.4''; RELEVÉ ¡,TTNSUET

-""i1ääi"", 4å^^ztÆl7?:' iiÏ!'- \r

Time of readlng of Raln
cÊuge and Evaporâtton PÊn

Hcurq de. lecture du
DluviohLt.re et du boc Q , L (û.n. )
d'évnportt.lon ------l:-.ÁJ----:(du mntln)

Remûrks:
RenÂrquea:

NOlE:
NOTE: l0uTl:s t,Es oRstìRv^TIoNs t)u

TIIE LINE
f,A f,fôNn



Bu reau
3tS ou
To¡on

CentrBl,
est. Rue Bloor,
to 5 (Ont.) O

-\ ¿¿-

\-LÉ\.).) É\ rÉ\ll L v¡Þ\r\./f\F\l :\-,1\

¡ ÉvapoRATtoN MESURÉE AU MoYEN DU BAc
/ ^,-- t)¡.. ,L*'s:e _p.ouin"u /'.//jt..1'-'r,r¡:

,vt\-/l\ I I IL¡ ñLLVf\L/

DE CLASSE ''A'' - RELEVÉ
observcr k ,'-l -.ob\crrûtcur /l' (î?'''

MËNSUEL

ll:lt, .,lno /n
19/ "t/

Date

Water ( ln)
Eau (Do)

Raln Geuge
Prec 10. ( in )
Préclp. Bu

pl uvlonètre
(eo )
( a)

Net lvater Loss
from Pan (1n)
Perte d'eau
nette du bac

(Po )
( 1)

Accun. $lnd
illIeage (mi1 es)

Parcours
rccunuÌó du venl

(m11les)(õ)

Daily lr.ind
lli leaec
(miles)

Paræurs
quotidicn du
vent (nilles

Tùr.)r):Ztr
tt,:¿/:.... /"j.?;.t 

t: 
: :r

Wete r
Tenp

enpe!ûtur
dc 1'eeu

] ('t')
(. F)

Air Tenperalure (_ol¡)

TenD. de 1' ai r ( oF)

( t3) t4t

Reoarks
Renarque a

( rõ)

Added
¡{j outée

( Ir

Renoved
EI¡ I ev ée

( 2)

Max.

I ?)

Mi o,

f 8)

Mean

Moy enn e
(0)

Max.

( 10 )

Ml n.

( 11)

fiesn
Moyenn e
( t2l

t;:. I...'ia)LÈst dev ot Pre
l;:,lfDernler lour du

rous
nof s

nonln
p récédent 5i. 

"Ð 
.:7/ 7/;7i,,l2 lVllll,.4 l,iItliili: ï41/rú'tr iill7"illlll,i,.ln

t'illäitrilílli/iÉ;li ':. :
'ttl'.*

1 1! S'l t:.!.r"i .i: (:r 1/ .ir. ú/ ,.)t î. !.t i> /'

2 3a ,JO 57rr', ¡íl /5Ò. {ií t'E 5ú ói -2 d; í*'^/

3 2+ 2rl O¿ StÇo 8¡- #.,Ì7 é.tl +7 -9 C¿ctLh

4 ,07 . a"! 5[ço é¿ tt? 62 tz 1;¡ FC Só 47 44 ctÕ*ù
5 1å fi|vl 4" ìl- ¿7:L .Í.-l ,9 4)'j .¿ S¿¡t

6 ?^ il t-:sl .¿ì:¡ 71..1t '7ít éz í,¡ i'4 ft-rL-
7 .48 ô{ J'::s-l 73 lÇs .t+ 6t {rt ót ,r.f ( ¿puD

8 î? b36{. tJ ttà r¡ 7Ê 5 óq 73 6T b.t C¿n uÞ
9' ..:a lo l><¡¿: .¿ s7 q{ì.r;r! f)/ éi 7/ -x7 ¿r 66 P-

10 lr¿* .tc ¡it qJ (1p ,lt .g'rr- á,9

11 -à 3o úé('¡ oa t.:,t;.te {¡n 4i? !i'2 ¿t ,3c

t2 . ùc¡ .3o d,l< t zq 4t.LQ 0{, Éit î/ CIT óá EL f:t. ic¿g¿tÊ
I3 ..¿ù . ?-ç KtSz.ot /^, n- 'ft tt 611 ùþ- ¡¿.€.

t4 ,rl ¡8 tlsr-'¡6 tLQ 4t tç a5 úq -i9 (l ob r.'c
l5 .ltl qd 6îo¡.zr .7. t /qê 41 b¿) .f¿¡.".¡

16 ;.(t éN7 L .tt î't d,¡ 4{. út
L7 .?o .¿.ô -tnt4. f-ç 7"î ,îi F,ì tc 7L' ,q¿/ ¿]g P.c

18 .á¡ -24. . t)'1 loÇa Åt t;6 û? {4 <11 6.p 6t Á2. LtoulY
19 c¿i- tt1 -7t4"t'tt Á't 2tl ñ/ ¿2J Ã'l ç7 6o c¿ouhY

20 :ü -t/ 7Q -(i:., /i.< ;:') :11 1'> ¿j Þ-t- át ít.c

2L tl )^ tâ -+ ¡t .l . 211 /i/.9,ç (;/ .) :. /, (.

22 '04 1n ,2'l 1/!71 ßt /e] 4-é ,T'.'
-tÅ hb .l c.'r'

23 .r8 .ol ./9 ././i/i.:J 36 Ê,?.<ß t+? ¡':5 7t 6/ 4s ,64 tüñ /P.c
24 .3o ,30 -/1.4:.9.? I /n.ç,9,q fJ,> .ç,4 I,q 7t r! .'j 6o PC

25 '2b ,-t-t 7a1/.. 2Á l.J /.o.ç (J,i ,";6 Étl ¿tL}

26 .4i .0s a,?9?.9a /{1. Á+ Á¡ tc) ,ç3 ,\: 11 ,,.f - c.c.auùv

27 .2þ '7rl,Il. fj/) -.r?..,/!) a¿l /-.fr "/J tt.'i bo :'tau J'v

28 .2t u ,int4 n2 'lt.oz ¿t 74 Êz Ë2 t \::, lt*/.
29 .41 44 Êtsc. ßj /44.at 8t, (t.ù ëtC

30 r, !-, ,ô ß?t,Ç. É6 /,1.,. ß j .qt {rl '/'L .rîl :ll.¿i;¡'.ir-,t]',.r,5 I " t''
31 r {¿\ , itt fà i;:ì. ¡'/ -lT ;lt/ C4ô:-r ''i i

To tal l¡.îiti::i!í;il: 4.t./a þ1 . ':-' . /tz 1í:/iíill/li,
ry.,,7,m:,

|ziúr;i{i¡iV¿
v¡/tlW¿,

tilltit/tit; 'irl41;,,|t:i2
:://,i :.:í. 4....',t::: :'':.')

üean
Alo v.

;jtlilltll/l.tt:/;t::,rt iilií/i.;tltii1l;ílti/1i/.,:' i/itø¿ä;1////,1//.//,t7;ú :::;r'.',.:.'. 7:7.1ii;'rl4 z-.:.i1,:.':.:.t

Tine of reading of Rain
cauge and EvaÞorstlon Pen

Heure de lecture du n \
oluvlonètre et du bec ¡ì ' -t, r (t,m. )
ã'éraporatlon L' ''-* (du natln)

Renârk s:
Renarques:

¡roTE'. ALt n )RN ffiã- "Y'n¡rwm't 6oo¡ rNc¡D'îÞc cr'Þ I Â r.t^NR nll JollR PRECEDENT I xi pout le 'Jour tl'óeâpslgllqd-
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