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.ÀBSIR.A.CT

A preliminary investigation r,¡as made into two

aspects of the inter-relationships between groundrsater

d.ischarge and streamflow in the lfilson Creek Hatershed..

the first aspect was to evaluate the relationships

between the na¡jor dissolved ions in the stream (varying

both with time and distance from the source) and. the

groundwater. The second was to attempt a baseflor¡

separation of a peak-flow hydrograph using

characterising ground.water ions.

Sulphate was used as the characterising ion

because of the evidence of its being representative of

the groundwater. The stream water was found to be

from locaI and. not cleep ground.water reservoirs, because

of the d.ownward. hydraulic grad.ient in the piezometers,

and their chemical characteristics.
Consistent results utilising the relation-

ships between the sulphate content and streamflov in
calculating the ground.water discharge in a flood peak

indicate th¿t this method of baseflow separation is
likety to be representative. This essumes a limited.

dilution of the groundwater component.
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this thesis reports on the work done in 1968

on Agassiz Center Research Project 54, rrGroundwater-

Streamflow Systems in Small l{atersheds - ì{ilson Creek'l

sponsorect by the Department of Energy, Mines and

Resources, the Agassiz Center for Water Studies, and.

the National Research Council; principal investigators:
Dr. R. I{. Nerrbury, Civil Engineering and

Dr. J. A. Ctrerry, Geology.

The main l{iIson Creek Experimental Watershed

project, supported by the Governments of Canada and

lvfanitoba, is denoted I.H.D. Experimental Basin Project

IWB-EB-7, Man-Ir supervised by the Wilson Creek llead.-

nater Control Oommittee ( Cbairman, Mr. J. M. Parker,

Secreta.ry, Mr. G. I1. MacKay).

Meteorological and. hyd.rometric data for the

1968 field. se&son were gathered and analyzed by the

lfilson Creek Project staff und,er the supervision of
Mr. J. E. Thomlinson, Project ltÍanager. Ifater samples

Irere collected by the Wilson Creek staff and analyzed

by the author in June, July and August. Ad.d.itiona1

samples were analyzed by Mr. Un Thomlinson and the

National Testing Laboratory, i{innipeg.

The analysis of the groundr+ater flow system

and its implications in operational hyd.rology was under-
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taken by the principal investigators; Mr. F. Schvartz,

graduate student, Geology, and the author. The

analysis is summarizecl in: Àgassiz Center Contribution

No.7, Groundvater-Streamflow Systems in ÏIilson Creek

Experimental Vatershed, Manitoba (fgeg).
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1. INTR,ODUCTION

A. Problems investigated

This thesis is a report of the findings of a

preliminary investigation into the inter-relationships
between groundwater and surface water discharge in the

Wilson Creek experimental rsatershecl.

The investigation undertahen in the summer of
1968, considered the relationship between the groun-

water d.ischarge, the stream runoff, surface water dis-
charge, and. the concentrations of dissolved. ions in the

strea,mflow. The relationship was d.ea.lt with from two

major view points. Firstly it was d.esired to determine

rrhether the major dissorved ions in the stream discharge

at, ø section and in the downstream d"irection can be

related. to the source water vhich accumulates in the

stream to form the discharge, and. secondly, whether the

groundvater and interflow contribution d.uring the rising
and. falling limb of a peak-flow hyd.rograph can be

cletermined. quantitatively using one or more of the

major ion concentrations in the flow.

the first problem principalJ.y concerns

relationships between spring wa.ter, stream water quality,
and. groundwater as obtained from piezometers and.
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observation wells.

During periods when there is no precipitation,

the fLow of the streams must be due to the inflow of
ground.water from the numerous springs and. seeps along

the creeks. This water can be from one of two sources,

either a relatively stable flow from the groundwater

zoîe properr or a highly variable flow from the soil
zone. It is possible that the groundwater proper is
from one of two sources, fron¡ the rrin-basintf reservoir,

or the rfout-of-basintr reservoir. The first of these

is composed. of ground.water with a d.ivid.e coinciding

with that of the surface water¡ the reservoir thus being

Iocalised. The second. is composed. of water from wider

sources, the divid.e not coincid.ing with that of the

surface waterr os such, it may have d.ifferent charac-

teristics. In ord.er to come t,o some conclusions as to

the problem of local yersus non-basin ground.water, ítr

must be determined. vhich of the possible sources the

water in the Wilson Creek watershed. is fron, anð rrhich

of the chara.cteristics of water are most useful for
identification.

The second problem concerns the use of methods

in base-flow separation which are relatively unexplored.

The conventional nethods of separation of the hydro-
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graph are somewhat arbitrary and artificial (Gray and

lfigham, L966¡ p7.24). Davis and De l{iest (úOe

p29-3)) summarise methocls that range from draving a

straight borizontal line from a point on the hydrograph

before the rise, lo a similar point after the peak, to
the more sophisticated calculations based. on

mathematical rather than physical analyses of

recession curves. The latter methocl assumes that the

ground.water flow varies only with the values of the

recession constant (Barnes 1940). ft is und.erstood

that variations in the recession constant are clue to
the variations in the areal clistribution of rainfall
within a basin. A further attempt to obtain the

ground.water component, rsas proposed. by Langbein (fg+O)

vhere the value of the recession constant is obtained

by plotting the me&n d.aily clischarge of one d.ay against

that of the next. Even here, hovever, the time of the

peak of the groundwat,er recession,. and. the shape of the

rising limb are chosen arbitrarily.
.A,II these methotls ere approximate, yet very

little work has been d.one in applying method,s of

chemical analysis. Kunkle (f965) i" one of the few

who has attempted to use the quality of the water in
tbe d.etermination of ground.vater flov cluring flood
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peaks. It seems probable in many areas that the

ground.water has major or minor ionic concentrations
which are d.istinctive and. which could be used as a
physical basis for hydrograph separation analysis. An

example of the use of such geochemical methods in a

small veII-instrumented., high relief watershed in
Southwestern Manitoba is presented herein.

B. Location and. Fielcl Programme

Stud.ies ìrere conductecl in the I{itson Creek

watershed which is situated. on the East.facíng t"tanitoba

escarpment, between the towns of Neepawa and. Dauphin,

and just insitle the Riding Mountain National parh.

The basin extend.s west in a pear-shaped formation from

sE+-24-2o-I6 (Iatitu¿e ioo43t 4{ N, Iongitud,e

99o33tL5n W) covering an are& of 8.50I square miles
(tig.r).

The principal chemical constituents of the

groundwater (¡otn from the piezometers and. springs) antl

surface water in the tsilson Creeh watershed vere

determined during the period llay - 0ctober 1968. fn

add.ition stream hyd.rographs, piezometers and observation

well clata $rere used-, particularly d.uring 1ow flow and

peak f low periods (Append.ix A).
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Analyses vere carried out on water collected.

to cletermine the calcium, magnesium, bicarbonate,

chroride, surphate and iron content, and conductivity¡
ancl pH during the first two months of the fierd. season.

Later the determinations were restricted to conductivity
and sulphate since these seemed. to be of most va,Iue.
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II. WILSON CREE¡K If3.TERSHED

Physiography

In the Wilson Creek watershed it is possible

to d.ivide the escarpment into four d.istinct units (fig.
2), At the summit, the ltrestern Upland is encountered.

This forms an undulating plain containing numerous

beaver poncls (fig.3), muskeg (".g. PenciI Lake), ancl

kettle hotes (".g. La,ke Ritchie) (pfate I). The Upper

Esearpment, extending d.own to the bedrock terrace aI,

1900 feet, is composed. entirely of glacial deposits,

giving rise to innumerable mud flows, and. slumps in the

na,rrow, though deeply incised valley (fig.¿) and con-

stitutes the second unit. The third unit is composed

of the Lower Escarpment, cut into the shale itself. In
this section there &re numerous cut-offs, aband_oned.

channels, terraces, and large scale land.sliding (tig.f).
Finally, the Manitoba Lowlands (Bfrrfich et aI, 1958) at
the foot of the sca,rp is an area of d.eposition, in the

form of a great alluvial fan¡ or perhaps delta
associated vith glacial Lake Agassiz.

So far the description of the Vilson Creek

watershed has been entirely qualitative. It is
essential therefore, that some attempt at quantitative
analysis is macle, in ord.er to use the d.rainage netvork
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in further calculations.

The d.raina.ge density of the r+hole of the basin
under study is 2.9. This figure was obtained using a

totar are& of S.5olsquare mires¡ and total strearn length
of 24.78 miles. the mea,surements .rrere taken from a

LzL2ro0o mepr and incrud.e strea,ms protteit after fielcl
work in the area. Thus most streams of any consequence

have been accounted for. comparisons within the basin
were obtained by breaking it down into its component

parts. (Ptate l). The Bald. Hitr basin (including south
Branch) has a drainage d.ensity of 2.4jL, while pachhorse

has a drainage density of i.26. Ifirson creek (exclucting

Packhorse above the weir, and the whole of the Balcl. Hirt
Creek system) has a drainage d.ensity of 5.I5. A high
surface runoff (i.e. as creeks) gives rise to high
drainage d.ensity, yet the greatest density in the water-
shed is the lowest part where there are no tributaries.
However the varrey a,rea is very snarr, and the creek is
wid.ely meandering.

The d.rainage density, particularly on the

smarrer scale maps ¡ ma.y not be representative, since

not all creeks a,re shown. rn some varreys the vater
flows below the surface, entering the main stream

either without actuarly visibly frowingr or appearing

a few feet before the main stream (".g. Ardee Creek).
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In an attempt to overcome this, a texture ratio may be

utirised. (strahler L9r7) to obtain a more representative

figure. In the Tfilson Creek wa.tershed, the 2OOO foot
contour line appea,rs to have the greatest number of

crenulations (using the LzL}TOOO map). The length of
the basin perimeter is 18.09 miles, so giving a texture
ratio of 2,4.

B. Geology

In t,he upper portion of the escarpment thick
d.eposits of glacial tiII are to be found,, vhile a thin
veneer overlies the units of Cretaceous share into which

the river basin is incised in the lower sections. The

shale is generally fairry friabre snd rreatherect, forming

talus cones masking most of the larger outcrops.

Ifickenden (tg+¡) mapped the escarpment, and

Eastern PIains of Manitoba and. Saskatcherran, and

indicates that the Hilson Creek basin is und.erlain by

Favel, Vermilion River, and Riding Mountain Formations

(fig.6). He showed no evidence of examination of out-
crops in this basin, and it is to be assumed that his
conclusions vere drawn by correlation between outcrops

at Keh¡ood ancl Edward |s Creek located 10 and more miles

south and north of the r¡atershed..

The early reconnaissance of the a,rea by Carr
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(1965) showed that only the Riding Mountain Formation

outcropped, often as slump blocks. From this he drew

the conclusion that the underlying formations are

covered by these slump blocks.

Five nests of piezometers Ìrere installed in
L965 (Parsons , L965, written communication), the test
holes of whicb give a good indication of the subsurface

geology of a cross section through the basin (fig.6).

At ttrilling site A (fie.L7 p29 ) there wa.s found to be

462 feet of glacial tiII, though this clepth is thought

to vary across the top of the escarpment, incLicating

prer or may be even sub-glacial valleys etc. Pockets,

too, are found dovn the escarpment, (a" at site C, where

it is 2O feet deep) . Belor¡ the till, the clrillings
(at sites B, C, D) indicate a goocL depth of the Riding

Mountain Formation, of mainly non-ca,Icareous shale,

right to the foot of the esca,rpment. the Favel

Formation only occurs some 3I feet below the surface at
Ifilson Creek weir (site E), as a more calcereous shale,

speckled with white deposits of calcium carbonate.

In an investigation into ground.water movement

it is necessery to stud.y the detailect geology, because

the ind.iviclual beds control the movement of water to a

great extent.

ÀIthough generall,y the structure is simple it
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becomes apparent that in detaif it is highly complex.

Investigation of shale outcrops along the vaIley walls

indicate that insome area.s tbe shale is very highly
contortetl and. fractured (".g. Bald Hill Creek). The

rea,son for this is not imnediately obvious, but in
other areas faulting is ind.icated (".g. shale bank 2l
(station 64+40), a,nd shale bank 15 (station 93+OO -
Plate I) - both in Bald HilI Creek) r so a certain amount

of instability at some stage in the geological history
is indicated, these fault lines seem to be ímportant

in the ground.water movement, for springs r¡ere founct to

cLischarge from many of the extremely jointecì. and

fractured. zones (fig.7).

The shale itself tends to be predominantly

hard. and light grey in colour, r¡eathering to a rusty
brorrn (fig.S). It is generally non-calcareous, breaking

into angular fragments. Interbedcled. with the shale

&re some siltstone layers (sid.eritic and. clolomitic),
the occ&sional ironstone concretions (visfble on Bald

HiII and. Mount Dunning - fig.9) ¡ and. bentonite bands

(fig.10). The bentonite ar&s found, by X-ray

diffraction (p.¡.Carr L965) to be the non swelling

variety composed. of calcium montmorillonite, vith
traces of illite. The bentonite occurs in numerous

thin bands of r+idespread extent d.ue to its origin as



Flg. 7 Seepage from a fault
Bald. HIll Creek.

ln shale bank 15r





Flg. 9 - ïron eoncretlons

on !¡lount Dunnlng

Flg. 10 - Bentonlte band.

on Ì4ount Dunnlng.
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volcanic ash, tuff , and rel-ated. materials. It varies
in corour from greyish rshite and yelror*, to orange ¡ and

is usually prastic when wet. rt is ress permeabre than

the shaler so during damp period.s springs occur above

the bands of bentonite. Water seems to permeate,

however, for during dry spells, while the shale is dry,
the bentonite band.s remain d.amp. This gives some

support to vegetative grorrth - small trees and grass -
which often appear on the shale slopes in long lines
(fig.Il), giving good indication of the location of
such band-s beneath a talus cover.

the Fave1 Formation is clark in colour,
characterisecl by white specks of calcium earbonate,

with interbecls of lirnestone, and a f ew thin bentonite

bands. It d.oes not outcrop in the watershed. however.

The tilI overlying the Riding i"lountain

Formation is of two distinct variet,ies. ImmeiLiately

above the Riding Mountain Formation is a heavy blue-
grey clay containing shale fragments a,nd igneous

pebbles, with the occasional limestone pebble. The

lighter, brown, upper till contains pebbles of igneous

and. metamorphic rocks ¡ â.nd. the occasional lens .of
Iarge boulders, but, no shale fragments (Figs . LZ and

13). "A,lthough these two distinct types of till make

up most of the glacial deposits, there are lenses of



Flg. 11 - Vegetatlon ln llnes on bentonlte band.s

Mounü Ðunnlng.
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sand. a,nd gravel to be found. throughout the area,, both in
the horizont,aL and. vertical plane. For example on

South Branch Bald Hilt Creek, in the area of station
22+30 (ftate I) where there is a large exposure of fine
ora,nge sand..

c. Climate

The watershed is dominated by a continental
climate, with the usual ext,remes of absolute temperature

ranging annually from -45%to IlOoF, and ¿ low

precipitation of approximately L9.5 inches each year

(the winter precipitation being approximate d.ue to the

difficulty of measuring snowfall). A summary of the

general climatic characteristics is shown in figure L4,

a hytherograph (Morley K. Thomas, Lgl>j) of Dauphin,

some 50 miles to the North of the Wilson Creek water-

shed.. Dauphin gives a fairly representative accurate

general picture of the climate, though the micro-

climate of the lrrilson creek watershed. is often different
from Dauphin, due to the effect of the forested

escarpment.

D. Vegetation

the area is more than 90 per cent under

forest cover, both hard.wood and softwootl, with the hard-
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rrood.s generally predominating. There a,re two main

divisions of forest cover - the degenerate forest of the

top of the escarpment (Ifest,ern Uptands), which is no

Ionger actively regenerating d.ue to the feeding of eIk,
and. is therefore composed of ancient t,rees; and. the

mixed woodland of the scarp slopes and the foot of the

escarpment. The lower a,reas are very d.ense, with goocl_

stands of timber, and heavy unclerbrush.

ïIyd.rologic Characteristic s

The basin is very small and steep, therefore

the hydrograph ind.icates even small weather changes.

Although in previous years there has been a dlefinite

climinishing runoff cluring the summer, in this wet year

(fg6A) it has not been obvious, in anything, there has

been a slight recharge in the system (see the l-ow flows

in figure 15). The characteristics of the hydrograph

and its relation to rainfall d.uring the summer, is
obvious in figure 15"¡ so that more d.etailed

description is unnecessary.

Average figures indicate the general trend

of the hydrograph over & summer (fig.16). Although

the average total monthly rainfall is similar in each

monthr the average discharge d.ecreases during the

warmest months. Examination of the yearly charts
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indicates the importance of snow melt each yea.r, vhether

there is a,ny precipitation in April or May or not (".g.
L967 - lfilson Creek Annual Report Lg67-I968).

Apart from snowmeltr ân avera,ge of O.9 storms

causing a runoff exceeding 20 cfs at lfirson creek lÍeir
occur each year, and. L.7 storms occur each year

resulting in a d.ischarge of more than lO cfs. The snow-

melt discharge ranges between 40 cfs and 140 cfs, as the

discharge in Spring is the total result of the lfinterts
precipitation. Each storm has the characteristically
sharply inclined. rising timb, crest of very short

d.uration, foIIowed. by a much more ttgentlefl recession as

shown in f igures 13 a,nd 34 (p*ge j6 ).



II1. GEOCHEMISTRT OF STJRFÄCE ¿,ND GROUNDIÍÅTER IN THE

I{ILSON CBEEK B.A,SIN.

A. ïfeIIs and. Piezometers.

The piezometers are situated. along the

central trail locatecl on the riclge of land between

Packhorse, and BaId EiII Creeks (fig. IT). Except

for GS 2 and nests D ancl E, they d.o not indicate
conditions existing at the stream itself. They do,

however, give an indication of the d.irection of ground-

r¡ater movementr &nd, a general id.ea of quality.
Ifater levels in the piezometers indicate that

a downward. movement of grounclwater pred.ominates. This

is evidencecL by the downward hydraulic gradient in alt
the nests.

ft seems apparent that there are perched

water tabres, possibly beeause of bentonite bands acting
as impermeable horizons. these occur principalty at
nests B and. C, though the best example is 65 13 (at

nest B). The water rever in this piezometer indicated
its dryness for the first two months of sampling in
1968. rts working order was certified when water was

placed in it to a clepth of I5.5 feet. This had emptied
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entirely by the second. week after the test. At the

end. of June a substantial rain storm wa,s experiencecl

resulting in a rise of the water table, in this
piezometer, from an elevation of 1863.OO feet to
1872.75 feet in one week. The water level has since

droppecl off at a rate of L - Z feet each week, to
remain between LB6T.5O feet and 1868.5 feet in
elevation.

A summary of the results of the chemical

analysis of the water from the piezometers can be seen

on the cross section (tig. 18), and. in Àppend.ix B.
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B. Springs

1. Type and location.

The main creeks are fed continually by

innumerable small tributaries and springs. These can

be dividecl into five categories - bank seepage

(composect of the licks* and. the concave bank type

deveropments), those directt-y out of the shale (uottr

from the shale and the fault zones), those out of
bentonite band.s, those from the stream becl, and smalr

creeks.

Seepage from the banks occurs mainly in the
upper escarpment, from the tirl r¡hich is unsorted with
renses and layers of sand and cl.ay. The springs are

due to water discharging from the top of one of the
inpermeable layers. the licks are obvious from the

numerous animal trail.s leading to them, and seem to
occur fairry rand.omry arong the creeks in the middle

tno sections. they va.ry in size from small (e.g.
Packhorse Creek at crest gauge Il (tie. 19), and

'tt ,Lick is the colroquial word. used to cl.escribe those

springs of high chemical content which are used by the
animals to augment their salt supply.



Flg. 19 - snal1 llck, Packhorse creek, at crest Gauge 11.

Flg. 20 - Large 11ckn South

Branch Bald_ HlIl
Creek t àt Crest

Gauge B.
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Conway Creek at the junction r,¡ith Bald HilI Creek), to
very large (e.g. South BaId. HilI Creek at crest gauge

8 (fig. 2O). Other springs from the typical conca.ve

d.evelopment around them (".g. Springs RR, SS, tT, ancl

r (fie. 2L).

the springs from the shale can again be

divided into those d.ireetly from the shale (r" Spring

X ancl Spring L - f ig. 22) I and-. those from the fault
zones (e.g. Spring R at shale bank ZL. 64+4O - and.

Spring S at shale bank 15 atr station 93+OO¡ also

Packhorse Creek - fig. 71. These seem to oceur at any

height in the share criff. The springs coming from the

bentonite band.s are numerous. The poor d.rainage

properties of bentonite are the obvious reason for
these (e.g. Spring Z and J - fig. 23).

Several springs well up into the actual bed of
the stream. These are only noticeable when the level
of the stream is low enough to make them visible.
Examples can be found at lrtilson Creek Weir - figure 24

- Spring V on Bald. Hill Creek at Beference point g,

Spring lf below Bald Hill¡ ând. Spring M on Packhorse

Creek - figure 25. It would. seem likely that this is
a very prevalent form of groundwater ad.dition to the

stream. Ðue to difficulty in find.ing such springs



F1g. 2L - Spr1ng I, wlth concave bank d.evelopment.



Flg. 22 - Sprlng L, lssulng frcm the shale.

Flg. 23 - Sprlng J, comlng

from a bentonlte

band_, packhorse

Creek.



Flg, 2Lþ - Sprlng

bed. of
at the

ïï Ln the

I,Illson Creek

welr"

Flg. ?5 - Sprlng I,i at

the base of a

shale bank ln
Packhorse Creek.
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though, it is only surmised.

The so-calIed. smalI tributaries entering
the maÍn stream vary in size from seepage rines (e.g.
on Bard, Hirl creek - fig. 26), to considerabre flows
(e.g. Spring G - fig. ZT). They are often very
difficult to rocate, particularly as they often enter
as seepa,ge over rarge areas of the bank (e.g. xx and lilf)r
or und,er large bourders as in the upper portions on the
t''estern upland.. Some of these streams f orm rd.eltas I

on the banks of the stream (e.g. spring Tl - on

Packhorse creek at station 465+00). Ilere it seemed

rikery that at flood. time much waterr and silt was

transportecl, as quite a l¿rge area a,rray fron the stream

was very muddy and armost devoid of vegetation. The

actual stream, hovever, was sma1l.

â.rcLee Creek, a larger tributary of packhorse

creek (Plate 1) does not enter the main stream under

normal frow conditions. Àt first it appeared, to be &

conpletely dry valley, well formed and. fulI of bould.ers.

The valley and well developed stream bed enters the main

stream on the outsid.e of a nor¡ aband.onecl meander. The

water from the creek is obviousry frowing beneath arr
the bould.ers, since it a,ppears as quite a strong flow
a few feet from the present.stream course. There is the



Flg" 26 - Seepage llne, BaJ-d.

H111 Creek ( typlcalt"y

covered. wlth horsetalls) .

Flg. U Sprlng G,

trlbutary
Packhorse

a large

enterlng

Creek.
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possibilty that, with the diversion of the main stream

and' consequent lowering of the bed, the base level
for Ard.ee creek has droppedr and, instead of cutting
down (perhaps not possibre owing to the smarl stream

size and rarge bould.ers), it now flows as a sub-surface
s trea,m.

The rerationship between the spring fro* and.

the reather conditions can be surmised.. Those springs
appearing on the surface of the cray as seep¿Lge will be

very susceptible to weather conditions. Generalry

¡'¡here there is a frow, the rrater chemistry continuously
changes, but a certain amount of evaporation is
inevitabre, rowering the discharge considerably and

causing minerals to be d.eposited.. This occurs beeause

of evaporation and because of the higher temperatures on

the surface altering some of the chemicar characteristics.
Rainfarl will cause the reverse. Dj.rect runoff rapidry
inc¡eases the apparent discharge and dilutes the water.
Later percoration gives rise to water flowing for some

distance undergroundr yet not part of the main bod.y of
ground"water, so perpetuating the increased discharge for
a while after the storm ceases. obviously this will also
occur in all the other springs, but where there is dense

vegetation, direct runoff wirr be much less, as wirl the
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effect of direct sunlight.

2. Chemical characterist,ics.

Chlorid.es and sulphates lreïe used. to
characterise the water as they are both very soluble
and do not precipitate out easiry. They are not
present in substantiar quantities in the soir to change

the concentration on the passage of water through the
soil zones. rt is in these zottes that calcium,
magnesium, and bicarbonate are easiry taken into
solution by the water, and in contrast they are also
precipitated with any slight change in oxygen content,
pHr or temperature of the water. There are various
small tributaries entering the main stream which are
currently depositing calcium (e.g. spring H into pack-

horse Creek at station 4Il+OO).

Using sulphate a.s a characterising ion
(chloricLe is present in too small a quantity), the
springs can be classified into two groups, those which
have a row surphate content (ress than 6o parts per
millon) and those vhich have high sulphate content
(greater than roo ppm. ). There are no springs r,¡ith
sulphate contents between 60 and too ppm, hence the
choiee of the boundary. There a,re one or two springs
with highry variable surphate content. 'l{ith only two
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samples the signific€ùnce of this is somer¡hat dubious.

å. breakdown of the chemical constituents in each

spring, is summarized in figure 28,

It is possible to group the types of spring
and rerate them to the sulphate content. The first
groupr those with a surphate content of less than 6o

ppm is conposed. armost entirely of the smarr creeks

entering the main stream, with three exceptions - one

from a bentonite band (spring Z), and two from bank

seepage (¿r and B). .a.r is of interest in itsetf , due

to its high iron content. rt seeps from a bank some

2o feet above the stream. within a. fer¡ inches a thick
recl mud. has been deposited, anil the iron content has

changed consid.erably (rig. 291 . No significant change

in the pH is apparent. rt seems here that when the
ground.water (containing ferrous ions) comes into
contact with the air, precipitation of ferric hydroxÍde

oc cufs .

(2re2+ + 4rrco3 + H2o + toz = 2Fe(OH)¡ + 4co2)

(Hem 1959 p. 60. )

The second group, those with a sulphate
content greater than loo ppm, consisted of the richs,
the remainder from bank seepage, those out of the shale
directly, and those fros¡ the strean bed (fig. 30).
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Creeks
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Fig. 30 - Diagram to illustrate
spring types and their

of
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c. Hydrologicar and Geochemical Ânarysis of lfilson creek.

Stream water in thej creeks Ìras sampled at,

five points dairy as shown on figure rr (prg" zg ), To

supprement these f ive points 1f5, w6, \fz vere talcen once

a week¡ and after every rain storm (aue to their
positioning in reration to the work of the project staff)
T1, l{3 ancl If4 rrere taken weekly.

once d.uring the summer the creeks were metered

throughout their courses. 0n 19 June, when packhorse

creek vas metered, above the junction with Bald Hilr
creek the discharge varied from o.49 cf,s to 2.Lo cf,s,

ancl sinilarly in Bald Hilr creek at the junction, the

discharge was 2.8r cf,s, yet at l{irson creek r¡eir the
discharge wa.s almost doubLe the sum - z.oo cfs (fig. iL) t

indicating a high groundrrater frow into the a,re& between

the junction and the weir at that time. Lack of data
prevents scientific analysis. Further study in this
field would prove useful.

chemical d.eterminations of carcium, magnesium,

bicarbonate, chloride, iron¡ and sulphate r¡ere

conducted on arr water samples corlectecl between May and.

July 1968. Àpart from two weeks at the end of May ancl

beginning of June, the testing was carried. out ¿s soon

after sampring as was possible, since there is a certain



Fig. 3I - Metering of the Creeks

IJranch

Branch
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O.49 cf s.

0.98 cfs.

1.66 cfs.

1.87 cfs.

2.14 cfs.

2.IO cf s.

2.8L cf s.

7.OO cfs.

O.6l cfs.

0.96 cfs.

O.7I cf s.

0.88 cfs.

1.09 cfs.

L.55 cf s.

i.2O cf s.

Junction with Packhorse

Packhorse junction with B.H.C.

Ifilson Creek at the l¡eir

BalcL HiII - 19 June 1968

South Branch at junction

North Branch at junction

Shale Bank I
Crest Gauge 6

Crest Gauge ,,

Packhorse Creek - 2C and.

20 ( Crest Gauge 10
(

June( Station 476 + 87

( Crest Gauge 11
(
( station 4o9 + 50

24(
( shate Bank 2O (tql

June (
( Junction with Bald
(
( t{ilson Creek at the

with

vith
N.

S.

24 June 1968

+ 50)

HiIl Creek

weir
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amount of d.ie-away of the chemical content on storage.

This is obviously more prevalent for some chemicals

than others, but precautions were taken in order to
obtain results as accurate as possible in all chemicals.

The variation of the chemical quality of the

stream, in relation to time (tfre fluctuations of the

hydrograph) is well illustrat,ed. in figure l5 (page25 ).
Both the total chemical content and that of indivictual

ions increase rvith distance from the source (fig. ?2),

By the end. of June, and onvards, Packhorse Creek is
generally higher in chemical eontent than lfilson Creek

at the weir. Figure 15 also indicates that Packhorse

Creek varies more immediately with storms than does

Wilson Creek. Not only does the concentration fall
earlier, but it also rises earlier at the end. of a storm,

and often to a higher level than Wilson Cree,k.

The conductivity has been used here to

illustrate the general characteristics, since it is a,

measure of the tot,al chemical content of the water.

Sulphate vas also used in the hyd.rograph analysis.

Sulphate was chosen as it gives a higher dilution in
st,orms than any other chemical, as well a.s being an

indication of the groundwater component in the stream.
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chloride contents in the stream water a,Te insignificantry
smarr. I{hile the surphates vary in the springs, they
obviously originate from them, since in the head.waters

(nara Hill dam etc. ) the surphate content is almost rron-

exi stant.

D. Conclusions.

From the piezometer data it appears unrikely
that d.eep ground.water is flowing into the stream, since
there is a definite downward hydrauric graclient in the
piezometers. rn ad.d.ition, by comparing the chrorid.e
content of the springs with that of the piezometers, it
becomes very crear that spring vater is not from deep,

or 'rout-of-basintr ground.water, but from rfin-basinrt

groundwater. .A,s can be seen from the sulphate content,
this varies from water entering from the soir zone, with
low surphate eontent, to water from the deeper zones,

which having been in the ground, for a longer period,
contains greater quantities of all chemicals.



IV. STORI"I ETDROLOGT

-4.. Summary of Summer St,orms.

The most typical summer precipitation on the
lfilson creek watershed is sudden and intense convect-
ional rain, separated by long dry periods. In the
summer of 1968 a much higher rainfalr occurred. than
is usuarly experienced., however, there are high runoff
peaks during the months June through August. May and

September proved. relatively dry.
From the sunmerfs hydrographs (fis. L5¡ page25)

it appears that, arthough severar storms have similar
rainfalls, the discharge varies consid.erably,

inclicating that fLood peaks are rerated. not only to the
rainfall, but to other factors such as soir moisture,
previous precipitation, intensity of rainfall, etc.

rn the basin it is apparent that the groundwater

is an integral part of the d,ischarge. This was

irrustratecl by the simulated. ftood of 16 .A,ugust in which

a beaver dam was rereased at the head of Bald Hill creek.
Àllowing for a certain amount of bank storage, the
beaver dammed water passed. through the watershed in a

short time. rt took one and a harf hours to compretely
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empty the beaver pond., the rra,ve front taking

approximately two hours to reach lfitson Creek ¡reir.
The flood. had completely passect the weir 12 hours later.
The release ind,icated that increasecl groundwater

cLischarge must take place during the storm in ord.er to

sustain the discharge for clays after the precipitation
has end.ed.

B. Hydrograph Analysis.

1. Previous method.s.

The separation of clischarge caused by storms, from

groundwater ttischarge is requifed. in analysing flood
peaks, but accurate methotls are not presentty avail-
able. Several approximate methods ere summarised in
Rainfall-Runoff (Cray and. Wigham 1966 pp. 7.21-7.22).
the following technique nras used on the storm of 28

June through 7 JuIy as a basis for comparison with the

geochemical techniques (fig. 34, page58 ). It involved

the extension of the base flow recession curve (obtainecl

from the analysis of alt the storms of 1968) back under

the peak of the hydrograph. The peah of the groundvater

inflow is d.eterminecl arbitrarily, and the rising limb is
assumed to be a straight line fron the start of runoff
to the peak.
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2. Geochemical techniques.

Kunhle (1965) used the specific conductance of
the streamflorr as a basis for the separation of the

hydrograph. Á,s the specific cond.uctance is &n

ind-ication of total chemical content, both soil zone

and ground.water components vere combined. .A,Ikalínity
(bicarbonates in the case of Ifitson creek) and carcium,

both of vhich are present in the soil are washed out

during a storm from both the saturatecl and unsaturated

zotle.

In this stucly, sulphate was used as an indication
of groundwater inflow, since chlorid.e is not present

in appreciable quantities in stream flow.

In the I,Iilson Creek basin water stored for any

length of time in the grounfl, becomes rich in sulphate.

During a storm water enters the ground, and. since the

sulphate content of water is increased only slowly, it
is low in sulphate content. Groundwater discharge into
the stream in a flood peak can be the sulphate rich
ground.water, or the rrfreshrr waterr or a mixture.

The sulphate content of the stream vater can be

used as the basis for calculation of the groundwater

discharge into a flood peak. In such a calculation it
is assumed that the sulphate concentration undergoes a



,5

Iinear dilution during the storm as a result of the

frow of rain r.¡ater into the ground.. rn this way it is
to be assumed that the sulphate concentration in its
dilute form (C) is an ind.ication of the minimum

ground.water flow (9g) during a flood peak. Thus the

groundwater discharge may be calculated using

oo-Q x C-o --G--
where a is the stream d.ischarge and cg is the surphate

concentration folrowing a linear dirution during the

storm (i.e. from the concentration before the storm to
that after the storn). ïhere such a rinear dilution
occurs (alf except the storm of T - 12 June) it is a.n

indication that the groundwater discharge cluring the

storm is a combination of the newry infirtrating water

and the stored groundwater. The ground.vater infrow thus

calculated is illustrated in the storm hyclrographs

(fig. )3 and. 34). For comparitive purposes the

cond-uctivity derived curves are incruded for each storm,

and the alkalinity for the storm of 30 June t,o 6 Jrrly.

The stud.ies und.ertaken in 1968 were exploratory
only a.nd data vas not gathered that indicates the rapier

ilrop in chemical content during the rising limb of the

hydrograph. À complete analysis of the curve of the 15

to 18 August storm (fig. 33) i" impossible due to the
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interference caused by the simurated storm. However,

the early part of the hydrograph for this storm does

inclicated clearly the curve to be expected.

The geochemical separation technique may be applied
to comprex storms with several peaks (rig. ii) as welr,
which are difficurt to separate using the more conven-

tional methods.

There a.re two storms which do not forror¡ the pattern

- these being that of 26 -29 May and I - 14 June. In
the first the sulphate d.erived curve for groundwater

iaflor¡ gives a greater discharge than that derived using
the conductivity. This, it seems, is possibre since it
is the first storm of the yea.r, and snow had only
recently neltecl. The rainfall was not high, and it
seems that the peak is derived almost entirely from water
which has been stored in the ground arr winter¡ and which

is consequently rich in sulphate, whire the superficiar
water wirr only have picked up the usuar amount of
calcium *nd. bicarbonate.

The storm of I - 14 June has several peaks, the
first peak having a. very high sulphate content. The

ground for the storm of 26 - 29 May was partry frozen
(snow still being present in a number of places). It
is probabre that this storm is the first major recbarge,
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thus displacing water with a high sulphate content
through the first part of the storm vhich eventual).y
cleared the ground.water system of the water stored all
rrinter.

C. Conclusions.

The problem posed involves the application of
the characterising ion of the groundwater (aiscovered.

in the first problem) to the evorving of an accurat,e

methocl of base frow, separation. From the consistent
resurts, allowing for the anomalies d.iscussed, it is
evident that the technique provid.es an eccurate

carcuration of the minimum base flow during a storm
peak (assuming timited dilution of the groundrrater

component). Further investigation of flow in the

unsaturated zone and. the rate of surphate assimilation
in the soil will provide more complete analysis.



V. CONCTUSION

the inter-relationships betneen groundwater

discharge and. streamflow in the 1firson creek watershed

were the subject of the research programme which took
place May to September 1968 inclusive. ¿,t first, it
\Ías necessary to determine whether the major dissorved
ions in the stream at a section and in a d.own stream

direction could be rerated to the source water which

accumulates in the stream to fornr the discharge. The

second. probrem was to determine rshether one or more of
the major ion concentrations in the frors could be usecl

to evaluate quantitatively the ground.water and inter-
florr contribution d.uring the rising antl farring rimb

of a peakflow hydrograph.

ft vas found. that, d.ue to a downward. hydraulic
gradient in the piezometers, there is no deep ground.-

water discharge into the watershed. In ad"dition,

chemicar analyses indicate a, locar groundwater source.

The chloride content in the st,reams and springs do not

resemble that of the d.eep piezometers, which have a very
high chloride content. The sulphate content of the

streams seems to originate from the roear ground.water

reservoirs discharging into the st,reams through the

numerous springs and seeps. The sulphate in the upper
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reaches is negrigibre, whire further d.ownstrean after
the add-ition of sulphat,e rich tributaries, the st,ream

contains appreciable cluantities.

From tbe investigation it eppears also that
surphate is a suitable characterising ion to faciritate
accurate hyclrograph separation. utirising a relation-
ship between groundwater d.ischarge (gg) and stream

flow (9), actual concentration (c), and base frorv con-

centration (Cg) (determined by assuming a line of
linear dilution) such that

Cg

It was found. that consistent resurts a¡ere obtainecL for
hydrograph separation both for simpre storms, and those

with severar peaks. This method assumes a limited
d.:ùlution of the groundwater component. Further

investigation into the flow in the unsaturated zone, and

the rate of sulphate assimilation in the soil will
provid.e more complete analysis.

There a number of other recommenclations for
future investigations to obtain greater accurecy in this
evaruation. .4, continuous recording of conductivity and

more detailed surphate sampres cturing storms at wilson
creek weir wourd herp to estabLish the groundwater

9e
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behaviour d.uring the rising timb - at the moment onry

speculatory. Detailed piezometer data across the

valley would prove useful in that the movement of
groundwater within the local reservoir courd. then be

d.etermined more accurately.

The ìfirson creek watershed is t'err instrumented

and. accessible. rt is an area of potential not only
for pure academic stud.ies, but also in the field of
applied hydrology, which was the original reason for its
development by the government.
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IVIETHODS

FieId techniques applied in orcler to
gather ,truantitative data for the investigation of
the probrems posed incruded meteorologicar recordings,
hydrological observations and chemicar anarysis. rn
all field work, the maps used. were the 1:r2ro0o map of
the watershed, provicled. by the project staff r and the
occasional use of the engineers t survey of the
longitud"inal section of the stream, to give accurate
Iocation of sampled springs, and tributaries.

4.. Meteorological record.ing.

Bainfalr is measured continuousry on severar

recording rain gauges, thus giving a good. covera,ge of
the r¿atershed of the intensities of rain. rn ad.dition
to the recording rain gauges, there are i4 standaril
ga,uges to give a complete cover of the rainfall
distribution throughout the basin. This is important
in the case of storms, since the precipitation varies
areally in spite of the small size.

B. Hydrologic dat,a.

Hyd.rologic data was gathered for three ereas

- the surface hydrology, the ground.water hyd.rology, and

the springs.
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(i) Surface water sampling.

Five daiLy samples (Of , DZ, Dj, D4 and D5),

six weekly samples (tfI, U3, V4, H5, V6, tÍT), and seven

monthly samples (MI, M2, M3, M4, M5, M6, M6a) l¡ere

taken from the streams for chernical analysis.
sampring was a simpre proced.ure consisting of taking the

water temperature (oF), and collecting some water in a

numbered polyethyrene bottle ¡ ar particurar preselected

sampring points, after first having thoroughry rinsed.

the container used.. For the rocation of the sampring

points, see figure 17, page Zg.

Four principal stage recorders &re being used

to obtain continuous records of the flow of the creeks

at the four points (gara Hill d.am, packhorse creek weir,
Conway Creek weir¡ end lfilson Creek weir.) (ftate I).
Each consists of a well, with int,akes at various levers,
with a recorder and a tape gauge in each wel1. fn
addition to readings in the werr a staff gauge is used

in the stream at a known and unvarying erevation in the

st'ream, thus enabling d.iscrepancies between the werr and

stream readings to be eradicated..

In addition to these wells¡ a trapezoidal
concrete contror section was constructed. in lfilson creek,
just insicte the Riding Mountain Nationar park, to give
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a stable section for measurements. It has a base

wiclth of 3O feet and. sicLe slopes 3:1. The apron and

side slopes !¡ere keyed into the creek bottom and. banks

with concrete cutoff walls which are 3 feeþ d.eep.

The section is 20 leel long, vith a two foot
wide notch to take low flows. (Fig. 35). A cable ear

has been installed so that at high flovs d.ischarge

readings can be taken accurately over a known cross

section with a current meter. There is also a cable car

at Packhorse Creek, in conjunctipn witb a, ftapezoid.al

concrete section there for the same purpose.

In ord.er to d"iscover where increments of water

enter the strea,m, readings throughout the creeks were

taken r¡ith a pygmy current met,er.

(ii ) Groundwater hycLrology.

Equipment in the watershed consisted of
piezometers and vells, ryell record,ers and an M scope.

the wells are 6 inches in cliameter, Iined to an average

clepth of I0 f eet rsith iron pipe, the water percolating

in from the lower section. The 2 inch d.iameter

piezometers are fully lined., with a 2+ foot section at
the base designed. to allow movement of vater through the



Flg. 35 - hlllson creek v¡elr, wlth a 2 foot notch.
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piezometer (rig. 36). They rrere instarred in 1965* to
investigate groundwater revel fructuations. Ifhire
the siting is ad.equate for this purpose, it is
inadecluate for an investigation into the ground water
contribution to stream frov, since onry two nests a.re

within a reasonabre elevation from the stream.

The well recorders are battery driven
instruments, with a froat and weight for continuously
recording fructuations in the water rever of the welrs.
These are onry instalred over the sharlower 6 inch werls
(cst, GS2' and- GS5). The M scope consists of a cable
ending in a sensitive probe, whichr oo entering the

rsater registers on a diar at the end. of the cable the
increase in conductivity. rt is battery operated also,
and the cable marked. off in 5 feet sections, enabring,
with the aid. of a steer tape, the exact elevation of the
water leveI in the piezometer to be determined.

Samples of water from the 6 inch wells (CSl,

GS2r GS5) were obtained using a commercial sampler

(fig. 37). the piezometers, vith a diameter of only 2

inches, required. thé:icons.truction of a speciar samprer

x rhe dritring logs and. instarration logs are avairable.
PFRA l{innipeg.
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(fig. 38). This corsisted essentiarry of a stainless
steer pipe (rå inches in diameter) with a screw tap at
the bottom¡ and a solenoid operated plunger at the top
(fig. 39). The solenoid was activated by a L2 volt
battery.

In addition to water samples, temperatures

were taken at a series of known 1evels down the
piezometers r¡ith a thermocoupre and 300 feet of cable.
(rie. 40).

Fig. 40 - Temperature Gradient in GS6.

Depth in r¡ell

in ft.
20

30

40

50

70

100

L20

Temp. oF.

45

43.2.

4J.5.

44

44

44

44.5 .

Depth in well

in ft.
L40

160

180

200

220

240

250

Temp. oiF.

45

45.5.

46

46.5 .

47

47

48

(iii) The springs.

Many springs \ùere sampted., and small

tributaries, though not arl owing to the nature of the

terrain. Ea,ch of the sampled springs vas rocated as
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&ccurately as possibre and placed on a map with the aicl

of survey reports.

C. Chemical Analysis.

For the most part this consisted of analysing
all the vater samples for calcium, magnesium, iron,
chlorid-e, sulphate, ancl hard.ness (bicarbonate, carbonate,

and hydroxide), vith a geochemicar kit in the fierd
raboratory (rig. 41) . (For ctetailed equipurent rist see

Appendix D. )

The geochemical kit is equipped to be operated

easiry in a field laboratory, but lacks the ¿ccuracf of
true raboratory analysis. 0ften srnarr sampres (for ease

in manipuration) are required and, particurarry when the

chemical content was very low (e.g. chloride), the

introduction of quite large errors was inevitable. Thus

with this in mind any calculations using calcium,

magnesium, bicarbonate, carbonate, hyd.roxid.e, or iron,
must alrorr for error. rt vas found that, with care, the
sulphate resurts were relativery accurate (within ro%).

In ad.dition to the chemical analysis, the

erectrical conductivity of all sampres \ras taken, using
a conductivity meter (error ! tO/r), in the laboratory.
.A,Iso pH was tested. at the sampling points with a pH
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meter (rig. 42). This was done at the sarnpling points
since pH varies rapidly with exposure to air, and. with
increase in temperature (particurarry in the case of the
werrs). The creeks were arso tested in the fier_d, but
there t¡'a,s foun<l to be not too much variation.

Å1I samples were filtered. after testing in
the fierd. raboratory, except in some circumstances notecl
in the results. Data from the sampling plcogrammes

summarised in Àppendix B.



.A,PPE}TDIX B

Geochemical Dat,a

(Ions in ppm., or ng/tít-re,
conductivity in micromhos. )

(uu. sod ium

HCO. BicarbonateJ

Cl Chloride

Ca Calcium

llg lviagnesium

Fe fron

SO¿ Sulphate)
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l"ÍgDJ,TE

NIay 2L

22

23

24

25

26

27

28

29

30

31

June I
2

3

4

,

6

7

8

9

10

11

T2

HCO3 CI

67 2.5

6r .725

73

73

7)

92

85

85

98

98 r.25

L22 2.5

110 L. 5i

gB 2.3

85 2.25

104 1.5

l04

98

11O 1.5

llo 1.5

85 1.5

79 1.5

73 2.25

85 1.gg

Fe

9 0.o1

10 .r
L2 .Ol

15 0. 06

15 0.1

19 0.Og

28 0.04

34 0.Ol

39 0.05

12 0.og

r5 0.09

L2 O.T

L7 0.lI
T2

10

15

r5

L2

19

L7

L7

10

15

Conduc-
tivity

175

200

189

181

200

2LO

205

220

225

22r

24t

225

2)L

240

24L

2f,
270

276

279

27'

220

2L5

2L5

Na.

L-2

I

L-2

L

I

2-3

I
I

L-2

Ca

32

40

40

40

40

48

44

44

36

40

40

44

40

40

48

48

48

56

44

40

4Q

44

36

so+

6

4

5

5

5

5

4

5

4

3

4

5

4

2

2

2

I
1

o

0

o

o

o
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DATE

June L3

L4

r5

16

L7

l8

L9

20

2L

22

23

24

25

26

27

28

29

30

July 1

2

3

4

5

Na. HCO3 Cl Ca Mg Fe

I8

T2

L2

I5

L2

L2

I9

L5

19

19

7

L7

18

15

24

LT 0.39

IO O?38

L2 0.45

S0¿ Conduc-
tivity

L 2L5

L 2)3

L 235

3 240

2 270

o 260

o 271-

o 295

L 287

o 3r5

o 300

0 350

o 3Lg

o 369

7 385

0 368

I 360

0 375

3 208

o 185

o r80

o rgo

0 300

T9

98

91

9L

9T

98

85

I04

I22

L22

I40

r28

L34

t46

140

L46

L53

t46

79

67

6I

6I

r16

40

40

L4.J8

2.5

3.75

2.5

L.25

r. 5g

2.5

44

44

48

48

48

48

52

52

72

56

58

64

60

68

80

76

52

48

40

44

52

I5

o

2

5

19



DATE

JuIy 6

T

B

9

10

It
L2

TJ

L4

I5

L6

L7

18

19

20

2L

22

2J

24

25

26

27

28

HCO3 Cl Ca

116 2,5 6'4

L22 62

98 48

104 52

lro 52

r22 60

r28 3.8 6g

92 44

98 44

r04 48

rro 52

110 56

r22 56

104 6.25 52

116 t0.o 52

I40 ro.o 56

128 3.75 56

L22 2.50 56

128 ).75 60

L28 5.0 56

r34 3.75 60

128 64

l.22 5.0 60

Mg

5 O.35

11

I5

IO

L7

L2

13 0.45

I5

T7

L'

L7

15

L7

19 0.39

24

r7

T9

I9

L7

24

29 o,55,

I9

L7

81

Conduc-
tivity

320

340

270

28'

300

320

345

250

250

275

290

3r0

320

353

353

325

35)

358

36L

402

)68

368

372

Na. Fe so+

o

0

0

2

I
I
o

o

2

2

o

I

o

4

2

5

4

5

5

4

4

7

6
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D¿,TE

JuIy 29

30

3\

Àug. I
2

3

4

5

6

7

I
9

to

11

I2

TJ

L4

15

16

17

18

I9

20

Conduc-
tivity

)68

L99

r83

LT'

200

300

280

268

289

Na. HCO3 CI Ca, Þrg Fe

67 2.O 36 307 0

1r0 2.5 60t

0.41

12 0.44

56 15 0.54

so+

4

7

6

5

4

4

3

4

5

6

5

5

5

5

6

5

4

5

4

4

4

4

275

290

280

305

250

250

290

310

230

222

240

230

240



83

DATE

Aug. 2L

22

23

24

25

26

27

28

2g

30

3T

Sept. I
2

3

4

5

6

7

I
9

10

1I

L2

Na. HC03 CI Ca, Mg

ro4 i.l3

L22

L2

Fe SO+

5

Q.25 4

5

I
I
I
t
4

I
5

2

2

3

4

10

ll
9

9

10

t2

L2

L2

Conduc-
tivity

240

290

268

245

280

28L

272

3L5

3L5

332

318

3ro

350

240

256

263

257

265

273

272

260

26L

279

60 15



84

DÂTE

Sept. l3

L4

15

16

T7

r8

I9

20

2L

))

23

24

25

26

27

28

29

30

Na. HCO3 cl Ca, Mg Fe so+

L3

L2

9

II
9

t2

L2

8

10

14

T4

I3

7

T)

7

11

t1

II

Conduc-
tivity

288

273

364

328

369

379

42L

386

367

322

33)

3r8

345

318

428

398

410

398



D2

DAlE

May 2L

22

2J

24

2'

26

27

28

29

)o

3r

June I
2

3

4

5

6

7

B

9

10

11

L2

85

Na.

6

7

I1

to

to

L4

10

ll

Ca

56

60

72

68

80

84

96

96

96

T6

68

68

68

72

72

84

80

76

72

68

60

6A

56

so+

38

52

80

7'
90

95

100

89

82

90

9l

73

78

72

79

T4

98

to0

88

j9

)4

2?,

27

ñC03 Cl.

gg L.25

92 I.88

98

113

LJ4

r46

128

134

171

L46 1.88

Lrg 1.OO

146 1.5

r59 2.25

134 1.5

r40 1.5

I4O r,

r40

L34 7.25

LJ4 1.5

116 2,25

LO4 1.5

104 2.25

1[6 2.25

Mg Fe

15 0.15

15 0.04

L7 0.01

360
)90
460
3JO
J30
390
L2 0.06

190
19 0.04

LT 0. Ol

T7

19

15

))

24

T9

L7

17

LE

L2

Conduc-
tivity

280

285

350

345

382

389

390

408

404

400

4to

400

429

448

460

475

485

495

460

389

349

33ø

3JL



86

DATE

June 13

L4

15

16

17

I8

19

20

2L

22

23

24

25

26

27

28

29

30

July I
2

3

4

5

Lf6 , 60

L28 64

L34 76

146 76

r4o 76

L4J 80

L53 80

L46 80

L46 76

r59 84

L53 80

L53 78

r71 rr.8g g0

L53 5.7 g4

Lrg J.75 76

146 3.75 92

r53 2.5 84

L28 4.39 64

110 2.5 56

110 48

92 52

92 60

L28 68

Na. HCO3 Ct Ca Mg Fe

I9

L7

L7

24

22

22

24

22

24

22

24

26

24

19

22

170
27 0.04

L2 0.1

r9

L5

I9

I5

L7

so¿

2'

45

70

72

83

75

80

86

95

r25

97

roo

loo

110

L25

100

130

175

25

I5

r8

20

60

Cond-uc-
tivity

345

389

432

4ro

480

472

500

520

500

530

490

550

498

5ro

560

510

525

5L'

3r8

286

3rB

325

4r5



87

DÀTE

July 6

7

8

9

to

1T

L2

L3

t4

15

16

L7

18

19

20

2L

22

23

24

25

26

27

28

I{CO3 Cl. Ca

I40 3.r3 gO

L34 80

L46 72

L46 80

L46 80

L53 80

I4O 3.8 76

L22 64

r4o 76

L46 76

L34 80

L46 76

I40 80

r40 6.2 76

L65 7.' 76

rr9 80

L53 84

L5) 86

L46 84

l-65 84

t34 5.OO gO

140 76

t46 80

Mg

12 0.03

L2

22

LT

T9

t9

24 0.02

T7

I5

L7

L7

24

24

r9 0.05

24

r9

22

l3

T7

24

L7 0. 05

24

19

Conduc-
tivity

5jo

525

490

500

5to

52'

540

380

430

500

500

535

520

540

530

488

,45

550

5ro

570

524

539

550

Na. so+

80

80

75

85

102

lro
100

23

42

6'

87

80

82

97

lo5

115

L20

78

92

99

92

L3'

r15

Fe



DÄTE

July 29

30

3L

Aug. I
2

3

4

5

6

7

I
g

t0

tl
T2

L3

L4

15

r6

TT

18

19

20

88

Cond.uc-
tivity

,22

282

269

293

330

335

412

435

4ro

Na. HCO3 Cl. Ca Mg Fe

92 2.5 
'2

T5 o.r

I40 2.5 72 22 0.05

76 rT o. og

SO,.+

L20

27

26

24

20

2L

69

42

58

63

68

68

78

7'
70

90

9I

470

418

465

500

380

395

470

480

328

380

i50

380

58

50

4'

59



DATE

Àug. 2L

22

23

24

25

26

27

28

29

30

3L

Sept. -:ìI

2

3

4

5

6

7

8

9

10

tt
L2

Na. HCO3 CI. Ca Mg

ro4 3.L3 60 15

L65 84 24

Fe SO+

,5

o.2g 63

T8

19

34

49

59

82

92

80

T5

60

88

7T

44

47

43

48

,2
,=, 6O

53

64

64

89

Concluc-
tivity

J90

450

460

358

4ro

485

493

530

130

540

510

500

550

320

352

379

379

4L8

44L

464

469

48r

505



90

DAlE

Sept. t3

t4

I5

16

L7

18

19

20

2T

22

23

24

25

26

27

28

29

)o

Na,. I{Co3 cL Ca Mg Fe so+

7L

29

70

78

78

82

80

79

84

8I

9r

88

87

88

83

90

84

94

Conduc-
tivity

510

372

52t

485

513

,55

640

n6
51r

486

492

460

500

45L

600

575

580

,95



Ð3

DAlE

May 2I

22

23

24

25

26

27

28

29

30

3I

June 1

2

3

4

5

6

7

I
9

10

11

L2

Na.

9

9

L4

r1.6

L4

L6-L7

L4

t4

L4

Mg

15 .O8

L7 .03

19 .Ol

34 .05

39 .05

400
390
)30
390
17 0.05

19 0.O5

19 0.o2

15 0. 05

19

T9

19

23

I9

T7

I9

L6

L7

T7

Conduc-
tivity

280

305

36L

319

400

408

405

4L9

408

405

424

411

440

455

462

480

490

500

470

379

34I

)JO

J40

9t

HCO3 CI.

88 4.2)

92 r.88

104

lro
LJ4

I40

L34

L28

LTL

L46 L.25

171 1.5

L46 1.0

L)4 2.25

r2g 2.25

LJ4 1.5

140

r28

L34 1.5

l2g r.5
116 ].5
ro4 1.5

104 2.25

r10 2.25

Ca

56

60

68

72

80

84

96

96

96

68

64

64

72

68

72

7.6

74

76

72

64

54

52

56

so+

50

65

85

85

85

tro

90

roo

82

89

99

80

9r

89

101

LO2

130

L20

tro
38

24

28

25

Fe



92

DJ.TE

June Lj

L4

L5

16

L7

18

19

20

2L

àz

23

24
:

25

26

27

28

29

)o

July I

2

3

4

5

II6
128

t34

140

134

L34

L53

146

L4)

L56

L53

L59

Lfi 3.5

146 4.4

L46 4.4

L53 5.O

L4g 3.L3

153 4.39

TT

L7

10

L7

r9

24

2L

19

I9

29

T7

27

24

24

19

2LO
190
L5 0.07

L7

7

15

15

L2

Conduc-
tivity

368

399

440

450

477

470

500

520

505

525

505

550

5r0

550

560

5L'

525

550

298

298

340

360

4)O

Na. HCO3 CI Ca Mg Fe

60

64

88

80

76

76

80

76

84

68

84

72

80

80

76

80

84

84

so+

32

,3

95

85

100

85

80

IIO

L25

100

120

L25

L25

L25

T2'

L35

tto
I40

r9

18

2L

38

70

ro4 2.5 60

98 60

104 56

t10 64

L22 84



93

DATE

July 6

7

8

9

10

l1

L2

L3

t4

r5

16

L7

18

19

20

2L

22

23

24

25

26

27

28

HC03 CI Ca

L34 3.75 72

140 74

L34 T2

I40 72

L46 76

L40 72

146 3.r 80

L28 60

L28 76

140 80

140 76

140 76

146 76

L34 6.25 72

L46 5.OO 72

r59 76

T5J 76

146 76

r40 84

158 84

r40 5.o go

140 76

L34 76

!Ig

r9 0.02

l8

L7

I9

L7

22

190
I9

I5

T2

I9

24

22

24 0.04

27

19

24

L7.

19

r9

22 0.02

24

))

Conduc-
tivity

540

52'

460

485

5ro

5r0

540

985

435

500

490

540

525

570

540

500

5r5

560

560

580

,40

550

560

Na. so+

85

roo

80

T5

tIo
95

r10

28

42

T5

118

90

95

I20

140

L25

L25

ro5

L20

r20

L20

r50

L45

Fe



94

DÂTE

JuIy 29

30

3L

Aug. I
2

3

4

5

6

7

8

9

10

I1

L2

LJ

L4

I5

I6

T7

18

19

20

Na. I{Co3 Cl. Ca Mg

11O 5.ìO 52

L46 3.25 g4 15

72

19

Fe S0+

L45

28

26

30

o.o5 30

39

80

69

75

60

70

0.05 95

100

90

100

90

T2'

o.03 lro

Conduc-
tivity

537

311

283

328

370

372

479

462

485

475

490

470

490

525

4LO

4LO

490

46'L7

59

70

50

5't

355

410

)65

9e8



95

DATE

Aug, 2L

22

23

24

25

26

27

28

29

30

3t

Sept. I
)

3

4

5

6

7

I
9

10

I1

T2

Na. HCO3 Cr Ça Mg

L5

so+

98 3.5

62

o.39 7L

88

38

4L

60

62

lIO

rr5

roo

r05

78

Ir0

50

39

48

48

54

57

64

60

75

85

Fe Conduc-
tivity

4L5

462

412

400

480

495

5@0

540

550

550

530

5L5

560

35'

379

4IO

403

437

458

486

505

505

525

60

L59 84 22



96

]]ÂTE

Sept.13

L4

L5

Ì6

L7

r8

19

20

2L

22

23

24

25

26

27

28

29

30

Na. I{CO3 Cr. Mg FeCa so+

83

43

88

95

89

96

105

B9

110

r15

110

L20

95

1r5

to5

100

ro5

L25

Conduc-
tivity

529

411

54L

501

550

580

695

555

533

5L3

503

475

5L2

468

620

600 
.

605

625



D4

DÂTE

Ivlay 2L

.r,4-

23

24

25

26

27

28

29

30

3r

June I
2

3

4

5

6

7

I
9

10

Na.

8-9

10

L6

L'

l6

2L

16

L7

L6-L7

Mg

T2 .IO

L7 .O5

15 0.0

34 0.01

39 0.05

43 0.04

28 0.o2

330
270
15 0. 02

L70

150
L7

r9

19

22

L5

19

22

22

r5

I5

I5

Conduc-
tivity

298

303

372

365

400

4r8

405

425

409

410

43L

420

443

478

470

490

495

510

488

359

)20

325

)49

97

,HCO¡ Ct. Ca

98 2.5 64

85 r.88 60

92 72

113 72

I28 BO

L34 80

L22 104

r34 96

L46 96

L59 L.25 72

L59 1.O 64

L46 o.75 68

r5g r.5 68

I34 r.g8 68

I34 2.25 72

L28 T6

L22 BO

128 1.5 Tz

I22 2.2, 6g

116 2.25 56

98 1.5 52

LO4 2.2' 56

ro4 2.25 56

Fe so+

55

70

99

95

120

1r5

L20

95

100

94

85

99

89

80

L20

L20

L35

130

r30

28

18

22

32

II

L2



DATE

June 13

L4

15

16

L7

1B

19

20

2L

22

2J

24

2'
26

27

28

29

30

JuIy t
t

3

4

r22

L28

L)4

L28

r16

L2B

L28

L34

140

L43

140

140

L46 2.5

L40 3. r

L46 5.O

I40 5.0

140 4.39

r40 3.75

L7

r9

15

t9

r9

22

T7

2L

22

22

22

22

22

24

22

190
24 0.O2

22 0.05

r5

10

T9

r9

L7

4T

70

9'

75

1r5

110

r25

lIO

130

r50

140

L35

150

1_40

L55

r30

r50

t75

10

18

4t

70

ro0

98

Cond,uc-
tivity

390

4r5

442

450

475

470

500

515

,05

540

515

560

518

575

580

520

550

570

26L

308

385

435

475

Na. HCO3 Ct. Ça Mg Fe SO+

64

64

76

72

76

76

78

74

72

76

80

76

80

80

80

76

80

76

98 z.zi 4g

92 52

tlo j6

rlo 72

L)4 72



99

DJ,TE

July 6

7

I
9

10

Lr

L2

13

L4

I5

16

TT

I8

I9

20

2L

22

23

24

25

26

27

28

HCO3 C'I. Ca

L34 3.L2 gO

LJ4 72

L22 64

L22 ' 68

L34 72

L)4 72

L34 4.r g0

L22 60

L34 72

L22 72

r34 76

r4o 72

r34 76

L46 6.2 72

L46 3.75 72

L46 72

140 80

L34 76

140 T6

146 76

140 6.25 gO

140 80

L46 80

Mg Fe

19

L7

l9

19

I9

19 0.02

L7

15

T7

L7

22

24

19 0.05

29

22

27

19

24

29

':29 O. 05

22

22

Concluc-
tivity

500

550

440

475

510

520

550

372

442

500

510

,50

53'

600

550

518

575

590

5BO

6r5

560

,fio

600

Nq. so+

roo

L25

70

95

T20

140

130

28

60

loo

120

T.25

r20

L45

L45

170

140

14,

L45

r50

r50

I70

200

t2



D¿.TE

JuIy 29

30

3r

Aug. 1

2

3

4

,

6

7

I
9

TO

11

T2

L3

L4

I5

I6

L7

18

r9

20

180

33

24

47

o ?,05 go

90

L20

LAz

105

89

roo

o.o4 L25

130

130

L45

L45

r50

t25

60

6r_

3'

3j

Na. I{CO3 Cl. Ça Mg Fe S0+ ConCuc-
tivigy

560

352

300

38r

470

485

510

5lo

520

495

520

5L2

,25

,r5
440

440

520

530

1OO,

402

440

375

4L5

t22 3.r1 72 L7

Lr3 5.O gg L7

T284



101

DÄ,TE

Aug. 2I

22

23

24

25

26

27

28

29

30

31

Sept. I
2

3

4

5

6

7

8

9

IO

}I
L2

Na. HCO3 Cl. Ca Mg

101 3.5 60

92 T7

Fe SO+

72

0.o1 6g

78

79

6)

76

ro0

r25

L20

120

L25

r00

130

2g

42

5j

48

60

63

75

85

98

105

Cond.uc-
tivity

432

482

488

470

490

515

5L'

560

560

575

550

540

590

J57

4L4

448

434

465

488

,L2

560

535

550

t7

L59



LO2

D¿.18

Sept. 13

L4

15

I6

T7

I8

I9

20

2L

22

23

24.

25

26

2T

28

29

30

Na. HCO3 Cl. Ca Mg Fe so+

tto
L20

L20

r25

L20

L25

130

r20

140

L45

T4'

r48

r30

150

r30

L35

L35

r50

0ond.uc-
tivity

555

,65

595

529

570

600

650

565

555

5J8

530

499

535

485

645

630

615

650



D5

D¿,TE

May 2L

22

23

24

25

26

2T

28

29

3ø

3L

June I
2

3

4

5

6

7

I
9

to

1I

L2

Na.

10

to

I4

t2

L4

r8-19

15

r5

L5

so+

63

72

92

90

99

90

100

110

83

75

92

75

80

80

90

IO0

t20

L25

lt5
40

28

25

32

to3

Condue-
tivity

280

310

380

370

415

426

410

432

428

42L

445

43L

455

478

485

495

510

,15

485

399

348

348

352

HCO3 C&. Ca

85 L.25 56

92 r.B8 64

r10 80

116 76

r40 80

L46 88

L34 104

L28 104

L7r 96

r59 1.88 72

rr9 r.o 72

171 r.O 6g

t34 r.50 68

L34 t.gg 72

146 2.2' 76

I40 80

L34 80

140 2.25 84

L34 1.5 76

L22 1.5 64

r01 1.5 60

llo ).o 52

lrg 2.62 60

Mg Fe

15 .o4

L7 .Q4

15 0.0

32 0.O2

440
460
220
340
330
r9 0.og

r5 0.04

L90
L9

I9

19

I9

22

L9

r9

L7

L3

L7

L7



DATE

June Lj

L4

L5

16

t7

I8

I9

20

2L

22

2J

24

25

26

27

28

29

30

JuIy I
2

3

4

5

HCO3 CI.

r22

L34

L46

L34

L34

L53

r46

L'3

L59

159

L53

L59

L59 5.O

165 4.3

Ì53 3.75

r59 4.3

L56 2.5

L6' 4.Jg

116 3. X3

104

lIO

lIO

L34

104

Conduc-
tivity

38r

402

45r

460

485

499

502

520

520

540

510

560

515

565

580

525

525

560

305

318

36L

380

440

Na. Ca

64

64

76

76

80

78

72

80

84

76

84

80

88

84

84

86

84

84

56

56

60

72

80

Mg

L7

24

I9

L9

22

23

22

22

I9

24

T7

r5

T2

TO

16

2L

22

r5

L7

T7

15

L7

L7

Fe so+

45

48

85

90

r15

90

95

r15

Iro
t20

rto
L20

100

loo

r30

ro2

105

ro0

19

20

32

J3

50

o

o



DÀTE

JuIy 6

7

I
9

IO

1I

T2

L3

L4

T5

I6

I7

l8

I9

20

2L

22

23

24

25

26

27

28

L46 4.LJ

r40

134

L46

140

r49

L46 4.L

128

140

L46

L34

L'3

153

L46 7.5

165 6.25.,

r59 L2.5

L65 5.O

L46 6.25

L59 5.O

L46 J.75

L53 6.25

L59

Lr1 6.2'

7 0.05

I8

16

r9

22

22

19 0.o2

17

r9

22

19

19

22

r9 0.05

27

22

))

15

t2

27

L7 0.02

L7

5

105

Conduc-
tivity

,50

53'

460

505

525

53'

550

4LO

455

,20

,40

550

540

590

550

5r8

570

580

570

6L'

560

570

590

Na. HCO3 Cl. MgCa

80

78

72

76

76

80

84

68

72

76

80

84

80

80

80

80

84

84

88

80

88

88

92

so+

87

75

60

90

r00

95

110

32

50

82

80

80

95

IOO

r20

L20

115

L20

r15

96

93

L20

r40

Fe



ro6

DATE

July

Äug. I
2

3

4

5

6

7

8

9

10

}I
L2

L3

L4

L5

L6

L7

t8

29

)o

3L

Na. HCO3 Cl. Ca Mg

LO4 2.' 60 15

L53 2.5 g8 L7

80

Fe S0+

ro5

35

32

33

o.og 4j

42

8r

89

8t

Cond.uc-
tivity

,55

327

3L2

347

395

iloo

495

490

500

510

495

508

545

420

430

500

490

340

370

4to

380

L2

85

o.o2 go

74

9)

L20

95

103

tr0
)2

50

51

5019

2A



D.A,TE

Àug. 2L

22

2J

24

25

26

27

28

29

30

3I

Sept. I
2

3

4

5

6

7

I
9

to

l1

L2

Na. HCO3 Cl. Ça Mg

98 3.L3 60 L7

r59 88 r5

Fe SO+

68

o.2) 5g

107

Concluc-
tivity

4)O

478

45

46

65

68

90

r15

91

100

72

97

54

39

50

47

JT

55

6r

64

79

78

4IO

480

5T2

5L2

5ro

5r5

570

540

,28

580

370

393

420

420

445

480

492

520

519

540



108

ÐATE

Sept. 13

L4

I,
16

L7

18

t9

20

2L

22

23

24

2'

26

27

28

29

30

Na. HC03 Cl. MgCø Fe SOz

80

45

6)

92

89

89

9'
85

1r5

L20

96

ro5

92

lro
90

100

95

r20

Conduc-
tivity

548

437

520

5II
560

580

670

555

545

520

,15

48r

529

479

630

605

620

620



tÍr
r09

Dá,TE

24.5 .69

r.6.68

7.6.69

22.6.69

30. 6. 6g

6.7 ,68

L3 ;7 .68

20.7.69

27.7.69

to, B.6g

25 ,8.69

3r.8.69

28.9.69

HCO3 CI. Ca,

88 64

lto l. o 56

lro 2.25 T2

L28 76

r34 3.L3 80

128 t.gg 72

116 68

r22 2.5 6g

L28 5.O. 84

t53 96

159 84

L46 LO4

15 0.02

L7 0.05

I9

22

L9 0. t8

16 0.oI

L2

24 0.02

24 0.05

I5 0.02

1g

I2

Cond.uc-
tivity

300

358

459

455

480

490

400

480

523

495

490

475

630

Na.

4

lig so+

62

55

L20

81

110

68

55

rto
Li-s

72

32

55

L45

Fe



w3

DÄTE

24.5.69

r.6.68

7 .6.68

22.6.69

30. 6. 6g

6.7 .69

L3.7.68

20.7.68

27.7.69

10.8.69

25 .8.68

31.8.69

L4.9.68

28.9.69

HCO3 CI.

r16

L59 r.O
L'g L.5

r83

183 3.75

r53 2.5

L22

L65 6.25

L65 6.25

L53

140

r71

Mg

L70
r5 0.0l
27

4I

50
15 0. Ol

L7

27 0.06

24

r9 0.05

L9

I9

Concluc-
tivity

)45

400

515

5ro

565

540

355

540

580

470

$8
490

359

600

110

Na.

5

Ca

76

72

84

64

92

80

64

84

88

88

80

96

so+

80

59

88

92

90

52

L4

85

86

37

T9

60

24

60

Fe



w4

DÀTE

24.5.68

1.6.69

i|.6.68

22.6.69

30.6.68

6.7.68

13.7.68

20.7.68

27 .7.68

to. 8. 68

25.8.68

3r.8.68

L4,9.68

28.9.68

HCo3 CI.

IIO

L59 1.O

15} L.'
L77

I83 3.13

L53 r.88

1r6

L6' 3.75

L65 5.O

L59

L40

17r

ÞIg Fe

L50
r9 0.or

19

43

5 0.05

r5 0.o5

I2

27 0.02

22

L7 0.02

r7

L7

rtl

Coniluc-
tivity

345

399

505

550

570

fi5
360

550

580

475

$8
500

362

503

Na.

5

Ca

76

64

92

60

B8

80

68

80

88

92

84

roo

so¿

85

64

95

97

75

69

15

lIO

II'
45

23

50

36

69



w5e6

DATE

27 .5.68

3.6.68

6.6.68

ro. 6.69

11.6.68

t3.6.69

Lï,.6.68

18.6.69

24.6.68

29.6.68

L.7 .68

8.7.68

L3.7 .68

L5.7 .68

L7 .7.68

Lg.7 .68

22.7.68

23.7 .68

25,7.68

26.7.68

29.7 .68

30.7 .68

3L.7 .68

73

rol 2.25

rol

79 2.5

76 2.25

88

104

LO2

131

140 3.L3

64 5.6

92

85

I04

1r3

119 3.75

L28

L28

L34

L22 5.0

23 0.05

T5

I6

1I

11

10

L3

r9

L9

t1

IO

IO

L3

L2

16

L7 0. 07

I5

T7

L'

L7 0.05

Conduc-
tivity

225

24L

277

2LO

200

2r8

285

280

345

J45

L75

244

233

284

307

370

392

35L

348

363

37'

228

200

LL2

Na.

I

HCO3 CI. Ca Mg

52

42

47

37

35

48

47

40

56

74

38

44

42

52

54

64

64

60

64

64

so¿

6

I

I
I

o

o

I

I

I

I

I

I
I

I

2

4

4

3

3

4

4

5

4

Fe



r_ l3

DATE

5.8.68

17.8. 68

r9. 8. 6g

20. 8 .69

24.8.69

26.9.69

29.8.69

31 . 8.69

2.9.68

9.9.68

16.9.69

23,9.68

30. g. 68

HC03 Cl.

4J 2.5

L28

Ca Mg

44 L7

Fe SO¡T

o.15 4

3

3

4

2

I
2

9

L4

9

7

7

I

Cond.uc-
tivity

280

22'

250

24'

252

298

332

35L

L28

3t5

372

J'7

398

Na.

44 22

92

60 L7



\r7

DATE

27 .5.68

3.6.68

6.6.69

10. 6. 6g

1r. 6. 6g

13.6.69

L7 .6.69

19. 6.69

24.6.69

29,6.68

L.7 .68

7.7.68

8.7. 6g

L3.T .68

L5.7 .68

L7.7 .68

22.7.68

23.7 .68

25.7 .68

26.7 .68

29.7 .68

3@.7 .68

JL.T .68

3L

37 2.25

j7

37 1.97

40 1.5

43

49

55

43

49 2.5

49 3.L3

49

4J

43

49

49

49

49

5'
61 3.75

L2 0.05

7

t1

7

L5

6

r5

6

T7

5

L2

L2

7

7

IO

7

10

7

24

L7 0.7L

Conduc-
tivity

90

lto
L29

115

tt4
LL4

L)'
r28

153

r49

L26

r15

L22

r25

140

150

L6'

r58

L5J

r69

L65

140

L22

114

Na.

I

trC0¡ Cl. Ca. Mg Fe

20

20

22

20

20

22

20

22

24

J2

24

20

20

24

20

28

28

28

28

24

so+

3

o

o

o

o

o

o

o

4

t
0

o

o

o

o

o

8

6

8

7

6

5

6



rr5

DJ.TE

5 .8.68

16. g.6g

17.8.69

19.8.69

20. g. 6g

24.8.69

26.8.69

29. 8. 6g

31.8.68

2.9.68

3.9.68

9.9.68

l6.g.6g

2).9.69

30.9.68

I{CO3 Cl.

43

67

Fe SO+

o.5o 5

7

6

I
I
o

o

o

L7

I
I'
L6

r8

L4

18

Conduc-
tivity

116

r28

130

L35

r30

140

L52

r60

L67

29r

140

ß9
r69

L75

190

Na. MgCa

1024

T2

L2

,5 20

28



WELLS AND PIEZOI-{ETERS

Na. HCO3 CI. Ça, Ms Fe SO,T

r16

DATE

GSl

June 7

2L

28

Aug. 2

9

23

30

GS2

June 6

2L

28

Aug. 2

9

23

GS5

May 3L

June 7

2L

28

Aug. 2

9

2)

iilil* Conduc-
tivity

19

6

r83 r.5

207

207 3.75

L5j 23.75

166 7.5

L22 5.0

r89 6.25

55 3.75

55

55 8. 13

61 35

67 32.5

67 75

245
275
22 0.95 5

277
23 3.5 15

10 0.28 r5

2.6 
'

L5

L7

17 L.25

2L O.2

L2 3.0

12 2.2

L20

90

90

87

175

rto

505

505

8.1 5rO

7.7 570

7.59 462

7.4 445

8.39 535

352

308

B.9r 308

7.86 362

7.72 3gO

7.10 462

67

90

72

6.73 76

5.70 lr0
6.65 go

6.65 92

80

84

92

56

76

56

34

4T

20

I2

L2

L4

24

24

l0

7

18 1.9 4

24 2.25 I
184
L2 1.88 6

37 5.0 I
24 5.0 6

24358

42.5 I
23
24
4' 3.5 2

10 2.9 18

1r 3.O 25

10 2.8 15



LL7

ÐATE Na.

GS6

July 12

19

26 3)OO

Aug. 2

9 3rOO

23

GS7

JuIy Lz

I9

26 6T0

Aug. 2

9 500

23

GS8

JuIy 19

26 136

Aug. 2

9 L44

23

GS9

July t9
26r250

HCO3 Cl. Ca. I"ig S0+ ÐI{.Fe Conduc-
tivity

LO4 7050

r10 44rO

98 rq50o

85 4325

98 8125

110 9050

2L4 2750

256 635

275 r.400

275 67'

305 1400

256 1300

49 L65

43 2;90

49 L45

6t 225

55 160

L2 3L25

12 5950

75 6.85

90 3.8

75 0.9'

70 5.O

68 2.9

87 0.39

25 6.r

28

38 9.L9

42 8.85

20 9.69

13 ,300

t3 r7OO

r3,0oo

13r600

13 , oo0

L3,45O

48

80

72

56

64

T6

I
4

I
4

8

I

24 0.05

o 2.7

5 5.O

5 3.O

5 0.ï2

T O.62

32 6.r
87 9.55

80 10.01

L25 r0.5r

34 10.02

68 10.20

, r750

2 rTOO

2 r560

2 1650

2 r7gO

2 r82O

840

700

725

670

660

8,400

6 r25O

8

8

6

I
I

2 j.2

o 4.67

9 0.6'
2 r.5

2 0.95

r0. 15

10.55

L75 10,31

220 10.39

zLO I0.20

60 87

52 58

o.75

4.20

6.7'

6.72



DÀTE Na. HC03 Mg Fe SO+ ,pE-

30 5 .0 56 6.63

24 2.O 43 7.Og

92 3.2 72 6.72

6

L2

r8

CI.

5150

5000

4725

Ca

98

96

LO4

r18

Conduc-
tivity

7 1600

7 r7OO

7,600

Aug. 2

9 l35O

23

GStO

July t9
26 52

.Àug. 2

956
23

GSI2

July 19

26 t50

Àug. 2

9 165

23

GS13

July 19

26

Àug. 2

9

23

GS14

July 19

98

92

92

104

73

IO

30

LL.25

15

15

8.41

8.33

8.20

7.4ù

7.60

8.2

8.)

7.77

8. 68

9.65

830

352

374

397

380

850

725

780

780

7LO

130

L65

I8I
L95

200

4

I
8

T6

L2

15 3.6 46

10 5.O 34

L7 0.22 35

LA 2.r 56

10 2.5 33

5

2

7

4.O rgo

5.0 r60

3.5 200

l. r L35

J.25 rg0

5

o

o

5

2

2.5 44

2.95 7 4

2.9 62

).5 49

3.t 50

L95

L77

r83

207

L22

24

29 37

37

35 49

4J

L3.75

L3.75

L2.5

t5

20

L2

L2

T6

16

L6

6.25

7.5

5.O

5.6

IO

I
I

24

4

4

9 .4,

9.52

9.1

9.98

9.9

476 6.25 244 2 5. O 27 r2.O4 3 r32O



DATE

JuLy 26

Âug. 2

9

23

30

GSI6

July Lz

26

.A.ug. 2

9

2)

I{CO3 Ct. Ca Mg Fe S0+

19 5.0 L7

o 5.0 2g

L2 2.L 13

2 4.' 15

2 5.5 ro

r19

å|9., Conduc-
tivity

1r.56 3,o45

12.22 3 rl-7}

L2.O5 3rOOO

lr.5 3 rO5O

r2. 15 3 ,L7O

52

Na.

5L

84

439

427

470

366

543

8.7' 248

7.' 272

6.9 244

5.0 220

4.38 240

86

r65

L5J

L53

L65

t65

2.' 26

7.5 16

2.5 12

5.0 20

5,0 24

4 0.15 15

22 5.O 14

L2 1.1 L7

7 3.85 t5

2 2.I 10

8,45

7.9

7. 8r

7.4

7.4

5ro

475

497

490

478



SPRINGS

I20

DÁ.TE

MM

NN

00

PP

s1

9A

RR

SS

T1

Iru

w
m

'I
UI

w\{

ro(

vI

F

,Þr

G

H

IT6 4

L56 3

189 2

LTr 2

zjo 2

L62 3

LTT 3

zLT 2

LT7 4

L77 3

rr4 3

r83 4

Ljg z

Lgj z

z2B 9

232 5

2L7

253

L92

L95

183

L25

r98

Na. U.COI CI. Ça Þlg Fe SO+ Conduc-
tivity

4 295

4 )74

4 463

5 a1A

6 610

10 44o

r3o 585

32O 1OOO

2ro 755

LzO 575

44 52o

68 94O

325 75O

103 560

zrj 95o

r7o 75O

288 1085

3ro 6L5

Zzo 7L5

22Q 8OO

t4O 1O2O

ZZB 47o

275 955

g

r

52

68

82

78

116

76

1r6

200

148

116

94

roo

168

LO4

rlB

96

72

110

98

roo

LL2

94

108

I8

22

4

L7

2

22

o

1T

22

2

5

29

29

t0

6

7

J4

39

32

32

o

I9

22



r21

DÅTE

K

L

M

N

o

P

z

FJ

YY

A

B

s

T

U

v

v

D

X

LL

KK

II
JJ

HH

106

I

76

60

38

8

20

72

100

26

44

34

54

58

50

64

60

88

7)

106

LL2

LOT

L74

rig

29

4

19

r8

36

7

7

19

2

1I

L2

tl
T8

L5

L4

I8

t3

22

L2

28

5

L3

2

s0,r

138

140

108

265

273

L2'

37

140

I40

7

130

200

200

190

r58

95

r41

22J

88

r82

J25

r83

218

Na. HCo, cr. Ca

L43

I5

L28

49

58

37

49

Lfi6
207 T

614
101

49

92

88

78

t25

855
173

198 11

204 5

256 6

207 4

L77 2

Conduc-
tivity

600

L65

550

560

580

3to

235

555

690

250

445

360

,25

495

4ro

440

240

725

700

800

L250

IOO0

775

Fe
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DJ.TE

r.;f uÍ

K1

RI

DD

t1

Qr

Pt

I'i1(a)

M1

NI

EE

FF

J1

H1

G1

Fl

c

EI

D1

cr

B1

A1

B

L62 3

L92 8

L28 3

r79 2

r46

r28 3

r89 4

226 3

r77 3

1r9 3

16, 2

L77 3

L77

r83

L77

r83 3

229 2

I7I 3

171 3

L77 3

L95 3

253 2

3r2 3

Cond.uc-
tivity

755

1150

Troo

505

760

6000

,50

6r5

490

310

595

520

470

600

470

500

500

425

435

430

480

7L2

760

Na. lt0of CI. Ca Mg Fe S0+

ro 265

39 320

LO4 350

18 23

12 275

109 375

L2 20

o9
12 t0

L72
27 r38

10 45

158
7 120

222
020

60 27

195
242
222
273
26 39

26 54

r58

188

480

9I

92

440

68

96

B2

62

116

IO0

80

108

84

96

96

84

80

80

84

116

139
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ÀPPI'NDIX C

Location of Springs in t{i}son Creek Watershed..
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LOCATION OF SPRINGS IN I{ILSON CREEK I{ATERSHED.

A Àt bottom of Jet Trail
B Below Bald IIiII dam

C Below #27 rain gauge

D Lick above junction of conway creek and Bard. HirI
Creek (same as W2).

II From Wilson Creek veir.
PACKHORSE CRI'},IK.

Mll N¿rrow, smarr tributary berow end of a.ccess road."

NN Right hand bank (nHu1 just above crest gauge 10, and

belor+ If6 sampling point.

oo Left hand bank (lun). Yery crear water, coating stones

with calcium. Station ,O).l>O.

PP RHB, out from a scar, clear water, enters from under

boulders.

St LHB, seeping through bank, clear water.

QQ Station 495.75 RHB.

RR Yery gravelly, water coming from spring up the bank,

flovs in over the gravel.

ss seeping out of a scar, not very good frow, horsetairs,
RHB.

1T AIso out of sca.r, but better flow than SS, RHB.

UU Yery small, out of REB.



L26

w Fair sised- stream, station 466.ro at' junction, crear
r¡ater, and thick deposits of calcium on stones.

TI SmaII spring, forms a delta on top of a bank flat,
good flow on top of the trdeltatt. lfhen it rains much

water ete. must come d.own, as J.arge area of mud formed.

Just upstream of 4L5.OO.

Ifl{ Into main stream under a fan of boulders.

XX Again into main stream as a fan, 45jrOO.

ur RHB¡ just down stream from a scar on the LHB, and just
up stream from 452.QO.

vl LIIBr iust opposite crest geuge rl, thick vegetation
over it.

F RHts, a large tick, just dor¡nstream of CGII.

9 RHB, not a strong flow, station 443.

G BHB, belorr rain gauge 27, good flow.
H RHB, station 4LI, murky, and d.epositing calcium, good

flow. (sg rr).
ol RHB, crear, and nice taste, 4or.oo, good sized stream.

r BHB, seeping from concave area up the bank, berow sBZ.

J 5t ¿bove stream, SB8, ctripping.

K 39O.4O good stream.

L Fast seepage out of SBII l0 - 15 yard.s of it.
M 376.LO, seeps out of the end of SBIIR.

N Àt end of sBr2, reaves red deposit at the frconfluence'r.



L27

o Round- corner from I{-, seens- to be coming from the

other sid.e of the sBr2, and is srightry lorser than
the main stream.

artlee creek dry, a,nd into an abandoned meander, water
running at confruence of meander and. main stream.

P After -A'rdee creek, and before sB2o, fair frow, nay

be part of the creek (Àrd.ee) seeping out further
dorsn stream - the chemistry is simirar, but not
id entical.

7. At base of 5823, from a bentonite band.

E At sharp bend before packhorse metering station, a

lick.

SOUTH BRANCH BALD HILL CREEK.

Nl Stream below raingauge ).
MI Station 28.00.

Mra å'bout 20 leet beron Ml on the same bank - LIIB.

PI Just belov the slipped. banks.

Qr Just upstream of station 16.00. - i.e. about 16.go.
RHB, mud slides all overr and downstream from the
orange sand. cliff.

Lt A little shale exp.osed. t al station LZ.IO. L¿st time
obscurecl by recent mud frow as a resurt of the

blowing of the beaver dam.
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DD At station 1l.OO, a good flor¿.

RI Lick on the LHB at approximately 9.OO - some iron
straining.

Kl Large lick at crest ga.uge 8.

EE Stream between the two bra,nches - sample taken

where it crosses the deer path to crest gauge g.

FF LHB North branch Bald Hirr creek, iust downstream

of the crest gauge.

NORTH BRANCH BALD HILL CRDEK.

Al Yery rich in iron, deep red mud make this
unmistakeable, good flor¿.

Bl At reference point 30, stream coming dor¡n from

pencil lake station 258.OO.

CI LHB, at station 248.L5 (centre line of draw)

comes out over c¡uite a large 
"r"", through stones

- from rain gauge L2.

DI WeIl defined, full of boulders, fans out all around.,

just d,ownstream of 24L.15"

El RHB, stream running.

Ft RHB, good flov, just below 234.OO.

HI LHB, at, TP 69, clear water, calcium deposits, RIIB,

ca deposit not as heavy as some, just the smarr rocks

- may be just that the water is very clear.
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JI Gooè streamt

at' 2O9 ' OO

GI Creek coming in on

Much wat,er seePing in

probablY seepage from

veryr very clear' gooð taste' confluence

t,he corner, clear water ' 
224'OO'

belor+ JI but no samP1e ' as it is

Ë8.

BALD I{ILL CREEK BELO'!f TiTE JUNCIION'

GG Just below crest gauge 7

HH By lickt seepage out all overt 163'00

JJ .A' Iick on the corner'

11 À 1ick on the BHB - 2OOr belorr JJ' which is 2OOl

belov ËH'

KK At station I5I'90' EHBI 30Or below 1I'

LL Just above SB I

X Seepage at foot of bank above Conway Junction'

\{ Between SB II ancl I0' below BaIcI llill

V Opposite F'eference Point 7r in the area' of <lowncuttingt

at SB II'

U Near SB18 - the large spring r¡ith the can placed in

tbe outlet'

In the corner of an abancloned' meanðer' between

and 19 aPProximatelY TP 25'

In shale bank 2l' from the fault in the centre'

From the far end of SB 22'

Sts2O

T

S

R,



APPENDIX D

Inventory of Chemical Analysis Laboratory.
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INVENÎORY OF CHE}IICÀL },NÄITSIS LAB.

Hach kit - complete for testing .A.tkalinity, Chloride,
Ca,lcium, and Total hard.ness, Iron, Sulphate, and

Magnesium.

pH meter

Conductivity meter

Piezometer sampler, cable and. stand.

Telethermometer and cable (temperature dor¡n r¡errs )

C thermometer

Small thermometer for springs )
) U"longing to the PFRA

Ivletal thermometer for daily samples )

IO conical fLasks (could. clo better with J,Z)

4 5oml graduates

2 25nL graduates

I pipette (could do with 2)

I plastic st,rair (to tretp vittr Fe and S04 tests)
i.t least 6 glass funnels

FunneI stand

Filter paper (largest, size madeI)

7 glass beakers of varying sizes

I 4OOmI

4 25On'L

I lOOmI

3 50 mI burrettes and stand - need. extra stand



-1- 1Oml burrette - need, stand

I(leenex
'l{ashing up bowl

l,{ashing up liquicl

Bottl-e brush

illastic bucket

Large d,istilletL water container i.ith þap

Yaseline - for greasing taps of burrettes

Boxes - for ï:ottles

l{ashbottle - polyethylene

Itiinitimer clock (belonging to the PFRA" )

Marking pen - iuaterproof

i\iasking tape

Insulating tape.

L32
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