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PURPOSE AND SCOPE OF INVYWSTLGA oM
The purgose of this projeci was to study the relationship hetween

stream chemistry anc the groundwater contrihition Lo stream fiow. The

factocs considered in this investigation were 1) time since the last majo
storm, 2) position in *he stream (vpper, middle and lower segmen:ts of the
stream, 3, size of the stream. The investigation of each factor indivicu
and the interaction of cne factor with another were incorporated into
the experimental design.
The ¥usquodoboit River (Gotal length of approximately 40 miles) and
Flip Brock (total length of approdmately one mile) were chosen for this

project.

METHOD OF STUDY

Samples of water were selected from three equidistant points on
eoch of two streams doily 1or a period of six days. Sampling was
tni..2ted immediately after a major sterm and continued until low stream
fiow 1ade accurate sampling impracticable. The samples were analyzed
for total hardness only, but other ions will be considered on receipt

of the recessary field cquipment. The statistical analysis was generated
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for a factorial arrangement of treatments since this method provides

the most efficient use of experimental information.

CiATL31TICAL ANALYSIS

The ealculaiions for the statistical analysis using the tabular
rethod are given in table 1 and the significant effects are presented

in vable 2 using the 0.05 1evel of significance. The significant co-

s 2 1 .
efficients for vosition i, the stream are -%.25 for the linear effect

and 0.3l for the quadratic; for the effect of time after rainfall the

linear coefficient is 0.83 an? the quadratic 0.19.
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Level QObservation Operaticn

@

sum of

n_i_Operation 2 Operation 3 Divisor Squares Effsct
000 21, 61
100 17 93 154 1021 3%
200 23 6h }g’s -102 2k k33.5 N
c10 35 8l 1 1 +22 72 67 M
110 29 20 e +201 3 1122.2 Sy
210 29 6 3 J ~168 2L 1176.0  Ny31
001 20 &7 02 412 7 2.0 NSy
101 22 108 - 33 420 290.0 T
o1 P ot -l2 -15C 280 80.3  NITy
o1l pos F -1 -2 840 0.0 Nply
111 23 75 -19 161 420 6L.7  S1Ty
211 19 125 -2z -236 280 198.9 Niy3Iy
002 18 A ~29 56 Cho 3.7 Na51Ty
102 Al £ 16 9; 502 7.9 T2
202 2 - - 33 0.0 Ny
oLs 418 2 bt 167 1008 216 Nl
112 3 10 -2 w05 504 21.8 3Tz
212 19 22 ° 9 3% 0.2 N51Tp
%05 %0 -22 u -2L 108 O N2S112
10% o 22 52 =71 1080 0.4 T3
20% 53 - :‘50 =55 720 4.z NjT3
02 o o 21 - 77 2160 2.7 NaT
113 36 - M -109 1080 1.0 Sy I%
s % 9. 37 311 720 17.2  N151T3
7 o -38 50 L 2160 0.0  Np5iT3
ook 2L ig 8 3 168 64 T
Lo¥ 24 6 -20 +9 112 3.2 Ny
200 & - -32 -3 236 0.0 N2Ty
oL 52 0 -25 35 168 7.2 1%
;1: 35 -2 -36 -1 112 0.0 MS1T4
6%f g% -2 -h7 -7 336 0.1 W3S9 Ty
5 -5 . 1 1512 0.0 15
105 24 0 2 -65 1008 L NiTs
205 30 1 0 ~55 3024 1.0 N2 T
0L5 62 5 5 133 1512 11.6 51T
115 39 3 b 111 1006 12,2 M3S1Ts
215 2L 8 5 49 3024 0.7 NpSqi%
Coefficients
0o 1 2 01
o 1 1 1 3 0o 4 H 2
L -1 ¢ # 2 1 -1 H 2
2 41 -2 # 6 0 2
1 -1 3 5
o 1L 2 5
N N R | f 1 1 6
1 -5 =3 1 1 43 45 70
2 45 -1 Wb Wb =L 45 BA
3 -5 47 # Wb =7 #5180
L o+ -3 # £ <3 H 28
5 21 45 &0 40 . =5 +1 252
L4 6 - 6 ~12 18
Table 1. Calculations for the statistical snalysis of the stady of hardness

in the Masquodobolt’

wiver and Flip Brook, Nova Scotia.
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Signafican: Effects

Linear effest of position

Quadratic «ffect of pesition

Main effec: of stream

Linear effect of time

(uadratic :7fect of time

Linear pos: .ion - stream interaction

Linear position - linear time interaction
Quadratic pocition = quadratic time interaction

Stream -~ linear time interaction

Stream -

Stresm - cuoic tine interaction
Sypeam - guaitic time interaction

Stream - fiith order in time interaction

Takle 2. Significant effects of
“iyer and Flip Bro

dratic time interaction

Linear position ~ stream - time interaction

the study of hardre
Nova Scotia (.05 la

433:5

6.7

1122.2

290.90

17.9

1176.0

80.3
27.6
61..7
21.8
11.0

72
11.6

5.7

Coefficients

sa in the Musguodoboif
vel of significance.)




NISCUSSION OF RESUL1TS

Introduction
It is apparent f#om figure 1 that there is a significant difference

_in the absolute value of the hardness of these streams and in the magnitude

of the changes in them over time. The mean hardness is lower in the river

and the fluctuations over time are small relative to those in ihe brook.

Effect of Stream Size

Figure 1 illustrates the variation between streams which is supported

vy the significant value for the main effects of this factor. Tre total hard-

ness is hizher and there is a greater difference between the upper, middle
and lower segments in the values for the brock than for the river. The
rate of increase and the maximum value of hardness are al:o higher in the
brock. Tae overall higher value for hardness may pe due to the fact that
the brook is underlain entirely by carbonates while these rocks occur only
along 50% of the length of the river. Ground-water, rich in carbonates,
would be contributed over a relatively greater proportion of the Peach of
the hrook. A second y..ssibility is that the ratio of groundwater flow to
surface runoff may be greater in the brook than the river and the carbonate-

rich subsurface flow is the determining factor.

Effect of Position along Stream

The hardness decreases with distance upstream from the river moubth when

time is held constant. This is shown by the negative value for the linear

coefficient; the positive value for the quadratic coefficient suggests,

however, that the decrease begins to jevel off in the upstream area. An

explanation for this phenomenon 1s not readily apparent. The increase down-

stream may be due to a closer proximity of nedrock in the downsiream area

as a result of erosion of Pleistocene drift. The thick drift sequences in
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the brook area and headwaters of & - . .
h adwaters of the river support this hypothesis. This

[=3

arplanation would necessitate local {low systems carrying grounawate® throug
the drift with negligible interaction with ths regional ilow sysfeu penetrating
the limestone bedrock aquifer.

The thick drift sequences ir the brook watershed and headwaters of the
river support this hypothesis. The abundance of seepage faces in tiil in the

brook arez also suggest lateral movement through the Pleistocene.

Efrect of Time Period Since Last Rainfall

The pronounced linear effect of time is easily seen in figure 1. 1ne

positive linear ¢ d quadratic coefficient. indicate that the hardness increases

at an increasing rate as the period of %ime from the last storm increases.
This phenomenon is particularly apgrent in tne brook and also appears in
the 1iver when the sampling period is extended (this is poorly indicated
in this experiment but is supported by recert data not developed here).
Tne increased hardness is rrobably due to the influence of groundwater runoff
which is Jikely predominan®t towards the erd of the sampling period. The
precise relaticnship between chemistry and the grouniwater component of runoff
requires hydrographs which were not available for this study. The iritial

high valuss in the upstream areas immediately after the storm would svggest

a sulden discharge of highly mineralized groundwater due to the increased

hydraulib gradient. Surface runoff may alsc have contributed *. this increase

of
th onzh the solution,decomposed organic material.

Interactions

Table 2 lists the various significant ipteractions of the factors in this

experiment . It shows that the effect of position 1pn the stream is depanderit

upon time and the stream campled; it also indicates that the effect of stream

size ig strongly dependent upon the point in time at which. the comparison i3

made and that there is a complex dependence of the three fantors, position,




7
stream cize and hime. ‘he significant interactions justify, in themselves,
the use of [aciv-ial arrangements of treatments since in other methods of

analysis this informatic: is irreirievable.

CONCLU 3IONS

1) 'he hardness of the streams sampled decreased at a decreasing
rate from the mouth towards the headwaters;

2) the hardness in Flip brook was sigrificantly higher than in the
Musquodobolt Riverj

3) the hardness in rnhe streams increased at ar increasinug rate with
an increase in the period of time since the last rainfall;

L) the phenomenon stream chemistry, as indicated by hardness, can
be studied as a process dependent upon groundwater runoff and should be a

useful tool. in studying groundwater discharge.




