CHAPTER 16

Sub- Basi n Gr oundwat er
Reconnai ssance Studi es

16.1 HYDROCEOLOGY OF VASEUX CREEK SUB- BASI N

16.

1

Vaseux Creek (Fig. 16.1) includes a drai nage area of sone 97 square

m | es above a gauging station situated at a point about 5 miles upstream
fromthe mouth of the creek where it joins kanagan River. Vaseux Creek
drai nage basin rises to elevations of nore than 6,500 feet and nore than 75
square mles |lies above an el evation of 4,500 feet. Vaseux Creek is the
trunk streamfor 5 major tributaries.
1 Geol ogy

Vaseux Creek drainage basin is underlain by the Shuswap terrane that
conmprises a group of metanorphic rocks but younger intrusive granitic and
granodiorite rocks are exposed at the surface over nmuch of the area.
During Pleistocene time the area was ice covered and erosion of the
bedrock, in particular. The granitic rocks provided naterial for the
deposition of grey silty stony, clay and till and neltwaters left ice-
contact and outwash gravel and sand to form extensive areas of surficial
deposits within the plateau-like uplands between elevations of 4,000 and
5,000 feet (see nap, distribution of surficial deposits). These surficial
deposits not only provide a soil (Photo 16.1) for the stands of tinber
covering the area but also provide a nediumfor the storage and novenent of
groundwat er contributed by snowren seepage.

16. 1.2 Hydrol ogy

*

No clinmatological stations or snow courses exist in the basin. A
gaugi ng station on Vaseux Creek, at an elevation of about 1,500 feet, has
been in operation since 1958 providing continuous records (Photo 16.2). A
bar graph chart shows the runoff (see map) for the 1966 water year and its
monthly distribution. The 1966 water year was bel ow nornmal but the graph
illustrates the distribution of the discharge which reaches a peak in My
foll owi ng the near di sappearance of the season's snowrelt.

The study of groundwater flow systens in crystalline rocks under a
simlar geol ogical environment was undertaken by D.W Lawson* in the
Trappi ng Creek drainage basin tributary to the Wst Kettle R ver and about
20 miles northeast of Vaseux Creek basin. The quantitative flow net for
that basin depicts local flow systens superinposed on an internediate flow
systemthat in turn overlies a regional flow system Lawson concluded that
flow through the conbined regional and internediate flow system that in
turn overlies a regional flow system

Lawson, D.W, Groundwater flow systens in the crystalline rocks of the
kanagan Hi ghl and, British Col unbia, Canadian Journal of Earth
Sci ences, Vol une 5, 1968.
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VASEUX CREEK DRAI NAGE BASI N
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Photo 16.1 Vaseux Creek Drai nage Basin, unconsolidated
surficial deposits with stand of | odgepol e
pi ne

Photo 16.2 Hydronetric Station, Vaseux Creek
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Lawson concl uded that flow through the conbined regional and internediate flow
systens is at nost |less than 2 percent of the flow through the local flow
systens and the local flow system adjacent to the creek supports the ground-
wat er conponent of baseflow. In Trapping Oreek the local flow systens in the
crystalline rock conplex contributes from10 to 17 inperial gallons a day per
foot thickness of aquifer. |In the Vaseux Creek basin a local flow systemexists
in the perneable surficial deposits and the intermedi ate and regional flow
systens are confined to the nmassive bedrock in which flowis negligible and
hence these systens can be di scounted as providing any significant vol ume water
to the overall regine. The local flow systens during the 1967 water year
contributed a baseflow in the order of 3 cfs during the nonths of August and
Septenber and it is assuned that discharge during those nonths was entirely
groundwater. QG oundwater discharge at this rate during the year provided a
little nore than 10.5 percent of the total discharge of 43,110 acre feet.

Water sanples were collected from?7 points in the basin to assess by
geocheni cal neans any groundwater contributions to the creek discharge. The
chem cal anal yses are presented in Table 16.1 and bar di agrans on the acconpany-
ing map show the total of dissolved solids at sanpling points. D scharge from
the Fish Oreek tributary has the highest concentration of total dissolved solids
and this represents groundwater discharge that had been stored in the
unconsol i dated deposits prinarily of a granitic provenance hence the higher
concentration of the cations cal cium nagnesi um sodium and potassium The
sanpl es col |l ected on Vaseux O eek bel ow the entrance of MIntyre O eek have a
| esser concentration of cations because the discharge fromthis creek is in part
snowrel t and surface runoff from Baldy Mouuntain which rises to an el evation of
nore than 6,500 feet at the drainage divide. The sanple, taken at the gauging
stati on where discharge at the time of sanpling was in the order of 3.0 cfs
shows the result of mixing of Fish Oeek and McIntyre Oreek di scharge and
conpared with the anal yses of the sanple collected near the creek nmouth there is
no real change indicating no groundwater contribution in the canyon bel ow t he
gaugi ng stati on.

16.1.3 Conclusion

A regional pattern shows up in this watershed and simlarly snow accumnul a-
tion and snowrelt above el evations of 4,000 feet are the maj or sources of runoff
and annual groundwater recharge and di scharge. Al though the groundwater
conmponent is significant and provides for a base flow of at least 3.0 cfs daily
during the late sumrer nonths it is reconmended that the above assessnent is
valid for present planning. dinatol ogical stations should be established in
t he drai nage basins to give precipitation and snow accunmul ation data and if
funds are available it is recommended that an observation well is installed near
a snow course and fluctuations of the water table observed in that well can be
correlated with the snow course data to provide accurate forecasting.
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TABLE 16.1

ANALYSES OF WATER SAMPLES

(in parts per mllion)

Station Fish | Venner | Fish | Mite | Vaseux ereek vaseux | yaseux
.Constjtuent Lake Creek Créek 22 at wier. a:tggggs at mouth Creek
pH | 6.5 8.3 7.9 7.4 7.5 7.8 7.9 7.3
chloride nil’ 0.5 0.3 0.3 0.3 0.5 0.5 0.5
é;ég;i“ity nil nil nii nil | nil nil it nil
alkalinity | 455 65.5 99.0 | 38.0 | 38.0 78.5 85.5 33.5
total * , o .
hardness 15.6 62.1 95.6 36.6 37.6 76.3 84.6 34.6
conductance | 28 142 200 81 82 168 185 78
calcium 3.4 18.4 22.2 10.8 9.2 20.1 22.0 9.0
magnesium 1.7 . 3.9 9.7 2.3 3.6 6.4 7.2 2.9
sulphate 1.0 3.7 5.5 7.6 3.5 7.5 9.5 5.3
sodium 1.4 3.6 3.4 2.2 2.4 3.6 3.6 2.0
potassium 0.5 1.2 1.4 0.9 0.8 1.2 1.6 1.0
fluoride 0.23 0.18 0.32 0.24 0.31 0.38 0.35 0.1

Anal yst :

Di vi sion of Laboratories,

British Col unbi a Heal th Servi ces.
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16. 2

16.2.1

16.2.2

HYDROGEOLOGY OF VERNON CREEK SUB- BASI N
Vernon Creek drainage basin (Figure 16.2) occupies an area of about

52 Square niles of which nore than 35 square niles are above an

el evation of 4,000 feet. Long Muntain, the highest point in the basin
reaches an elevation of nore than 5,400 feet. Lake basins cover nore
than 1.66 square miles of the upland area and provi de basin storage for
snownelt runoff. Discharge fromthe | akes system flows through Vernon
Creek to enpty into Ellison Lake sonme 8 miles distant at an el evation of
approximately 1,400 feet. One tributary, dark Creek, drains an area
bel ow the 4,250 ft. contour and discharges into Vernon Creek at an

el evation of about 1,500 feet.

Ceol ogy

The basin is underlain by nmetanorphic rocks of the Shuswap terrane that
comonl y occupi es much of the eastern upland area adjacent to the
Ckanagan drai nage system Overlying these netanorphic rocks and
occupyi ng an area west of Swalwell Lake including Winkly Face diff are
sone shales and |lavas that at nost are not nore than 500 feet thick

The | avas fl owed out over an erosional surface on the Shuswap terrane
during the Tertiary period and it is inferred that the | ake depressions
could be remants of this erosional surface. Thereafter glacial ice
covered the area and with the di sappearance of the ice the upland area
was covered with a thin mantle of silt and silty till whereas bel ow
3,000 feet the bedrock is covered in general with norainal deposits
washed and channell ed by neltwater overlain at |ower elevations by
poorly sorted gravel, sand, silt and clay that formthe delta of the
present Vernon Creek.

The mantle of silty sandy clay and till supports a cover of
i mmature tinber above an el evation of 3,500 feet (Photo 16. 3).

Hydr ol ogy

Climatol ogi cal stations have not been established in the drainage basin
but beyond its eastern limt and at an elevation of 4,300 feet a snow
course has been in operation for nore than 30 years. The water
equivalent on April 1st at this point is comonly in the order of 5
inches. The volune of neltwater from this snowpack is the recharge for
basin storage in the |akes, soil noisture and groundwater storage in the
underlying soils and rocks and provides for runoff that typically reaches
a peak in May. Records for the years 1966, 1967 and 1968 indicate the 3
year average storage from the snowrelt in the Vernon watershed anpunted
to 8,057 acre feet for Swalwell Lake (Photo 16.4) and 2,226 acre feet for
Crooked Lake. The discharge of this |lake storage is controlled
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Phot o 16.3 Vernon Creek Drai nage Basin, unconsolidated
surficial deposits with stand of inmmature tinber

P
hoto 16.4 Swal wel | Lake, Septenber 1970



by dans at the west end of both |akes (Photos 16.5 and 16.6) and therefore
flow through Vernon Creek is regulated. Groundwat er recharge and
discharge wthin the basin supports the vegetative cover but its
contribution to base flow of Vernon Creek is not considered sufficient to
warrant further investigation. Discharge of groundwater was noted in
Septenber at a spring line at an elevation of about 2,700 feet at the
contact of permeable silts overlying a till section at least 200 feet
t hi ck. Col l ective discharge of these springs was less than 3 gallons a
m nute and supported a growh of cedars and aspens. Below the spring |ine
groundwat er continued to seep through a fracture in the till and at the
cut bank of Vernon Creek ampunted to an inmmeasurable volunme (Photo 16.7)
dark Creek was dry below about 2,750 feet elevation but discharge above
that point was sufficient to supply water to a |ogging operator and the
vol ume was In the order of less than 0.2 cfs.

A sample of water was collected at a point at an elevation about
2,250 feet and bel ow present construction for a storage dam (Photo 16. 8).
The quality of the water, Table 16.1, reflects that of surface water in
storage in the lakes and hence confirns the inference that groundwater
di scharge is mninal.

16.2.3 Concl usion
The regional pattern also shows up in this watershed where at

el evations of nore than 4,000 feet snow accunulates and its neltwaters
contribute to the storage of surface water and runoff providing the
typi cal annual discharge pattern. Foll owing the peak discharge, flow
t hrough Vernon Creek is controlled. Further groundwater investigations are
not recomrended for the Vernon Creek drai nage basin.



P
hoto 16.5 Earth dam west end of Crooked Lake with
di scharge outl et

hoto 16.6 Hydronetric Station, 600 ft. downstream
fromoutlet of Swal well Lake



hoto 16.7 G oundwater discharge through
fractured till, road cut to Photo 16.8

hoto 16.8 Storage dam under
construction on Vernon Creek, Septenber
1970



16. 3 HYDROGEOLOGY OF PENTI CTON CREEK SUB- BASI N

16.3.1 Cenera
Penticton Creek drainage basin is |ocated on the east side of the

mai n Ckanagan Valley near the City of Penticton (Figure 16.3). The

drai nage basin covers sone 67 square mles and extends fromlatitude 49°
30" to 49°40' and longitude 119°35' to 119°20'. The el evation ranges from
approximately 1,100' at the City of Penticton to sone 7,000 at Geyback
Mount ai n.

16. 3.2 Morphol ogy

a) Geol ogy.
The bedrock is conprised of gneisses and schists of the Shuswap Conpl ex

and is associated the | ate Mesozoi c Okanagan intrusives. The bedrock is
exposed in nunmerous places and is covered by a thin veneer of dacia

deposits, mainly till and ice-contact materi al

It appears that Penticton Creek is structurally controlled, as can be
seen on the photo nosaic, there is a NNE-SSWlineation, which is
approximately parallel to Penticton Creek. There are seven tributary
creeks to the main creek, all are at right angles to the NNE-SSWtrend,
the tributaries to the tributary creek are again at right angles, i.e.
parallel to the NNE-SSWtrend. O the seven tributary creeks, five are
on the east side of the basin

b) El evati on

The foll owi ng table shows the areas between different contours:

TABLE 16.2
AREA - ELEVATI ON DATA - PENTI CTON CREEK

Avea in . % of

Contour Interval ~f Square Miles Total area
> 2500 . 4,15 6.18
0_-3000 2.05 3.05
3000 ~ 3500 ~ 2.36 3.51
3500 - 4000 3.10 4.62
4000 - 4500 5.50 8.20 . over
over 4000~ £t
4500 - 5000 8.90 13.25 over
4500 ft 82.62%
5000 - 5500 16.52 24.60 5000 ft 74.42% :
§500 - 6000 16.29 : 24,25 61.17%
6000 - 6500 7.67 11.40
: 6500 0.65 0.97
67.19 100.03
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a) Precipitation

Records are available from Penticton for the period 1907-1953, later records
are probably avail able but the follow ng averages are based on these figures:

Mean Annual Precipitation 11. 31" M ni mum
1928 - 1929 5. 73" Maxi num 1948 -
1949 18. 47"

Mont hl y Aver ages:
OCT. NOv. DEC. JAN. FEB. MAR APR  MAY JUNE JULY AUG  SEPT

Precip. in. 0.94 0.94 1.12 1.03 0.80 0.67 0.77 1.10 1.33 0.86 0.86 0.89
% of total 8.31 8.31 9.90 9.12 7.07 5.92 6.81 9.73 11.76 7.60 7.60 7.87

The Hydrology Division of the Water Investigations Branch has devel oped the
following nultiple regression equations to calculate precipitation in the
Ckanagan from el evation, latitude and | ongitude.

The equations are given bel ow

Y, = 0.46X, + 4.29X, — 206.3

, = 0.267X+ 2.574X,- 124. 49

, = 0.238X+ 2.098X,- 101.61

Where X, = elevation in hundreds of feet
X, = Latitude e.g. 49°20

and Y, = Mean annual precipitation in inches

< <
I I

Y, = Cct. March nean precipitation in inches

Y, = Nov. March nean precipitation in inches

Penticton Creek extends from latitude 49°30" to 49°40' which gives an

approxinate increase of half an inch of nean annual precipitation in the
north of the basin.

b) Limtation of the Equations

The equations are based on data from bel ow 4,000 and so are not verified
above this.

The confidence linits of the values ace not calculated here, as the nmain
pur pose of using themis to show the areal distribution of precipitation over
the basin. Mirre detailed studies of the hydrol ogy and neteorol ogy are being
carried out by other task forces.



c) Mean Annual Precipitation
TABLE 16.3
MEAN ANNUAL PRECI Pl TATI ON
over over ___over
Mean Area Mean Precipitation
Contour Interval Elevation in square Annual acre
atio miles in inches feet
5 2500 2100 4.15 14.86 3,288
2500 - 3000 2750 - 2.05 '17.85 1,951
_3000 - 3500 3250 2,36 20.15 2,535
3500 - 4000 3750 3.10 22.45 3,71
4000 - 4500 4250 5.50 24.75 7,259
- 4500 - 5000 4750 8.90 27.05 12,838
§000 - 5500 5250 16.52 29.35 25,856
5500 - 6000 5750 16.29 31.65 27,494
6000 - 6500 6250 7.67 33.95 13,886
6500 ' 0.65 36.02 1,248
67.]9 100,066
5000’ 4500’ 4000
68, 484 81, 322 88,581 =
68% = 81% = 88%
Table H. 3 shows that |less than 5% of the precipitation falls bel ow
3000 mainly due to the small area below 3000° (10% of total area)
Yet 88% of the precipitation is derived from 4000 and higher, 81%
from 4500° and hi gher and 68% from 5000° and hi gher, Figure 16. 3.

TABLE 16.4
Y, Qctober - March Precipitation

(Penticton Creek)

beeomesSuation, October, CMaren Precipitation cumutative Total

2100 8.02 1,774 55,901
2750 9.75 1,066 54,127
3250 11.09 7,395 53,061
3750 12.42 2,053 51,666
4250 13.76 4,035 49,613
4750 15.09 7,163 45,578
52580 | 16.43 14,471 38,415
5750 17.76 15,430 23,944
6250 16.10 7,811 8,514
6700 20.30 703

55,901

falls from Cctober to March

As can be seen in Table 16.4, just over half of the mean annua
It should be borne in mind that a large part of

precipitation

the Cctober - March precipitati on occurs as snow and remai ns on the ground

until the spring thaw




d)

Sur f ace Runof f

A Praire Farm Rehabilitation Adm nistration Report of 1963 indicates that the
25 year average runoff (prior to 1963) is some 43,000 ft. or approxi mately
"equivalent to 12" over the whole basin (Figure 16.4).

If the total precipitation over the basin is in the region of 100,000 acre-
feet, as calculated fromthe regression equation, then approximately hal f of
the precipitation is lost in evaporation, it will be shown that groundwater
outflow fromthe basinis negligible. O course, both the estinmates of
runof f and precipitation are subject to considerable error, but will be
refined as the study continues.

e of the problens on Penticton Creek is the nunber of nan-made storage
schenes.

The Upper Penticton Ceek storage reservoir consists of two dans, #1 dam
capabl e of storing 1,200 acre-feet and #2 damstoring 10,240 acre-feet. The
catchment area is approxinately 12.3 square mles and the estimated average
runoff is 8,900 acre-feet or 13.6". The mnimumestimted runoff is 2,000
acre-feet or 3.1".

The average runoff of 13.6" appears lowif the estinmate of precipitation of
30" or so, for 5000 and higher, is correct. There is a nuch thicker

Pl ei stocene cover over this area and it could be that the groundwater runoff
fromthis area is much higher than the rest of the basin.

In addition to the Upper Penticton Oreek reservoir, there is 100 acre-feet of
storage on Howard Lake and 150 acre-test on Corporation O eek

It isthus quite difficult to estinmate the natural flow. Stream gauges are
being installed on the Upper reservoir, to determ ne reservoir storage, bel ow
the upper dans to determne flow rel eased fromthen and just above the dam at
Canpbel | Muntain, to neasure the flow going into the | ower storage area and
di versi on tunnel

The spring snowrelt generally begins in April and proceeds upwards at an
approximate rate of 500 per week until the snow nelts on the 7000 peaks in

| ate June.

The peak runoff generally occurs in late May and is in the order of 200-300
cfs. According to references, the natural flowin July, August and Septenber
is 20 acre-feet per day or 10 cfs with flows as low as 5 acre-feet per day
(2.5 cfs).
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e)

f)

If we take the low fl ows as being mainly groundwater discharge, then say
ground-wat er discharge is 7 cfs or approxi mately 5000 acre-feet per year and
assum ng the val ue of 43,000 acre-feet is correct for average natura

di scharge, then the groundwater conponent of the discharge (baseflow) is in
the order of 11.5%

G oundwat er Fl ow

As has already been nentioned, the groundwater conponent of the hydrograph is
possibly in the 5% - 15%range of total flow In addition to this, there
will be a certain amount of groundwater flow out of the basin. There are
thus two factors to consider:

1. The effect of groundwater flow within the basin, this will generally affect
t he shape of the discharge hydrograph and be a nmajor influence on | ow fl ows.

2. The amount of water actually |eaving the basin as groundwater flow

Amount of Groundwat er Leaving the Basin

As the Pl eistocene deposits are only a thin veneer over the bedrock, we
wi Il consider the hydraulic properties of the bedrock

The bedrock is generally highly metanorphosed (gneiss, granodiorite) and so the
hydraulic conductivity will be dependent on the structure i.e. joints, fissures
and sheer zones. There appears to be a pronounced joint system running

approxi mately parallel to the main creek (NNE-SSW and at right angles to this;
both are nearly vertical. 1In addition, there appears to be a smaller system
associated with a foliation structure dipping generally to the SW

These joints have been opened to several centimeters by surface weathering
and undoubtedly close up with depth. Test drilling for the diversion tunne
at Canpbell Muntain indicated fine fissures up to 140" bel ow t he surface
with inflows of up to 1 gpmin the test holes. No detail was given on the
di ameter of the hole or depths at which water cane up.

It thus appears that the hydraulic conductivity, k, could probably be
expressed as a function of depth and woul d probably be insignificant bel ow
depths of say 500 - 1000'. So there would be very little groundwater outfl ow
fromthe basin, other than near the nouth of the creek and possibly m nor
armounts near the topographic divides.

The Prairie Farm Rehabilitation Adm nistration drilled a test hole in the
val l ey bottomnear the site of the diversion tunnel and dam This test hole
i ndi cated there was sonme 70 feet of overburden above bedrock, although it may
be that the hole was termnated in a |arge granitic boul der

Field perneability tests gave values in the range of 0.06 to 0.3 ft/ min., which



2 2 3 2
is approximately 5.5 x 10 wus gpd/ft. to 2.8 x 10 wus gpd/ft. *.
The aut hors of the report assunme a hydraulic head differential of 25 at the
dam a flow path of 250 feet and a cross-sectional area of 13,000 square
feet.

Fromthis they derive an underflow of from 2-10 cfs.
Using D Arch's Law

Q=KA VWhere Q= flow in us gpd
2
K = hydraulic conductivity us gpd/ft.
| = hydraulic gradient
A = Cross sectional area

2 5 2
Q=55x 10 x 25/250 x 13,000 = 7.1 x 10 wus gpd/ft.
3 6 2
Q=2.8x 10 x 25/250 x 13,000 = 3.6 x 10 wus gpd/ft.
Di vi di ng by 6.46 x 10° to obtain flowin cfs, we have:
Q=1.1to 5.5 cfs.

To nmake a rough estinate of the natural flow through the channel above the
dam where the new weir will be sited, consider the following sinplified

Cross section:

100’ 200’ 100’
C A 40 o}
B 30’
C 50’

VWere: A = coarse gravels and boul ders
B = fine sands
C = fractured bedrock

If we assign the follow ng hydraulic conductivities to each unit:

Cross sectional area A

4 2
Ky, = 10 us gpd/ft A, = 8,000 ft

2 2 2
KB=1O0 us gpd/ft2 AB=6,OOO1‘t2
Kc = 10 us gpd/ft Ac = 34,000 ft

2 4
* to convert to us gpd/ft. multiply ft/mn. by 1.075 x 10

And assune a hydraulic gradient of approxinmately 150 ft/mle (the sane
as the creek bed).
VW have: Q = KA

4 6
Qy = 10 x 150/ 5000 x 8000 us gpd approx. 2.4 x 10 us gpd



9)

h)

2 4
Q; = 10 x 150/5000 x 6000 us gpd approx. 1.8 x 10 us gpd
2
Q = 10O x 150/5000 x 34,000 us gpd approx. 1.0 x 10 us gpd
6
Total approx. 2.4181 x 10 or approxinmately 3-4 cfs.

G oundwater Flow Wthin the Basin

As has al ready been nentioned, the geol ogy of the basin conprises of a
thin veneer of Pleistocene deposits over gneissic bedrock. The

Pl ei st ocene deposits vary fromsilts, sands and till to gravels with
extrenmely rapid lateral variations.

A theoretical groundwater flow pattern is described below this is based on
work by Toth (1962, 1963) and Freeze (1966, 67a, 67b). Toth suggests a
system of three major flow conponents: (1) local, (2) internediate, (3)

regional. Due to the decreasing perneability of the bedrock with depth
it is suggested here that the regional flow between drai nage basins is
negligible or absent. It is further proposed that there be two flow zones

for Toths's local flow system these are designated K, and K; the term K.
is used for the internediate flow path.

Local fl ow Zone Ka

It is proposed that the upper part Pleistocene cover be designated a | oca
flow zone; in places this zone woul d extend down to bedrock, in others, the

lower part of the Pleistocene may be better grouped with zone K;. The zone

K, is characterized by nunberous small flow systens (See Figure 16.5.

Local springs are caused by variations in topography and lithol ogy, somre
characteristic situations causing springs are shown in Figure 16.5.

During August 1970, field exanination showed that nost of the springs had
ceased flowi ng or were only discharging at 5-10 us gpm this was due to the
| ow precipitation and hi gh evapotranspiration. This enphasizes the
seasonal variations within this zone, nuch higher flows woul d be expected
after the snownelt period and al so after heavy rains.

Zone Ky

This zone woul d be an extension of zone K, it is shown in Figure 16.6. This
zone woul d conprise of the |ower part of the Pleistocene, the fractured
tills and | eached zones. It also includes the upper few feet of the
bedrock where the joints are opened by weathering, this zone woul d extend
5-10 or 20 feet
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i)

bel ow t he bedrock surface. The hydraulic conductivity of this zone woul d
be generally higher than that of the overlying zone and woul d probably be
extrenely variable, fromsay, 1 to 100 us gpmper ft. This zone will in
general, be nore uniformthan zone K, and will show smaller water |eve

fl uctuations.

To neasure the anount of water flowi ng through this zone, we could use
the follow ng el enentary fornul ae.

Q=PA VWere P = Perneability
| = Hydraulic grad
Q= VA A = Cross section area
V = Velocity
The hydraulic gradient 'I' could be assuned to be nearly the sane as the

t opogr aphi c gradi ent, pressure tests would give perneability and also a
possi bl e depth at which this zone could be terminated. Alternatively
velocity, V, could be obtained frominjecting tracers.

One feature of this zone is the major spring line at approximately 5000 ft.
where there is a distinct break in slope. Above this elevation the

t opographic gradient is approximately 500 ft/mle while belowit is in the
order of 1000 ft/ mle. This shows that the hydraulic conductivity, K is
such that it will support a hydraulic gradient of 500 ft/mile but not 1000
ft/mle, alternatively there could be a change in hydraulic conductivity at
t he change of slope, for exanple, till could be plastered against the | ower
part of the slope. Mst of the groundwater novenent probably occurs within
this zone.

I nternedi ate fl ow Zone K.

This zone would be entirely wthin bedrock and woul d begin at sone
arbitrary depth at which there is a specific decrease in hydraulic
conductivity. As has been stated earlier, hydraulic conductivity, K
decreases with depth, a Prairie Farm Rehabilitation Adm nistration test
hole at the site of the diversion tunnel found a perneability of 1/2 us

gpd/ft2 at a depth of 138" below surface. It is thus probable that flow

becomes insignificant beyond depths of say 2000" and for nathematica

simul ati on an i nperneabl e boundary coul d be assigned to varyi ng depths, say
200-500 ft. It is thus evident that there would be no significant flows
bet ween basis and the groundwater fromthis zone would di scharge into the
val l ey bottom

It is proposed that no regional flow conponent be created, for the above
reasons.

Mat henati cal nodel s devel oped by Freeze (1966), could be utilized to

aid in the interpretation of the groundwater flow system This would

i nvol ve assigning relative values of Kto a nultilayered aquifer system



k)

St udi es by Lawson (1968), on the Trapping Creek Basin 30 niles east of
Penticton Creek, using six perneability zones, three of which are simlar
to those proposed in this report and a further three zones of higher
permeability in the valley bottom

Lawson postul ates that piezoneters cannot be reliable beyond depths of 175
feet, due to the decreasing and nore random frequency of fissures with
depth. He further postul ates an inperneabl e boundary at a dept of 1,000
feet and suggests nost of the groundwater novement (95% occurs in the
local flow system (zones K, and part of K, in this report). Lawson reports
perneabilities higher than the Praire Farm Rehabilitation Adninistration
figures in the report, this may be due to differences in geology, there
bei ng nore perneable tuffs present in Trapping Creek. Lawson gives val ues
of perneability as foll ows:

Local flow zones (0-150') 10-17 igpd/ft. thickness (zone K, and
part K) Intermediate flow zone (est. at 150') 6.8 x 10° igpd/ft.
t hi ckness Regional flow zone (est. at 600') 8.0 x 10" igpd/ft.

t hi ckness

To check any theory in the field would be expensive, involving the
installation of piezometers. This is discussed under instrunmentation

| nstrunent ati on

In order to nmeasure groundwater fluctuation in the field, it would be
necessary to install piezonmeters, a mninmumof three nests in any profile
woul d be necessary to define the water-table plane (see di agram bel ow).

PLAN

. .
P le._12£sr?§wr —— Groundwater flow path

At each nest, at |east one piezoneter would have to be installed within
each of the three proposed flow zones. Due to the steep hydraul 1c
gradients (1) and the relatively high velocities associated with fissure
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flow, in conjunction with a | ow storage coefficient (S) watertable
fluctuations will be both rapid and relatively large. Consequently, the
wat er | evel should be nonitored by recorders rather than nmanually.

It would cost $500 to $2,000 to drill each hole, it may be that nests of
pei zoneters could be conpleted at different depths within each hole or
different holes may have to be drilled for each depth, depending upon
condi tions and hol e di anmeter.

Recorders woul d costs approximately $500 for a single channel, with nulti
channel recorders costing nore (for different piezoneters) so costs would
vary from say $3000 to $6000 per pi exoneter nest.

There woul d al so be the cost of access roads to each site at a cost of
$2000 -$3000 per mle.

As stated, a minimum of three piezoneter nests would be required to
moni tor one section. This, in itself, may not be representative of
conditions a short distance away.

In summary, it is concluded that it would not be justifiable to instal
a piezoneter network due to the high capital cost and relative snall
returns.

"V' Notch Heirs

One alternative is to install small weirs at nunberous strategic points
and anal yze the hydrograph for the base fl ow conponent. Data fromthese
weirs could al so be used to simulate surface water runoff using flood
routing techni ques.

The weirs are described by Hall and Langham (1970), and are constructed

of 3/4" or 1" plywood, reinforced with netal angle iron and have a netal
lip on the "V' notch to give a sharp chrest. The rating curve of the weir
wi || depend upon the angle of the notch, the capacity can be from

approxi mately 7-12 cfs for a two-foot head on a 60° or 90° "V' notch

ot her angl es could be constructed for |ess than $250, an F-type recorder
woul d cost approxinmately $450; with installation the weirs woul d cost
approxi mately $1000.

These weirs could be installed on the tributary creeks and at different
el evations on one of the six basins under study.



In the International Hydrological Decade (I.H D.) study basin at Carr's
Landi ng, the Hydrol ogy division has reported a good correl ati on between
wat er-tabl e fluctuations and snownelt runoff.

One possible explanation is as follows: Apart fromthe neteorol ogi ca

ef fects upon runoff from snowrelt, the actual anount of water nmelting will go
partily towards surface water runoff phenonmena and partly as groundwater
phenonena. This in turn will affect the peak flow and its duration, higher
peaks and shorter duration high flows will be experienced when the surface
wat er runoff is nore inportant.

The percentage surface runoff to groundwater will depend upon the
perneability of the soil, anmoung other factors. The perneability of the soi
will in turn be affected by the amount and type of frost in the soil at the
time of snowrelt. The frost seal will depend partly upon soil noisture |evels
prior to freezing and al so upon precipitati on and evaporation prior to
snowfall and the type of frost will depend upon freezing conditions prior to
snowfall and the insulating effects of the snowfall. There may al so be
substanti al evaporation/condensation within the soil noisture - snowpack
system dependi ng upon vapour pressures.

Thus nmonitoring the water-table nay give a good index to be used in
extimating runoff from snowrelt.

| f possible, small closed |ocal flow systens should be instrunented with
recordi ng piezoneters. |f properly designed, the piezoneters nmay al so nmeasure
evapotranspiration in the sunmmer. Thernistors installed at different depths in
the soil may also give useful indexes to the frost seal and would give
information on infultration rates during the spring, sumrer and fall.

Hydrochem stry

Seven sanpl es of water were collected fromPenticton Creek and its
tributaries, these were anal ysed by the Public Health Departnent. The

| ocati ons where the sanples were taken fromare shown on Figure 16.7. The
anal yses are shown in the acconpanying table end on the Piper diagram

As can be seen, the waters are relatively fresh, with |l ess than 100 ppm
di ssol ved solids

The sanples are generally cal cium nagnesium bicarbonate waters and
there appears to be no real difference between the sanples.

In waters this fresh, the anion/cati on epm bal ance should generally be
within 5%there is up to 10% difference in sonme anal yses, which nmakes the
anal yses somewhat suspect.
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The Water Bal ance

If we consider the followi ng sinple relationship

(1) P=ET +RA Where P = Precipitation

ET = Evapotranspiration

R = Runoff, surface and subsurface

A, = Change in storage, surface and subsurface

From figures available at this tinme:

P approx. 100, 000 acre-feet per year

R, approx. 43,000 acre-feet per year (surface)

R, appr ox. 1- 3,000 acre-feet per year (groundwat er)
A appr ox. natural storage prob. snal

Potential ET approx. 20" approx. 61,000 acre-feet.
Thus using equation (1)
100, 000 aprox. 61,000 + 43,000 + 1 - 3,000 acre-feet
which nearly balances and considering the nature of the data, the
bal ance is quite good.

It can be seen that the groundwater conponent is quite snall even when
t aki ng basefl ow as 5-15% of runoff (2,000 - 6,000 acre-feet).

0) Errors within the Water Bal ance

i) Precipitation

Errors in catch by the rain gauge caused by |ocation of gauge, height
above ground, type of gauge, w nd speed, etc., will add sorme snal
error say + 5%for rain and possible for snow, up to +- 50%

There is also the problem of extrapolating the guage catch to the rest of
t he basin.
Estimating the water equivalent of the snow cover over the basin can al so

| ead to considerable errors.

ii) Evapotranspiration

Losses from the snowpack by evaporation and sublimation can be especially

high during the snowrelt period. As the snownelt period extends over
several weeks and rises in altitude with tinme a relatively sophisticated
met eor ol ogi cal net wor k woul d be necessary to estimate | osses.

Transpiration fromthe forest cover
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16.3.4

during sunmer will also be subject to considerable errors.

iii) Runoff
Weirs generally have an error margin of + 5% the error margin of the
Penticton weirs win be determ ned by other task forces.

iv) Storage
If we assune that each of the Upper storage reservoirs has a surface area

of approximately 1/4 square mle, or say, 150 acres, then a change of
1/100th of a foot per day win give nore than 1 1/2 acre-feet or very
nearly 1 cfs inflow or outflow Thus it will not be possible to measure
accurately snall changes in storage, especially if one considers the
fluctuations due to seiches and winds piling the waters up downwi nd.

The possible errors in the water-bal ance have been pointed out to show
that nmany of these errors are of the same or greater magnitude as the
groundwat er out fl ow.

Concl usi on
The main significance of groundwater in this drainage basinis its

af fect upon the discharge hydrograph. As the groundwater zone is
relatively shallow and as gradients are high then there is probably not
sufficient temporary ground-water storage to reduce peak flows
significantly, yet there is sufficient storage to provide 5-20 cfs runoff
during | ow fl ow.
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TABLE 16.5

WATER SAMPLES FROM PENTI CTON CREEK

solids

SUNPURNEIINS—

Sample No. 1 2 3 []
ppm epm Yepm ppmn epm xepm ppm -} epm Zepm ppm epm Yepm
A Ci- 0.80] 0.023 ] 6.50 0.30f 0.009 1.39 0.5 0.014 4.78 0.5 0.014 9.10
N S0,--} 1.20]0.025 7.19f 1.00{ 0.02} 3.42) 1.0 o0.021] 7.06} 1.0 0.021 | 13.44
1" *HCO,- 1 18.29 1 0.300 | 86.31| 35.36| 0.580 | 95.19 | 15.85 | 0.260 | 88.15 | 7.32 | 0.120 | 77.46
0
N Sum 20,29} 0.347 |100.00{ 36.66} 0.608 {100.00 | 17.35] 0,295} 99.99 8.85 0.155 [ 100.00
S
C  Ca++ 4.2 10.210 | 49.44] 7.0 | 0.350 | 48.22] 3.2 [ o0.160] 48.61 | 2.0 0.10 47.64
A Mg++ 1.1 j0.090 | 21.3¢} 2.8 |0.230} 31.79| 1.2 [0.099] 30.04 | 0.5 0.041 | 19.63
T Ra+ 2.2 {0.096 | 29.22| 2.8 ]0.122 | 19.99| 1.2 |0.052|21.34 | 1.4 0.06% | 45 43
I K+ 1.1 | 0.028 6.9 }o0.23 0.7 |o0.018 0.3 0.008
0 .
N Sum 8,60 0.423 {100.00} 13.50} 0.724 {100.00 ] 6.30|0.328]99.99 { 4.20 | 0.209 | 100.00
s
Total ppm | 28.89 ) " 50.16 -23.68 13.05
leniogsm 45 45.6 47.4 42.6 |
%Cations 55 54.4 52.6 57.4
S.A.R. 0.25 0.22 0.145 0.229
pH 6.7 7.2 6.6 6.5
sonduct-
vity as
micromhos/ 42 68 & 7
cm
Total .
hardness
:s c:ag:ogd 15.0 29.0 13.0 6.0
issolv
solids 28.9 50.4 23.7 13.0
“-~sample No. 5 6 7 o .
amp’e *© Alkalinity as CO,nil
ppm epm %epm ppm epm %epm ppm epm %epm in all sarrpl es.
A C1- 0.3 | 0.009 | 3.69] 0.3 | 0.009| =2.74] o.50]0.014 | 3.69 Fl ouri de generally
N s0,--| 1.0 | 0.021 | 9.09] 1.0 0.021|6.74 2.70{0.056 | 14.71 |l ess than 0.1 ppm
I HCO,- |12.19] 0.200 | 87.22|17.07| 0.28 | 90.52{ 19.020.312 | 81.60 *HCQ, val ue obt ai ned
o . by mul tiplying CaCQO,
N Sum 13.49) 0.229 |100.00 ] 18.37} ©.309 | 100.00] 22.22 | 0.382 |100.00 by 1.219214. 1
s ani on/ cati on bal ance
C  Cat+ 3.0 | 0.150 3.6 | 0.180 ] 49.76] 3.2 [0.160 { 35.96 shoul d be wi thin:
A Mg+ 1.2 | 0.050 6.6 | 6.c49] 13.67] 1.8 |o0.148 | 33.33} +- 5% for total
T Na+ 2.8 | 0122 45 5] 2.9 |0.126 | 55 5 solids 100 ppm
T K+ 0.4 | 0.010 0.4 |o.010
0 +- 3% for total
N Sum 7.4 | 0.361 | 100.00] 8.3 | o0.244 [100.00 sol i ds 100-250 ppm
s i + 2% for total
solids 250 ppm
Jotal ppm 25.77 30.62
Sanpl es #4 and #6 do
% Antogg 41.3 46.2 not bal ance within
% Cations 58.7 53.8 limts. The
S.ALI, 0.36 0.32 remal ni ng sanpl es
- are only just within
pH 6.9 6.9 6.9 the limts
Cori\duct-
ivity as A
micromhos/ 20 - 26 35
cin
Total
Hardnass
as £aco, | 10.0 12 0 15.6
dissolveid 26.37 20,44




16. 4

HYDROGEOLOGY OF PEARSON CREEK SUB-

BASIN 16.4.1 | NTRODUCTI ON

a)

Ceneral St at enent

Movenent within this basin is extrenely Iinmted due to | ack of |ogging
r oads.

There is considerably | ess data available for this basin than Penticton
Basi n.

Pearson Creek flows into Mssion Creek at an approxi mate el evation of
3,000 feet, Pearson Creek basin rises to approximtely 6,500 feet.

The basin is considerably snaller than Penticton basin, being only
approxi mately 30 square miles in area.

Being further north, precipitation is also slightly higher than Penticton
Creek. Estimated precipitation is given belowin Table 16.6;

TABLE 16.6

ESTI MATED PRECI PI TATI ON OF PEARSON CREEK SUB- BASI N

vContour Interval Elzsggion Squaﬁge;iles Inc§£§Cipi:2:;?2eet
3000 - 4000 3700 4,2 23 5,200
4000 -~ 5000 4500 9.6 27 13,800
5000 - 6000 5500 11.4 32 19,200
6000 6300 4.9 35 9,200
30.1 47,400

Cal cul ati ons were nmade the sane way as on Penticton Creek

Assumi ng an approxi mate nean annual precipitation of 50,000 acre-feet:
| ess than 10%falls bel ow 4000 feet.
nore than 60%falls above 5000 feet.

nore than 20% falls above 6000 feet.
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16.4. 2

Geol ogy
The area is much the sane as Penticton Creek, a Pleistocene veneer

over igneous bedrock. Here the main difference is the bedrock type,

bei ng basalts and andesites rather than granodiorite.

There is a distinct plateau area above 5,500 feet which is generally
poorly drained, due to the | ow topographic gradients. This area nay be
suitable for high I evel observation wells to use as an index of runoff
from snownren. The wells should be sited in an area not influenced by |arge
surface or ground-water inflows and outflows. The wells should also, if
possi ble be conpleted in fairly perneabl e deposits, i.e. the drift or
upper few feet of bedrock. Wells conpleted at depth nmay be affected by
irregular storage within fissure zones. That is, a uniforminput of water
may not produce a regular rise in the observation well due to zones of
| arge perneability (large fissures) and zones of snall fissures at
di fferent depths.

It is not possible to estimte the amount of groundwater outflow from
the basin at the nonent as there is no information on the type and anount
of surficial materials in the valley bottom The quantity is probably in
the sane order of magnitude as Penticton Creek, possibly slightly higher

as there appears to be nore surficial material

The basefl ow conmponent can be estimated fromthe hydrographs obtai ned
fromthe newweir. There is little or not artificial storage to nodify

the runoff hydrograph

Movenent within the basin is extrenely difficult and it would be
extremely expensive to verify any theoretical groundwater novenent by

installing piezoneters.

Locations of chenical analyses are shown in Figure 16.8 and results of the
wat er quality analyses are shown on the Piper diagram (Figure 16.9).
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16.5
16.5.1

a)

16.5.2

a)

b)

c)

HYDROGEOLOGY OF LAMBLY CREEK SUB- BASI N

| nt roducti on

Met hods of | nvestigation

As sub-basins are virtually unsettled, and study of the groundwater
regime nust first be directed towards qualitative reconnai ssance studies
of natural phenonena. This involved field mappi ng of groundwater
features such as spings and seepage sites in relation to topography and
geol ogy. Air photos were used to supplenment field studies.

Geogr aphy

Locati on and Extent of the Area

Lanbly Creek drainage basin occurs on the west side of (kanagan Lake, in
a direction northwest of the city of Kelowna. The basin |ies between
parallels of latitude 49°55" and 50°07' north, and meridians of |ongitude
119°30' arid. 119° 49" west (Figures 16.10 and 16.11). The area of the
basin is about 95 square mles. |Its elevation ranges from 1,121 feet at
kanagan Lake to 6,134 feet at Witerocks Muntain

Dr ai nage

Lanbly Creek describes an accurate course divisible into 3 portions
during its flow from Lanbly Lake to Ckanagan Lake. Upon leaving its
source area, it flows northeast in the upper part, slightly south of east
along its central portion and turns southeast in its |lowest portion. The
major tributary is Terrace Creek which rises in the extrene northwest
corner of the sub-basin and generally flows southeast before entering
Lanbly Creek at about the nidpoint of the central portion. The other
important tributary creeks are North Lanbly Creek which rises in Tadpol e
Lake flowing mainly fromnorthwest to southeast and occurring about 3
mles west of Terrace Creek, and Bald Range Creek flowing mainly from
north to south entering the main creek at a point where it turns
southeast. The basin is little affected by man nade storage, except at
Lanbly Creek. Precipitation ranges fromabout 11 inches at Okanagan Lake
to an estimated 36 inches at the highest |evels.

Veget ati on

The area is densely forested preventing access to nmuch of the area. The
tree. types are nainly Lodegpole pine with sone Douglas fir and Spruce at
the hi gher el evations, above about 3,500 feet, with Douglas fir and
Yel | ow pi ne predoni nating bel ow 3,500 feet and in areas of east-facing
aspect. Locally poplars
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16.5.3

16.5.4

occur and are found within the elevation range from about 3,000 to 4,500,
feet.
Geol ogy

Bedrock geology is conprised mainly of two rock types, intrusive igneous
rocks chiefly granite and granodiorite of Jurassic age, and extrusive
i gnei ous rocks, chiefly andesite and basalt of Tertiary age (Figure 16.10).
These rocks, which have not been subjected to structural influences produced
by earth novenents can be expected to have fracture patterns forned during
natural cooling processes and by weathering. Rectangul ar type fracture
patterns were observed during field work but no particular predonnating
trend seened to be apparent from which qualitative inferences nmay be drawn
concerning fracture perneability influences on groundwater novenent.

The surficial geology (Figure 16.12) nost of which has been mapped by
R J. Fulton (1969) consists mainly of till, an unsorted mxture of sand,
silt, clay and boul ders, comonly less than 25 feet thick. Fluvial deposits
of sand and gravel with locally sone silt, are commonly found flanking the
steep valley faces of Lanbly O eek.
Hydr ogeol ogy
G oundwat er Mappi ng
As access roads are well distributed in this sub-basin, it was possible to
make observations concerning groundwater features across much of the area.
Nunerous trips were nmade into the basin between early sumrer and fall,
permtting observations which give an indication of influence of seasonal
variations in tenperature and precipitation upon rates of groundwater
di scharge and storage. Plotting of basic data and its subsequent synthesis
resulted in diversion of the basin into several groundwater zones (Figure
16.11). At the highest levels from4,500 feet to 4,800 feet, zone 1, a zone
of thick snow accunulation, spring and summer nelting gives rise to water-
|l ogged areas, or terrain with many springs and often very w despread
seepage. Zone 2, in an elevation range of about 4,000 feet to 4,400 feet is
characterized by fewer springs and sonmewhat |ess seepage. Zones 1 and 2,
the source and near source areas for creeks give rise to pernmanent runoff
and nost of the groundwater discharge. These are zones of considerable
water surplus. Spring discharges are commonly less than 2 inperial gallons
per mnute and nmany of the spring discharges do not becone part of the main
streanf!| ow.
There appears to be considerabl e groundwater and surface water that is |ost
by evapotranspiration so that much of the precipitation is involved in a
hydrol ogic cycle that is conplete at these high |evels. At successively
| ower elevations than zones 1 and 2, are zones 3, 4 and 5 with an ever
decreasi ng nunber of spring discharge sites and seepage features.
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Locality 4A was so separated because of the rare occurrence of a pernanent,
nearly constant flow ng spring of about 2 igpm (inperial gallons per mnute).
This spring observed many tinmes during the field season, showed no noticeabl e
drop in yield in contrast to nost springs many of which went dry or nearly
dry. Cccurring on a steep slope without a particularly |arge catchnent area,
its west-facing aspect combined with possible high storage may account for
its steady flow.
Water Quantity

There is no infornation avail abl e concerning perneability of the bedrock nor
surficial deposits for Lanbly Creek sub-basin
Recourse therefore nmust be nade to texts discussing data on the sanme rock
types occurring el sewhere. For information on granitic and basalt rock
types, reference is nade to Meinzer (1923). Ganitic type rocks are gen-
erally poor water bearers and when encountered at several hundred feet, are
al nrost devoid of water. Mater is obtained fromjoint openings which may be
expected to close rapidly with depth. The vast mgjority of wells producing
water fromgranitic rock are | ess than 300 feet deep, nost of the water
supply coming fromdepths of less than 100 feet. Well yields range from2 to
25 igpm and average about 10 igpm

Well yeilds and spring flow frombasalts prove this rock type to be a
good aquifer in the United States. "The water occurs in large joint
openi ngs and other cavities. This rock is so generally traversed by | arge
openings that it takes in surface water very readily", (Minzer, 1923).
Frequently, well yields up to 100 igpm may be anticipated. In areas
favourable to high well yield, simlarly high spring flows are to be expected
and do, in fact, occur.
Wthin the witer's linmted field observations, no evidence was found of
spring flow from bedrock sources. This may be taken to suggest generally | ow
perneability and | ow water yield of the bedrock in the basin. |Infornmation
confirmng generally low well yields from bedrock sources within the
Ckanagan, is given by Hal stead, E.C. (1969) and from an observation well
drilled into vol canic rocks in Pearson Creek sub-basin in 1970 and supervi sed
by the Groundwater Division. Both prograns, exanples, fromwells to as deep
as 270 feet show well yields fromseveral small fractures to be in the range
of 1 to less than 10 igpm
Wth regard to the surficial deposits these are primarily till, and again are
predonminantly | ow perneability materials. The conmon occurrence concerning
groundwat er di scharge is mainly of spring seepage with some spring flows |ess
than 2 igpm The fact that there is noticeabl e decrease in flow, sone of
whi ch cease entirely and of considerabl e decreases in size of spring seepage
areas fromspring to fall suggests generally | ow groundwater flow fromthe
surficial deposits. This very noticeable decrease in groundwater discharge is
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evi dence of the dependence of storage areas upon repl eni shnent by snownrelt
and of the linted storage capacities of the material from which discharge
t akes pl ace.

As the objective of the sub-basin studies was to assess, even on a
qualitative basis, the possible inmportance of the groundwater component to
stream flow. It is believed that nost of the groundwater to stream flow
originates in the source areas of zone 1. The groundwater is derived
mainly fromthe surficial deposits and possibly from shall ow depths In the
bedr ock. Alnost all of the water supply leaving the basin is considered
measured by runoff gauges and |osses beneath and around gauging sites Is
t hought to be ninor.

Water Quality
Nunerous conductivity nmeasurenents of springs and stream fl ow were plotted

as parts per million (conversion factor 1 ppm = 1.56 x 10° nho/cm at 25°C
Todd, 1959, p. 328). The plotted results when contoured show a steadily
i ncreasing mineral content with increasing flow path. Very high el evation
areas, areas of groundwater recharge, have waters low in total dissolved
solids and low elevation areas, discharge areas have waters higher in
total -dissolved solids. Both surface streanms and groundwater (springs)
show the sane trend. The Increase In nmineralization is comonly small,
further suggesting that groundwater contributions to runoff are small.




16.6
16.6.1

a)

16.6.2

a)

16.6.3

16.6. 4

HYDROGEOLOGY OF GREATA CREEK SUB- BASI N
| nt roducti on

Met hods of lnvestigation
As sub-basins are virtually unsettled, any study of the groundwater regine

must first be directed towards qualitative reconnaissance studies of
nat ural phenonena. This involved field mappi ng of groundwater features such
as springs and seepage sites in relation to topography and geol ogy. Air
photos were used to supplenent field studies.

CGeogr aphy

Ceneral Comrent s
Geata Creek sub-basin lies between lines of lattitude 49°4" and 49°49

north and neridians of |ogitude 119°51' and 120°0" west. It has a total
area of about 12 square miles. This sub-basin is closely conparable with
the Lanbly Creek sub-basin where Lanmbly Creek flows within its upper and
central portions, In ternms of topography, direction of stream flow and
aspect. Greata Creek flows from southwest to northeast and turns east to
flow into Peachland Creek. The

basin has an east-facing aspect (Figure 16.13).

Geol ogy

CGeneral Conments
The bedrock geology as shown in Figure 16.13 taken from Geodetic Survey

of Canada Map 538A, Kettle River (west half), geology by Cairnes, C E
(1936) consists primarily of granodiorite, diorite and quartz diorite
rock types.

The surficial geology (Figure 16.14) is mainly till, comonly quite thin
across nuch of the area with sand and gravel deposits flanking and
underlying Greata Creek. The thickness of these deposits is estimated to
be up to 50 feet thick

Hydr ogeol ogy
As Greata Creek covers a very small area and was mapped during a short

time interval in the summer after the influences of snowrelt had largely
di sappeared, it was possible to observe only a Ilimted nunmber of
groundwater features. This basin lies at an elevation range equivalent to
zones 3 and 4 of Lanbly Creek sub-basin and may earlier in the year exhibit
nore nunerous sites of seepage and spring discharge. Because of the tine
of year at which this basin was napped, its nore southerly location, and
the snmall nunber of groundwater discharge points actually observed, the
basin zones are classified as simlar
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16.6.5

to zones 4 and 5 of Lanbly Creek

Increases in stream flows are generally associated with additiona
tributary creeks entering the nmmin creek. However, an intermttently
appearing stream the nost northwesterly tributary creek, revealed an
overall increase in flow, some of which mght possibly be attributed to
groundwat er di schar ge. However, as in the case of Lanbly Creek, there is
little evidence to suggest nore than mnor contributions from groundwater to
the increase in stream flow.  Again there was sone small increase in tota
mneralization of the streans with increased flow pathe (Figure 16.15)
supporting the fact that some increnment from groundwater was made to stream
flow.

Concl usi ons
Concl usions drawn from the study of the two foregoing sub-basins are

that nost of the discharge of water from the basins is neasured as
runof f. The anount of groundwater flow which goes unneasured is probably
very snmall and would forma very small percentage of the total runoff of
bot h basi ns.



Peachland
Lake

LEGEND

Some seepage, some springs

7 Seepage ond springs rare
. . Spring, seepage 5 [5 @
/ & Stream showing direction of flow ————
/ o Water—sampling site ® -
// ~\ Beaver dam 333233333
P dhand o
P - Drainage area boundary r— — — o—
- ARKE s Groundwater zone boundary - -
{ LAKE £nea. L’I Total dissolved solids contentinp p m 100
1 {converted from conductance readings)
/ PARK Lokes GROUNDWATER ZONES :
- (ﬁ// GREATA CREEK SUB-BASIN
¢ MILES | SCALE !
el Tsuh Lake [ — a1 —4

FI GURE 16. 15

400



