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CHAPTER 15

Hydr ogeol ogi cal Study of the North
End of the Okanagan Ri ver Basi n.

| nt roducti on

The purpose of this study was twofold, first to try to determ ne the ground-
water flowinto and from Ckanagan Lake and the groundwater potential of the main
val ley-fill deposits, particularly in the area fromthe north end of Ckanagan Lake to
the town of Enderby on the Shuswap R ver, and second, to determ ne the ground-water
conponent of six selected sub-basins to more fully understand the hydro-Iogi ¢ budget
of the kanagan R ver Basin.

Met hods of |nvestigation.

For information on the geol ogy of the Ckanagan R ver Basin, reference was made to
geol ogi cal naps and reports of the Geol ogi cal Survey of Canadi an and the
Department of M nes and Petrol eum Resources, Province of British Colunbia and to
lithologic logs and electric logs. Ar photos were used to suppl erment field
studies. Forest cover and topographic maps of the Departnent of Lands, Forests
and Véter Resources, Province of British Colunbia and reports of the Department
of Mnes and Petrol eum Resources, were used for informati on on vegetation and

| andf orns of the region.

Exi sting water-well records on file in the B.C VWater Resources Service supplied by
water-wel |l drillers or obtained fromwater-well inventories, were plotted and
Interpreted; these records forman inportant part of this report. Al so used were
data obtained fromother Government agencies and | ocal unpublished areal groundwater
investigations. The elevations of nmost wells, test holes and field features were
estimated from1/12, 000 and 1/50, 000 topographi c nmaps.

In addition to studying existing infornmation, prelimnary hydrogeol ogi cal in-
vestigations of a qualitative nature were undertaken to understand nore about the
groundwat er regi me of selected sub-basins. Seismc investigations were conducted as
inportant prelimnary work on which to base the far nore expensive groundwat er -t est
drilling programs. A well devel opment and test punpi ng programwas conducted for the
purpose of estimating well yields in the test hol es conpl et ed.

Previ ous I nvestigations

Local areal investigations were previously carried out by the staff of the
QGoundwater Dvision. Publications directly concerned with groundwater studies In
the Ckanagan R ver Basin, include "G oundwater |nvestigation - Munt Kobau,
British Colunbia”, EC Halstead, Inland Waters Branch, Departnent of the

Envi ronment, CGovernnment of Canada (1969).
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Ceogr aphy
Location and Extent of the Area

The Ckanagan R ver Basin lies between parallels of latitude 49°00° and 50°40
north and between meridians of l[ongitude 118°45" and 120°18 west. The tota
area of the drainage basin in Canada is 3,170 square niles. However, in this
hydr ogeol ogi cal study, enphasis is placed on the flatter-lying areas in the
north end of the main valley and the O Keefe tributary vall ey which conprise
the settled areas, and on sone sel ected sub-basins. The total area of the
main valley (bottomto about 1,500 feet above sea |evel) is about 215 square
mles of which 131 square mles is occupi ed by Ckanagan Lake, and only about
70 square nmles is land area. The total area of the sub-basin studied is

about 350 square mles.

The Ckanagan R ver Basin falls partly within the Thonpson Pl at eau which has a
gently rolling upland of lowrelief, within the Shuswap H ghl and consi sting of
gentl e or noderate sloping plateau areas, and the Ckanagan H ghl and which in-

cl udes rounded nmountains and ridges and gentle open slopes. Wthin the Ckanagan
River Basin these areas are dissected by nunerous short creeks (Holland, 1964).

Topogr aphy and Dr ai hage

Ckanagan Lake is the principal body of water occupying the main valley. Ckanagan
River flows fromthe south end and through the snaller |akes of Skaha and Vaseux
before entering Csoyoos Lake at the south end of the valley. The inportant
tributary valleys in terns of groundwater noverment are the O Keefe Vall ey
trending north to south entering the main valley near the north end of Ckanagan
Lake, Mssion Oreek Valley entering Ckanagan | ake approxi mately near the centre
of the east side of the |ake, and Col dstream Valley running fromthe east and
entering the Kal amal ka Lake south of the town of Vernon

The el evation range of the basin lies mainly between 1,000 and 6,000 feet above
sea level. The distance fromthe drainage basin divides to the nmain valley is as
nmuch as 30 miles, but is commonly less than 15 mles. Gadients range from
nearly vertical to nearly horizontal, with an initially rapid rise to 4,000 or
5,000 feet fromthe main valley floor at 1,000 to 1,600 feet per mle for 3 to 4
mles. Above 4,000 feet, the average slope is much less, up to 300 feet per

mle.

dinmate
The climate of the area, according to Koppen's classification, is Mddle Latitude
Steppe (BSk) in which B=Dy climates, S = Semarid, and k = Cold, nean annua
tenperature | ess than 64.4°F but nmean tenperature of warmest nmonth over 64.4°F.
(Canada, Departnent of M nes and Technical Surveys, 1957). The average
tenperature ranges between 47.9°F at diver in the south end of the valley, and
44.6°F at Arnmstrong in the north end. The respective averages for precipitation
are 10.79 and 17.18 inches per year.
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Ceol ogy
Bedr ock Ceol ogy

A description of the bedrock geol ogy, for the purposes of this report, is linted
to the north end of the Ckanagan Val |l ey from Enderby on the Shuswap River to
Ckanagan Lake. The bedrock geol ogy can be divided into 3 nain subdivisions. QOne,
rocks of the Monashee Group occur on the east side of the valley. These rocks
conprise nainly gneiss, but schist, quartizite, calcareous gneiss and narble are
common. The rocks exhibit netanorphismof uniformy high grade and are of
sedinentary origin (Jones, 1959). The other two subdivisions occur on the west
side of the valley separated fromthe former by the Vernon-Sicanous fault system
Rocks of the Mount lda Group are of both sedinentary and vol canic origin and have
been subjected to | ow grade netanorphism These rocks conprise mainly chlorite
and sericite schists and garnetiferous quartz-mca schists, and quartzite. To the
south, and in fault contact with the Munt Ida Goup, is the Cache Oeek G oup.
The Cache Greek Group conprises mainly argillite, andesite |lava and |inestone.

M nor occurrences of Tertiary lavas are also to be seen (Figure 15.1- Pocket of
Report).

Structure
"Faults illustrated on the map represent some of the |atest deformation in the
Vernon nap-area... The anount of novenent on these faults is not known. .. and the

irregular fault boundaries between major rock groups signify that nmovenents are
mai nly vertical rather than horizontal" (Jones, 1959). An inportant system of
faults trends northwest from Arnmstrong and they appear to exert a strong tectonic
i nfl uence on the bedrock gradient of the thalweg for the nmain valley. This results
in either a steep gradi ent between test holes C42 TH2 and C42 TH3, or of a
generally uniformgradient interrupted by a definite fault. The fornmer
interpretation is preferred for the course of the old streambed to all ow for
subsequent erosion within the bed following faulting. A fault is shown trendi ng
nort hwest near Kendry Creek and probably crosses the valley just north of C42 TH2.
However, its direction is obscured by the surficial deposits within the main
val l ey and by above nentioned Tertiary |lavas (Figure 15.1).

Surficial Deposits

The references used in this report for describing the surficial geology (Figure
15.1) of the C(kanagan region are maps by Fulton, J. (1969, Maps 1244A and 1245A)
and a report with maps by Nasmth, H (1962). The foregoi ng maps show areas of
mai nly bedrock about 2,500 feet of probably thin norainal deposits over bedrock
above about 1,500 feet. The norainal deposits are chiefly till, whichis a
deposit of unsorted sand, silt, clay and boul ders. Below el evati ons of 1,500
feet, and predonminantly on the east side of the valley, occur nunerous fan or fan-
delta deposits of gravel and sand. Coarse sand and gravel deposits on the west
side of the main Ckanagan Valley are to be found associated al nost entirely with
the O Keefe tributary valley and the "lower part" of Deep O eek
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valley before it enters the main valley. The deposits of the nain valley to be
seen at ground surface are commonly silt and sone cl ay.

At this point in the description of the surficial deposits attention is drawn to
the north-south (Figure 15.1) and east-west (Figure 15.1) cross-sections for the
north end of the main valley. An inportant result of the test drilling conducted
under Task 40, is the regional picture which can be constructed of the surficial
deposits of the main valley. These can be divided into two parts - |ower and
upper parts. The lower part of the sedinents shows an alternating sequence of
till, clay and silt, sand and gravel zones divided into units Ato F. This
sequence ranges fromabout 300 feet thick in the north at C43 THs to about 750
feet thick in the south at C42 THL. The till zones range fromabout 40 to 100
feet thick; silt, sand and gravel zones are about 80 to 220 feet thick, and a
clay-silt zone is about 100 feet thick. Fades changes within these |ayers may be
due to non-deposition in sone parts of the valley, or to renoval and subsequent
repl acement by later glaciations. The uppernost of these silt, sand and grave
zones is the one in which nmost of the deep test holes were conpl eted as
observation wells. The units Ato F have been denoted in ascendi ng order.

Overlying the succession of tills and sands, and conprising the upper part of the
mai n vall ey deposits, is 500 to 1,000 feet of sediments that are mainly silt.
There are sone sand beds in the upper part of the sequence, and of particul ar

i nportance to this study are the thick sands occurring in the Main Creek area
south of Armstrong. The sands in the upper part of the surficial deposits are
comonly fine to nmedium grai ned, angul ar sands.

Consi derabl e 1 ocal variations are anticipated within the upper part of the
surficial deposits. Local deposits of gravel and sand on the east side of the
valley are attributed to neltwaters fromtributary valleys, and sands on the west
side of the Maid Oreek cross section nay have been derived in association with

nmel twaters discharging to the south fromDeep Greek (Figure 15.1). It may al so be
observed that there is down-valley thickening of both the upper and | ower parts of
the valley-fill deposits.

Seism c Exploration (Task 39)

(bj ecti ve

The purpose of the seisnic work was to obtain information on the depth to bedrock
across several sections in the Ckanagan and O Keefe Valleys, to try to determ ne
the nature of the valley-fill deposits, to help to reduce the nunber of test holes
required to | ocate the thickest section of overburden, and to hel p select the type
of drilling equipment required to acconplish test drilling.

The Seism c Program

During the month of June 1970, reconnai ssance field trips were nade to eval uate
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the feasibility of running seismc |lines as chosen during the office planning
stages of the groundwater program These trips were also essential to gain
permission to run seismc |ines across privately-owned | and. Adjustnents
subsequently nmade proved to be minor. The programwas directed by a
consul ti ng geophysicist, and an i ndependent seism c conpany ran the profiles
during the month of July. Four profiles were run in the north and two in the
sout h part of the Ckanagan River Basin.

The initial results showed the |ongitudi nal bedrock valley profile, along the
deepest parts of the cross sections, increased in depth bel ow ground surface
from about 800 feet at Enderby to about 1,600 feet at Arnmstrong. The depth to
bedrock decreased to 800 feet in the south end of the valley at (kanagan
Falls. Surface elevations of the bedrock-valley floor relative to sea | evel
wer e about +300 feet at Enderby, about -600 feet at Arnmstrong and about +500
feet near kanagan Falls. These elevation readi ngs show the bedrock valley
floor to be dipping rapidly towards Ckanagan Lake at the north end of the | ake
(Figure 15.2 5.2), and to be rising at the south end of the Iake. The table
(see Tabl e 15.4) conpares predicted and actual depths to bedrock, and Fi gures
15.3 and 15.4 show the initial seismic interpretation nade prior to test
drilling and the revised interpretation following test drilling. The valley-
fill deposits were considered to be primarily silt and sand with some gravel.
However, test drilling at the south end of the valley (C42 TH4, Figure 15.5)
penetrated al nbst all sand, gravel and boul ders.

An Anal ysis of the Seisnic Program

The initial inmpression gained by Goundwater Division Staff during a
prelimnary field trip with the consultant for this programwas that a fast,
efficient and effective seisnic programwas feasible in the kanagan Val |l ey.

Results bore out prior opinions. Obviously, to formcorrect val ue judgenents
of the seismic program this analysis concerns interpretations made prior to
test drilling.

Predi cted depths to bedrock nade by the seisnmic consultant were stated to be
within £ 10% O five holes drilled towards the mddle of the valley, the
percentage errors ranged up to 13%for three holes and 17% and 25% for two
nore. However, test holes drilled close to valley walls show consi derabl e
errors of 110% and 500% Predicted depth for an anomal ous |ayer in the mddle
of the valley had an error of only 2%

Signi ficant observations to be nmade were that the valley was filled mainly
with silt and sand. Bed thicknesses, except as in the special case of the
thin silt layer for part of seismic line 1, are hard to deternm ne due to |ack
of velocity contrasts between the silt and sand. Even during test drilling it
is sonetimes difficult to pick lithologic changes especially as sands or silts
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are often thinly interbedded and much of the sand is of very fine grain size. The
Consul tant drew an interesting conclusion regarding seisnic line 4 in that he
expected the water level to be about 200 feet bel ow ground surface. Available
evi dence fromexam nation of drilling sanples, suggested an oxi di zed zone 200
feet thick, and the depth to the water level recorded in test hole C43 TH4 was
193 feet bel ow ground surface.

The seismc survey proved to be a very val uabl e techni que for enabling the

G oundwater Division to pick the deepest parts of the valley for test-drilling
The seismc results were the key factor in selecting the capacity of drilling
equi prent necessary to penetrate the full thickness of the overburden and drill on

into the bedrock. Simlar surveys woul d appear to be well worth while in future
deep-val | ey groundwat er exploration prograns in the Province of British Col unbi a.
A copy of the Consultants revised final report is given in Appendix F. Copies of
the earlier final report are available at the office of the Goundwater Division
Water Investigations Branch, Departnent of Lands, Forests and \Wter Resources,
Victoria, British Colunbia. The Consultants work has since been presented at the
41st International Meeting of the Society of Exploration Geophysicists, Novenber,
1971 and was published under the title "Seismc Techniques Applied to G oundwat er
Research in the Ckanagan Valley, British Col unbia."

Rotary Test Hole Drilling Prograns (Task 40)

15.5.1 oj ective

Beginning in | ate Septenber 1970 and continuing on into early Novenber, two rotary

test hole programs were conducted. The purpose of the test hole drilling was
initially designed to drill through the overburden to the bedrock, and to provide
information on the type, thickness and continuity of the valley-fill deposits, to

study geol ogi c structure of the main valley, and al so to check on the val ue of
prelimnary seismc exploration work. In addition to this planned objective, the
test holes were left cased to be used as observation wells. Later, these wells,
after cleaning and devel opnent, were used for short punping tests to nmake
estimates of well yields and obtain transmssivity values for some of the

aqui fers.

15.5.2 Achi evenents

N ne holes were drilled under the above contracts, four with a 3,500 foot
capacity Failing rig to depths ranging from850 to 1,900 feet for a total cost
of $102,000, and five with a 2,000-foot "ConCor' rig to depths ranging from 120
feet to just over 900 feet, for a total cost of $35, 000.

Chservation wells were conpleted in these test holes nostly with 10 feet of four-
inch dianeter pipe-size screens, washdown bottom and four-inch casing. The
deepest well screen is set at 1,215 feet deep. The construction of sone deep 4-
to 7-inch dianmeter water wells and successful drilling conditions, narked a major
step forward in deep-valley groundwater exploration prograns in the Province.
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The rotary technique proved to be quite successful due to the adoption of a nud
programnewl y-tried in the Ckanagan Valley. This nud kept hol es open for up to 25

hours, and withstood artesian pressure conditions until devel opnent was begun. In
the interval between the end of drilling and running casing, four geophysical
borehol es 1 ogs were run in eight of the nine holes. Conposite drilling logs are

outlined in Table 15.1 with this report, one set being derived mainly fromM. E
Livingston's work on the deep test holes. Very thick permeabl e deposits, up to
about 800 feet of sand, gravel and boul ders, were encountered in the Ckanagan Falls
test hole. An interpretation of the hydrogeol ogi cal infornation obtained fromthe
test drilling prograns is presented within this report and has been used in the
conpi l ation of maps and cross sections.

Hydr ogeol ogy

Ceneral St at enent

Prior to a nore detail ed discussion of the north end of the valley, reference wll
be made to Figure I5.6 contributed to the study by M. E C Halstead. This shows a
diagramatic cross section presenting a conceptual representation of groundwater flow
inrelation to surface drainage for the Ckanagan R ver Basin. The stream di scharge
neasurenents at the south end of the valley, for the year 1967, are designed to
illustrate that sone of the water contributed by tributary streans is added to
groundwater or is lost in consunptive use (that is by evapotranspiration and
diversion). The increnent to groundwater of 16,500 acre feet fromVaseux Creek is
not recorded by the difference in fl ow between the two gaugi ng stations at Ckanagan
Falls and at diver. Wuatever quantity is not [ost to consunptive use nust be
passed through the basin as groundwater flow (personal communication E C Hal stead,
1972).

Basic Water-V¢l |l Data

Basic information, mainly water-wel|l data submtted by water-well drillers and that
collected fromwell inventories, was plotted on topographic naps of a suitable
scale. The nost suitable topographic maps available are at a scale of 1 inch to
1,000 feet. Results of analysis and synthesis of this data and of data fromtest
hole drilling and punp testing supervi sed by the G oundwater D vision have been used
in the conpilation of Figure 15.1 and in witing this section on hydrogeol ogy. Many
of the control points are shallow wells comonly | ess than 50 feet deep recording
only well depth and the depth to the non-punpi ng water |evel.

Aguifers in the Surficial Deposits

Based on avail able data, an attenpt has been nade to show the areal extent and

thi ckness of sone of the aquifers in the surficial deposits (Figure 15.1). For
aquifer Units B, Dand Fin the lower part of the surficial deposits their possible
extent and thickness is shown by the cross sections NS and WE
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TABLE 15.1

COWPOSI TE TEST HOLE LOGS - CONTRACTS 42 & 43

c42 THY C42 TH3
Elevation (map): 1225 feet Elevation (map): 1215 feet
Location: 3,800 feet south of Lat 50° 26' 15" N Location: 2,800 feet north of Lat 50° 39'00" N
and 5,500 feet east of Long 119 and 600 feet west of Long 119
15' 00" W. 07' 30" M.
Depth Log Pepth Log
(in feet) (in feet)
0 - ‘160 silt 0 - 230 silt, gray
160 = 200 sand 230 - 50O silt; some sand, gray
200 - 810 sand; some silt 500 - 520 sand
810 - 1140 silt; some sand 520 - 700 si1t, gray
1140 - 1290 sand and aravel, some silt 700 - B40O si1t, sand, pebbles
white and gray 840 - 800| tiN
1280 - 1510 silt, sand; some clay, ‘gray ge0 - 840 silt, gray
1510 - IBSP clay, silt, sand, blue-gray 940 - 104D sand and gravel; some silt
1660 - 1740 clay, gray-blue 1040 - 104¢ beitroos
1740 - 1830 sand
1830 - 1884 till; clay, silt, sand, gravel
1884 - 1892 bedrock

€42 TH2 caz THA
Elevation (map): 1260 feet Elevation (map): 1,300 feet
Location: 12,600 feet north of Lat 50° 26¢ 154 Location: 10,500 feet south of Lat 48° 22! 30"N
and 1,300 feet west of Long 112 and 8,800 feet west of Long 119°
07' 30" W. 30° 00" W.
Depth Log Depth Log
(in feet) (in feet)
0 - 340 silt, gray 0 - 180 gravel and boulders
340 - 380 sand, gray 190 - 230 sand and gravel; occasional silty
380 - 630 silt, gray sand
630 - 1000 | silt; some sand; some sand and £90 x-S0 yriiel Jud sand
gravel 940 - 960 feet 510 - 580 sand and gravel
1000 - 1140 sand and gravel 580 - 670 gravel and sand, severe lost cir-
1140 - 1220 £i11, gray and white gzlition problem from 578 to 5390
1220 - oy 1
1290 silt, sand and grave 670 - 710 sand and gravel
1280 - 1480 sand and silt, gray and white
Side 560 41 710 - 760 gravel and sand
$8i6 i ki " 760 - 770 sand and gravel
) =i 770 - 800 | gravel and till
go0 - B22 gravel, lost circulation BOO-
818 fest
B22 - B4E bedrock
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TABLE 15.1 (CONT' D)

COWPCSI TE TEST HOLE LOGS - CONTRACTS 42 & 43

€43 TH1

Elevation {(map): 1,325 feet

Location: 6,000 feet south of Lat §0° 26' 15" N
and 14,000 feat west of Long 118" 07' 30" W.
Depth Log

{in feet)

0 - 20 clay, pale brown

20 - 40 silt, clay, pale yellowish brown

40 - 60 sflt, pale yellowish brown and
light gray. oxidized to 50 feet

60 - 85 sitt, gravel, Tight olive gray
and yellowish gray

B5 - 9% gravel

95 - 12¢C bedrock

€243 TH2

Elevation {(map}: 1570 feet
Location: 11,200 feet south of Lap 507 26 157K

and 7,B00 feat east of Long 119% 07' 30" WM.
Depth Log

{in feet)

0 - 90 clay, oxidized to 50 ft, pale
yellowish brown, light gray and
1ight olive gray

g - 180 silt, Vight olive gray
18a - 190 clay, light olive gray
190 - 200 si1t, light olive gray
2ng - 220 clay, tight olive gray
220 - 310 sand, fire to medium grained
310 - 350 sand, very fine grained
350 - 400 sand, fimg to medium grained
400 - 410 silt, light olive gray
410 - 430 sand, fine grafned
430 - 500 silt, Jight olive gray
500 - 540 sand, fine to medium grained
540 - 590 sand, very fine grained; some
silt light elive gray
£43 TH3
Elevation (map): 1,270 feet

lecatfon: 6,300 feet south of Lat050° 300 pc o
and 3,800 feet wost of Long 1187 g7' 30" M.

Depth Log
(in feet)
0 - 20 clay, light brownish gray
20 - 4o clays some silt, Tight olive gray
40 - 110 silt, oxidized to 50 feex, light
alfve gray, 1iaht gray and yal-
lowizsh gray
110 - 150 sand, fiee grained
150 - 160 «i1t, yellovish gray
160 - 200 sand, very fine grafned,; some
silt, yellowish gray
200 - 245 1i11-sand, gravel and silt,
pxidized, pale yellowish brown
and yery pale orange
245 - 294 sand, gravel and silt, yellaowish
gray
295 - 320 till, yellowish gray
320 - 310 pebbles, sand, gravel and clay
3310 - 4156 i1 -elay, s11t, sand ard gravel;
somegeavel, oxlidized 370-400 fu,
pale yellowish bLrown
415 - 150 bedrock
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£43 THA

[ trevation fmap): 1570 feet

Location: 11,200 feet south of Laf 50° 26’ 154N
and 13,300 feet east of Leng 1197 22' 30" W,
Fi
Depth Log
[in fect)
- 10 aravel
10 - 50 sand, medium to toarse grainad,
some gravel, pale yellowish brown
50 - 70 si1t, sand, wery fine grained,
seme coarse sand, light brown
70 - 14p sand, fine to wmedium grained; pale
yellawish brown
140 - 170 sand, medium to coarse graineod,
yellowish gray
170 - 200 sand, fine to coarse grained,
oxidized to 200 feet, grayish
orange pink
200 - 230 sand very fine grained, )light
gray
230 - 290 sand, fine to medium grained,
pinkish gray
250 - 350 sand, coarse grained to fine
gravel, 1ight olive gray
350 - 390 gravel
390 - &70 sand, coarse and very coarse
grafned, some gravel
470 - 510 sang, medlium to coarse grained
510 - 548 gravel, some sand
548 - 576 bedrock
43 THS

Elevatfon (map): 7,780 feet
Locaticn: B,100 feet south of Lat 50° 33'45" N

and 1,500 fest east of Long 1187 o7' 30" M.
Depth Log
{in feet) )
0D - 20 clay, oxidized, pale brown
20 - 50 silt, some clay, oxidizad to 50
feet, light olive gray
50 - aro silt, light ?ray. light olive
gray and yejilowish gray
370 - ADD sand, very fino grained; some
silt, Vight olive gray
400 - 430 sard, fine and very fime grained,
light alive gray
430 - 450 sand, wvery fine grained, 1ight
olive gray
450 - 550 stit, Jight olive gray
560 - 640 sand, fine and very fine grained,
Tight alive gray
540 - 690 sand, fine and very fine grained;
some sift, Tight o)ive gray
G630 - 790 ti1l, silt, sand fine to very
coarse grained sand, and fine
gravel; some oxidized zones, Tight
olive gray
790 - BO6O sand, medium Lo very coarse
grained, Tight o)ive yray, grayish
orange pink sand
60 - 875% sand, gravel, sily, dight olive
qray
Bih - 912 bedrork
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Lhits D and F may occur throughout the entire north end of the Ckanagan Vall ey, the
former ranging fromabout 85 to 140 feet thick and the latter fromabout 125 to 150
feet thick. Wit Fis considered to be conposed nainly of sand and gravel w th some
silt, the silt content sonetines being locally predomnant as in CG42 TH3. Uit D
shows a change fromsand and gravel in the north to clay, silt and sand in the
south. Wit B, up to 150 feet thick, is conposed of sand and silt. As Uhit Bis
the deepest aquifer it is of snaller areal extent being absent to the north where
the bedrock gradient steepens and is further limted by the narrower width wth

i ncreasi ng depth between the V-shaped bedrock valley walls. The only nmaj or aquifer
in the upper part of the surficial deposits occurs in the Arnstrong area and locally
has a known thi ckness of about 800 feet. Véter |evel neasurenents in wells

conpl eted in both the | ower and upper parts of the surficial deposits show the

aqui fers are confined, the heads rising above the top of the aquifer. In sone cases
the aquifers are artesian.

Locally inportant aquifers of nore limted areal extent are. the nunerous fan
deposits of sand and gravel flanking the east valley wall. These occur for a
limted distance toward the centre of the valley beneath or interfingering with the
Woper Lake Beds. dose to the valley wall these aquifers are unconfined but beneath
the Upper Lake Beds they are confined aquifers.

The most inportant unconfined (water-table) aquifer in the study area occurs in the
O Keefe Valley. The nap of the surficial geol ogy shows sand and gravel deposits
occur throughout the entire length of the valley (Figure 15.1). These deposits are
known to be 575 feet thick (C43 TH4) at the south end of this valley and to have a
saturated thickness of 350 feet. S mlar data is not available for the north part
of the valley. However, the water levels in the wells, and the | ake | evel s can be
napped as a continuous water-level surface. It is therefore considered the water in
the valley-fill deposits forns one continuous aquifer and for the purposes of this
report is naned the O Keefe Valley aquifer.

Anot her unconfined aqui fer occurs about 4 1/2 niles to the north of Arnstrong. It is
conposed of sand and gravel occupying a narrow bedrock channel. This aquifer
trending fromsouthwest to northeast is about 4 mles long and 1/2 mle wide with a
saturated thickness of up to 200 feet. |t has been reported by a | ocal resident
that in very dry weather (1970) permanent flow in Deep O eek occurs only where this
creek cuts through the surficial deposits occupying this bedrock channel .

QG oundwat er Movenent, Recharge and D scharge Areas

Figure 15.6, intergrates the salient findings of this hydrogeol ogi cal study of the
north end of the Ckanagan R ver Basin. The water |evel contours portray a well
known concept that the water table is a subdued replica of the topography. The flow
of groundwater is nornal to the waterl evel contours and from
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the map it can be seen the noverment of groundwater is towards the centre of the
valley. At the water table, in the vicinity of Deep O eek and Fortune Creek
groundwater flowwll be to the north and to the south fromthe topographic

di vi de between these creeks.

Fromwater |evel or pressure readings in deep wells conpleted in Units D and F
groundwat er flow occurs to the north and south froma groundwat er divide |ocated
between wells C42 TH3 and C43 TH5. Al so, fromseismc work, it is known that
there is a divide in the bedrock valley profile between these sane two wells.
This bedrock divide will also create a barrier to groundwater flow fromthe
Enderby area to the south near the bedrock valley floor. Fromthe avail able data
it can be shown that deep groundwater flow does take place to the south fromthe
Fortune Creek valley beneath the formentioned topographic divide and towards
Ckanagan Lake.

The areas of recharge to, deep and shallow aquifers are the valley sides with the
mai n parts probably being associated with the fan deposits of sand and gravel
flanking the east side. The methods of recharge are directly by precipitation,
and indirectly by underflow fromtributary creeks flowing into the fan deposits.

The di scharge areas occur in the valley bottomand can be divided into regional
and | ocal categories. The local discharge areas occur within the fan deposits and
are indicated by such di scharge phenonena as flow ng wells and springs. Springs
and flowi ng wells occur about 1 1/2 and 3 niles south of Arnstrong (Figure 15.1).
The regional discharge area (an area of potential artesian flow) is delineated as
occurring within a narrow zone bordering Fortune and Deep Oreeks. It is
considered that the area of artesian flow occurs approxi nately bel ow el evations of
1,220 feet above sea |level near Enderby to 1,175 feet above sea | evel south of
Arnstrong, Evidence for this interpretation is based on |ocations of flow ng
well's, and on water |evel measurenents in nonflowing wells. In well C42 TH3 at an
el evati on of about 1,215 feet above sea level, the water level has risen as close
as 1 1/2 feet below ground surface. Evidence of extension of the area of regional
artesian flowinto the Shuswap R ver valley is given by well C43 TH5, which fl ows,
and al so by a well (Huschak, J., personnel communication) about 4 mles up this
val l ey, fromwhich water flows froma depth of 600 feet.

G oundwat er tenperatures taken under Task 41 for the deep wells in the
Armst r ong- Ender by area show one anonal ously | ow reading of 11 1/2 °C, C42 TH2,
conpared to the other 3 wells with warmwaters of about 17 to 20°C (Table
15.2). The occurrence of a narrow zone of warmwaters conparable with that of
the regi onal discharge area is possible but not proved. However, the | ow
tenperature reading from C42 TH2 suggests the close proximty of the well to
recharge groundwaters. Further, this well water had the | owest total dissolved
solids content of the deep groundwater sanpled. Located only 3,500 feet from
the entry of danzier Creek into the main valley, it offers sone evidence that
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TABLE 15.2
TABLE OF PUMPI NG TEST | NFORVATI ON

CONTRACT 42 CONTRACT 43
THY TH2 TH3 TH2 TH3 THa THS
1 Depth* to top of agquifer (feet) 1740 1,000 700 220 320 192 790
2 Depth to base of aquifer (feet) 1,290 1,740 B840 430 330 548 875
3 Aquifer thickness (feest) 150 140 140 210 10 356 B5
4 Depth to nonpumping water level (fest) 53 ag a 101 24 192 +20
§ Available drawdown (te itop of aguifer) (ft) 1,087 952 696 119 296 178 810
6 Available drawdown (pump set at 200 feeti) 147 162 186 99 176 8 220
7 Screen (pipesize: same ID a2s casing)
(a) diameter (inches) 6.5 4 4 4 4 4 4
(b) slot size (MNo.) 40 40 40 15 40 40 615
c) length (feet) 10 10 10 10 10 10 20
d) depth to top (feat) 1,215 1,018 720 270 320 527 825
8 Transmissivity, T (igpd/Tt) *%1,080 34,300 **7 132 27,700 100 - 26,400
7
2 Papmeability, K (igpd/ft™)*** Vit 245 8. 130 10 - 300
10 Length of pump test minutes) 250 . 3,000 300 1,750 750 300 300
11 Stabilized pumping leyvel (feat) 90 = - 118.4 - 194, -
12 Stabilized drawdown (feet) 37 - - 17.4 - 2. -
12 Specific capacity (igpm/ft) 0.3% = - 2.4 - 16 -
14 Safe yield (specific capacity estimate)
(2) drawdown to top of aguifer (igpm] 265 - - 200 - 2,850 -
(b) drawdown to pump setting of 200 feet 26 _ . 183 A 90 _
(igpm)
15 Safe yield EQI estimate)
(3)" draudoun fo top of aquifer (igpm) : 1,540 37 - 13 5,300
(b) drawdown to pump setting of 200 7t {igpm) - 250 10 - 8 1,250
16 Well Toss in feet per igpm aftep 1 min of 0.77 0.14 5. 0.37 1.0 _ 0.08
pumping 2 . : ’
17 Temperature °C 20 TS 18. 10.5 13.5 13 16.5
% A1l depths measured from top of casing
ok T value corrected for partial pentration

LA equivalent to hydraulic conductivity, the field coefficient of permeability
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15.6.5

fan deposits nay be a source of recharge. However, it nmust not be ignored that
fault zones could locally be an inportant nediumof recharge. This nay be the case
for well C42 TH2 whi ch occurs only about 700 feet fromthe point of termnation in
the buried bedrock-valley wall of a fault cutting across Kendry and d anzier O eeks
(Figure 15.1).

The nonpunpi ng water |evel of 101 feet in well C43 TH2 was about 40 feet deeper than
expected. The original purpose of the test hole was to determne the nature of an
anonol ous | ens detected by seismc work along the Maid Oreek cross section (Figure
15.1). The cause of the lowwater level nay be a result of the location of this well
inrelation to a lens of |ess perneable naterial (silt) in nmore permeabl e surroundi ng
deposits (fine - to nediumgrai ned sand) as explained by Toth (1962). Near the
upstreampart of a lens the difference between the origi nal undi sturbed potenti al
field and the new one gives rise to a negative effect on the water levels. Therefore
the deeper depth to the nonpunpi ng water |evel than was anticipated is believed to be
due to the occurrence of the well in the vicinity of the upstreampart of the |ens.

Transm ssivity Val ues

There is very linmted information concerning transmssivity values for aquifers in
the study area. The data are obtained nmainly from Task 41 (LeBreton, 1972).

Transmissivity values (Table 15.2) for aquifers in the tower part of the surficia
deposits are available for units Dand F. For wells C42 THL and TH3 in unit F the
val ues are conparabl e, 1980 and 1132 igpd/ft (inperial gallons per day per foot).

The punp test graphs for both wells (Figures 15.7 and 15.8) are partly conparabl e
showi ng a period of stabilized water |evels after one | og cycle of drawdown. In both
cases stabilization nay be due to partial penetration which is sinilar to that of
recharge (Hantush, 1961). The transmssivity values shown in Table 15.2 are
different fromthose on the graphs because corrections have been nade for partia
penetration in wells is conparable (Table 15.2) with regard to aquifer thickness,
transmssivity, pernmeability, water tenperature and water quality.

The transmssivity value for well C42 TH2 in Unit Fis 34,300 igpd/ft. Asinlarly
hi gh figure, 26,400 igpd/ft was obtained for CG43 THb in unit D The transnissivity
value fromwell C42 TH2 contrasts with that for the other two wells in unit Fto the
north and south. Its considerably higher transmssivity suggests the areal extent of
clean sand and gravel deposits in the zone is limted. FromFigure 15.9 a very
definite di scharge boundary condition becane evident towards the end of the punp
test. This is denoted by the steep change in slope of the drawdown graph. This is
denoted by the steep change in slope of the drawdown graph. The effect of the

di scharge boundary is very inportant because the |ower transmssivity of 2,090
igpd/ft will result in a considerably |ower well vyield.
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15.6.6

Two transmssivity figures were obtained under Task 41 for the upper part of the
surficial deposits. Atransmssivity of 27,700 igpd/ft for C43 TH2 (Figure
15.10) is obtained for the part of the aquifer 210 feet thick above the silt
lens. This figure is quite conparable with that of 85,400 igpd/ft for the sane
aqui fer 600 feet thick encountered in well C26 TH2 put down prior to this study.
Atransmssivity of 100 igpd/ft was obtained fromthe punp test in well C43 TH3

Data for transmssivity acquired fromwork under Task 41 consi derably increases
know edge of the hydrogeol ogy of the study area.

VWater-Wll Yields (Task 41)

The estimated well yield calculations given in this section are intended to
replace earlier estinmates given in previous reports.

In the mai n Ckanagan River Valley deep well punping test data commonly indicate
low well yields (Table 15.2) fromwells about 700 to 1,200 feet deep. Yields
range from 10 igpm (i nperial gallons per minute) for punping depths of 200 feet
bel ow ground surface to 265 igpmto the top of the aquifer for wells C42 THL and
TH3 in Unit F. Al so conpleted in Unit F, well C42 TH2 has a hi gher estimated
yield of 250 igpmto the top of the aquifer. However, the only really
favourabl e locality four further devel opment is that indicated by C43 THs. The
very short period of free flowfromthis well, associated with well devel oprment
lasting for about 5 hours, is insufficient to indicate declining flow or

di scharge boundaries. However, for punp settings of 200 feet, this is the only
site where well yields of up to 1,000 igpmmay be obtained. Further testing is
essential to substantiate this statement.

Vll yields fromaquifers in the upper part of the surficial deposits may
locally be high, as in the Arnstrong area. For a punp setting of 200 feet a
well yield of 183 igpmfor C43 TH2 has been cal cul ated from Task 41 data. This
yield was derived froma specific capacity of 2.4 igpmand includes a 30 percent
safety factor. The safety factor is introduced to allow for declining water

| evel s which occur in reality in conjunction with constant punping rates. From
data for a production well, C6 TH2, of prior study it is stated a yield of
about 850 igpmis possible. This estimate is made for the well as designed by
M. E Livingston. The specific capacity is about 38 igpmat a punping rate of
328 igpm Based on specific capacity a theoretical yield is obtained of 3,400

i gpm whi ch includes a 30 percent safety factor. This yield is for drawdown to
the top of the aquifer at a depth of 180 feet bel ow ground surface (Figure
15.1).

The significant differences in yield between the two wells is primarily due to
design. The calculated yield fromC43 TH2 is obtained froma test hole

conpl eted for observation-well use and to obtain prelimnary groundwater

i nformati on.
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15.6.7

The other well C26 TH2 was conpleted as a production well and designed to
operate at a high efficiency. This conparison is nmade to show that higher
yields may be obtained frombetter designed wells. Thus well yields calcul a-
ted from Task 41 data nay actually be considered as m ni num val ues.

The "capped" well near the east end of the Mid Creek cross section
(Figure 15.1) had a free flow of about 320 igpm from 220 feet. The
specific capacity of this well is 9 igpmft of drawdown giving the

theoretical yield of about 1,600 igpmto the top of the aquifer.

The figures for the above wells do not take into account the effects of hydro-
geol ogi cal boundaries, the effects of which will be to reduce well yields.
Thus well-yield estimates of up to 500 igpm may prove to be nore realistic.

As very limted information is available for the O Keefe tributary valley
(Figure 15.1) little reference has been nade to this valley so far. On the
basi s of specific capacity data (Table 15.2) it would appear that high well
yi el ds are obtainable fromthe O Keefe Valley aquifer. As specific capacity
declines with yield (Todd, 1959, p.Ill) and no data is avail abl e concerning
di scharge boundary conditions it is suggested that yields of 500 i gpm may be
obt ai ned, and possibly 1,000 i gpm

In the narrow sout hwest - northeast trendi ng bedrock channel aquifer extending
about 4 mles to the northeast from Parkinson Lake, 4 1/2 nmiles northwest of
Armstrong, well yields of up to 50 igpm nmay be obtained. A short tributary
creek 2,000 feet long draining fromthis aquifer into Deep Creek about 4 1/2
nmles north of Armstrong is supplied mainly by one spring flowi ng at an
estimated rate of 150 igpm (Figure 15.1).

G oundwat er Fl ow Cal cul ati ons

The follow ng cal culations for groundwater flow are based on the data obtained
from Task 41 and repl ace previous cal cul ations (LeBreton, 1971). The reader
should first be made aware of the limts of accuracy of the follow ng fl ow
estimates. It would be misleading if it were suggested that the accuracy of
these estimates was any better than one order of magnitude. By this
definition it is neant the value of each figure is unlikely to be either 10
times as small or 10 tines as large as the figure cited, but mght lie
sonewhere between these 2 extremes. The figures presented bel ow apply to the
Maid Creek (WE) cross section (Figure 15.1). This is the section for which
nost information on geol ogy and groundwat er hydrol ogy is avail abl e.

Groundwat er fl ow was cal cul ated by using the formula

Q- KA inwhich Q=rate of flow (in cfs and ac.ft/yr)
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K = perneability (hydraulic conductivity) (in igpd/ft%
| = hydraulic gradient (in ft/ft)
A = cross-sectional area (in sqg.ft.)

Permeability values have been derived from transmissivity figures given in
Table G.1 and were obtained by dividing transmissivity by the aquifer
thickness; the hydraulic gradient is derived from differences in water level
readings in wells divided by the distance between wells; and the cross-
sectional area is the product of aquifer thickness multiplied by the possible

aquifer width.

G oundwater flow for the |lower part of the surficial deposits was cal cul ated
for the cross-sectional area "CD' of Unit F (Figure 15.1) allowing for an
aqui fer thickness of 125 feet. This is the zone wthin which groundwater
flowis considered to be the nost significant. 1t has the |argest cross-
sectional area and is considered to be the zone with the highest perneability
conprising sand and gravel with sone silt. It was previously assuned Unit F
woul d have a perneability of 1,000 igpd/ft (inperial gallons per day per
square foot), but subsequent punp testing showed a figure of only 13.2
igpd/ftz. Using the fornula:

Q= KA
where K= 1.32 x 101 igpd/ft’

| = 1.40 x 10° ft/ft

A=1.25x 10° sq ft

the total underflow is calculated as 4.3 x 10'2 cfs (cubic feet per second).

Underfl ow for the upper part of the surficial deposits was previously

cal cul ated using a perneability of 300 igpd/ft2 derived for the screened
portion of the aquifer of well C26 TH2. However, after obtaining data from
well C43 TH2 giving a perneability of 130 igpd/ft2 this figure is used for
revi sed ground-water flow calculations. This figure for that portion of the
aqui fer over-lying the silt | ens conpares favourably with a figure of 140
igpd/ft fromwell C26 TH2 having an aquifer thickness of about 600 feet.

Usi ng the fornul a:

Q= KA

wher e K=1.3 x 10l igpd/ft2
| = 1.4 x 10° ft/ft
A=7.2x 10° sq ft
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15.6.8

total groundwater flow for the cross-sectional area "AB" is 2.44 cfs
(1,780 acft/yr).

The conbined total groundwater flow for the aquifers for which data is
available is 2.48 cfs. The actual total cross-sectional area through which
flow occurs is larger than that used in the above cal cul ati ons, but the
remai ni ng sedinents are alnbst certainly | ess perneable. Based on the
presently available data, a rate for groundwater flow of about 2 1/2 cfs
(1,825 acft/yr) is likely to be a reasonable figure.

Total groundwater flow toward Ckanagan Lake includes that fromthe O Keefe
tributary valley which enters the main valley at a point south of the Mid
Creek cross section. No perneability values could be obtained frompunp tests
for the O Keefe Valley aqui fer under Task 41. Cal cul ations for groundwater
flow for this aquifer have been revised on the basis of existing data only.

In a previous calculation a K value of 6,000 igpd/ft2 was used for the screened
portion of the aquifer fromthe first punp test on a well 5,000 feet south

of C43 TH4. A lower figure of about 1,000 igpd/ftz, for the perneable section
of the deposits of this well and obtained froma |later punp test, is used

in the revised cal cul ati ons given bel ow.

Appl yi ng the fornula:

Q= KA

wher e K = 1,000 igpd/ft’

| = 3.7 x 10° ft/ft
A =126 X 106 sq ft

groundwater flowis 0.86 cfs (625 acft/yr).

Sunmi ng the groundwater flow for the main valley and the O Keefe Valley, tota
underfl ow toward Ckanagan Lake is 3 1/3 cfs (2,370 acft/yr).

Theoretical Calcul ati on of Recharge

As sone indications concerning well yields and underfl ow have been given, so
too will a theoretical evaluation be nade of recharge to the water table. This
will be nade with regard to the nap of the watertabl e contours, average annua
precipitation for the weather station near Arnstrong and the possible area of
recharge along the west and east sides of the main Okanagan Vall ey.

The average annual precipitation for the weather station near Arnstrong is
17.18 inches. This figure is considered an average for the area between
kanagan Lake and Shuswap River as the site is roughly centrally | ocated.
The water-table contours reflect the topography of the |land surface and
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as the direction of groundwater flowis nornmal to the contours, recharge is
fromthe valley sides. Wth the existing steep gradients, commonly 1,000 to
2,000 feet per mle nuch of the valley slopes are considered to be recharge
areas. For the purposes of this report, for the 17 mile distance between
kanagan Lake to the Shuswap River, a recharge width of 3 mles is taken for
the east side of the valley and of 1 nile on the west side of the vall ey,
giving a recharge area of 68 square miles. For calculation purposes, 70
square mles is used. Also 1 inch of precipitation is assuned to reach the
wat er tabl e, a not unreasonabl e assunption as 1 inch of recharge is only 6
percent of the average annual precipitation.
To calculate the volume of 1 inch of water per square mle

A 1sgm = 27,878,400 sq ft

1 inch of water per sq m = 2,323,200 cu ft of water

B Nunber of seconds per year = 31, 536, 000

C Quantity of recharge of 1 inch per sgq m = 0.0736 cfs

D Quantity for 70 sq m. = 5.152 cfs

Sone interesting conclusions may be drawn from conpari son of the groundwater
flow calculations in relation to recharge fromprecipitation. The groundwater
flowof 2 1/2 cfs (1,825 acft/yr) at the Maid Creek cross section for the
north end of the main valley is well within the range of 5 cfs (3,650 acft/yr)
derived fromprecipitation given a recharge of 1 inch of water to a recharge
area of 70 square miles. There is then an adequate quantity of recharge to
the water table to account for the total underflow

Similar calculations for the recharge area of the O Keefe Valley aquifer which
is estimated to be 10 square mles is 0.74 cfs (540 acft/yr) or slightly Iess
than the cal cul ated underflow of 0.86 cfs (625 acft/yr). However, this is
acceptable for there seenms to be a definite possibility of hydraulic
continuity between the Sal mon River and groundwater at the north end of the

O Keefe Valley aquifer. The northernnost | ake has a water-1|evel elevation of
1,480 feet which is about 20 feet below the el evation of the Sal non River
occurring, 2,200 feet further north. There is a definite prospect of mpvenent
of groundwater fromthe Salnon River Valley into the O Keefe Valley. There is
no information at the north end of this valley regardi ng cross-sectional area
and lithol ogy of the deposits to calculate the rate of groundwater flow into
this valley. Therefore in this report no estinate will be nade of flow from
the Salmon River Valley to the O Keefe Valley even though it seens to be a
definite possiblity.

The total groundwater flow towards Ckanagan Lake is about 3 1/3 cfs (2,370
acft/yr). This stands in contrast to an initially calculated figure of 12 cfs
(8,750 acft/yr). However, it lies within a range of accuracy of one order
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15.6.9

of nmagnitude as considered likely in the Groundwater Revi ew Board's appraisa
of an earlier progress report (LeBreton, 1971).

Hydr ogeochem stry

The addition of eight nore chem cal anal yses of groundwater for the study

area pernits sonme understanding of the regional picture of the groundwater
chem stry. These data conbined with water-tenperature data also appear to
provi de sone supporting evidence concerni ng sources of groundwater recharge.

Conpl etely new i nformati on was gat hered under Task 41 from 4 deep wells con-
cerning groundwaters from2 aquifers in the lower part of the surficial de-
posits (Table 15.3). Three of these wells are conpleted in the upper unit,
Unit F, of these deposits and show the water is lowin total dissolved solids
content, about 200 to 500 ppm (parts per mllion). The water is primarily
cal ci um and nmagnesi um bi carbonate with minor amounts of sodiumsulfate. Wl
C42 TH2 with the freshest water quality, calcium and magnesi um bi car bonat e-
type water of 200 ppmtotal dissolved solids content and quite cool water
tenmperature, 11 1/2°C, provides strong indications of receiving recharge
water. The other two wells are sited in areas where simlarly deep
groundwat ers have undergone warming i nfluence with tenperatures from 18 1/2°
to 20°C. Similarly warmwater 16 1/2°C and water quality data were obtained
for the well conpleted in the middle unit Unit D, of the |lower part of the
surficial deposits. These warmwaters suggest a narrow zone of warm regi ona
di scharge area groundwaters occurs in the mddle of the main valley.

Wells in the upper part of the surficial deposits are commonly very low in
total dissolved solids content, 150 to 180 ppm with cal ci um and nagnesi um bi -
carbonate type water. The water tenperatures are quite cool from10 1/2°Cto
about 13°C. The very low total dissolved solids content of water fromthe
private "capped" well, Miid Creek (WE) cross section (Figure 15.6), indicates
the close proximty of the well to a source of groundwater recharge. Both
this "capped” well and well C42 TH2 may receive water by underflow fromtri-
butary creeks through fan deposits near the nmouths of these creeks. It is

al so possible that well C42 TH2 may alternatively be close to a source of
recharge comng froma bedrock fault zone.

Two chemi cal anal yses of groundwaters are avail able near the south end of the
O Keefe tributary valley. One well shows water of calciumand nmagnesi um

bi carbonate type with a total dissolved solids content of 361 ppmfrom a depth
of 192 feet. The second well shows cal ci um and nagnesi um bi car bonat e and
sulfate water with a total dissolved solids content of 588 ppmfroma depth of
527 feet. This increase in dissolved solids content with depth is consistent
within the witer's limted experience of such informtion
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15. 7

In sumary, it may be stated that the groundwaters are of cal ci um and nagnesi um
bi carbonate type, lowin total dissolved solids content, conmmonly | ess than 500
ppm The water is considered fit for human consunption and commonly suitable
for irrigation use. For industrial purposes the water is of very good quality
and should require only limted treatnent, treatnent varying according to the
process for which the water is used. For washing clothes the water will require
sone softening as the hardness commonly ranges from 120 to 160 ppm

Eval uati on of Results

There is very linted test hole control, including punp-test data, in the
study area. This is especially so for deep test holes, which is due to the high
costs and difficulties of conducting deep-valley groundwater exploration
programs. However, the quantity and quality of the information available is
just sufficient to enable a regional hydrogeol ogi cal evaluation of the area to
be carried out.

There is just sufficient water-level data for determ nation of hydraulic
gradi ents for sonme deep and shallow aquifers, thus pernmtting a regi ona
interpretation of groundwater noverment and an understandi ng of recharge and
di scharge areas. Fromthe distribution of the punp-test data, it is possible to
di stinguish aquifers which locally may be suited to high-yield wells about 1,000
igpm but lower yields less than 100 to 200 i gpm are commonly antici pated, The
perneability val ues obtai ned from punpi ng tests make groundwater fl ow
cal cul ations possible. Estinmates have al so been nade for the determ nation of
groundwat er to recharge depl eted resources have al so been calculated. It is
t hought that reasonabl e concl usi ons concerni ng groundwat er resources and wel |
yi el ds have been reached.

I nformati on gathered on water quality show groundwaters, though commonly
hard, are suitable for human consunption and irrigation, and requires only
limted treatment for industrial purposes, and for |aundering.

The results obtained directly fromthe seismc program (Task 39) fromtest
drilling (Task 40) and punping tests (Task 41) were good. It has been denons-
trated that seismic prograns are a val uable prelimnary phase in deep-valley
groundwat er exploration studies for planning test drilling. Test drilling al one
i s i nadequat e wi t hout subsequent punping tests for aquifer eval uation.

It can be stated that the inportance of groundwater resources relative to
surface water resources or surface water devel opnent prograns can be readily
assessed. This can be done even though the actual quantity of groundwater
avail abl e for devel opnent on an annual or water-mning basis nmay have been
consi derably underestimated. However, it becones apparent that groundwater
resources are not a feasible alternative to |arge scal e devel opment of surface
wat er resour ces.
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Pot enti al G oundwat er Devel opnent

From groundwat er flow cal cul ations and a theoretical calculation of
groundwat er recharge fromprecipitation, the potential groundwater resources
avai |l abl e for devel opnent without depl eting groundwater resources range between 3
1/3 and 6 cfs (2,370 to 4,380 acft per year). This is equivalent to wells
continuously producing a total of 1,120 to 2,240 igpm It is very unlikely that
groundwat er withdrawal takes place in the study area at this rate is the nunber of
hi gh producing wells, in excess of 100 igpm is very small. On this basis al one
there is scope for limted increase of groundwater resources.

Lower Part of the Surficial Deposits

Fromthe existing punp-test data, there appears to be little prospect for

consi derabl y devel opment of groundwater supplies fromdeep wells, that is, about
1,000 feet deep. The exception is the aquifer encountered about 800 to 875 feet
deep (C43 THb) near Enderby. This part of the study area probably falls entirely
within the hydrol ogi c regi me of the Shuswap R ver Valley Drai nage Basin, and is not
considered as part of the kanagan R ver Basin hydrol ogi c budget. The potential for
groundwat er devel opnment increases slightly when the Enderby area i s considered, but
the scope for devel opment here is not known. Cf some promse is an area of artesian
fl ow extendi ng about 4 mles up the Shuswap R ver Valley from Enderby (Figure
15.11). However, the two control points upon which this statenment is based are two
wells 4 mles apart. e of these wells is C43 THc over 800 feet deep and the ot her
is reported to be 600 feet deep. It is not known whether these two wells both
termnate in the same or in different aquifers. |In order to nore fully eval uate
groundwat er potential in the vicinity of Enderby, further information is required
concerning the areal extent of deep aquifers. This infornation nust be suppl enented
by deep test-production wells including observation wells, so that adequate aquifer
tests can be conducted for the purpose of determning not only well yields but well
spacing. It is the witer’s opinion that well yields of up to 1,000 igpmare a
possibility in this part of the study area. However, the |ake of infornation on the
proximty of |ess perneabl e boundaries and their attendant effect on reduci ng well
yields is unknown. The locality is certainly one in which further groundwater
exploration is definitely justified.

El sewhere in the nmain Ckanagan River Valley it appears that well yields fromdeep
aquifers is disappointingly low, |ess than 250 i gpmfor punp settings of 200 feet.
Progressively higher yields would be obtained to the top of the aquifer. Though
mninumwel | yields are believed indicated by data col |l ected fromdeep aquifer
punpi ng tests, there is insufficient evidence to believe that groundwater potenti al
occurs for little nore than domestic and farmlivestock water supply requiremnents.
Agai n test production wells including one observation well are necessary to inprove
on present know edge of the study area. However, well design problens and costs of
1,000 feet deep wells are a deterrant to further eval uation of apparent |owyield
ar eas.
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15.8.2 Upper Part of the Surficial Deposits

The chi ef source of groundwater supply in the main Ckanagan River Valley is the
area to the south of Arnstrong (Figure 15.11). Wthin this locality well yields
of up to 850 igpmcan definitely be obtained near the centre of the valley and
possi bl y higher yields. However, conditions inposed by well design problens and
costs will limt vyields in practice, though figures of 3,500 igpmseemto be a
theoretical possibility. These calculations do not take into account
limtations due to inperneabl e boundaries which will reduce well yields. The
extent of the aquifer, mainly fine grained sand with sone silts is not known but
it ranges in depth fromabout 200 to 800 feet bel ow ground surface. The aquifer
is therefore about 600 feet thick. Task 41 data suggest mnimumwel | yields of
about 200 igpm (43 TH2) fromthis aquifer

Wthin the sane area to the south of Arnstrong (WE cross Section Figure 15.1
near the east side of the valley are two flowing wells. The well designated as
CW (apped well) had a free flow of 320 igpmand a theoretical yield of about
1,600 igpmis a possibility. Again the effect of discharge boundaries is
unknown. However, an estimated well yield of 500 i gpm may be reasonable. The
aqui fer, a sand and gravel deposit believed to be associated with fan deposits
flanking the east valley wall, is known to be at |east 50 feet thick. Its area
extent (Figure 15.11) is not known, but probably does not extend far to the west
beyond the 1,300 feet contour line. The convex shape of the topographic
contours probably indicates much of the areal extent of the fan deposits flank-
ing the east valley wall. Their westward extent rmay not al ways be delineated in
terns of topographic expression and there is insufficient drill hole control to
determ ne their actual extent.

About 3 miles south of Arnmstrong are 2 other flowing wells capable of producing
about 100 igpmor possibly nore. These are associated with a fan deposit of

| arger areal extent than that of the fan deposit discussed above. WIlI data for
the 2 fan deposits give an idea of possible yields which may be antici pated from
wel | s associated with these fan deposits. Wat is unknown in terns of
groundwat er potential is the significance of recharge by under flow to these fan
deposits fromtributary creeks flowing into them

It can be seen froma study of the inset map of the surficial geology (Figure
15.1) and topographic contours that fan deposits occur along nuch of the east
valley wall. Prospecting for groundwater within these deposits foll owed by test
punping is encouragi ng as denoted by well yields for a very few wells.

There are al so sone thin, mnor or |ocal sand deposits contained in the comonly
thick silt deposit which conprises the najority of the upper part of the
surficial deposits of the main valley. Thick |Iocal sands shown on the north-
south cross section (Figure 15.1) are presuned to be of inportance as only
supplying small water supply requirenments for donestic or |ivestock purposes.
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15.8.3

15.8.4

O Keefe Vall ey Aguifer

Information regarding potential groundwater resources is very linmted and avail abl e
only for the south end of the valley. It does indicate high capacity wells from
sand and gravel deposits up to 576 feet deep with a saturated thickness of about
350 feet. Theoretical well yields of up to 2,850 igpmseemto be a possibility.
Because of the influence of discharge boundaries, about which there is not data
avail able at present, well yields are estinmated to be in the range of 500 to 1, 000

i gpm

There is no information regarding the areal extent and saturated thickness of the
sand and gravel deposits throughout the valley. However, fromthe map of the
surficial geol ogy and apparent continuity of the water levels in wells with than of
| ake levels to the north end of the valley, it is believed the aquifer is
continuous fromthe Salnon River Valley to Ckanagan Lake (Figure 15.11).

On the basis of present know edge of the hydrogeol ogy of the O Keefe Valley, it is
definitely justified to conduct further groundwater exploration prograns wthin
this valley.

Par ki nson Bedr ock Channel Agui f er

The only remaining locality of significance in terns of groundwater potential is a
narrow, sand and gravel aquifer about 4 miles long extending to the northeast from
Par ki nson Lake (Figure 15.11). It occurs at an elevation just bel ow 1,700 feet
above sea level. The sand and gravel is about 250 feet thick with a saturated

thi ckness of 200 feet. Well yields based on punp test data fromone well are
estimated to be 50 igpmof slightly higher. Spring discharge, froma point 4 1/2
mles north of Arnstrong, formng a very short permanent tributary to Deep O eek
has a di scharge of about 150 igpm At the point where Deep Oreek flows fromits
course across this bedrock channel aquifer, its flowis reported to be pernanent.
In "drought" years such as 1970 Deep Oreek is dry above this bedrock channe

aqui fer, according to one | ocal resident.

The above information suggest that there is limted scope for groundwater devel op-
nent in this part of the study area. Qoundwater floww thin this bedrock channe
aqui fer a short distance west of Parkinson Lake is considered to flowinto the

Sal non R ver and so falls outside the hydrol ogic regi ne of the Ckanagan R ver
Basi n.

In summary, the nmain sources for groundwater withdrawal in the study area are

aqui fers in the upper part of the surficial deposits and the O Keefe Vall ey

aqui fer. These aquifers occur mainly in the central part of the Maid Oeek cross
section, as fan deposits along the east valley wall, and probably throughout the
entire length of the O Keefe Valley. There is also a sand and gravel bedrock
channel aquifer 4 1/2 niles north of Arnstrong with linited potential for
groundwat er devel opnent, and locally as at Enderby, there is some prospect for high
yield wells fromdeep aquifers
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15.8.5 G oundwater M ning
A total groundwater wthdrawal capacity of 2,240 igpm w thout depleting the
resources seens to be low This is equivalent to one inch of precipitation
reaching the water table over the entire recharge area. However, the
gquantity of recharge by underflow fromtributary creeks into fan deposits
is not know There is evidence to suggest that noderate quantities of
runoff water nmay be lost to underflow along the porous and perneabl e sand
and gravel beds of tributary creeks, such as Vaseux Creek. The cal cul ation
of recharge to groundwater from precipitation does not include any

additional increments to groundwater resulting from infiltration from
stream runoff. Also an unknown factor is the anount of water noving from
the Salnon River into the O Keefe Valley. If both the latter nethods of

recharge should prove to be significant, the potential for groundwater
devel opnment woul d i ncrease.

If the concept of groundwater mining is considered the follow ng recoverable
wat er quantities have been estimated to be available for withdrawal. The
reader is remnded, as in the case of groundwater flow cal culations, that the
l[imts of accuracy are anticipated to be no closer than one order of

nagni t ude.
Aquifers Acre Feet
Upper Part of Surficial Deposits 5, 000
(south of Arnmstrong only)
Lower Part of Surficial Deposits 1, 500
O Keefe Val |l ey 60, 000
66, 500

In arriving at the quantities of water available for mning the follow ng
figures were used:

TABLE 15.3
BASIC CRITERIA TO DETERM NE AVAI LABI LI TY OF GROUNDWATER
Effective
Aquifer Length Width Thickness Assumed
feet feet feet Porosity
Upper part of Surficial Deposits | 34,000 10,000 600 0.1
Lower part of Surficial Deposits
Unit F 54,000 6,000 12§ 0.1
Unit D 30,000 5,000 125 0.1
Unit B 30,000 3,500 125 0.1
0'tkeefe Valley 30,000 3,000 200 15

he above figures four groundwater mning are estimates based on limted infor-
mati on of the geology of the area. The problemis to determ ne the physical
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15.9.1

di nensi ons of an extensive 3-di mensional body, to estinmate the proportion of its
vol une occupi ed by aquifers and to arrive at values for the hydrol ogi c properties
of these aquifers, utilizing a fewrather w dely spaced test hol es and sone
seismc information. To further inprove know edge of the geol ogy and
consequently of the extent, thickness and |ithology of individual aquifers
considerably nore test drilling is essential

As an exanple of the limts of accuracy of groundwater available for nmining if
the figure of 5,000 acre feet for the upper part of the surficial deposits is
considered, the quantity of recoverable water ranges from500 to 50,000 acre
feet. This is the range for one order of nmagnitude. The exception to the above
figures is the O Keefe Valley aquifer where the estinmated upper lint for
recover abl e groundwat er supplies may be considerably | ess than one order of
magni t ude

Based on an annual rate of recharge fromprecipitation of 1 inch which is
equivalent to 5 cfs (3,600 acft per year) for the main valley it would take about
2 years to replenish the quantity of water taken fromstorage by mning aquifers
in the | ower and upper parts of the surficial deposits. |f recharge to the |ower
and upper parts of the surficial deposits are considered separately it woul d take
3 years to replenish the upper part based on a groundwater flow rate of 2.44 cfs
(1,780 acft per year), but very many years to replenish the | ower part.

In the O Keefe Valley with a recharge rate of about 0.74 cfs, equivalent to about
540 acre feet per year, it would require 110 years to repl eni sh ground-water
resources taken fromstorage. However, with the possibility of linmted underflow
fromthe Salnon R ver Valley the period of time necessary for recharge woul d be
reduced.

Econom cs of @G oundwat er Devel opnent

The econom cs of groundwater devel opnent fall into 2 nain categories. ne is
prelimnary exploration, the other is the capital costs of production wells.
Actual costs given bel ow m ght range 20% upwards or downwards due to varying
geol ogic conditions etc

Costs of Goundwater for Hgh-Yield wells

Prelimnary exploration costs for a specific locality may include costs for both
seismc and test drilling. A seismc survey conprising one or two profiles
including consultant's fees are estinmated to cost about $5,000 to $10, 000. Costs
of 2 rotary test wells about 1000 feet deep including 24 hour punping tests are
estimated to be about $35,000 but these costs do not include consulting fees.
Total prelimnary groundwater exploration costs could be about $45, 000 (1970

Dol | ar Val ue) .

The costs of production wells are estinmated separately for the O Keefe and the
Ckanagan Valleys. The capital costs of production wells, including punp and
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wel | housing, to produce groundwater supplies at 4 acft/day (acre feet per
day) for 90 days could range from about $25,000 for a well 225 feet deep near
the north end of the O Keefe Valley to about $36,000 for a well 425 feet deep
near the south end of the valley. These costs does not include bringing
power to the site, water treatnent, nor consultant's fees. Estimted annua
costs at the well head for the foregoing production wells, with a power cost
of 60,5 (per acft/day for the forner well and of $2,45 per acft/day for the
latter well, are given below These annual costs do include interest and
anortization, and operation and nmai ntenance costs over a period of 25 years
at interest rates of 5% 7% and 9%

(A)  $25,000 well

Interest rates for 25 years

Anortization costs per annum 5% 7% 9%
1,770 2,145 2,510
Power costs for 4 ac ft per day for 90 days $ $ $
Operation and Mai ntenance $ 218 $ 218 $ 218
Total annual costs for one well producing 4 $ 1,250 $1, 250 $1. 250
f eet day f 90 d

acre feet per day tor ays $ 3,238 $3, 613 $3, 978
Total 25 years costs

$80, 000 $90, 200 $99, 400

(B) $36,000 wel |

Interest rates for 25 years

5% 7% 9%
Anortization costs per annum $ 2,555 $3, 090 $3, 600
Power costs for 4 ac ft per day for 90 days $ 882 $ 882 $ 882
Operation and Mai ntenance $ 1,860 $1, 860 $1, 860
Total annual costs for one well producing 4 $ 5 297 $5. 832 $6. 342
acre feet per day for 90 days ' ' '
Total 25 years costs $132,500 $145,800 $158, 500

The total annual costs per acre feet per day including power costs,
interest and anortization costs over a period of 25 years at interest rates
of 5% 7%and 9% are estinated to be within the following limts:

Interest rates for 25 years
$8. 87 $9. 89 $10. 90
$14. 52 $15. 98 $17. 37

(A) Lower Limt
(B) Upper Linit

Production well costs in the Ckanagan Valley lying north of Ckanagan Lake can
be expected to vary considerably dependi ng upon depth, conditions encountered



during well drilling and upon well construction. Capital costs for a well
approxi mately 1000 feet deep producing 4 acft/day for 90 days are estimated
to range from $25,000 to $50,000. Again these costs include punp and wel |
housi ng, but do not include those of bringing power to the site, water treat-
ment, nor consultant's fees. Estimated annual costs for the above wells at
the well head covering power costs of $2.45 per acft/day, interest and
anortization costs for a period of 25 years at interest rates of 5% 7% and
9% are gi ven bel ow.

(A $25,000 well

Interest rates for 25 years

Anortization costs per annum

5% 7% 9%
Power costs for 4 ac ft per day for 90 days > > 0
$ 1,770 $2, 145 $2, 510

Operation and Mai nt enance
$ 882 $ 882 $ 882

Total annual costs for one well producing 4
acre feet per day for 90 days $ 1,250 $1, 250 $1, 250

Total 25 years costs

$ 3,902 $4, 277 $4, 642

$97, 500 $106, 900 $116, 000

Interest rates for 25 years

(B) $50, 000 wel | 505 7% 904

$ 3,540 $4, 290 $5, 020
Anortization costs per annum

$ 882 $ 882 $ 882
Power costs for 4 ac ft per day for 90 days

$ 2,500 $2, 500 $2, 500
Operation and Mai ntenance

$ 6,922 $7,672 $8, 402

Total annual costs for one well producing 4
acre feet per day for 90 days $173,100  $193,800  $210, 000
Total 25 years costs

The total annual costs per acre feet per day including power costs,
interest and anortization costs over a period of 25 years at interest rates
of 5% 7%and 9% are estinated to be within the following limts:

Interest rates for 25 years

(O Lower Limt

(D) Upper Limt 5% 1% 9%
$10. 69 $11. 70 $12.71
$18. 96 $21. 02 $23. 00

The foregoing figures represent approximte costs of water in acre feet per
day. However, well costs nmay vary considerably fromthose given above.
Utimately the costs of groundwater supplies will be determ ned by well vyield,
the denmand for water nade upon a given well according to its use (for irriga-
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15.10

tion supplies for part of a year, or for industrial supplies that are continuous
year round) in relation to the actual costs of a well.

Cost of G oundwater for LowYield Wlls

Costs for water supply requirenents up to 10 igpmfor private donestic and
i vestock purposes will be considerably |ower. However, the costs of devel oping
groundwat er from deep aquifers woul d nake such wells very unecononic.

Low yield wells conpleted in the depth range from 100 to 250 feet are estinmated
to cost about $4,000 to $6,000. These costs include those for the punp and well
housi ng but exclude power installation etc.

Concl usi ons

The surficial deposits in the north end of the Ckanagan River Basin are
primarily fine grained, |ow perneable materials, mainly silt and finegrained
sands. There are sone coarser graned, high perneabl e deposits of sand and
gravel. The fine-grained materials are expected to have perneability val ues of
less than 10 igpd/ft and the coarser grained materials perneability val ues
comonly of 100 to 300 igpd/ft%

Wll yields for aquifers in the study area are comonly expected to be |ess
than 200 igpmfor punp settings of 200 feet. Locally higher yields of up to 500
i gpmor possibly 1,000 igopmnmay be obtained. Aquifers with well yields in the
200 to 500 igpmrange, are considered to occur in the O Keefe valley; and in the
main valley in a locality just south of Arnstrong and in parts of fan deposits
along the east valley wall. WIIl yields of up to 1,000 i gpm nay possibly be
obt ai ned near Enderby and also in the O Keefe valley, but nore adequate testing
is essential to verify these high yields.

The quantity of groundwater available fromwater mning is estimated to be
about 66,500 acre feet, nost of which would be obtained fromthe O Keefe Valley
aqui fer. Goundwater flow towards Ckanagan Lake for the nore perneable naterials
is calculated to be about 3 1/3 cfs (2,370 acft/yr). This figure is considered
to be a reasonabl e estimate when conpared to total theoretical recharge rate of 6
cfs (4,380 acft/yr) obtained from1 inch of precipitation for a recharge area of
about 80 square mles. At this rate of recharge it would take about 100 years to
repl eni sh the water supplies that could be mned fromthe O Keefe Valley and only
2 years to replenish supplies in the main valley aquifers. However, the
possibility of higher recharge to the above aquifers by underflow fromtributary
creeks to the main valley and fromthe Salnon River into the O Keefe Valley is a
distinct possibility.

The potential for groundwater devel opnment without depleting the resources is
estimated to be from3 1/3 to 6 cfs. It is unlikely that total ground-water
withdrawal is close to the |ower value, so there is limted scope for increasing
the use of groundwater resources in the study area. |If the potentia
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of the Enderby area, which occurs in the adjacent Shuswap River Basin is
consi dered, then the potential for groundwater devel opment increases. The
possi bl e extent of the increase i s unknown.

Anal yses of groundwaters sanpled in the study area show the chem ca
quality of the water is very good. The total dissolved solids content of
water is conmonly in the range of 200 to 500 ppmand the water is primarily
cal ci um and nmagnesi um bi carbonate. The water is quite suitable for human
consunption and for irrigation use and should require only very little
treatnment for industrial purposes.

The hydrogeol ogi cal study conprising this report has been confined al nost
entirely to the north end of the valley, the exception being a deep test hole
and seismic work near Ckanagan Falls in the south end of the valley and sone
sub-basin studies. To bring other parts of the Ckanagan River Basin to the
same stage of know edge as that of the north end would require inplenmenting
sonme or all of the following work itens. The detail involved would depend on
the scope of the projects involved and the funds avail abl e:

1. Collection, tabulation, study and plotting of avail able data.

2. Review of relevant groundwater and geol ogi cal maps and reports of the
ar ea.

3. Synthesis of this data into prelimnary hydrogeol ogi cal maps.

4. Hydrogeol ogi cal mapping and well inventories to fill inportant gaps
I acki ng i nformati on.

5. Collection of water sanples for hydrogeochenical studies.
6. GCeophysical studies: seismc and gravity neter studies.

7. Rotary test hole drilling to evaluate geophysical results; case the holes
for prelimnary groundwater information and for use as observation wells.

8. Cable tool test production wells and punp tests.

9. Long range studies to further eval uate groundwater resources, novenent and
recharge are a natural followup to the present prelininary studies con-
ducted prior to an as part of the joint Canada-British Col unbi a Ckanagan
Basi n Study Agreenent.
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