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SUMMARY

The present information available on the bedrock :nd surficial
geology, water well data, hydrograph rccords and chemical analyses of
groundwaters permits a recasonable interpretation of the regional hydro-
geology from the south end of Kalamalka Lake to the sputh end of Ellison

Lake.

The bedrock comprises mainly low permeable mctamorphic and in-
trusive igneous rocks and some conglomecrate and basalt. The ov rlying

surficial deposits are mainly sand and gravel with somc¢ till on the east

.and west sides of the valley, commonly less than 50 feet thick. The

thickness of the overburden in the valley bottom is known to be 530 feet
thick near Winfield. The strata comprises a sequence of till; or silt,
sand and gravel; with somc lacustrine deposits of clay, silt and sand.
The main aquifer in the arca is considered to be sand and gravel mainly
within the depth range of about 100 to 200 fect bclow ground surface.

It is known only between Wood and Ellis.n Lakes along the west side of
the valley and just to the east of Winfield Creck. The present interpre-
tation of the hydrogeology suggests that most of the groundwater in this
part of the arca moves through this aquifer. Underflow figures approxi-
mating 5 cfs have been calculated. This agrees with surface watcrvlosses
in the upper Vernon Crcek-Ellison Lake area, calculated to be 4.8 cfs

by Mr. Coulson, Hydrology Division. This arca is considered the main
recharge area for the valley floor deposits. About half of the flow

through this aquifer is discharged by Winficld Creek.

The main source of inflow from the east side of Wood lake appears
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to be as return groundwater flow frow irrigition wafer. The calculated
rceturn flow ounted to -about 28% of the applied water for the 1973
irrigation season. In the Winfield Creek basin return flow is calculated
as being less than 1%. If return flow to Winfield Creek i substantially
higher eitb.r the path of return is not apparent or present instrumentation
and data is inadequate to enable return flow to be detected in this basin.
However, the results available yepresenﬁ only very early attempts to
assess return flow directly by groundwater studies. The above figures
should be considered as only tentative at this stage. By combining
croundv.ter flow calculations with average nutrient concentrations for
total nitrogen and tota” soluble phosphate only low quantities of these
constituents a. zar to be entering Wood Lake from groundwater sources.
Data is too limited to makc estimates for quantity of groundwater flow
into Kalamalka Lake except for the main aquifer at the south end of

Wood Lake, which may discharge 1% to 2% cfs directly into this lake.

The actual concrntration of the nutrients in deep aquifers whick may be
discharging water into Kalamalka Lake at the south end of Vernon Creek
valley is moderately low and f »m the Coldstream valley is -.aite low.

So if underflow is moderately high, ¢ ~oundwater may not be a serious
sourcc of pollution to lakes in the Kalamalka-Wood Lake Basin when
compared to surf: e watcr sources. A summary of the anticipated quantity

of nitrogen and .otal soluble phosphates entering Wood Lake is given below:
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Aquifer(s)
Source

Confined
(163'-200")

Water Table
§ confined

Water Table

Water Table
& confined?

SUMMARY OF NUTRIENT INPUT TO KALAMATLKA,

WOOD -AND ELLISON TAKES

To Total Nitrogen(N) Total Soluble Phosphate (P)
Lake (1bs/yr) (1bs/yT)

South End

Kalamalka 3,240 270

South End

Wood 260 7

East Side

Wood 8,814 37.5

Ellison 200 20
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A HYDROGEOLOGICAL STUDY

OFF THE KATLAMALKA-WOOD LAKE BASIN

INTRODUCTION

The purpose of this study was to consider the role of ground-
water as a source of nutrient input intc Wood and Ellison and parts of
Kalamalka Lakes. To this end the available data on ground water and
geology in the Groundwater Division files have been analysed to present
an understanding of the hydrogeology of the area. Relevant published
and unpublished reports have also been read. This work was supplcmented
by groundwater field mapping, collection of water samples for chemical
analysis from 105 sites including 37 newly installed observation wells

and 5 pumping tests.

Methods of Investigation

The work comprised an office study of existing data and fieldwork
in 1972 and 1973. Reference was made to available geological and ground-
water reports and maps. Basic water-well data and some lithologic logs
were plotted on maps to scales of 1 inch to 500 feet and 1 inch to 1,000
feet. Plan view maps showing water-level contours, geology and ground-
water features ave b 'n prepared where possible. Use was aléﬁ m.le of
lithologic and electric logs supplicd by water-well drillers/to construct
hydrogeological cross sections of the area. Air photos were used to

supplement thesc studies. Chemical analyses were rur on nutrients in

3 to 13 samples of groundwaters from ecach of 105 springs, creeks and wells,



2
mainly in the Wood and'Ellison Lake area. T%is data was collected over
a period of 17 months from March 1972 to July 1973 inclusive. Some in-
formation collected 'in 1969 under the Okanagan Valley Water Quality Data
Collection Program, Interim Federal-Provincial Sub Committee No. 2 was
used for the Coldstream Valley. Prcliminary work forming an early phase
of this study was the collection of 28 water samples from wells and springs
deriving water supplies from different aquifers distributed around Ellison

and Wood Lakes as a basis for subsequent work.

Previous Investigations

Previous investigaticns to study ground water in the area were
made by anm;th (1962) and by Livingston (1966). The latter work, dis-
cussed in an internal report (July 19, 1966, File:: 0249723/0256956),
was carried out specifically to consider development of groundwater
resources on the east side of Wood Lake. It thus provides a very
important contribution particularly at <this time. 4 copy of Mr. Livingston's
report is submitted as Appendix A. Very helpful geological reports and
maj.» were those by Fulton, R. (1968, Map 1245A) and Jones, A.G. (1959).
As part of groundwater investigations conducted under the Canada-British
Columbia Okanagan Basin Agreement, a very short report (Halstead, 1972)
was written covering the upper part of Vernon Creek Basin above Ellison
Lake. Most of the area covered by this report is adjacent to the part

of the basin covered under this study.
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GEOGRAPHY

Location and Extent of the Area

The main area covered by this study is about 45 square milcs
(Fig. 1). It lies between parallels of latitude 49°58" and 50°07! north,
and between meridians of longitude 119°20" and 119°26' west. However,
the Vernon Creek drainage basin divide to the cast of Wood Lake extends
much furthe: east to 119°07' west. A short strip of the east shoreline
of Kalamalka Lake, between latitude 50°13" and 50°14' is included in this

study 1 here Coldstream Creek enters this valley.

Topography and Drainage

The area lies entirely within the Vernon Creek drainage basin,
the major tributary valley in the Okanagan River Basin. The source of
Vernon Crcck is in the Grizzly Hill Provincial Forest where it flows
southwest to Ellison Lake beforc turning north to flow to Kalamalka lake.
The northward flow of Ve non Creek from Ellison through Wood and Kalam:alka

Lakes is contrary to the regior 1 Okanagan drainage from north to south.

The drainage basin divide to the west of Wood Lake rises to 3,300
feet, and to the east of Wood Lake rises to 5,400 fecet. Most of the area
covered by this study lies between elevations of 1,283 feet (at Wood Lake)

and 2,500 feet AMSL (above mean sea level).



Climagg

The climat- of the area is semi-arid. The mean annuél temperature
may be expected to be about 470F., and the mean annual precipitation to
be about 13 inches in the valley bottom. These values fall between figures
for the weather stations at Kelowna and Vernon. At an elevation of 3,000
feet (Rutland Mission creek weather station) the mean annual precipitation

increases to about 20 inches.
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GEOLOGY

Bedrock Geology

The bedrock exposures in the study arca fall largely into two
main classifications. These are exposures of the Monashee Group occurring
on the east side of Ellison, Wood and Kslamallka lLakes, and of the Coast
Intrusions Foruwation occurring on thc west side of these lakes (Fig. 2,
In Pocket). Rocks of>the Monashee Group are flat-1lying and comprise
mainly gneiss, but schist, quartzite and marble are common. These rocks,
of sedimentary origin, have been subjected to high-grade matamorphism
(Jones, A.G. 1959, p.11). Rocks of the Coast Intrusions as their name
implies, arclof intrusive origin and are granitic in type. The rocks
within c:-h classification are dense with very low percentages of void
space which is limited to fractures. Both thc number and size of fractures
are commonly expected to decrease with depth. Conglomerate and volcanic
rocks of Tertiary age overlic the Monashee Group on parts of the cast

$id of the valley.

Structure

The structurc of this region is very complex. Kalamalka, Wood
and Ellison Lakes occur directly along a major fault system - the Sicamous-
Vernon fault. The dips of most faults are unknown but are probably ncarly
vertical. From a study of air phétographs there would appear to be

lineaments trending from southwest to northcast. One of these trends is

considered to coincide with the lower rcaches of Ribbleworth Creek and to



continue northe: :t about three quarters of a mile to the northwest of
Oyama Lake. A second paraliel lineament possibly coincides with the
upper reaches of Vernon Creek. This latter trend runs northeast through
-Swalwell Lake and may possibly be a minor extension of a fault cutting
across the southern.bart of Mabel Lake (Jones, A.G. 1959). A set of
minor north to south trending fractures are discernible on air photos in
parts of the area on the east side of Kalamalka Lake, and these may have
been «:.centuated by glaciation or during deglaciation. The possible
importance of faults and limeaments as concuits of groundwater flow in

the study area is not currently known.

Surficial Geology

Much of the area of study is covered by unconsolidated surficial
deposits and these are mainly of glacial origin. The published work of
Nasmith (1962), Fulton (1968) and an internal file report of Livingston
(1966) show sc - disagreement on the methods of deposition and some
differences ii. classification of the deposits. However, it is agreed
that mainly sand and gravel deposits flank the east side of Wood Lake.
These deposits are accompanied by minor exposures of till (Livingston,
1966; Le Breton, 1973). Further sc th toward Vernon Creek, sanc and
gravel deposits again occur, but with till (Fulton, 1968) occupying the

lower siopes of the valley.

Fan deposits of poorly sorted gravel, sand anc silt occur in the
Winfield area where Vernon Creek enters the north-south valley. The

bottom valley sediments to the north of this fan arc present day alluvium,



9
probably very thin, consisting of silt, sand and gravel. Along the west
valley wall are lacustrinc raterials of silt, sand and gravel, with
outwash gravels occurring on the divide. The known variation of the
surficial deposits with depth obviously depends on drilling records.
These are mainly fo} shallow wells less than 100 feet deep. Some water-
well drillers' logs complete with clectric logs are for wells to 200 fcet
deep with one CGroundwater Division test hole (Z7¥6Y17No.23) rcaching 547

fecet. This data has been correlated where possible to construct cross

sections of the subsurface surficial geology (Figs. 3, 4 and 5).

East Sid§ of Wood Lake

In this part of the area (Fig. 2) drill hole data show ~and an!
gravel, of varying thickness and often less than 50 fecet thick, overlies
either bedrock or till. Where till is logged above bedrock its thickness
ranges from 1 to 6 fecet thick. Near the northcast corner of Wood Lake
the drift thickness increases rapidly towards Wood Lake denoting a very
steeply sloping surface to the buried bedrock valley wall. Test holcs
sited over the buried vallcey wall or local bedrock "highs" are likely to

be cither pcrmanently dry or to contain water only intermittently.

West Side of Valley from Wood Lake to Ellison Lake

On the west side of the valley drillers' logs to about 200 feet
show a succession of deporits described as till; water-bearing gravel;
till, cemented sand or dry gravel; and t'11, or clay, gravel and rocks

between clevations of about 1,750 feet to 1,400 feet AMSL. A factor



10
aiding corrclation of well logs was the noticcably high resistance shown
on the clectric logs by the zone of cemented sand or dry gravel. Thisv
same phcnomenon may permit some correlation of the logged units down,
as well as along the valley wall. The above description of the geology
illustrated by figure 3 is anticipated to apply to a north-south zone
only about 1,000 to 2,000 feet wide. It is known that the depth to bed-
rock along Pretty Road 1,000 fecet west of the southwest corner of Wood
Lake varies bet ecen 30 and ¢ fcet, and it is considered that further
south the depth tc bedrock may be about the same. To the east of Winfield
Creek in the valley floor the geological sequencve is quite different
(Fig. 4). Thus it is concluded the above zonc¢ is quite narrow. In the
vicinity of tiie north-south cross section (Fig. 3) drilling records
suggest a steepl!y sloping buried bedrock valley wall, but to the west
of this zone the underlying bedrock surface is less stceply sloping and

may be partly terraccd.

Ficld mapping suggests the surficial deposits arc primarily sand
and gravel with somc silt and clay. Lccally till may be prescnt in the
sequence as indicated in well C49 TH7 (Z7X6Y30No.24) where three sand and

gravel zones are scparated by till about 25 feet thick.

Valley Tloor Arca betwc 'n Wood and Ellison lLakes

Most of the water-well rccords for the valley floor are for wells
less than 100 feet deep commonly giving little geological information.
From well depth completions there would appear to be a main zone of sand

with somc silt encounterced from 60 to 115 fect below ground surface with



11
minor beds or lenses as shallow as 15 feet o about'130 feet decp (Fig. S).
Summary descriptions of the lithology combined with som- complete dcscriptive
logs with electric logs suggest thin sand and silty sand beds within
lacustrine clay and silt deposits. This occurs to depths of about 160

feet within onc-half mile of the south e¢nd of Wood Lake.

Between Winficld and Beaver Lake Roud several shallow well logs
record thicknesses of abcat 40 feet of sand and gravel overlying clay.
This sand and gravel marks the northwesterly extent of a fan deposit of
sand and gravel where Vernon Creek enters the main valley from the source
arca at high elevations to the cast. Interfingering of deeper deposits
of th- Vernon Creck fan are expected to occur with the valley-floor deposits.
There is limited cvidence to support this as for a new well drilled to
replacce Z7X6Y17No.8. *n this new well, clay from 40 to 60 fect separates

sand and gravel depusits above and below this ciay bed.

Irom the data available cross sections have been drawn for the
shallow sub surface surficial deposits. From figure 4 it woul! appear
there is a facies change from locally thick deposit: of sand and gravel
necar the base of the west valley wall (€49 TH4) to a2y, silt with some
sand, overlying sand and grav.l (Z7X6Y29No.32). 1In the Groundwater
Division Test Hole (Z7X6Y17No.23) 547 fecet decp, put down by E. Livingston,
the log shows bedrock was encountered at 530 feet and records 3 till units
scparated by silt, sand and gravel deposits. 1t is thought possible that
the upper silt, sand and gravel zone from 135 to 235 feet (27X6Y17No.23)
may bc continuous with sand and grévc] from 163 to 200 feet in well

Z7 X0 Y29 No. 32.
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HYDROGEOLOGY

Source, Occurrence and Movement of Ground Water

It is high1§ probable that coniate ground water: contained in the
surficial deposits during glacial times and also shallow bedrock ground
waters were very low in total dissolved solids. Post-glacial recharge
from precipitation moving through unconsolidated rather insoluble rock
materials of igneous and metamorphic origin is expected to result in
only minor chemical solution of the weathered products. The chemistry
of the ground waters is therefore anticipated to show fresh water low in

mineral concentration.

Within the bedrock, ground water occurs in rock fractures commonly
expcected to « crease both in size and number with depth. Groundwater
movement is confined to these {ractures and most ground water moving
through~the bedrock is anticipated to be restricted to about the upper
50 feet. Though high permeability may occur in these fractures, especially
along some lineaments, the percentage of void space is commonly small,
so that the overall permeability for the bedrock is quite low. The
volume of water held in storage also will likely be small. Thus the
quantity of groundwater moving through the bedrock as underflow, or
discharged as springs will be minor as far as water-balance studies are

concerned.

Within the surficial deposits of gravel, sand, silt and clay;
groundwater movement is primarily intergranular though locally as in till,

groundwater movement may be largely through fractures. While the regional
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movement of groundw. lcr is expected to conform with that of the slope
of the topography, buried bedrock or moraine ridges and bedrock channels
may locally modify groundwater flow. Bedrock or moraine ridges may deflc. :
groundwater movement towards the surface crcating discharge as springs
or spring seepage. Also some channelling of groundwater and locally
significant irregularities in the topography of impermeable materials
underlying sand and gravel may combine to produce small unsaturated areas
in the surficial deposits. This is believed to occur under the U.B.C.

study area to t.:e northeast of Wood Lake.

Basic Water-Well Data

The basic water-well data on file has been plotted and analysed.
Much of this data is for wells less th:- 1 about 50 feet deep supplying
information mainly on the depth of the well and the Jcp?h to the water
leQel below ground surface. Though well logs are often not supplied,
sometimes the lithology of the aquifer material is notcd. A limited
amount of data is also available regarding groundwater sources from
water wells 100 to 200 feet deep. However, almost no data is supplied
on bail and pumping tests to enable values of permeabilities tc¢ be

calculated.

To the available data has been added information gathered from
about 70 new test holes including pumping tests at 5 sites. However, the
main emphasis was placed on drilling for the purpose of constructing wells
to monitor changes in nutrient content Qf groundwaters close to Kalamalka,

Wood aud Ellison Lakes. Basic data has enabled some mapping of the areal
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extent and thickness of some aquifcrs, drawing water-level contours for
water-table aquifers and detcrmining the hydraulic gradients of water-

table and of confined aquifers in parts of the study area.

Aquifers between Wood and Ellison Lakes

The decpest known aquifer, (in Well Z7X6Y29No.32) is encountered
at a.depth of 160 fcet, elevation about 1,130 feet AMSL to the south of
Wood Lake. It is logged as clean sand to 200 feet, elevation 1,090 feet
AMSL but the lower limit of the aquifer is not known. This well and a
nearby recent new well flow at rates of 35 to 49 igpm (imperial gallons
pef minute). About 500 fect east of these wells is a second new well
(Hruschak, J. personal communication Nov. 1973) aboﬁt 140 feet deep with
a flow of 9 igpm. These wells probably draw Qater from the same gravel
aquifer 1,275 feet AMSL which supplies grouﬁéwater to the wells g)ong
the west valley wall (Fig. 3). This aquifer is locally unconfined near
Winfield Creek and is the source of spring discharg:. about 1,500 to 3,500
feet south of Wood Lake. Here spring discharge forms several "streamlets"
which flow into Winficld Creek. The combined estimated flow of these
"streamlets'" h: s bern rcported as just under 1 cfs (cubic feet per second)
but visual opinions are considered as on}y rough flow estimates. Further,
Winfield Creck, which is of groundwater oriéin‘and hgs a near steady flow
of 2% cfs, is considered to be supplied from this samé aquifer. With
spring discharge from the vallcy wall of 1 cfs (or 0.64 cfs, sce Table 1b)
the major portion of flow of 1% to 2 cfs is assumed to be fed by direct
vertical discharge from the aquifer. This is presumed to be the case

becausc of the close proximity of Winficld Creek to the proposed facies
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change from sand and gravel to clay and siltishown in'figUre 4. Ffom'the
combined information on geology and groundwater hydrology it would appear
the water supplying the wells along the west valley wall,.Widfield Creek
and the adjacent li:e of: springs, and.the deep wells near the southwest

corner of Wood Lake moves through one major aquifer. It‘is considered

that much of the groundwater moving to the Wood Lake area through this

aquifer originates in the Ellison Lake area.

Several confined aquifers (mainly sand) frow which water is '

————

commonly reported to flow at less than 3 igpm, occur within two-thirds

of a mile from the south end of Wood Lake (Fig. 6, In Pocket) The main

developed source of groundwater is between 60 and 100 feet deep (1 170-

1,230 feet AMSL) in the central pdrt of the valley Some groundwater is

xS v————" e aalg

~ obtained from conflned aqu1fers as shallow as 35 feet to as deep as 130

feet, with free flow having occurred as shallow as 15 feet (Z7X6Y29No.79).
The head measurements (1972 and 1973) range from about 1 foot above ground
surface near the southern limit of the flowing‘wells to 16 feet above
ground level at the south end of Wood Lake. The occurrence of artesian
head is taken to indicate rather limited hydraulic continuity between the

aquifers and the water in Wood Lake.

of fine-to medium-grained sand, silty sand or sandy clay w1th some coarse

sand. This is the description from test hole logs in the area in which
septic tank effluent studies were conducted by thc University of Brl;ish
Columbia. The thickness of the zone of saturation is considered to range

from a minimum of 2 feet to an average of 5 feet of low permeable 10

United States gallon per day per squarc foot - US gpd/ftz) materials.
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These limits for saturated thickness are considered reasonable when
allowance is made for a confining bed overlying an aquifer with artesian
flow encountered from as shallow as 15 feet and eepths to the water tabie
of 2 to 6 feet. The hydrgp}rc#gradient of the watcr table is about 5.5

X 10'3 ft./ft. and is used for underflow calculations in Table 4a. Though

e ———

there is very little information on the water table aquifer between the

septic tank study areas and the Village of Winfield, the occurrence of

both the aqu1fer and the water table are deeper below ground surface

— e R e

towards the south. The base of the aqu1fer n the Winfield area is

e e i

about 45 feet below ground surface and the depth to the water table about

35 feet.

' Between Winfield and Beaver Lake Road unconf1ned groundwater

—————

occurs in sand and gravel deposits of the Vernon Creek fan. In this part
P

of the fan the deposits are about 40 feet thick and the saturated'thickness

of the water table aqulfer is commonly from about 4 to 10 feet A well

—-

in thls aquifer may sometimes go dry (Well Z7X6Y17No.8). This has led
to deeper drilling and to development of groundwater between 70 to 90
feet deep érom a san:. and gravel aquifer below the water table. Water-
level data from this deeper zone has been used in conjunction with head
measurem:nts of flowing wells at the south end of Wood Lake to determine

the hydraulic gradient for the confined aquifers. The gradient is about

5.5 x 10'3 ft./ft. Groundwater movement from the Vernon Creek fan is

[T

expected to be an important source of recharge for aquifers between

Ellison and Wood Lakes.

Aquifers occurring up on the west side of Vernon Creek valley

from 1,500 to 1,700 feet AMSL are frequently represented by spring discharge.

//\'\

!js
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The main zone of discharge is revealed by springé at about 1,550 té 1,600
feet AMSL. Field obsefvatiqns show creeks appear and disappear. This
observation and spring discharge reflect the presence or absence of
underlying impermeable beds. These beds may be silt and clay or cemented
gravel. Such beds or lenses have been observed in the surficial deposits
which are mainly sand and gravel. Low creck flows, less than 50 igpm,
originating up to 1,600 feet AMSL are considered to reflect possibly
small total contributions of groundwater from the h;gher aquifers along

the west valley wall,

Ellison Lake Area

Groundwater inflow to Ellison Lake i: from bedrock fractures on
the west side of he lake, from lacustring dépbsitsuqf.silt, sand and
gravel on the east side of the lake, and ﬁogsibly as undgrflow near
Vernon Creek at iis point of entry into the lake. Groundwater infloﬁ
to this 1 e is expected to be small, This is considered to be so
because of the anticipated very low permeability of the bedrock on the
west side of the lake and the dry appearancc of the land surface on the

cast side of the lake suggesting low groundwater flow into this lake.

East Side of Wood Lake

Data available for the east side of Wood Lake show a thinly

e —

saturated, commoniy less than 5 fcct thick, water-table aquifer con-

sisting of sand and gravel directly overlying bedrock or sometimes over

e e i e

till. This aquifer is recharged either directly from precipitdtion, by

—
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discharge from the bedrock, or by underflow from créeks driginating high
up the valley wall. The iast method of rcchargé is best illustrated by
Elliot Creek. This creek possibly originates from the Tertiary conglomecrate
at about 3,000 féet, as do some springs such as the/one from Somerville
Mine. The source of recharge arc many 10 to 20 fcet deep fissﬁres in
the overlying volcanic rocks. These are reported (Mr. Holt, personal
communication) to stére precipitation aé snow or ice all summer long
(Fig. 7). Elliot Creek possibly loses water to storage as it crosses
fan deposits of silt, sand, and gravel up to 150 feet thick. This fan
(Fig. 8, In Pocket) supplies water to many springs and wells .t topo-

graphically lower elevations.

Weber's spring (Fig. 8, In Pocket), the main inflow to Ribble-
worth Creek'is bLelicved to be fed by underflow in a manner'similar to
that illustrateu by Elliot Creek. Two miles further north is an unnamecd
creek diverging from Rib!leworth.Creck whic! also conveys water either
as surface or subsurface flow. In this case some of the subsurface flow

occurs within the bedrock.

Water-Level Surfaces

The water-level surface of én aquifer is an imaginary surface
that everywhere coincides with the nonpumping level of the water in an
aquifer. Water-level contours have been drawn where possible for the
aquifers previously discussed. Water-level contours drawn for the
Vernon Creck water-table aquifer arc interprcted to portray a significant

influence on the groundwater hydrology due north of Ellison Lake. The



FISSURE AT GROUND LEVEL ICE INSIDE FISSURE

(East side of Wood Lake, elevation (In late summer)
3,500 feet approximately)

FIGURE 7. Ice in Fissure in Volcanic Rock
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wate: table in the Vernon Crcek fan forms a’groundwater mound in the main
valley. As groundwater flow from this fan enters the main valley, it is
discharged both towards the north and the south. The occurrence of this
mound is believed to create a rather effective but not necessarily fully
cffective barrier to the possible mo?ement of groundwater to the north
from Ellison Lake within the water-tablc aquifer (Fig. 6). Topographic
control shows Ellison Lake to occur in almost a closed depression. In
.i1is case very little or no surface water may floQ out at low lake level
(Fig. 6). One local resident report.d that although Vernon Creek has
been known to go dry at the outlet of this lake, flow reéumes about
one-eighth of a mile downstreawn. In conformity with surface drainage
it is consiuered the entire or most groundwater flow is to the north
from the Ellison Lake-Vernon Creek fan area. Data for 3 wells, two at
the north and one at the south end sﬁow Ellisén Lake is primarily a body
of surface water perched on lacustrine clays. The water level in the
lake is about 10 to 20 feet higher than in these ncarby wells.. One of
these wells (Z7X6YS5No.7) was put down under fhis stﬁdy. In three other
wells (Z7X6Y5Nos.4, 5 and 6) on the east side .f Ellison Lake the water
level in the wells is continuous with that of the lake level. Brief
reference is now made to the estimated annual water losses from Ellison
Lake of 1,500.acre feet per year (Coulson, 1973). There is some evidence
to suggest this lake is perched. Further as Test Hole Z7X6Y8No.11 was
reported dry to 20 feet, where a hard l:yer was encountered, thcre is
some evidence to suggest Vernon Creek is a perched creek in this part
of the area. The losses can be accounted for by vertical leakage at
a rate of 0.06 US gpd/sq.ft.. This is an acceptable permcability figure

for a stratum of very low pérmeability. It is believed that losses from
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this lake combined with 2,000 acre feef per.year from Vernon Creck above
Ellison Lake provide the major source of groundwater recharge to aquifers
in the valley floor between Ellison and Wood Lakes. The total losses of
3,500 acre feet per year are equivalent to a flow of 4.8 cfs. -About 2.5
cfs is discharged bf'Winfield Creek leaving a total of 2.3 cfs to be

accounted for by underflow.

From the north'end of Vernon Creek fan to Wood Lake there is
moderate control for contouring the wa£er table reasonably well. Use
has been made of the water-table contours to obtgiﬁ the hydraulic gradient
for underflow calculations (Fig. 6, In Pocket)._%To the south of Wood
Lake are numerous flowing welis but the data is.ihsufficient to map the
water-level surfaces of these zones. The source}of th: groundwater is
likely moying down valley from deep aquiferé in the Ellison.Lake area
to the south, and not as previously statéd’(LéLBreton, Nov. 1971, p.iZ)
groundwater locally entering this part of the area from aquifers on the
e.3t side of the valley. "Locally" is emphasfiéd bééause of the occurrence
of bedrock at ground surface at thé southeast corner of Wood Lake and at
about 3/4 mile due south (Fig. 6, In Pocket). It was previously assumed
that a moderately thick cover of glacial deposits might possibly permit
significant quantities of groundwater recharge to occur to the confined
aquifers from the east valley wall in the locality of artesian flow.
From field mapping of bedrock outcrops in the summer of 1973 between
these points, it is now known that bedrock occurs along the east valley
wall from Wood Lake to Beaver Lake Road and that the overlying glicial
deposits are quite thin. The bedrock is also not considered as an

important source of groundwater supply. This opinion is considered to be



21
supported by fieldwork in 7 sub-basins in the Okﬁpagan Rivef Basin tHalstead,
Hall and Le Breton, 1970). However, one cannot rule out the possible
occurrcnce of unknown major fracture zones aétin; as conduits for ground-
water movement. With only a thin cover of glacial deposits and the bedrock
commonly transmitting only small quantities of groundwater, it is believed
thg east side of the vallcy is not the major source of groundwater recharge

to the aquifers in the valley floor area.

It was also previously considered that grouﬁdwater movéﬁent along
the base of the west valley wall was distinctAfromitﬁat in the valley
bottom. However, more recent information indicatés one main aquifer may
be present along the west valley wall ai at a depth of about 160 feet
in the valley floor area. Hydraulic g :dientsffbr the confined aquifers
are comparable for the north to south cross seéﬁions. Differences.at the
south er: (Well Z7X6Y8No.4) shows quite a ﬁigﬁlﬁéter level may be due to
local sources of groundwater supply from the west side of fhé valley. The
steeply sloping gradi~nt (Well Z7X6Y30No.23) sﬁo&iﬂg a water levéi only
somewhat higher than the level of Wood Lai¢ indicates local hydraulic
continuity with lake,water;A This is in contrast to levels about 20 feet
above lake level along the south shore of the lake. The thin ice and
open water (Dr. I. Birtwell, 1973, personal communication) reported last
winter along the west lake margin about 1 mile north of the southwest
corner of the lake may be parcly due to vertical leakage from this or
overlying aquifers. However, this is not certain as it may come from

bedrock fracture systems.
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The other part of the area where the water table may be readily

contourcd is the east 51de of Wood Lake (Fig. 9, In Pocket). The contours

show a steecply ,loplng surface with a gradlent of about 770 feet per mile.

Locally, even though 1rr1gat10n is extens1vely carrled out in the summer

months, some test holes remain permanently dry above the first impermeable

layer In such localities groundwater 15 thought to flow in subsurface

channels but there is insufficient detalled test hole control to confirm

this.

Hydrograph Records

]

The hydrograph records in the study aree}can be divided into
several groups.. Selectcd examples are shown‘iﬂprpendix B. Those wells
along the south end of and northeast corner.efiWOod Lake (Appendix‘B;

No. 1), some between Wood and Kalemalka Lékes; and borderlng Kalamalka

Lake show fluctuations varying generally in accordance with lake level.

Two wells in the area between these two lakes show significantly different |
trends. These are belicved to reflect the affects of underfl.ow related

to stream losscs accompanying the freshet or relear of water from storage '
(Appendix B, No. 2). It may also be ﬁoted there has been an overall
decline in the water level throughout the period of record. This latter
‘observation is to be noticed on several other hydrograph records. Such
wells (Appendix B, No. 2 and No. 3) occur near the east side of Wood

Lake and in the Hiram Walker plant grounds on the Vernon Creek fan

(U.B.C. records). Water levels in these wells have declined as much as

6 feet after allowing for seasonal recharge and denote loss of ground-

water from storage. This phenomenon is considered a response to the change
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in precipitation and runoff from very high precipitation and runoff in

1971-72 to the opposite in 1972-73.

Five hydrograph records illustrate the effects of irrigation
practices and show increares in groundwater levels ranging from % to 6%
feet. Watc—-level fluctuations due to irrigation are shown for one well

(Appendix B, No. 4).

Aquifer Tests and Groundwater Return Flow from Irrigation

Data from pumping tests conducted under Coﬁtract 50, from return
flow irrigation studies and from pressure recovefy tests are summarized
in Appendix C, Tables 1 to 3. The important.pumpﬁtest forithis study on
Well C49TH4 is summarized in Table la. The avgxage permeability value
of 1,590 US gPd/ft.2 derived from this tést’iﬁfﬁée& in calcul:iting
groundwater return flow to Winfield Creek, along a length of 5,000 feet
(Appendix C, Tal:le 1), in relation to the continuoué hydrograph record
for this well (Fig. 10). The period of record, May-September, shows a
rise and decline in the water level which would appear to reflect the
effect of the full irrigation season. The average fise in the water level
is 0.25 feet. . The rate of return flow derived from calculation No. 1
(Appendix C, Table 1b) is 0.016 cfs which is only ’% of the total applied
irrigation water. Because of good control concerning: (a) the depth to
bedrock and distance to the bedrock wall in the vicinity of this well;
(b) knowledge of the aquifer and occurrence of springs discharging water
from the aquifer; (c) hydrograph records for Winfield Creek; (d) direction
of groundwater fiow and; (e) some information to suggesﬁ sma'l rates of

groundwater discharge from the bedrock, it is considercd local evaluation
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of return flow for the year 1973 may be reasonably gccurate. There is
no obvious way to account for storage and discharge for a high percentage
of return flow from irrigation water apyrlied at a rate of about 3.7 cfs.
In other words it is believed that in 1973 consumptive use in the Winfield

Creek basin was at a rate approaching meximum available water supply.

Calculation No. 2 (Appendix C, Table 1b) is an attempt to show
possible groundwater discharge by springs or seepage for a saturated
thickness of the aquifer averaging about 10 feet above the elevation of
Winfield Creek, over a length of 5,000 feet. A third calculation of
discharge was made allowing for an average saturated thickness of 20
feet above Winfield Creek along a 2,000 feet length of the creek (Fig. 6,
In Pocket). The flows for these two calculations totalled 0.64 and 0.50
cfs, respectively. The latter figure was an attempt to compare the sum
of visual estimates of 'streamlet" flow into Winfield Creek which were
a 1t 9/10 cfs with ¢ .Iculated flbw using moderately good aquifer test
data. The compariscns are acceptable when it is considered visual strean
flow estimates are likely to give only a rough indication of.actual flow.
The above analysis was an attempt to integrate findings from geologic
control, test drilling, aquifer test data, observations from field mapping

and well and stream hydrograph records.

Return groundwater flow calculations were alsc made for the
Ribbleworth Creek drainage basin. These are tabulated in Appendix C,
Table 2 and are co-lined with figures for the La Fleche Creek basin to

obtain a percentage of return flow.
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‘ The hydrograph record (Fig. 11) shows an increase in strcam flow
did not begin until June and the return flow period has been arbitrarily
terminated for November. The fact that the decline in stream flow is
slower than anticipicd is thought to be due to precipitation on the basin
after irrigation ceased. The averacc increase in stream flow due to
irrigation is about 0.28 cfs which . gure is used to 6btain an equivalent

S volume of water of 100 ac ft (acre feet).

A return flow calculation was made for La Fleche Criek basin by
averaging the daily increase in flow up to the point of peak flow. The
average flow figurec is 0.13 cfs. 7he first flow measurement wus used
as the basc flow figure as this was taken near the time when Ribbleworth
Creck flow began to increase. A dccline in flow 1 : La Fleche Creek
equivalent to its increase in flow is assumed for return flcw calculation
purposes. The avc.age increase in flow was eﬁuivalent to a volume of
water of 40 ac fit. Again the slower dccline compared to increase in flow
is considered the result of precipitation which is known to have occurred

soon after pecak flow (Fig. 12).

This ¢ives a total volume of water for both creeks of 140 ac ft.

If allowance is made for one important withdrawal of creek water above

the stream gauge of 0.167 cfs (45 ac ft) the potenti:. 1 return flow to

Wood Lake from the Ribbleworth Creek-La Fleche Creck basins increases.

Howcver, the extent to which this water is diverted from these basins is

unknown, but for the present purposes about half of this water (22 ac ft)

is considered to be diverted. The qu&ntity of return flow is that measured
. at the gauges, 140 ac ft and the diverted flow of 22 ac ft for a total

of 162 ac ft. The last figure has to bz compared to the total quantity
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. of applied watc: to derive a percentage for return flow. The volume of
irrigation water applied to thc Ribblewsrth Creck-La Fleche Crcek basins
is 506 ac ft. To this has to be added about 3.2 inches of precipitation
duringbthe irrigation season, which is equal to 49 ac ft of water.
Along with 23 ac ft of re-applied irrigation water, the total volume
of applied water is 578 ac ft. The 162 ac ft of return flow gives a
figurc of 28% return groundwater flow from irrigation. This figure of
28% is thought to be reasonable and is applied to the remainder of the
cast side of Wood Lake. The results from actual observations, made possible
because groundwater discharge is forced to return to Wood Lake (Fig. 13)
over the bedrock, are considered applicable fo the rest of the area which
is prcdominantly a similar hydrogeological environment but all return
flow is as underflow. It must be strcssed that although groundwater
return flow figures from irrigation practices have been cited for two
bésins showing 28% and less than 1%, the pcrfod of record is very short.
The methods of deriving these results require much further studyAbcfore
being allowed to challenge any longer term regional.observationﬂ for the

Okanagan River Basin,

The 1% figure for return flow from the Winfield Creck basin
requires further comment and clarification. This is the result obtaincd
by relating the information derived from the pumping test and the hydro-
graph record. Only a very small incrcase in groundwater flow, which
covers the entire irrigation season, is shown by this method of analysing
the available data. Control data on geology, and groundwater and surface
water hydrology show no ev.dence to suggest that groundwater return flow

- from this basin can be higher. However, if rcturn flow from irrigation
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is indecd substantially greater, there is no'appareﬁt explanation for
this at the present time. With the present understanding of the geology
of the area it is difficult to conceive of large groundwater flow (28%)
returning to Wood Lake or Winfield Creck from this part of the study area

without being detected in some way.

The calculated permeability (K) values shewn in Appendix D, Table
3, were derived from short pressure recovery tests, conducted after free
flowing tests or short periods of pumping the well. The data collection
was an alternative to quite expensive drilling and pumping tvst programmes
and was included in part of normal field mapping. The results have bee:
used in groundwat:r flow calculations to determine nutrient input to
Wood Lake from confined aquifers between 15 and 115 feet deep at the south
end of the lake. The results of these calculations are shown in Appendix

D, Table 5a and Sb.

Groundwater Flow and Nutrient Input Calculations

Following a study of the geology and groundwater hydrology some
underflow calculations have béen made for water-table aquifers and for
confined aquifers where possiblc. Although it has been previously stated
that there is very little data in the study area available for calculation
of permeability values for the surficial deposits, assumed values can be
used. The guide for the assumptions made is taken from Todd (1959, p. 53).
The ranyc of valucs shown by Todd have been drawn from considerable d:ta

available from groundwater studies.
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In making underflow calculations, th. following formula is used:

Q = KIA
where Q = quantity of water in US gallons per day (US gpd)
K = permeability in US g-ilons per day per square foot (US gpd/ftz)
I = hydrralic gradient in feet per foot (ft/ft)
A = cross-sectional area in square cct through which groundwater

moves (sq ft)

As stated above, values for K are assumed or taken from 1972 pump
test data; I is known from cross sections or water-level contours; A is
measured from available geological and topographical control. The main
weakness in the appro:ch is lack of K values for the study area. The
other control is of varying quality. Calculations for different cross-

sectional areas are prescented in Appendix C, Tables 4 to 6.

The results obtained from.groundwater flow calculations, from
groundwater return flow calculations from irri -ation, flow measurements
for son creeks, and baseflow estimates have been used, together with
averagc nutrient concentrations of groundwaters along lake margins to
calculate the total quantity of nutrients entering a lake. The nutrient
concentrations arc shown in-Appendix C, Tables 4 to 12, with an overall
summary in Appendix C, Table 13. Tﬁe nutrient input in pounds per year
(1bs/yr) has been derived by using an approximate conver:.on factor that

1 cfs and 1 ppm (part per million) produce an input of 2,000 lbs/yr.

The main findings from the groundwater studies on the quantity
¢ nutrients entcering Kalamalka, Wood and Ellison Lakes are briefly

stated. Turther details arc to be found in the tables in Appendix C.
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The confined aquifer from 163 tc 200 feet below ground surface
at the south end of Wood Lake is estimated to supply 3,240 1lbs of nitrogen
(as Y) and 270 1. of total soluble phosphate (as P) per year to Kalamalka
Lakc. The water-table aquifer and underlying confined aquifers to a depth
of about 100 feet bclow ground surface at the south end of Wood Lake are
estimated to supply a total of 260 1lbs of nitrogen aﬂd 7 1bs of total
soluble phosphate per vear to Wood Lake. The water-table aquifer on the
cast side of Wood Lake is estimated to suppliy 8,81 1bs of nitrogen and
37% 1bs of total soluble phosphate to this lake. These figures give a
total of 12,314 1bs of nitrogen and 314% 1bs of total soluble phosphate

being sup, lied to Kala: nlka-Wood Lakes directly from groundwater sources.

The corres~onding figures for the Ellison Lake Basin show a total
quantity of 200 1bs of nitrogen and 20 1lbs of total soluble phosphate.
These nutrients are cither directly entering Ellison Lake, or possibly
partly entering this lake and partly entering regional groundwater flow
moving from the Ellison Lake area tc:iards Wood Lake. In calculating
nutrient contribution to groundwaters in the Lllison Lake Basin the
return flow figure of 28% derived from the Ribbleworth Creek Basin study
was also uscd for this basin. To this was added results based on a

theoretical calculation of ground.ater inflow to Ellison Lake.

Hydrogcochemistry

About 150 full chemical analyses of the main cations and anions,
plus total dissolved solids and conductivity were run by B.C. Research

Council or the Provincial Water Resources Laboratory. Much of the data
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has yect to be processed, plotted and studic.. This-phase of the work is
to form part of a more detailed report of the hydrogeology of the area.
The emphasis has been placed on the nutrient constituents analysed under
tvis program to mect the present objective - to consider the role of
groundwater as a source of nutrient input to the lakes. Additional staff
time and map work is necessary to complcte a study of the main cations and

anions.

Generally the groundwaters are of low total dissolved solids
(300-500 ppm) of calcium-magnesium bicarbonate type water. For nutrient
studies the followi—g constituents were regularly analysed: Calcium,
magnesium, total organ’ ¢ carbon, total kjeldahl : itrogen, nitrate and
nitrite nitrogen, total soluble phosphate, iron, mangancse and ph. The
calcium and magnesiur contents of groundwaters commonly varied very little,
and iron and manganese were often recorded in only very low concentrations

{0.10 ppm and 0.05 ppm respectivciy).

A brief study of ph values for *he water-table aquifer in the
Vernon Creek fan displaycd a gradual increase from a low of about 6.5
towards about 6.9 with a further increase to about 7.5 in the direction
of groundwater movement to Wood Lake. In the arca south of Wood Lake there
is no marked variation in nutrient concentrations of the water-table and
confined aquifers (Appcadix D, Nos 1 to 8). Nitrogen values of ground-
waters in much of the study area rangc between 2 to 5 ppm and for total
soluble phosphate the concentration is often close to 0.01 ppm (Appendix
D, Nos 9 to 12). The graphs selected for Appendix D are shown to
illustrate somc of the results obtained from the nutrient study of ground-

watcers in the Kalamalka-Wood Lake Basin. The above seclection includes
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observation wells specially installed for this program and some existing

water wells (Fig. 6).

Analyses of watcr samples collected in 1969 from a flowing well
(producing about 3/4 cfs) which penetratcd aquifers bcetween 140 and 200
fecet deep showed low nutrient concentrations for deep groundwaters.

Total nitrogen averaged 0.12 ppm and total phosphate averaged 0.03 ppm.
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CONCLUSIONS

The prescnt information available on the bedrock and surficial
geology, water-well data, hydrograph records and chemical analyses of
groundwaters permits a reasonable interpretation of the regional hydro-
geology from the south end of Kalamalka Lake to the south end of Ellison

Lake.

The bedrock -omprises mainly low permecablc metamorphic and intrusive
igneous rocks and some conglomerate and basalt. The overlying surficial
deposits are mainly sand and gravel with some till on the east and west
sides of the valley, commonly less than 50 fec: thick. The thickness of
the overburden in the valley bottom is known to be 530 feet thick near
Winfield. The strata comprises a sequence of till; or silt, sand and

gravel; with some lacustrine deposits of clay, silt .nd sand.

The main aquifer in the area is considered to be sand and gravel

mainlxﬁy;gpin the depth range of about 100 to 200 feet bélow gréﬁnd surface.
It is known only bectween Wood and Ellison Lakes along the west * ide of the
valley and just to the east of Winfield Creck. The present interpretation
of the hydroge: ‘ogy suggests that most of the groundwater in this part
ofwggéwarea moves through this aquifer.- Underflow figures approximating

5 cgé have been calculited. This agrecs with surface water losses (Coulson,
1973) in the Vernon Creck-Ellison Lake area, which are equivalent to a

fow of 4.8 cfs. This arca is considercd the main recharge area for the
valley floor deposits. About half of the flow throug' this aquifer is

discharged by Winfield Creek.
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The main source of inflow from thc east side of Wood Lakec appears
to be as return groundwater flow 1 '» irrigation water. The calculated
return flow amounts to about 28% of the applied water for the 1973 season.
In the Winfield Crcek ba:ln return flow is calculated as being less than
1%. For qualifying remarks on this 1% figure the reader is referred to
page 22& Becausc¢ of this anomalously lcw result this figure is only
reported and is not applied elsewhere ir tac study for returh flow calcu-
latio- purpéses. However, the results available represent only very
early attempts to assecss return flow directly by groundwater studies.
The above figures should be considered as 6n1y teatative at this stage.
By combining groundwater flow calculaticns with average nutrient concen-
trations for total nitrogen and total scluble phosphate only low quantities
of these constitucnts appear to be entering Wood Lake. Data is too
limited to make estimates for quantity of “low into Kalamalka Lake except
for the main aquifer at the south end of Wood Lake, which may discharge
1% to 2% c¢¥s di tly into this lake. The actual concentrations of the
nutrients in deep aquifers which may be discharging water into Kalamalka
Lake at the south end of Vernon Creeck valley is moderately low and from
the Coldstream Valley is quite low. So even if underflow is moderately
high, groundwater may not be a serious source of pollution to lakes in
the Kalamalka-Wood Lake Basin when compared to surface water sources.

A summary of the anticipated quantity of nitrogen and total soluble

phosphate entering Kalamalka, Wood and Ellison Lakes is given below:



Aquifer(s)
Source

Confined
(163'-200")

Water Table
& Confined

Water Table

Water Table
& Confined?

Summary of Nutrient Input to Kalamalka,

Wood and Ellison lLakcs

To -
Lake
South End
Kalamalka
South End
Wood
ast Side
Wood
Ellison

Total Nitrogen (N)
(1bs/yr)

3,240
260
8,814

200

Total Soluble Phosphate (P)
' (1bs/yr)

270

37.5

20
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RECOMMENDATIONS

It is recommcnded that some consideration be given to further
improving knowledge of groundwater hydrology in thc Kalamalka-Wood Lake
Basin. Two SpecifiE aspects requiring better understgnding seem worthy
of further study. These are (1) groundwater return flow from irrigation;
(2) the areal extent of the main aquifer and its hydrologic properties.
Both studies would include test drilling and aquifer testing of three
deep wells in the main valley, and about five wells in Ribbleworth Creek
basin, and fully instrumented observation wells. Also gauging of some
carefully sclected small streams as in the case of Ribbleworth Creck
which ar¢ of groundwater origin, could probably lcad to a much better
understanding of groundwater movement, quality and yield in an area.

This work could be combined with continued systematic hydrogeological
mapping in he Kelowna area. This suggestion is put forward with the
intention of conducting regi- 1 groundwater programmes - wcll inventorying,
sampling of groundwaters for chemical analy-is, study of field features,
etc., - for the purpose of more knowledge of groundwatcr movement and
resourccs, and combining this work with some practical work such as test
drilling and possibly minor groundwafer investigations. It is also known
that requests for groundwater studies in the Rutland area have been made

to the Water Investigations Branch.
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Appendix A
1

NOTES ON THE OCCURRENCE OI' GROUND WATER AT WOODS LAKE IMPROVE-
MENT DISTRICT AND RECOMMENDATION FOR FURTHER INVESTIGATION

On instructions from Mr. V. Raudsepp, Chief Engincer, Water
Investigations Branch, I spent scveral days in the ficld in Junc in the
area of the Woods Lake Improvement District to determine, if possible,
whether there might be a suitable source of ground water for winter
domestic supply for the rebuilt combined irrigation-domestic system now
being considered. Mr. Towgood, Chair:an of the District and Mr. Webber
of the Water Rights Branch, pointed out that additional land, mostly under
cultivation, not now in the District, could be brought into the District
if cnough ground water could be found to serve as a source for irrigation

of this land. This land is mostly at the south end of the present Dist ict.

The area is underlain by meta »rphic rocks ot the Monashce Group
with a very irregular "benched" surface overlain in part by Pleistocenc
~sediments mostly sand with minor gravel. Til: underlies the gravel in
some places according to well records but can be secn on surface only at
the south end. The bedrock topography was very important in determining
the thickness and to some extent the character of the overlying Pleistocene

deposits which may be aquifers in some places.

To the east, the metamorphic rocks arc overlain by gravel and
sand which is in turn overlain by basalt flows probably part of the
Kamloops group of Oligocenc or Miecene age. The contact of this gravel
and sand with the underlying rock is at an elevation about 3,200 feet

in the Woods Lake arca.



The map included with this memo sho.’s all the outcrop I was
able to find and » number of other topographic features. The part at

the south end is probably more speculative than the northern‘part.

The distribution of the Pleistocenc sediments over the bedrock
was controlled mostly by two factors nanely the supply «f material avail-
able at a given time and the level of the lake occupying the valley at
that time. The source of sand and gravel in this arca was melting ice
of the retrcating glaciers. In the opinion of Nasmith and Fulton who
have done work on this area, the last ice in this area was left in the
main valleys. I think the reverse may be true and there may have been
ice in the high area to the east after all ice has melted fro: the main
valleys. Numerous ex ssures in this aren show bedding in the sand always
dipping away from the valley wall. Conzortion and slur stfuctures which
are usually found in gravels deposited against a vallcy wall from valley

ice are absen ..

When a large supply of sand and gravel was moved into the valley,
deposition was largely localized :t the edge of tie 1. ke filling the
valley at th:t time. When lake level was stable for a long period, deltas
were formed. When deposition took place while the lake level was falling
sloping terraces were formed. The shape and size of these features is,
of course, dependent on the topography of the surface on which deposition

took place.

In the Okanagan Vallcy, decltas were formed at an elevation of
about 1,600 feet. Evidence in many places indicates that deposition

probably startéd when the lake level was above 1,600 feet perhaps as high
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as 1,775 feet. Some of these terraces or r=ised deltas are quite large
near tributaries which supplied much sediment. Many of them are kettled
showing that ice was buried in the sand and :ravel of which the deltas
are composed. Therc arc other less promjncntyterraccs below 1,600 feet
in somebplaccs. There are also other terraces and deltas above about
1,775 fect some as high as 2,200 feet but these are seldom prominent.

In many places, they are extensively dissccted and remain only as small
remnants. They may be older thar the terraces below 1,775 feet but were

probably formed under very similar conditions.

The terraces, as described above, arc present in the Woods lLake
arca and may serve as aquifers. [Four main factors dectermine the capacity
of such terraces as aquifers. These are the character of the material,
the thickness of the matcrial, how much of it is saturated and how much
water is recharged. In this area, all exposures especially those in.
the several grav- ] pits show that “he outwash of which the lower terraces
are composcd, is mostly medium grained sand with minor gravel. It seems

to be quite free of silt and clay and should have a high perr ability.

The thickness of sand on the several terraces in the area is
unknown as there is no sub-su: cc information on these terrac. . In
some places rock outcrops on the terraces: this tends to indicate that
the thickness of sand is thin but this is inconclusive because the bedrock

topography is unknown.

A number of wecll records ives some idea of thicknesses of sand

and gravel off the main terraces. Many are shallow dug wells which stop

in gravel but there are three fairly deep wells ncar the north end which
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show significant thickness of gravel. All of thesc arc on the sloping
fronts of terraces. A drilied well at the intersection of Easthill Road
and Todd Road pcnetrated 78 feet of gravel and sand over till. A dug
well on the east side of Middle Bench Road about 1,000 feet south of
Easthill Road, encountered 63 fect of sund over till. Another dug well
about 1,000 fcet further south went through 60 ..ct of sand. Other wells

show up to about 32 feet of sand.

The thicknes: of saturated sand is dependent on the topography of
the underlying impermeable bedrock, the permeability of the material, and
the rate of recharge. All of these factors in this case are relatively

unknown.

Recharge in the terrace deposits in summer is from irrigation
water including slight ditch leakage and in winter from dircet precipitation
and from water moving downslope from the east over relatively impermeable
rock or till. From‘some information on hand about fluctuation of springs,
creeks and water levels in wells, the recharge by irrigation water is

probably much greater than by precipitation.

On the map 1 have shown terraces using threc colours. The two
lower oncs coloured green and yellow are probably both part of the
"1,600-foot tecrrace" although there seems to be two levels, one at 1,600
feet to 1,675 feet, and the other around from about 1,675 to about 1,770
feet. The other terraces coloured orange are from 1,900 feet to 2,000

feet. The orange arca cast of Woodsdalc may not be a true te race at all.

If a permeable terrace is built out over a sloping bedrock surface

onc would expect that it will probably be well drained and the saturated



thickness will be smnll. If it is built on a bedrock bench or in a

small depression, one would'expoct thc drainage to be slow and that it
might b more favourablc as an aquifer. One indication of this may be

a fairly high static level, so in trying to determinc a favourable
location for testinl on these terraces a high static level may be a valid

criterion,

At the south end of th- Irrigation District arc several moraine
ridges and a large fan. Moraine ridges are not found in the northern
part of the map but are very common further south toward Winfield. The
Movaines are fresh-looking with bouldery surfaces. I think they may be
related to ice moving down toward the valley from the ecast but this is
in direct disagreement with Nasmith and Fulton who believe that the last

ice in this area was in the main valleys.

The moraines are partly buried by a large fan and b slopewash
from the stecp slope above. For this resason, it is difficult to determine
the aaximum westward extent of these featurcs. A few road cuts show
that they are composcd of an unsorted material much like sandy till but

less compact.

There are no sub-surface exposures on the main part of the fan.
The gravel pit on the southwest corner of the lower part of the fan shows
sandy gravel. Several exposures near springs near points 20 and 16
show sand and sandy gravcl; this is probably fan gravel partly burying

the moraine.

The upper part of tl:c fan secems to be impounded against the

moraine ridges. The lower part may have formed when continued deposition
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causced the upyper part of the fan to spill over the woraine foriing the
lower part. The lower part =may also be partially behind another sct of
moraine ri:"1eS. Under these conditions, the upper (and possibly also the
lower) part of the fan may contain water dammed by the less permeable
moraine ridge. The "thickness of saturated material, etc. cannot be

estimated from data on hand.

The fan at present is supplying water to a numbcr of springs
which are used for irrigation and domestic water in this cvea. A spring
at the upper end of the fan along with several along the moraine ridge
near points 16 and 20 are used to irrigate iand below. The water
collected from all three is estimated to be about 30-40 gallons per
minute. This is only part of the discharge and therc are other discharge
areas (marked DA on the map) to the west. These springs may be considered
overflow from the aquifer if it contains water ponded behind the moraine

ridges.

In this arca all the rec: rge for this fan is by natural mcans
in contrast to the recharge of the terraces by irrigation water as
discussed above. A sourcc of recharge herc which has not been described
is from the Tertiary (?) gravels under the volcanic flows which occur
just to the cést. In these gravels there are two (or more) adits which
werce driven in search of placer gold. These are described by Jones as
being at the base of the gravels but the two I saw are certainly not at
the base but are in gravelly beds in an interbedded series of silt, sand
and gravel. Onc adit is about 150 fect long, the other of unknown length.
Water is fle.ing from one at several gallons per minute - the portal of

the other is cnclosed and any water cannot be scen. From this, I believe



that thesc sediments are discharping a sign ' "icant quantity of water
toward the valley. This water would run down the slope a:. would be

collc-ted at the foot of gulleys by fans.

If the fan is impounded bechind the moraine as I suggest th - place
to drill is just above the moraine where the thickness of the fan is
likely to be a maximum. It is probably also worth while to test the
lower part of thevfan which m'y also be fairly thick. One advantage of
water from this fan is that it could be conveyed by gravity to any part

of the proposed systcm.

An effort should be made to check water quality of any holes
drilled in the terraces to make sure that it is not contaminated with
incecticide residues or nitrates from fertilizer. Th's is unlikely as
enough watef has be: used from wells :d springs in this area so that

such a problem would probably be known.

I recommend that some rotary test drilling be done in this area.
First, however, I think we should consider investigating the thickness
of gravel present on the various terraces by means of thc hammer
seismograph which we have borrowed in the past from the Testing Branch of
B.C. Department of Highways. Under these conditions, it should be able
to determine grave! thickness as great as 50 feet or 60 feet. It may be
possible with this to determine the water table as saturat.-d gravel has

a higher velocity than dry gravel,

The rotary drilling followed by elcctric logging of holes would
be to determine the nature of the gravels and their thickness. To check

water quality, a small casing could be put in certain holes and enough



water pumped out for a test of water quality. If conditions are found
to be favourable for well., a test well could then be constructed using

cablc tool equipment.

I think we should concentrate on the '"1,600-foot" terraces and
the fan at the south end using the hammer seismograpﬂ. The terrace
coloured yellow on the map along Middle Bench Road should be tested
near the point (A) on the map. South of this, the terrace colourcd grecn
on the map should be tested near (B) and at Ribbleworth Creek marked (C).
South of Ribbleworth Crecek, the terrace coioured yellow should be testced

near Trewhitt Road and Oyama Road near point (D).

The fan at the south end should be tez'od just above the moreince
ridges point (E) and if this is not favou:.able, the lower part near (F)

could also be tested.

Following ‘this, threc rotary drill holes should be drilled at
the most favourable locations with at least onc hole in the fan at the

south end.

E. Livingston, Chief
Groundwatcr Division
(July, 1966)
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Type of
Well

Pumped

Observation No

Observation N

Observation No

~ APPENDIX C

TABLES OF GROUNDWATER

FLOW AND NUTRIENT INPUT

. CALCULATIONS

Table 1 a

Winfield Creek "asin Analysis

C49 TH4 Summary of Pump Test Results

.1

.2

.3

Aver.

(Well Z7X6Y30 No. 26)

Transmissivity

US gpd/f

7.85 x 10

1.345 x 1

1.40 x 10

3.17 x 10

1.59 x 10

t
4

0

5

4

3

5

Remarks

Pumping rate 54 US gpm
Aquifer thickness 74 fect
Length of test 48 hours

Average k 1.59 x 103 us gpd/ft2
excluding Observation Well No. 3.
There is no obvious reason for
low T value to Well No. 3,

Distances of observation wells
from the pumping well are:

Well No.
Well No.
Well No.

1 5 feet
2 100 feet
3 217 feet



X
w

Calcu-

lation
No.
1.
2.

3.

K 5
US gpd/ft

1.59 x 10°

1.59 x 10°

1.59 x 103

Table 1 b
Eyoundwétcrhfjpwhngpy}atiogi

for VWinfield Creck Basin

Flow
Us gpd cfs

1 4

5.0 x 10° x 2.5 x 10°1 1.03 x 10% 0.016

5

5

I A(sq.ft)
ft/ft Width x Thickness
5.175 x 10"3
5.175 x 10> 5.0 x 10° x 1.0 x 10' 4.11 x 10° 0.64
5.175 x 10'3

2.0 x 102 x 2.0 x 10" 3.3 x 10°  0.50

Notes: Calculation No. 1 shows return flow to Winfield Creek.
Calculation No. 2 shows flow to Winfield Creek from West Valley side.
Calculation No. 3 shows flow to Winfield Creek along linc of plotted
“"strecamlets''.

Months

May

June

July
August
September
October

November

Return Flow from Ribbleworth Creek Bavin

Table 2

Flow Base Flow
(cfs) (cfs)

0.

0.

0.

030 0.030

130

364

. 395

.438

.400

.130
Aver.

Notes: Use a return flow figure of 0.28 cfs.

Return Flow

(cfs)

0.100
0.334
0.365
0.408

0.370

0.2795

Figures from May to September are for measured flows.
For October and November, the figures have been assumed.



Table 3

Basic Data for Groundwater Flow Calculations

for Confined Aquifers Sout' Ind of Wood Lake

Zones Well Well  Head  Trans- Permea- Aquifer Q
in Loca-  Depth (in missivity bility thick- (gpm)
feet tion (in feet) (T) US gpd/ft (K) , ness
& No. fect) “US gpd/ft™ (fect)
A C49 30 4 - (20) 15 -
(15-30) TH1 :
B - 40 - - (20) 5 -
{(45-50) to ‘
50
C
(60-115) 34 60 4.6 280 6 3.3
C 35 68 2.3 490 11 1.25
C 19 o 11.9 1,460 32 45 2.25
C 28 90 17.1 660 15 1.7
C 4.3 90 11.6 1,025 23 3.3
C 10 116 2.9 220 5 2

Notes: P - Calculations based on pumping tc¢st.
F - Calculations based on free flow rates.
Permeability values in brackcts arc assumed values.

All wells are located in 2 7 X 6 Y 29,



Calcula-
tion No.

1

2

Notcs:

Calcu-

lation
No.
1.
2.

Notes:

Table 4 a

Water Table Aquifer, South End of Wood Lake

Gre adwater Flow Calculations

K 2 1 A(Sq ft) , Q (Flow)
(US gpd/ft™) (ft/ft) Width x thicknc - Us gpd cfs
1.0 x 10! 5.5 x 10—3 5.0 x 103 x 2 5.5 x 102 0.0009
2 -3 3 4
1.0 x 10 5.5 x 10 5.0 x 107 x b 1.38 x 10 0.02

K valuc from pump test on C49 TH5 (Z7X6YZ9No.83) is not
applicable bcoruse the pumping well is completed in a hydrologic
system contimu s with at of the lake water. Therefore, a X
value was assw d,

In Calculation No. 1 a mjnimﬁm saturated thickness of 2 feet was
used for the aquifer and in Calculation No. 2 a thickness of
5 feet was used.

Tablc 4 b

Water Table Aquifers, South End of Wood Lake

Nutrient Input ( lculations

Flow Aver. N. N. Input Aver. Tot. Sol. P
(cfs) (ppm) 1t s/yr) p* (Input)
(ppm) (1bs/yr)
0.0009 3.21 6 0.033 0.1
0.02 3.21 128 0.033 0.7
P* = Total Soluble Phosphate (as P) N = Total Nitrogen

Analyses for this aquifer are available from 7 sites. All 7 were
uscd for deriving an average value for T- =1 Nitrogen {(as N). One

site showing an anomalously high average ior Total Soluble Phosphate
was rcjected.



Zone
(in
feet)

A
(15-30)

B
(45-50)

C

Note:

Zone

AgB

Notes:

(60-115)

Confined Aquifers between 15 and 115 feet deep

Table & a

South End of Wood Lake

Groundwater Flow Calculations

K 5 I A (8q ft)
(US gpd/ft™) (ft/ft)  Width x thickness -
-3 2
207 5.5 x 10 5.0 x 10" x 1.5 x 10!
207 5.5 x 10°° 5.0 x 10% x 5
-3 3
15 5.5 x 10 3.2 x 107 x 4.5 x 10"

Confined Aquifers between 15 and 115 feet deep

Table le

Input Calc lations

Nutrient
Flow Aver.
cfs. N
ppm

0.002 4.13
0.02 2.80

N = Total Nitrogen

P =

N Input Aver.
{(1bs/y 1) p

(ppr)

16 - 0.07

116 0.10

Total Soluble Phosphate

Tot.

For Zones A § B Quantity of flow is based on K = 20 US gpd/ft2
assumced, I is measured, and A is estimated (Table 3).

Input
(1bs/yr)

0.3

6

Sol. P

Q (Flow)
US gpd cfs
3
(1.1 x 107) (0.002)
1.2 x 104 0.¢2

Nutrient input for Zones A § B is based on chemical analyses for

No corrections
have been made for partial penctration and the average K valuc of
15 US gpd/ft2 is considered too low for wells reported to be

threc sites for Zone B and on 5 sites for Zone C.

completed in sand.
of magnitudec.

The flow values ar. probably low by one order



Calcu-
lation

No.
1.
2.

Notes:

Flow
(cfs)

Notecs:

Table 6 a

Confined Aquifer, 163-200 fect decp

South End of Wood Lake

Groundwater Flow Calculations

K 5 1 A (Sq ft) Q (Flow)
(US gpd/ft™) (ft/ft) Width x thickness US gpd cfs
1.59 x 10° 5.5 x 1072 5.0 x 10° x 4.0 x 10" 1.75 x 10° 2.7
1.0 x 10° 5.5 x 1075 5.0 x 100 x 1.0 x 10°  2.75 x 10° 4.1

In Calculation No. 1 the K value is taken from C491 i1 pump test;

I is measurecd between wells Z 7, X 6, Y 17, No. 8 'nd 2 7, X 6, Y 29,
No. 30, and aquifer thickness is chosen after reference to a well

log and E log for Z 7, X 6, Y 29, No. 32

In Calculation No. 2 for test hole 2 7, X ¢, Y 17, No. 23, a K value
is assumed for an aquifer 100 feet t'ick consisting of silt, sand
and gravel.

In both cases it is assumed that the aquifer extends the full width
of the vallcy.

Table 6 b

Confined Aquifer, 163-200 feet decp

South End of Wood Lake

Nutrient Input for Calculation No. 1, Table 6a

Aver. N. N. Input\_ Aver. P. Total Sol. P.
(ppm) (1bs/yr) (ppm) Input
(1bs/yr)
0.63 3,240 0.05 270

N = Total Nitrogen

P = Total Soluble Phosphate

.



Months

June

July
August
September
October

Novembeyr

Ilow
(cfs)

0.31

Notes: N

Table 7 a

Ribbleworth Creck Basin Flow

Data for "G6-Month Irrigation I'low" Calcilation

Flow Measurcd (M)
(cfs.) Assumed (A)
) 0.130 : M
0.364 M
0.%95 M
0.438 M
0.400 A
0.130 A
Aver. 0.31
Table 7 b

Nutrient Input for "6-Month lrrigation Flow"

on Ribbleworth Creck

Aver. N. N. Input Aver. P. Tot.Sol.P. Input
(ppm) (1bs/%yr) (ppm) (1bs/%yr)
3.01 933 0.03 9

Total Nitrogen

Total Solublc Phosphate



Table 8

La Ilech- Creek»Basin FFlow

Nutrient Input for "6 Month Irrigation Flow"

Months Flow Aver. N. N. Input Aver. P. Tot.Sol.P.
{cfs) (ppm) (1bs/Yyr? (ppm) (1bs/%yr)
June-
November 0.21 3.59 755 0.02 4
Table 9

Mazey Crcek ™asin Flow

Nutrient Input for "6-Month Irrigation Flow"

Months Flow .ver. N. N. Input Aver. P. Tot.Sol.P
(cfs) {(ppm) (1bs/Yyr) (pp+) (1bs/Lyr)

June-

November 0.035 3.23 114 0.06 2

Notes: N = Total Nitrogen

P

Total Soluble Phosphate



Table 10’_:‘_

Groundw:itcer Flow North of Ribbleworth Creek Basin

East Side of Wood Lake

(a) Using 28% ret.rn flow from irrigation, the flow is 1.75 cfs. This
figure is derived from 1694 acre fcet of water (U.B.C. data) applied
during a period of 135 days. '

(b) Average Total Nitrogen (as N) 3.5 ppm.

(¢) Average Total Soluble Phosphate {(as P) 0.01 ppm.

Table IOJZ

Groundwater Flow North of Ribbleworth Creek Barin

East Side of Wood qu;

Nutrient Contribution from Irrigation

Flow Aver, N, N. Input Aver. P. Tot.Sol.P. Input
(cfs) (p1 (1bs/%yr) (ppm) (1bs/%yr)
1.75 3.5 6,125 0.01 : 17.5

An allowance is also made for a base flow of 4 cfs for the entire east
side of Wood Lake. The additional nutrient inflow is tabulated below:

Table 11

East Side of Wood Lake

Nutrient Input from Base Flow

Flow Aver. N. N. Input Aver. P. Tot.Sol.P. Input
(cfs) (ppm) (1bs/hyr) (ppm) (1bs/%yr)
0.25 3.55 887 0.02 5

Notes: N = Total Nitrogen

o
]

Total Soluble Phosphate



Table 12 a

Ellison Lake B@ilﬁ

Nutrient Contribution {from Irrigation

Flow Aver. N. N. Input Aver. P.
(cfs) (ppm) (1bs/hyr) (ppm)
0.90 0.20 180 0.02

Table 12}1

Ellison Lake Basin

Nutricent Contribution {rom Base Flow

Flow Aver. N. N. Input Aver. P,
(cfs) {(ppm) (1bs/%yr) (ppm)

0.1 0.20 20 0.02
Notes: N = Total Nitrogen

= Total Soluble Phosphate

e~
i

10

Tot.Sol.P. Input

(1bs/%yr)

18

Tot.Sol.P. Input
(1bs/%yT)

2



Table 13

Summary of Nutrient Input to Kalamalka,

Wood and Ellison Lakes

Sourc:
Water Table Agui -r
South End of VWood Lake

Confined Aquifers
South End of Weo ake

Confined Aquifer 163'-200"
South End of ood Lake

ibbleworth Creek Basin
L.a Fleche Creek Basin
Mazey Crec™ Basin

Basin Irrigation, North
of Ribbleworth Creek Basin

Basc Flow, East Side of
Wood Lake

TOTALS

Ellison Lake Basin

Total Nitrogen (N}
(1bs/yr)
128
15
116
3,240
933
755

114
6,125

887

12,314

200

Total Soluble Phosphate (P)
{1bs/yT)

0.7
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SELECTED NUTRIENT GRAPHS
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