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The O'Keefe Valley aquifer, i n  the important t r ibutary val ley i n  the 
area, extends throughout the en t i r e  length of this ( the  O'Keefe) 
valley. 
575 f ee t ,  of which the saturated thickness i s  close t o  350 f ee t .  
the south end of the valley the aquifer consists primarily of clean 
sand and gravel, but a t  the north end thedeposits a r e  known only from 
surf ace f i e l d  mapping. 

The m a x i m u m  known thickness of the deposits i n  this val ley i s  
A t  

A moderately important aquifer trending from southwest to northeast 
occurs i n  a bedrock channel about 4% miles north of Armstrong. The 
aquifers i n  t h i s  val ley and the 0 'Keefe Valley are  unconfined (or 
water table) aquifers . 
Well yields,  i n  the depth range 700 t o  1200 fee t ,  vary considerably 
i n  the main valley area. Yields range up to  10 igpm f o r  wells sui ted 
t o  domestic supplies to 500 igpm or  possibly more f o r  wells sui ted to 
indus t r i a l  o r  i r r i ga t ion  requirements. I n  the Enderby area yields  of 
500 igpm or over are  anticipated from wells 800 to 875 f e e t  deep. 
Yields from similar ly  deep wells elsewhere i n  the main valley are 
anticipated to  be low, from 30 to 250 igpm. 

Wells i n  the depth range of 300 to 600 f e e t  i n  the Armstrong area may 
produce from 200 to  850 igpm. I n  the O'Keefe valley yields  of up to 
500 igpm a re  anticipated from wells completed t o  depths of about 550 
f ee t .  The narrow unconfined aquifer 4% miles north of Armstrong is 
expected to have well yields  of about 50 igpm. 
will need further ver i f icat ion from properly constructed and tes ted 
production wells and observation wells. 

From underflow calculations a t o t a l  r a t e  for  groundwater movement to- 
wards Okanagan Lake of about 3 1/3 cfs  (2370 acft/yr) has been deter- 
mined. 
6 c fs  (4350 acft/yr) from 1 inch of precipi ta t ion reaching the water 
table over a recharge area estimated as 80 square miles. 

Estimated well *elds 

This figure seems reasonable compared t o  a recharge r a t e  of 

The f a t a l  quantity of recoverable water available by water mining has 
been calculated as 66,500 acre fee t ,  most of which would be obtained 
from the O'Keefe valley. However, as the recharge from precipi ta t ion 
i n  the OIKeefe valley i s  equivalent to only about 3/4 c fs  (540 acft/yr) 
the length of time required to replenish the: supply would be about 100 
years. 

The poten t ia l  available f o r  groundwater withdrawal without depleting 
supplies i s  estimated a t  from 3 1/3 to 6 cfs.  
present u t i l i za t ion  of groundwater i s  not close to the lower figures.  
T h i s  po ten t ia l  does not include tha t  of the Enderby area which falls 
i n  the hydrologic regime of the Shuswap River Valley.. 

It is  believed that 

V 



The chemical qual i ty  of the groundwaters i s  very good. 
solved so l ids  content of groundwaters i n  the study area is commonly 
from about 200 to 500 ppm. It is  primarily c:alcium and magnesium bi-  
carbonate type water. 
ion and f o r  i r r iga t ion  use and should require only very l i t t l e  t r ea t -  
ment fo r  i ndus t r i a l  purposes . 

The t o t a l  dis-  

The water i s  quite sui table  f o r  human consumpt- 

The economics of groundwater development indAcate tha t  f o r  one loca l i t y  
limited preliminary groundwater investigations including some seismic, 
t e s t  d r i l l i n g  and pump tes t ing  may cost about $LS,OOO. High yield pro- 
duction wells producing about 800 igpm including pump and pump house 
a re  estimated t o  cost from $25,000 t o  $50,000 the actual  costs varying 
with such factors  as d i f f i cu l ty  of d r i l l i n g  conditions and w e l l  dia- 
meter. 

Task 38 comprised a study of 6 sub-basins. The objective of the re-  
connaissance studies was to determine whether or not  the groundwater 
component of sub-basins was i n  su f f i c i en t  vo:lume t o  warrant expenditure 
of more time and funds t o  provide as complete as possible an assessment 
of i t s  contribution to the hydrologic regime. 

Sub-basin studies generally prove l o w  baseflows and that the ground- 
water component of total runoff is small. 
groundwater discharge from the sub-basins tha t  i s  not measured a s  
streamflow. 

T'here i s  l i k e l y  very l i t t l e  

It  may be s t a t ed  that  the groundwater program carr ied out under the 
j o i n t  Canada-British Columbia Okanagan Basin Study agreement consider- 
ably increases knowledge and understanding of the hydrogeology of the 
north end of the Okanagan River Basin and of some selected sub-basins. 
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A HYDRDGEOIDGICAL STUDY OF THl5 NORTH END 
OF THE OKANAGBN RIVER BASIN 

' 1 .  INTRODUCTION 

The purpose of this study was twofold, one t o  t r y  to determine the 
groundwater flow in to  and from Okanagan Lake and the groundwater po- 
t e n t i a l  of the main va l ley- f i l l  deposits, par t icu lar ly  i n  the area 
from the north end of Okanagan Lake to the town of Enderby on the 
Shuswap River, and two, to determine the groundwater component of six 
selected sub-basins to more f u l l y  understand the hydrologic budget of 
the Okanagan River Basin. 

1.1 Methods of Investigation 

For information on the geology of the Okanagan River Basin, reference 
was made to geological maps and repor t s ,of  the Geological Survey of 
Canada and the Department of Mines and Petroleum Resources, Province 
of Br i t i sh  Columbia and t o  l i tho logic  logs a n d  e l e c t r i c  logs.  
photos were used t o  supplement f i e l d  studies. Forest cover and topo- 
graphic maps of the Department of Lands, Forests and Water Resources, 
Province of Br i t i sh  Columbia and reports of the Department of Mines 
and Petroleum Resources, were used f o r  information on vegetation and 
landforms of the region. 

A i r  

Existing water-well records on f i l e  i n  the Groundwater Division sup- 
pl ied  by water-well drillers or obtained f r o m  water-well inventories, 
were p lo t ted  and interpreted; these records form an important p a r t  of 
this report .  Also used were data obtained from other  Government agen- 
c ies  and loca l  unpublished areal groundwater investigations.  
elevations of most w e l l s ,  t e s t  holes and f i e l d  features  were estimated 
from 1 inch t o  12,000 inch and 1 inch to 50,000 inch topographic maps 

The 

I n  addition to studying existing information, preliminary hydrogeo- 
log ica l  investigations of a qua l i ta t ive  nature were undertaken to 
understand more about the groundwater regime of selected sub-basins 
(Task 38). 
portant  preliminary work on which to base t h e  f a r  more expensive 
groundwater-test d r i l l i n g  programs (Task 40). A well development and 
test pumping program (Task 41) was conducted f o r  the  purpose of e s t i -  
mating well yields i n  the t e s t  holes completed under Task 40. 
38 to 40 were completed i n  the 1970 f i e l d  season and Task hl i n  the 
1971 f i e l d  season. 

Seismic investigations (Task 39) were conducted as  im-  

Tasks 
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1 .2  Previous Investigations 

Local areal investigations were previously carr ied out  by M r .  E. 
Livingston, P. Eng., Consulting Groundwater Geologist, formerly Chief, 
Groundwater Division, by Dr. J. C .  Foweraker, P. Eng., present Chief 
of the Groundwater Division and by other staff members. 
d i r ec t ly  concerned with groundwater studies in the  Okanagan River 
Basin, include "Groundwater Investigation - Mount Kobau, Br i t i sh  
Columbiat1, E. C.  Halstead, Inland Waters Branch, Department of the 
Environment, Government of Canada (1 969). 

Publications 
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2.1 

2. GEOGRAPHY 

Location and Extent of the Area 

3 

The Okanagan River Basin l i e s  between para l le l s  of l a t i t ude  49°00' and 
50040' north and between meridians of longitude 11 S O U '  and 1 20'1 8 ' 
west. 
miles. 
the f la t te r - ly ing  areas i n  the north end of the main valley and the 
O'Keefe t r ibu tary  val ley which comprise the se t t l ed  areas, and on some 
selected sub-basins. The t o t a l  area of the main val ley (to about 
1,500 f e e t  above sea leve l )  i s  about 215 square miles of wkdch 131 
square Files i s  occupied by Okanagan Lake, and only about 70 square 
miles i s  land area. The to ta l  area of the sub-basins i s  about 350 
square miles. 

The t o t a l  area o f  the drainage basin i n  Canada is 3018 square 
However, in this hydrogeological study, emphasis is placed on 

The Okanagan River Basin falls  pa r t ly  within the Thompson P1- 0. t eau 
which has a gently ro l l ing  upland of low r e l i e f ,  within the Shuswap 
Highland consisting of gentle or  moderate sloping plateau areas, and 
the Okanagan Highlad  which includes rounded mountains and ridges and 
gentle open slopes. W i t h i n  the Okanagan River Easin these areas a re  
dissected by numerous short  creeks. (Hollznd, 1964). 

2.2 Topography and Drainage 

Okanagan Lake i s  the pr incipal  body of water occupaing the  main val- 
ley. 
lakes of Skaha and Vaseux before entering Osoyoos Lake a t  the south 
end of the valley. 
water movement 2re the O'Keefe Valley trending north to south entering 
the main valley near the north end of Okanagan Lake, Mission Creek 
Valley entering Okanagan Lake approximately near the centre of the  eas t  
s ide  of the lake, and Coldstream Valley ruming from the east and 
entering the main lake south of the town of Vernon. 

Okanagan River flows from the south end and through the smaller 

The important t r ibu tary  valleys i n  terms of ground- 

The elevation range of the basin l i e s  mainly between 1,000 and 6,000 
feet  above sea level.  The distance from the! drainage basin divides . 
t o  the main valley i s  a s  much as  30 miles, but is  commonly less than 
1s miles. Gradients range from nearly ve r t i ca l  to nearly horizontal, 
with an i n i t i a l l y  rapid r i s e  to L,OOO o r  5,000 f e e t  from the m a i n  
val ley f loo r  a t  1,000 to 1,600 f e e t  per  mile! f o r  3 t o  4 miles. Above 
4,GOO fee t ,  the average slope i s  much less ,  up to 300 f e e t  per mile. 

2.3 Climate 

The climate of the area, according to Kgpperi's c lass i f icat ion,  is  



4 
Middle Latitude Steppe (BSk) i n  which B = Dry climates, S = Semiarid, 
and k = Cold; mean annual temperature l e s s  than 64.koF but mean t e m -  
perature of warmest month over 64.b0F. (Canilda, Department of Mines 
and Technical Surveys, 1 957. ) 
47.90F a t  Oliver i n  the south end of the val:ley, and 44.6'3' a t  Arm- 
strong i n  the north end. The respective averages fo r  precipi ta t ion 
are  10.79 and 17 .I 8 inches per year. 

The average temperature ranges between 



3. GEOLiDGY 

3.1 Bedrock Geo loa  

A description of the bedrock geology, fo r  the purposes of this report ,  
i s  l imited t o  the north end of the  Okanagan Valley from Enderby on the  
Shuswap River t o  Okanagan Lake. The bedrock geology can be divided 
i n t o  3 main subdivisions. One, rocks of the Monashee Group occur on 
the  eas t  s ide  of the valley. These rocks comprise mainly gneiss, bu t  
sch is t ,  quar t iz i te ,  calcareous gneiss and marble are common. The rocks 
exhibi t  metamorphism of uniformly high grade and are of sedimentary 
or ig in  (Jones, 1959). The other two subdivisions occur on the  west 
s ide  of t h e  val ley separated from the former by the Vernon-Sicamous 
f a u l t  system. Rocks of the Mount Ida Group are of both sedimentary 
and volcanic or igin and have been subjected t o  low grade metamorphism. 
These rocks comprise mainly ch lor i te  and s e r i c i t e  schists and garneti- 
ferous quartz-mica sch is t s ,  and quartzi te .  To the south, and i n  fault  
contact with the Mount Ida  Group, i s  the Cac'he Creek Group. T h e  Cache 
Creek Group comprises mainly sa.rgillite, andesite lava and limestone. 
Minor occurrences of Tertiary lavas are a l so  t o  be seen (Pig. 1 - 
Pocket of Report) . 

Structure  

"Faults i l l u s t r a t e d  on the map represent some of the l a t e s t  deforma- 
t i on  i n  the Vernon map-area. ... The amount o.f movement on these faults 
i s  not known...and the  i r regular  f a u l t  boundaries between major rock 
groups s igni fy  that movements are mainly v e r t i c a l  ra ther  than hori- 
zontal" (Jones, 1959). 
from Armstrong and they appear t o  exer t  a strong tectonic  influence 
on the bedrock grz6ler.t of the  thalweg f o r  t h e  main valley. 
s u l t s  i n  e i t h e r  a steep gradient between tes t  holes C42 TH2 and C42 
TH3, or cf a generally uniform gradient interrupted by a de f in i t e  
f au l t .  
old stream bed t o  allow f o r  subsequent erosion within the bed follow- 
ing faul t ing.  
and probably crosses the val ley j u s t  north of C42 TH2. 
d i rect ion is  obscured by the s u r f i c i a l  deposits witkin t h e  main val ley 
and by the above mentioned Tertiary lavas (Fig. 1 ) . 

An important s y s t e m  (of f a u l t s  trends northwest 

T h i s  re- 

The former in te rpre ta t ion  i s  preferred f o r  the course of the  

A f a u l t  i s  shown trending northwest near Kendry Creek 
However, i t s  

3.3 Surf i c i a l  Deposits 

The references used i n  t h i s  report  f o r  describing the . sur f ic ia l  geology 
(Fig. 1 )  of the Okanagan region are maps by :?ulton, R. (1969, Maps 
1 2 h b  and 1245A) and a repor t  with maps by Nasmith, H. (1962). 
foregoing maps show areas of mainly bedrock ,about 2,500 feet  o r  

The 
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probably th in  morainal deposits over bedrock above about 1,500 f ee t .  
The morainal deposits a re  chiefly till, which is a deposit  of unsorted 
sand, silt, clay and boulders. Below elevations of 1,500 feet, and 
predominantly on the eas t  s i d e  of the valley,  occur numerous fan o r  
fan-delta deposits of gravel and sand. Coarse sand and gravel deposits 
on the west side of the main Okanagan Valley a re  to be found associated 
almost en t i re ly  with the O'Keefe t r ibutary vialley and the  "lower par t"  
of Deep Creek valley before it enters  the main valley. 
of the main valley to be seen a t  ground SwfiLce are commonly s i l t  and 
some clay. 

The deposits 

A t  this point  i n  the description of the s u r f i c i a l  deposits a t tent ion 
i s  drawn to the north-south (Fig. 1 )  and east-west (Fig. 1 )  cross 
sections f o r  the north end of  the main valley. 
of the test d r i l l i ng  conducted under Task LO, is  the regional picture  
which can be constructed of the s u r f i c i a l  de:posits of the main valley.  
These can be divided in to  two par t s  -- lower and upper par ts .  The 
lower p a r t  of the sediments s h o w s  an al ternat ing sequence of till, clay 
and si l t ,  sand and gravel zones divided in to  units A to F. 
sequence ranges from about 300 f e e t  thick i n  the north a t  CL3 THS t o  
about 750 feet  thick i n  the south a t  C&! TH1 The till zones range 
from about 40 to 100 f e e t  th ick ;  s i l t ,  sand and gravel zones are about 
80 to 220 f e e t  thick, and a c lay-s i l t  zone i s  about 100 f e e t  thick. 
Facies changes within these layers may be due to non-deposition i n  
some pa r t s  of the valley, o r  to removal and subsequent replacement by 
l a t e r  glaciations. The uppermost of these silt,  sand and graval zones 
is the  one i n  which most of the deep test  holes were completed as 
observation wells. The units A to F have been denoted i n  ascending 
order 

An important r e s u l t  

T h i s  

Overlying the succession of t i l l s  and sands, and comprising the upper 
p a r t  of the main val ley deposits, is  500 t o  1,000 feet  of sediments 
that a re  mainly s i l t .  
the sequence, and of par t icu lar  importance t o  this study a re  the thick 
sands occurring i n  the Maid Creek area south of Armstrong. 
i n  the upper pa r t  of the s u r f i c i a l  deposits a re  commonly f ine  tomedim- 
grained, angular sands. 

There a re  some sand beds i n  the upper p a r t  of 

The sands 

Considerable loca l  variations are  anticipated within the upper p a r t  of 
the s u r f i c i a l  deposits. Local deposits of gravel and sand on the eas t  
s ide  of the valley are a t t r ibu ted  t o  meltwaters from t r ibu targ  valleys, 
and sands on the west side of the Maid Creek cross section may have 
been derived i n  association with meltwaters discharging to the south 
from Deep Creek (Fig. 1 ) .  It may also be observed that there  i s  down- 
val ley thickening of both the upper and lower pa r t s  of the va l l ey - f i l l  
depo sits. 
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4 -  SEISMIC EXPLORATION (TASK 3 9 )  

4.1 Objective 

The purpose of the seismic work was to obtain information on the depth 
to bedrock across several  sections i n  the Ohmagan and O'Keefe Valleys, 
to t r y  to determine the nature of the v a l l e y - f i l l  deposits, t o  help to  
reduce the number of test  holes required t o  locate the thickest  section 
of overburden, and t o  help s e l e c t  the type o f  dr i l l i ng  equipment re-  
quired t o  accomplish test dr i l l ing .  

4.2 The Seismic Program 

During the month of June 1970, reconnaissance f i e l d  t r i p s  were made to 
evaluate the f e a s i b i l i t y  of running seismic l ines  a s  chosen during the 
of f i ce  planning stages of the groundwater program. 
also essent ia l  to gain permission t o  run seismic l i nes  across private- 
ly-owned land. Adjustments subsequently made proved to be minor. The 
program was directed by a consulting geophysicist, and an independent 
seismic company ran the prof i les  during the month of July. Four pro- 
f i l e s  were run i n  the north and two i n  the south p z r t  of the Okamagan 
River Basin 

These t r i p s  were 

The i n i t i a l  resu l t s  showed the longitudinal 'bedrock val ley prof i le ,  
along the deepes tps r t s  of the cross sections, increased in depth be- 
low ground surface from about 800 f e e t  a t  Enderby t o  about 1,600 f e e t  
a t  Armstrong. 
end of the val lex a t  Okanagan Fal ls .  Surface elevations of the bed- 
rock-valley f loor  re la t ive  t o  sea leve l  were about +3OO f e e t  a t  
Enderby, about -600 f e e t  a t  Armstrong and about +SO0 f e e t  near Okan- 
agan F a l l s .  These elevation readings show the bedi.ock valley f loor  
t o  be dipping rapidly towards Okanagan Lake a t  the north end of the 
lake, and t o  be r i s ing  a t  the south end of the lake. The table  
(Appendix A )  compares predicted and actual  depths t o  bedrock, and f ig -  
ures 1 and 2 of Appendix A show the  i n i t i a l  seismic interpretat ion 
made p r io r  to test d r i l l i n g  and the r e v b e d  interpretat ion following 
t e s t  d r i l l ing .  
marily s i l t  and sand with some gravel. 
south end of the val ley (Cb2 TH4, Fig. 4, Appendix A )  penetrated 
almost a l l  sand, gravel and boulders. 

The depth t o  bedrock decreased to 800 f e e t  i n  the south 

The va l l ey - f i l l  deposits were considered to be p r i -  
However, test d r i l l i n g  a t  the 

4.3 

The i n i t i a l  impression gained by Groundwater Division 'Staff during a 
preliminary f i e l d  t r i p  with Mr. R. Lundberg was t h a t  a f a s t ,  e f f i c i en t  
and effect ive seismic program was feas ib le  i n  the Okanagan Valley. 

An analysis of the Seismic Program 
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Results bore out  pr ior  opinions. Obviously, to form correct value 
judgements of the seismic program, this analysis concerns interpre- 
ta t ions made pr ior  to test d r i l l i ng .  

Predicted depths t o  bedrock made by the seismic consultant were s ta ted 
t o  be within + l&. 
valley, the percentage errors  ranged up to 13% f o r  three holes and 17% 
and 25% f o r  two more. 
w a l l s  show considerable errors  of 110% and 500%. 
an anomalous layer i n  the middle of the valley had an e r ror  of only 2%. 

Of f ive  holes d r i l l ed  towards the middle of the 

However, test holes d r i l l e d  close %o val ley  
Predicted depth f o r  

Signif icant  observations t o  be made were tha t  the val ley was f i l l e d  
mainly with s i l t  and sand. 
case of the thin s i l t  layer f o r  p a r t  of seismic l i n e  1 ,  are  hard to 
determine due to lack of veloci ty  contrasts between the s i l t  and sand. 
Even during tes t  d r i l l i n g  it is  sometimes di i ' f icul t  t o  pick l i tho logic  
changes especially as sands or silts are  often th in ly  interbedded and 
much of  the sand i s  of very f i n e  grain s ize .  
in te res t ing  conclusion regarding seismic l i ne  4 i n  t h a t  he expected 
the water l eve l  t o  be about 200 f e e t  below ground surface. 
evidence from examination of d r i l l i n g  sample:;, suggested an oxidized 
zone 200 f e e t  thick, and the depth to the wa%er l eve l  recorded i n  test 
hole C43 TH4 was 193 f e e t  below ground surface. 

Bed thicknesses, except as i n  the spec ia l  

M r .  Lundberg drew an 

Available 

The seismic survey proved t o  be a very valuable technique f o r  enabling 
the Groundwater Division t o  pick the deepest pa r t s  of the val ley f o r  
tes t -dr i l l ing .  The seismic r e su l t s  were the key fac tor  i n  select ing 
the capacity of d r i l l i n g  equipment necessary to  penetrate the f u l l  
thickness of the overburden and d r i l l  on in to  the bedrock. Similar 
surveys would appear t o  be well worth w h i l e  i n  future  deep-valley 
groundwater exploration programs i n  the Prorince of Br i t i sh  Columbia. 
A copy of Mr. Lundberg's revised f i n a l  report  is  given i n  Appendix A .  
Copies of the e a r l i e r  f i n a l  report  are  available a t  the off ice  of the 
Gmundwater Division, Water Investigations Bi~inch, Department of Lands, 
Forests and Water Resources, Victoria, Br i t i sh  Columbia and a t  the 
o f f i ce  of the Director, Canada-British Columbia Okanagan Basin Study 
Agreement, Penticton, Br i t i sh  Columbia. 
since been presented a t  the 4 l s t  International Meeting of the Society 
of Exploration Geophysicists, November, 1971 and was published under 
the t i t l e  "Seismic Techniques Applied t o  Groimdwater Research i n  the 
Okanagan Valley, Br i t i sh  Columbia". 

M r .  R. Lundberg's work has 
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5.1 Objective 

ROTARY TEST H O U  DRILLING PROGRAMS (TASK 40) 

Beginning i n  l a t e  September 1970 and continuing on in to  ear ly  November, 
two rotary t e s t  hole programs were conducted under Contracts 42 and 
43. 
d r i l l  through the overburden t o  the bedrock, and t o  provide information 
on the type, thickness and continuity of the va l l ey - f i l l  deposits, ta 
study geologic structure of the main valley, and a l so  t o  check on the 
value of preliminary seismic q l o r a t i o n  work. I n  addition to this 
planned objective, the t e s t  -holes were l e f t  cased t o  be used as ob- 
servation wells. Later, these wells, a f t e r  cleaning and development, 
were used f o r  shor t  pumping tests t o  make estimates of well yields  and 
obtain transmissivity values f o r  some of the aquifers. 

The purpose of the t e s t  hole d r i l l i n g  was  i n i t i a l l y  designed t o  

5.2 Achievements 

Nine holes were d r i l l ed  under the above contracts, four with a 3,500 
foo t  capacity Fail ing r i g  t o  depths ranging from 850 t o  1,900 f e e t  f o r  
a t o t a l  cost  of $102,000, and f i v e  with a 2,000-foot 'Con-Cor' r i g  to 
depths ranging from 1'20 f e e t  t o  j u s t  over 900 f ee t ,  f o r  a t o t a l  cost  
of $35,000. 

Observation wells were completed i n  these test holes mostly with 10 
f e e t  of four-inch diameter pipe-size screens, washdown bottom and four- 
inch casing. 
construction of some deep 4.- t o  7-inch diameter water w e l l s  and suc- 
cessful  d r i l l i ng  of test ho:Les to bedrock using the rotary method under 
sometimes very d i f f i c u l t  d r i l l i ng  conditions, marked a major s t ep  for- 
ward i n  deep-valley groundwater exploration programs i n  the Province. 

The deepest well screen is  s e t  a t  1,215 f e e t  deep. The 

The rotary technique proved t o  be qui te  successful due t o  the adoption 
of a mud program newly-tried in the Okanagan Valley. This mud kept 
holes open f o r  up to 25 hours, and withstood ar tes ian  pressure con- 
d i t ions  u n t i l  development was begun. 
of d r i l l i n g  and running casing, fou r  geophysical borehole logs were 
run i n  e ight  of the nine holes. 
with this report ,  one s e t  being derived mainly from Mr. E. Livingston's 
work on the deep test holes (Appendix B) .  Very thick permeable de- 
pos i t s ,  up to about 800 f e e t  of sand, gravel and boulders, were en- 
countered i n  the Okanagan Fa l l s  test hole. Im interpretat ion of the 
hydrogeological information obtained from the t e s t  d r i l l i n g  programs 
i s  presented within this report  and has been used i n  tpe compilation 
of maps and cross sections. 

I n  the in t e rva l  between the end 

Composite d r i l l i ng  logs are  submitted 
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6.1 

6 .  HYDROGEDIDGY 

General Statement 

Prior t o  a more detai led discussion of the north end of the valley, 
reference W i l l  be made t o  figure 2 contributed to the s t u d y  by 
M r .  E. C. Halstead. This shows a diagramatic: cross section presenting 
a conceptual representation of groundwater f:Low i n  re la t ion  to surface 
drainage f o r  the Okanagan River Basin. The stream discharge measure- 
ments a t  the south end of the valley, fo r  the year 1967, a re  designed 
to i l l u s t r a t e  that some of the water contributed by t r ibu tary  streams 
is  added t o  groundwater o r  i s  l o s t  in consumptive use ( t h a t  is  by 
evapotranspiration and diversion) . 
1 6 , s O O  acre f e e t  from Vaseawr Creek i s  not recorded by the difference 
i n  flow between the two gauging s ta t ions  a t  Okanagan Fa l l s  and a t  
Oliver. Whatever quantity is  not l o s t  t o  consumptive use must be 
passed through the basin a s  groundwater flow (personal communication 
E. C. Halstead, 1972). 

The incrEment t o  groundwater of 

6.2 Basic Water-\fell Data 

Basic information, mainly water-well data submitted by water-well 
dri l lers and that  collected from well inventories, w a s  p lot ted on 
topographic maps of a sui table  scale.  
maps avai lable  are  a t  a scale of 1 inch to 1,000 f ee t .  
analysis and synthesis of this data and of data from test hole d r i l l i ng  
and pump tes t ing  supervised by the Groundwater Division have been used 
i n  the compilation of f igure 1 and i n  writing t h i s  section on hydro- 
geology. Many of the control points a re  shallow wells commonly l e s s  
than 50 f e e t  deep recording only well  depth a d  the depth to the non- 
pumping water level.  

The m o s t  su i tab le  topographic 
Results of 

6 .3  Aquifers in the Surf ic ia l  Deposits 

Based on available data, an attempt has been made to show the a rea l  
extent and thickness of some of the aquifers i n  the s u r f i c i a l  deposits 
(Fig. 1 ) .  
f i c i a l  deposits t he i r  possible extent and thickness i s  shown by the 
cross sections N-S and W-E. Units  D and F may occur throughout the 
e n t i r e  north end of the Okanagan Valley, the former ranging from about 
85 t o  140 f e e t  thick and the l a t t e r  from about 125 t o  150 f e e t  thick. 
Unit F i s  considered to be composed mainly of sand and gravel with 
some s i l t ,  the s i l t  content sometimes being loca l ly  pTedominant as i n  
Cl42 TH3. 
clay, s i l t  and sand i n  the south. 
composed of sand and s i l t .  As Unit B is  the deepest aquifer it is  of 

For aquifer Units B, D and F i n  the lower part ,  of the sur- 

Unit D s h o w s  a change from sand and gravel i n  the north to 
Unit By up t o  150 f e e t  thick, i s  
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smaller a r e a l  extent being absent to the  north where the bedrock gra- 
d ien t  steepens and i s  fur ther  l imited by the narroxer width with in- 
creasing depth between the V-shaped bedrock valley walls. The only 
major aquifer i n  the upper p a r t  of the s u r f i c i a l  deposits occurs i n  
the Armstrong area and loca l ly  has a known thickness of about 800 fee t .  
Water l eve l  measurements i n  wells completed i n  both the lower and 
upper pa r t s  of the s u r f i c i a l  deposits show the aquifers are confined, 
the heads r i s ing  above the top of the aquifer. I n  some cases the 
aquifers a re  artesian.  

Locally important aquifers lof more l imited a rea l  extent a r e  the numer- 
ous fan deposits of sand and gravel flanking the east valley wall. 
These occur f o r  a limited distance toward the centre of the val ley 
beneath or  interfingering with the Upper Lake Beds. 
valley wall  these aquifers are unconfined but beneath the Upper Lake 
Beds they a r e  confined aquifers. 

The most important unconfined (water-table) aquifer i n  the study area 
occurs i n  the O'Keefe Valley. The map of the s u r f i c i a l  geology shows 
sand and gravel deposits occur throughout the en t i r e  length of the 
val ley (Fig. 1) .  
TH4) a t  the south end of t h i s  val ley and t o  have a saturated thickness 
of 350 f e e t .  
valley. However, the w a t e r  levels  i n  the wells, and the lake  levels  
can be mapped a s  a continuous water-level sxrface. 
considered the  water i n  the  va l l ey - f i l l  deposits forms one continuous 
aquifer and for  the purposes of this report  ,is named the O'Keefe Valley 
aquifer . 

Close to the 

These deposits are  known to be 575 f e e t  thick (C43 

Similar data is  not available .for the north p a r t  of the 

It i s  therefore 

Another unconfined aquifer occurs about 4% miles to  the north of Am- 
strong. It is composed of sand and gravel occupying a narrow bedrock 
channel. This aquifer trending from southwest t o  northeast  i s  about 
4 miles long and & mile wide with a saturated thickness of up t o  200 
f ee t .  It has been reported by a loca l  resid,ent that i n  very dry 
weather (1970) permanent f l o w  i n  Deep Creek occurs only where this 
creek cuts through the s u r f i c i a l  deposits occupying this bedrock 
channel. 

6.4 Groundwater Movement, Recharge and Discharge Areas 

Figure 1 integrates  the s a l i e n t  findings of this hydrogeological study 
of the north end of the Okanagan River Basin. 
portray a well known concept that  the water table is  a su'bdued rep l ica  
of the topography. 
l eve l  contours and from the map it can be seen the movement of ground- 
water i s  towards the centre of the valley. . A t  the water table,  i n  the 
v i c in i ty  of Deep Creek and Fortune Creek groundwater flow w i l l  be to  
the north and t o  the south from the topographic divide between these 
creeks. 

The water level  contours 

The flow of groundwater is normal to the water- 
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From water l eve l  o r  pressure readings i n  deep wells completed i n  Units 
D and F groundwater flow occurs to the north and south from a ground- 
water divide located between wells C42 TH3 and Cb3 THS. 
seismic work, it i s  known tha t  there i s  a divide i n  the bedrock val ley 
p r o f i l e  between these same two wells. 
create  a bar r ie r  t o  groundwater flow from the Enderby area t o  the south 
near the bedrock valley f loor .  
shown t h a t  deep groundwater flow does take place t o  the south from the 
Fortune Creek valley beneath the forementioned topographic divide and 
towards Okanagan Lake. 

.Also, from 

This bedrock divide w i l l  a lso 

From the available data it can be 

The areas of recharge to deep and shallow aquifers are the  val ley 
sides with the main p a r t s  probably being associated with the fan de- 
pos i t s  of sand and gravel flanking the east side.  The methods of re- 
charge are d i r ec t ly  by precipi ta t ion,  and ind i rec t ly  by underflow from 
t r ibu tary  creeks flowing in to  the f an  deposits. 

The discharge areas occur i n  the valley bottom and can be divided in to  
regional and loca l  categories. The loca l  discharge areas occur within 
the  fan  deposits and are indicated by such discharge phenomena as 
flowing wells and springs. 
and 3 miles south of Armstrong (Fig. 1 ) .  
(an area of po ten t ia l  a r tes ian  flow) is  delineated as occurring within 
a narrow zone bordering Fortune and Deep Creeks. It i s  considered 
t h a t  the area of a r tes ian  flow occurs approximately below elevations 
of 1,220 f e e t  above sea leve l  near Enderby t o  1,175 f ee t  above sea 
l eve l  south of Armstrong. Evidence f o r  t h i s  in te rpre ta t ion  is  based 
on locations of flowing wells, and on water l eve l  measurements i n  non- 
flowing wells. 
above sea  level ,  the  water l eve l  has r i s en  a s  close as 1% f ee t  below 
ground surface. Evidence of extension of the  area of regional arte- 
s i an  flow in to  the Shuswap River val ley is  given by well C43 THS, 
which flows, and also by a w e l l  (Hruschak, J., personnel communication) 
about 4 miles up this val ley from which water flows from a depth of 
600 f e e t .  

Springs and flowing wells occur about 1% 
The regional discharge area 

I n  w e l l  C42 TH3 a t  an elevation of about 1,21 5 f ee t  

Groundwater temperatures taken under Task 41 f o r  the  deep wells i n  the 
Armstrong-Enderby area show one anomalously low reading of 1 l l g C ,  CL2c 
TH2, compared t o  the other 3 .wells with w a r m  waters of about 17 to 20 C 
(Table 1 ) . 
with t h a t  of the regional discharge area i s  possible but  not proved. 
However, the low temperature reading from C42 TH2 suggests the  close 
proximity of the well  to recharge groundwaters. Further, this well 
water had the lowest t o t a l  dissolved so l ids  content of the deep ground- 
water sampled. 
Creek i n t o  the main valley, i t  o f fe r s  some evidence that fan deposits 
may be a source of recharge. 

The occurrence of a narrow zone of w a r m  waters comparable 

Located only 3,500 f e e t  from the entrf of Glanzier 

However, it must not  be ignored t h a t  
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f a u l t  zones could loca l ly  be an important medium of recharge. 
be the case fo r  well C42 TH2 which occurs on:Ly about 700 f e e t  from the 
point  of termination i n  the buried bedrock-vialley w a l l  of a f au l t  cut- 
t ing across Kendry and Glanzier Creeks (Fig. 1 ). 

T h i s  may 

The nonpumping water l e v e l  of 101 fee t  i n  w e l l  C43 TH2 was about 40 
fee t  deeper than expected. The or ig ina l  purpose of the tes t  hole was 
to determine the  nature of an anomolous lens detected by seismic work 
along the Maid Creek cross section (Fig. 1 ) .  
water l eve l  may be the r e s u l t  of the location of this w e l l  i n  r e l a t ion  
to a lens of l e s s  permeable material ( s i l t )  i n  more permeable surround- 
ing deposits (fine- t o  medium-grained sand) as explained by TAth 
(1962). Near the upstream par t  of a lens the difference between the 
or ig ina l  undisturbed p o t e n t i i l  f i e l d  and the new one gives r ise  t o  a 
negative e f f e c t  on the water levels .  
the nonpumping water l eve l  than was anticipated is believed t o  be due 
to  the  occurrence of the  well i n  the v i c in i ty  of the upstream p a r t  of 
the  lens .  

The cause of the low 

Therefore the deeper depth to  

6.5 Transmissivity Values 

There is  very l imited information concerning transmissivity values f o r  
aquifers  i n  the study area. The data a re  obtained mainly from Task 41 
(Le Breton, 1972). 

Transmissivity values (Table 1 )  f o r  aquifers i n  the lower p a r t  of the 
s a r f i c i a l  deposits a r e  available f o r  units D and F. 
TH1 and TH3 i n  u n i t  F the  values are compara-ble, 1980 and 11 32 igpdf  t 
(imperial. gallons per day per foot ) .  
wells (Figs. 3 and 5 )  are pa r t ly  comparable ,showing a period of sta -  
b i l i zed  water levels  after one log cycle of Idrawdown. I n  both cases 
s t ab i l i za t ion  may be due t o  p a r t i a l  penetration which is  similar to 
t h a t  of recharge (Hantush, 1961 ) . The transmissivity values shown i n  
Table 1 are d i f fe ren t  from those on the graphs because corrections 
have been made f o r  p a r t i a l  penetration i n  wells C42 TH1 and TH3. The 
information from these two wells i s  comparable (Table 1 )  .with regard 
t o  aquifer thickness, transmissivity, permea'bility, water temperature 
and water quali ty.  

For wells CL2 

The p u q  t e s t  graphs f o r  both 

The transmissivity value f o r  well  CL2 TH2 i n  Unit F is 34,300 igpdf t .  
A similarly high figure, 26,400 i g p d f t  w a s  Dbtained f o r  CL3 THS i n  
u n i t  D. 
that f o r  the other two wells i n  u n i t  F t o  the north and south. Its 
considerably higher transmissivity suggests the areal extent of clean 
sand and gravel deposits i n  the zone is limited. 
de f in i t e  discharge boundary condition became evident t o w a r d s  the  end 
of the pump test. 
drawdown graph. 
because the lower transmissivity of 2,090 i g p d f t  will r e s u l t  i n  a 

The transmissivity value from w e l l  1542 TH2 contrasts  with 

From f igure  4 a very 

T h i s  i s  denoted by the s teep change' i n  slope of the 
The e f f ec t  of the discharge boundary i s  very important 
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considerably lower well yield.  

Two transmissivity figures xrere obtained under Task 41 fo r  the upper 
p a r t  of the su r f i c i a l  deposits. 
fo r  C43 TH2 (Fig. 6) is obtained f o r  the pa r t  of the aquifer 210 f e e t  
thick above the s i l t  lens.  T h i s  f igure is qui te  comparable with that 
of 85,400 igpd/f t  f o r  the same aquifer 600 f e e t  thick encountered i n  
well c26 TH2 put down pr ior  t o  this study. 
igpd/ft was obtained from the pump t e s t  i n  well C43 TH3. 

A transmissivity of 27,700 igpd/ft 

A transmissivity of 100 

Data fo r  transmissivity acquired from work under Task 41 considerably 
increases knowledge of the hydrogeology of the study area. 

6.6 Water-Well Yields (Task 41 ) 

The estimated well y ie ld  cal.culations given i n  this section a re  intend- 
ed to replace ea r l i e r  estimattes given i n  previous reports.  

I n  the main Okanagan River Valley deep well pumping test data commonly 
indicate low well yields (Table 1 ) from wells about 700 to 1,200 f e e t  
deep. 
pumping depths of 200 f e e t  below ground surface to 265 igpm to the top 
of the aquifer for  wells C42 TH1 and TH3 i n  U n i t  F. Also completed 
i n  Unit F, well C42 TH2 has a higher estimated yield of 250 igpm to  
the top of the aquifer. However, the only r ea l ly  favourable loca l i ty  
f o r  fur ther  development i s  t,hat indicated by C43 TH5. The very shor t  
period of f r e e  flow from this well, associated with well development 
las t ing  fo r  about 5 hours, i.s insuff ic ient  t o  indicate declining flow 
o r  discharge boundaries. However, fo r  pump se t t ings  of 200 fee t ,  this 
i s  the only s i t e  where well yields of up to 1,000 igpm may be obtained. 
Further tes t ing is  essential. t o  substantiate this statement. 

Yields range from 10 i g p m  (imperial gallons per  minute) f o r  

Well yields from aquifers i n  the upper p a r t  of the su r f i c i a l  deposits 
may local ly  be high, a s  i n  *,he Armstrong area. For a pump se t t ing  of 
200 f e e t  a well yield of 183 igpm fo r  C43 TH2 has been calculated 
from Task 41 data. 
of 2.4 igpm and includes a 30 percent safety factor .  
fac tor  is introduced t o  allow f o r  declining water levels which occur 
i n  r e a l i t y  i n  conjunction with constant pumping rates .  
a production w e l l ,  c26 TH2, of a pr ior  study it i s  s ta ted a yield of 
about 850 igpm is  possible. 
designed by Mr. E. Livingston. 
a t  a pumping r a t e  of 328 igpm. - i c a l  yield is  obtained of 3,,400 igpm which includes a 30 percent 
safety factor .  
a t  a depth of 180 f e e t  below ground surface 

T h i s  y ie ld  was derived from a specif ic  capacity 
The safety 

From data for  

This estimate is  made for  the well  as 
The specif ic  capacity is  about 38 iepm 
Based on specif ic  capacity a theoret- 

T h i s  y ie ld  is  f o r  drawdown to the top of the aquifer 
(Fig. 1 ) . 

The s ignif icant  differences i n  yield between the two wells is  pr i -  
marily due t o  design. The calculated yield from C43 TH2 is obtained 



9 0 

Tya L 

. . .  
. . .  

. . . .  

. . .  

-- 
-I 

. . . .  

. .  _-- 

I 



16 
from a t e s t  hole completed fo r  observation-we11 use and t o  obtain pre- 
liminary groundwater information. 
a s  a production well and designed t o  operate a t  a high efficiency. 
This comparison i s  made t o  ,show tha t  higher yields  may be obtained 
from be t t e r  designed wells. 
data my actual ly  be considered as  minimum vifiues. 

The other well c26 TH2 was completed 

Thus well yields  calculated from Task 41 

The "capped" well near the east  end of the Maid Creek cross section 
(Fig. 1 )  had a f r e e  flow of about 320 igpm fi-om 220 fee t .  The spe- 
c i f i c  capacity of this well i s  9 i g p d f t  of drawdown giving a theo- 
r e t i c a l  yield of about 1,600 igpm t o  the top of the aquifer. 

The f igures  fo r  the above wells do not take in to  account the e f fec ts  
of hydrogeological boundaries, the e f fec ts  of which w i l l  be to reduce 
well yields.  
to bz more r e a l i s t i c .  

Thus well-yield estimates of up t o  500 igpm msy prove 

As very l imited information i s  available fo r  the O'Keefe t r ibu tary  
valley (Fig. 1 )  l i t t l e  refe:rence has been made to t h i s  va:lley so f a r .  
On the basis of specif ic  ca.pacity data (Table 1 )  it would appear t ha t  
high well yields are  obtainable from the O'Keefe Valley aquifer. 
specif ic  capacity declines with y ie ld  (Todd, 1959, p.  111) and no 
data i s  available concerning discharge boundary condition:: it is sug- 
gested that yields of 500 igpm may be obtained, and possibly 1,000 
igpm. 

I n  tb narrow southwest-northeast trending bedrock channe:L aquifer 
extending about 4 miles to the northeast from Parkinson Lake, 4% miles 
northwest of Armstrong, well  yields of up t o  50 igpm may be obtained. 
A short  t r ibu tary  creek 2,000 f e e t  long draiiiing from this aquifer 
i n to  Deep Creek about 4% miles north of Arms trong is  supplied mainly 
by one spring flowing a t  an estimated r a t e  o.f 150 igpm (Fig. 1 ) .  

As 

6.7 Groundwater Flow Calculations -- 
The following calculations for groundwater flow are  based on the data 
obtained from Task 41 and replace previous calculations (:Le Breton, 
1971 ) . The reader should f i r s t  be made aware of the  limits of 
accuracy of the following flow estimates. 
it were suggested tha t  the accuracy of these estimates w a s  any be t te r  
than one order of magnitude. 
value of each figure i s  unlikely to be eithe:r 10 times as  small o r  10 
times as large as  the f igure cited,  but might l i e  somewhere between 
these 2 extremes. 
(14-E) cross section (Fig. 1 ) .  
formation on geology and groundwater hydrolo,= is available. 

Groundwater flow was ca lcu lakd  by using the formula: 

1% would be misleading i f  

By this def ini t ion it is  meant the 

The figures presented below apply to the Waid Creek 
T h i s  i s  the s,sction fo r  which most in- 
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Q = K I A  

2 i n  which Q 
K 
I 
A 

= rate of floiq ( i n  c f s  and ac.f.l;/yr) 
= permeability (hydraulic conductivity) ( i n  igpd/ft  ) 
= hydraulic gradient ( i n  f t / f t )  
= cross-sectional area ( i n  sq . f t )  

Permeability values have been derived from ti*ansmissivity f igures  given 
i n  Table 1 and were obtained by dividing transmissivity by the  aquifer 
thickness; the hydraulic gri3dient i s  derived from differences i n  water 
l eve l  readings i n  wells divided by the distance between wells; and the 
cross-sectional area i s  the product of aquifer thickness multiplied by 
the possible aquifer width. 

Groundwater flow fo r  the lower p a r t  of the s u r f i c i a l  deposits was cal- 
culated f o r  the cross-sectional area V D "  of Unit F (Fig. l )  allowing 
f o r  an aquifer  thickness of 125 feet. T h i s  iis the  zone within which 
groundwater flow is  considered t o  be the most s ign i f i can t .  It has the  
l a rges t  cross-sectional area and i s  considered t o  be t h e  zone with the 
highest  permeability comprising s a d  and gravel w i t h  some s i l t .  
wa previously assumed Unit F would have a permeability of 1,000 i g p d  

t e s t ing  showed a figure of only 13.2 igpd/f t'-. 

It 

f t  8 (imperial gallons per day per square foe$), bu t  subsequent pump 

Using the formula: 

Q = K I A  

I = 7.4 x lo6 f t / f t  
A =: 1.25 x 10 si2 f t  

1 2 where K = 1.32 x 10 -3 i g p d f t  ~ 

the  t o t a l  underflow i s  calculated as 4.3 x 10e2 c f s  (cubic f e e t  per 
second). 

Underflow f o r  the upper part  of the  surficia:L geposits was previously 
calculated using a permeability of 300 igpd/i't 
ed protion of the aquifer of  well C26 TH2. 
data from w e l l  C43 TH2 giving a permezbility of 130 igpd/ft2 this f i g -  
ure i s  used fo r  revised groundwater flow calculations.  This figure 
f o r  t h a t  portion of the aquifer overlying the s i l t  lens  compares 
favourably with a f igure of 1140 i g p d f t 2  from well  C26 TH2 having an 
aquifer thickness of about 60(3 f ee t .  

derived f o r  the  screen- 
However, after obtaining 

Using the formula: 

Q = K I A  

I = 1.4 x 10i3f t / f t  
A = 7.2 x 10 sq f t  

2 2 where K = 1.3 x 10 igpd/ft  



18  
total groundwater flow f o r  the cross-sectional area l t A B l 1  iis 2.44 c fs  

The combined t o t a l  groundwater flow f o r  the aquifers f o r  which data i s  
available i s  2.48 cfs .  The actual  total cross-sectional area through 
which flow occurs i s  larger than tha t  used i n  the above calculations, 
but the remaining sediments are almost cer ta inly l e s s  permeable. 
Based on the presently available data, a r a t e  f o r  groundwater flow of 
about p3 cfs  (1,825 acf t /yr)  :is l i k e l y  to be a reasonable figure. 

Total groundwwter flow toward Okanagan Lake :includes tha t  from the 
O'Keefe t r ibutary valley which enters the main val ley a t  a point  south 
of the Maid Creek cross section. 
tained from pump t e s t s  f o r  the O'Keefe Valley aquifer under Task 41. 
Calculations f o r  groundwate:r flow f o r  t h i s  aquifer have been revised 
on the basis of existing data only. 

I n  a previous calculation a K value of 6,000 igpd/ft 
screened portion of the aquifer from the f i r s t  pump t e s t  on a well  
5,000 f e e t  south of C43 TH4. 
f o r  the permesble section of the deposits of t h i s  well and obtained 
from a l a t e r  pump t e s t ,  i s  used i n  the revised calculations given 
below. 

No permeability values could be ob- 

2 was used f o r  the 

A lower f igure of about 1,000 igpd/ft  , 

Applying the formula: 

Q = KIA 

where K = 1,000 i g p d f t  2 
I = 3 . 7  x lo-Jft./ft 
A = 1.26 x 10 sq f - t  

groundwater f l o w  is  0.86 cfs  (625 acft/yr).  

Summing the groundwater flow f o r  the main va:Lley 2nd the  0 'Keefe Valley, 
t o t a l  underflow toward Okanagan Lake is  3 1 /.3 cf s ( 2  370 iacft/yr). 

6 8 Theoretical Ca1culatio:n - of Recharge 

A s  some indications concerning well yields  and underflow have been 
given, so too w i l l  a theoret ical  evaluation be made of recharge to  the 
water table. This will be made with regard to the map of the water- 
tab le  contours, average annual precipi ta t ion f o r  the weather s t a t ion  
near Armstrong and the  possible area of recharge along the west and 
e a s t  s ides  of the main Okanagim Valley. 

The average annual precipi ta t ion f o r  the weather s t a t ion  near Armstrong 
i s  17.18 inches. 
between Okanagan Lake and the  Shuswap River iIS the s i t e  i s  roughly 

This f igure i s  considered im average f o r  the  area 
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cent ra l ly  located. The water-table contours r e f l e c t  the  'topography of 
t he  land surface and as the  direct ion of groundwater flow i s  normal t o  
the contours, recharge i s  from the val ley sides.  
steep gradients, commonly 1,000 t o  2,000 f e e t  per mile much of t h e  
val ley slopes are  considered t o  be recharge areas. 
of t h i s  report ,  f o r  the 17 mile distance between Okanagan Lake t o  t he  
Shuswap River, a recharge width of 3 miles is  taken f o r  the east s ide  
of the val ley and of 1 mile on the west s ide  of the valley,  giving a 
recharge area of 68 square miles. 
miles i s  used. Also 1 inch of prec ip i ta t ion  i s  assumed to reach the  
water table ,  a not unreasonable assumption a:; 1 inch of recharge i s  
only 6 percent of the average annual precipi ta t ion.  

With the exis t ing 

For t h e  purposes 

For ca1cu:lation purposes, 70 square 

To calculate  the  volume of 1 inch of water per square mile: 

A 1 sq m i  = 27,878,bOO sq ft 

1 inch of water per  sq m i  = 2,323,200 cu f t  of water 

B Number of seconds per year = 3'1,536,000 

C Quantity of recharge of 1 inch per sq m i  = 0.0736 cfs  

D Quantity f o r  7 0  sq m i  = 5.152 cfs  

Some in te res t ing  conclusions may be drawn from comparison of the 
groundwater flow calcu1atio:ns i n  r e l a t ion  to recharge from precipi-  
t a t ion .  The groundwater flow of 2% c f s  (1,8:5 acf t /yr)  'at the Maid 
Creek cross sect ion f o r  t h e  north end of the main valley is w e l l w i t h -  
i n  the range of 5 cfs  (3,650 acf t /yr)  derived from prec ip i ta t ion  given 
a recharge of 1 inch of water t o  a recharge iwea of 70 squzre miles. 
There is  then an adequate quantity of recharge t o  the  water table  t o  
account fa -  the t o t a l  under.flow. 

Similar calculations f o r  the recharge area of the O'Keefe Valley 
aquifer which i s  estimated t o  be 10 square miles is  0.7b c f s  (SbO a c f t  
/yr) o r  s l i g h t l y  l e s s  than the  calculated underflow of 0.136 c f s  (625 
acf t /yr) .  
poss ib i l i t y  of hydraulic continuity between :;he Salmon River and 
groundwater a t  the  north end of the O'Keefe Valley a q u i f e ~ .  
ernmost lake has a water-level elevation of 1;,480 fee t  which is  about 
20 f e e t  below the elevation of the Salmon River occurring,, 2,200 feet  
fur ther  north. 
from the Salmon River Valley i n t o  the O'Keeftt Valley. 
formation a t  t he  north end of this val ley regarding cross--sectional 
area and l i thology of the deposits t o  calculate  the r a t e  of groundwater 
flow i n t o  this valle3;. Therefore i n  this report  no estimate w i l l  be 
made of flow from the Salmon River Vd ley  to the  O'Keel'e Valley even 
though it  seems to be a de f in i t e  poss ib i l i ty ,  

However, this i s  acceptable for  there seems t o  be a de f in i t e  

The north- 

There i s  a def in i te  prospect of movement of groundwater 
There is  no in- 
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The to t a l  groundwater flow towards Okanagan Lake is  about 3 1/3 c f s  
(2,370 acf t /yr) .  
f igure of 1 2  cfs  (8,750 acf t /yr) .  
accuracy of one order of mzgnitude as considered l i k e l y  i n  the Ground- 
water Review Board's appraisal  of an ea r l i e r  progress repor t  (LeBreton, 
1971 ) 

T h i s  stands i n  contrast  t o  an i n i t i a l l y  calculated 
However, it l i e s  within a range of 

6.9 Hydrogeochemis t r y  

The addition of e ight  more chemical analyses of groundwater f o r  the 
study area permits some understanding of the regional p ic ture  of the 
groundwater chemistry. 
data a lso appear t o  provide some supporting evidence concerning sources 
of groundwater recharge. 

Completely new information was gathered under Task 41 from 4 deep wells 
concerning groundwaters from 2 aqu i fws  i n  t h e  loiqer p a r t  of the sur- 
f i c i a l  deposits. Three of these wells a re  completed i n  the upper uni t ,  
Unit F, of these deposits uld show the water is  low i n  t o t a l  dissolved 
so l ids  content, about 200 t o  500 ppm (parts  per  mill ion).  The water 
i s  primarily calcium and magnesium bicarbonate with minor amounts of 
sodium s u f a t e .  Well C42 TH2 with the  f reshes t  water qual i ty ,  calcium 
and magnesium bicarbonate-t,ype water of 200,p m total dissolved so l ids  
content and qui te  cool water temperature, 11'5 C, provides strong in- 
dications of receiving recharge water. The other two wells are s i t e d  
i n  areas where s imilar ly  deep groundwaters have undergone warming in- 
fluence with temperatures from 1 8 9  to 2OoC. 
16k°C and water qua l i ty  data were obtained fsr the w e l l  completed i n  
the middle unit, Unit D, of the lower p a r t  of the  s u r f i c i a l  desposits. 
These w a r m  waters suggest a narrow zone of warm regional discharge 
area groundwaters occurs i n  the middle of the main valley. 

These data combined with water-temperature 

SimilarljT w a r m  water 

Wells i n  the  upper p a r t  of the  s u r f i c i a l  deposits are cormnonljr very 
low i n  total  dissolved sol ids  content, 150 to 180  ppm, with calcium 
and magnesium-bicarbonate type water. The water temperatures a re  
qu i t e  cool from 1 w C  t o  about 1 3 O C .  The ve:ry low t o t a l  dissolved 
so l ids  content of water from the p r iva t e  "capped" well, Maid Creek 
(Ti-E) cross section (Fig. l ) ,  indicates  the Idose proximity of the  
w e l l  to a source of g;.oundwater recharge. 
w e l l  C42 TH2 may receive water by underflow from t r i b u t r y  creeks 
through fan  deposits near the mouths of these creeks. I t  is  also 
possible t h a t  w e l l  C42 TH2 m y  a l te rna t ive ly  be close to a source of 
rechzrge coming from a bedrock f a u l t  zone. 

Both this "capped" w e l l  and 

Two chemical analyses of pornidwaters are available near the south end 
of the O'Keefe t r ibu tary  valley. 
magnesium bicarbonate type with a t o t a l  dissolved soli'ds content of 
361 ppm from a depth of 192 feet .  
magnesium bicarbonate and su l f a t e  water with a t o t a l  dissolved so l ids  

One well shows water of calcium and 

The second w e l l  shows calcium and 
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content of 588 ppm from a depth of 527 feet .  
solved so l id s  content with depth i s  consistent within the writer's 
l imited experience of such information. 

This increase i n  dis- 

I n  s~mm~t-y, it may be s t a t ed  t h a t  the groundwaters are of calcium and 
magnesium bicarbonate type, low i n  t o t a l  dissolved solids content, 
commonly less than 500 ppm. The water i s  considered f i t  f o r  human 
consumption and commonly su i tab le  f o r  i r r iga t ion  use. For i ndus t r i a l  
purposes the water is  of very good qua l i ty  and should require  only 
l imited treatment, treatment .sarying according to the process fo r  
which the water i s  used. 
some softening as the hardness commonly ranges from 1 2 0  to 160 ppm. 

For washing clothes the water w i l l  require  
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Ther i V 

7. EVALUATION OF iLESULTS - 

ry l imited t e s t  hole control,  including pump-test d ta ,  i n  
the study area. T h i s  i s  especially so fo r  deep t e s t  holes, which i s  
due to the  high costs and d i f f i c u l t i e s  of conducting deep-valley 
groundwater exploration progrvns . However, the quantity and qual i ty  
of the information avai lable  is  j u s t  su f f i c i en t  t o  enable a regional 
hydroeological evaluation of the  area t o  be carr ied out. 

There i s  j u s t  su f f i c i en t  water-level data f o r  determination of hydrau- 
l i c  gradients f o r  some deep and shallow aquifers,  thus permitting a 
regional interpretat ion of groundwater movement and an understanding 
of recharge and discharge areas. From the d is t r ibu t ion  of the pump- 
t e s t  data, it i s  possible to dis t inguish aquifers  which loca l ly  may be 
su i ted  t o  high-yield wells about 1,000 igpm, but  lower y ie lds  l e s s  
than 100 t o  200 i g p m  are commonly anticipated.  
obtained from pumping tests make groundwater flow calculations possible. 
These flow values can be compared with theore t ica l  recharge estimates. 
Estimates have also been made f o r  t he  determination of groundwater 
resources available from w a t e r  mining. Possible t i m e  periods required 
to recharge depleted resources have a l so  been calculated. 
thought that reasonable conxlusions concerning groundwater resources 
and w e l l  y ie lds  have been reached. 

The permeability values 

It  i s  

Information gathered on water qua l i ty  show groundwaters, though com- 
monly hard, are su i tab le  fclr human consumption and i r r iga t ion ,  and 
requires only l imited treatment f o r  i ndus t r i a l  purposes, and f o r  
laundering. 

The resul ts  obtained d i r ec t ly  from the siesmic program (Task 39)  from 
tes t  d r i l l i n g  (Task 40) and pumping tests (Task 41) were good. It has 
been demonstrated t h a t  seismic programs are a valuable preliminary 
phase i n  deep-valley groundwa+ver exploration s tudies  f o r  planning test 
d r i l l i ng .  
ing t e s t s  f o r  aquifer  eva1u.a t ion.  

It can be s t a t ed  that the  importance of groundwater resources r e l a t ive  
t o  surface water resources o r  surface water development programs can 
be readi ly  assessed. T h i s  can be done even though t h e  ac tua l  quantity 
of groundwater available f o r  development on an annual o r  water-mining 
basis may have been considerably underestimated. However, it becomes 
apparent t h a t  groundwater resources a re  not  a feas ib le  a l te rna t ive  t o  
large scale  development of surface water resources. 

Test d r i l l i n g  alone is  inadequate without subsequent pump- 
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8. POTENTIAL GROUNDdATER D:EVEXIFW3NT 

From groundwater flow calculations and a theoret ical  calculation of 
groundwater recharge from precipitation, the potent ia l  groundwater 
resources avriilable f o r  development without depleting groundwater re- 
sources range between 3 1/3 and 6 c f s  (2,370 t o  4,380 a c f t  per year). 
This i s  equivalent to wells continuously producing a t o t a l  of 1,120 
to 2,240 igpm. It i s  very urilikely tbt groimdwater withdrawal takes 
place i n  the study area a t  this r a t e  a s  the :axiker of high producing 
wells, i n  excess of 100 igpm, i s  very small. 
there i s  scope f o r  l imited increase of groundwater resources. 

On th i s  basis alone 

8.1 Lower Part  of the Surfic:ial - Deposits 

From the existing pump-test data, there appears to be l i t t l e  prospect 
f o r  considerable development of groundwater ,supplies from deep wells, 
t ha t  is, about 1,000 f e e t  deep. The exception is  the aquifer encoun- 
tered about 800 to 875 f e e t  dleep (C43 THS) near Enderby. This p a r t  of 
the study area probably f a l l s  en t i r e ly  w i t h i n  the hydrologic regime of 
the Shuswap River Valley Drainage Basin, and is  not considered as  p a r t  
of the Okanagan River Basin hydrologic budget. 
groundwater development increases s l i gh t ly  w'hen the  Enderby area i s  
considered, but the scope f o r  development he:re is  not known. O f  some 
promise is  an area of ar tes ian flow extending about 4 miles up the 
Shuswap River Valley from Enderby (Fig. 7 ) .  However, the two control 
points upon which this statement i s  based are two wells 4 miles apart. 
One of these wells i s  C43 THS over 800 f e e t  deep and the other i s  re -  
ported t o  be 6G0 f e e t  deep. 
both terminate i n  the same o r  i n  different  aquifers. 
f u l l y  evaluate groundwater potent ia l  i n  the .vicinity of Enderby, 
fur ther  information is  required concerning t:he a rea l  extent of deep 
aquifers. 
duction wells including observation wells, so that adequate aquifer 
t e s t s  can be conducted f o r  the purpose of determining not only w e l l  
y ie lds  but  well spacing. I t  i s  the wri ter ' s  opinion t h a t  well yields  
of up t o  1,000 igpm a r e  a poss ib i l i ty  i n  thiis p a r t  of the stu6.y area. 
However, the lack of information on the proximity of l e s s  permeable 
boundaries and the i r  attendant e f f ec t  i n  reducing well yields  i s  un- 
knorrn. 
ploration i s  def in i te ly  jus t i f ied .  

The poten t ia l  f o r  

It is  not known whether these two wells 
I n  order t o  more 

This information mst be supplemented by deep test-pro- 

The loca l i t y  is  certainly one i n  which fur ther  groundwater ex- 

Elsewhere i n  the main Okanagan River Valley it appezrs that well yields 
from deep aquifers is  disappointingly low, less than 250 i g p m  f o r  pump 
se t t ings  of 200 f e e t .  
t o  the top of the aquifer.  
indicated by data collected f:rom deep aquifer pumping tes'ts, there i s  
insuf f ic ien t  evidence to  believe that groundwater potent ia l  occurs fo r  

Progressively higher ;yields would be obtained 
Though minimum wall yields a re  believed 
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l i t t l e  more than domestic and farm livestock water supply requirements. 
Again tes t  production wells including one observation well  a r e  neces- 
sary t o  improve on present knowledge of t he  study area. 
design problems and costs 'of 1,000 f e e t  deep wells are a deterrant  t o  
fur ther  evaluation of apparent low yie ld  areas. 

However, well  

8.2 Upper Par t  of the Sur f i c i a l  - Deposits 

The chief source of groundwater supply i n  the. main Okanagan River 
Valley i s  the  area t o  the south of Armstrong (Fig. 7 ) .  Within th i s  
l oca l i t y  well  yields  of up to  850 i g p m  can def in i te ly  be otained near 
the centre of the  val ley and possibly higher yields .  However, con- 
d i t ions  imposed by well  design problems and costs w i l l  l i m i t  yields  
i n  pract ice ,  though figurea of 3,500 igpm seem t o  be a theore t ica l  
poss ib i l i ty .  
due t o  impermeable boundari.es which w i l l  reduce well yields .  The 
extent  of the aquifer,  mainly f ine  grained sand with some s i l ts  i s  
not  known but  it ranges i n  depth from about 200 t o  800 f e e t  below 
ground surface. 
41 data suggest minimum we7.1 y ie lds  of about 200 igpm (C43 TH2) from 
this aquifer.  

These calcula.tions do not  take in to  account l imitat ions 

The aquifer i s  therefore about 600 fee t  thick. Task 

Within the  same area to the south of Armstrong (W-E cross Section Fig. 
1 )  near the eas t  s ide  of t he  val ley a r e  two flowing wells. 
designated as CW (capped well) had a f r e e  flow of 320 igpm and a 
theore t ica l  y ie ld  of about 1,600 igpm is  a poss ib i l i ty .  
e f f ec t  of discharge boundaries i s  unknown. However, an estimated well  
y ie ld  of 500 igpm may be reasonable. 
deposit believed t o  be associated with fan deposits flanking the e a s t  
valley w a l l ,  i s  known t o  be! a t  l e a s t  50 f ee t  thick.  I ts  a rea l  extent 
(Fig. 7)  is  not known, but  probably does not extend f a r  to the west 
beyond the 1,300 feet  contclur l i n e .  
i c  contours probably indicates  much of  the a rea l  extent  of the f an  de- 
pos i t s  flanking the east valley wall. Their westward extent  may not 
alwa3-s be delineated i n  terms of topographic expression and there is  
insuf f ic ien t  drill hole control to determine the i r  actxal  extent. 

The w e l l  

Again the 

The aquifer, a sand and gravel 

The corvex shape of the topograph- 

About 3 miles south of Pmstmng are 2 other flowing wells capable of 
producing about 100 igpm o r  possibly more. These a re  associated with 
a f a  d g p s i t  of la rger  areal extent than t t a t  of the fan  deposit d i s -  
cussed above. 
s ib l e  y ie lds  which may be ant ic ipated from Kens  associat.ed with these 
fan deposits. 
the significance of recharge by underflow tc these fan  deposits from 
t r ibu tary  creeks flowing i n t o  them. 

It  can be seen from a study o f  the  i n s e t  map of the G f i c i a l  geolcgy 
(Fig. 1 )  and topographic c:on.tours t h a t  fan deposits occur along much 
o f  the eas t  val ley wall. I'rosFecting for  gromdwater within these 

Well data f o r  the 2 fan  deposits give an idea of pos- 

What i s  unkrio~m i n  terms of groundwater po ten t ia l  i s  
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deposits followed by tes t  pumping i s  encouraging a s  denoted by w e l l  
y ie lds  f o r  a very few wells. 

There are a l so  some thin,  minor o r  l oca l  ? siznd deposits contained i n  
the commonly thick s i l t  dep1osi.t which comprises the majority of the 
upper p a r t  of the s u r f i c i a l  deposits of the Inain'valley. Thick loca l  

sands shown on the north-south cross section (Fig. 1 )  a r e  presumed to be 
of importance as only supp4ying small water :mpply requirements f o r  
domestic o r  l ivestock purposes. 

8.3 0 'Keefe Valley Aquifer 

Infornation regarding poten t ia l  groundwater i:esources is  very l imited 
and available only f o r  the south end of the valley.  It  does indicate  
high capacity wells from sand a d  gravel deposits up t o  5'76 f e e t  deep 
with a saturated thickness Iof about 350 f e e t .  
of up to 2,850 i g p m  seem to be a poss ib i l i t y .  Because of the influence 

Theoretical w e l l  y ie lds  

of discharge born-darks, about which there  i s  no data  avai lable  a t  pre- 
sent,  w e l l  y ie lds  a re  estimated t o  be i n  the range of 500 to 1,C10Gigpm. 

There is  no information regarding the  a rea l  extent  and sa-turated thick- 
ness of the sand and gravel deposits throughout the  valley.  
from the map of t he  s u r f i c i a l  geology and apparent continuity of the 
water leve ls  i n  wells with that of lake 1eve:ts t o  the north end of the 
valley,  it i s  believed the ,aquifer is  continiious from the Salmon River 
Valley t o  Okanagan Lake (Fig. 7 ) .  

However, 

On the basis of present knowledge of the hydrogeology of the O'Xeefe 
Valley, it i s  def in i te ly  j u s t i f i e d  t o  conduc-t fur ther  groundwater ex- 
plorat ion programs within this valley.  

8 .b  Parkinson Bedrock Channe:L - Aquifer 

The only remaining l o c a l i t y  of significance fin terms of groundwater po- 
t e n t i a l  i s  a narow, sand and gravel aquifer about 4 miles long extend- 
ing to the northeast from Parkinson Lake (Fig. 7 ) .  I t  occws a t  an el- 
evation just below 1,700 feet  above sea leve:!. 
about 250 feet  thick with a saturated thickness of 200 f e e t .  
y ie lds  based on pump tes t  data from one well  a r e  estimated t o  be 50 
i g p m  o r  s l i g h t l y  higher. Spring d ischage ,  from a poin t  lk miles north 
of Armstrong, forming a very shor t  permanent t r i bu ta ry  t o  Deep Creek 
has a discharge of about 150 i g p m .  A t  the point  where Deep Creek flows 
from i t s  course across t h i s  bedrock channel aquifer,  i ts  i"ow i s r epor t -  
ed to be permanent. 
above this bedrock channel aquifer, according t o  one I;oca:L resident.  

The sand and gravel i s  
Well 

I n  "drought" years such as 1970 Deep Creek i s  dry 

The above information suggests t h a t  there i s  l imited scope fo r  
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groundwater development i n  t h i s  par t  of the study area. 
flow within this bedrock channel aquifer a shor t  distance west of 
Parkinson Lake i s  considered to  flow i n t o  t h e  Salmon River and so fa l l s  
outside the hydrologic regime of the Okanagan River Bas in .  

Groundwater 

I n  summary, t he  main sources f o r  groundwater withdrawal i n  the study 
area are aquifers i n  the  upper p a r t  of the s u r f i c i a l  deposits and the 
O'Keefe Valley aquifer. 
p a r t  of the Maid Creek cross section, a s  f a n  deposits along the east 
val ley w a l l ,  and probably throughout the e n t i r e  length of the O'Keefe 
Valley. There is also a sand and gravel bedrock channel aquifer 4% 
miles north of Amstrong wi.th l imited poten t ia l  f o r  groundwater de- 
velopment, and loca l ly  as a . t  Enderby, there i s  some prospect f o r  high 
y ie ld  wells from deep aquifers.  

These aquifers occur mainly i n  the  cent ra l  

8.5 Groundwater Mining 

A t o t a l  groundwater withdra.wa1 capacity of 2,240 igpiu without depleting 
the resources seems to be low. T h i s  i s  equivalent t o  one inch of pre- 
c ip i ta t ion  reaching the water tab le  over the en t i r e  recharge area. 
However, the quantity of recharge by underflow from t r ibu ta ry  creeks 
in to  fan deposits i s  no t  known. There i s  evidence t o  suggest that 
moderate quant i t ies  of runoff water may be l o s t  to underflow along the 
porous and permeable sand and gravel beds of t r i bu ta ry  creeks, such as 
Vaseam Creek (Fig. 2). 
from prec ip i ta t ion  does not include any addi t ional  increments t o  
groundwater resul t ing from i n f i l t r a t i o n  from stream runoff. 
unknown fac to r  i s  the amount of water moving from the Salmon River i n t o  
the O'Keefe Valley. I f  both the la t te r  methods of recharge should 
prove t o  be s ignif icant ,  t h e  po ten t ia l  f o r  groundwater development 
would increase. 

The calculation of recharge t o  groundwater 

Also an 

If the concept of groundwater mining is  cons.idered the following re- 
coverable water quant i t ies  have been estimated to be avai lable  f o r  
withdrawal. The reader i s  reminded, as i n  t . h e  case of grlmndwater 
flow calculations, that the limits of accuracy are ant ic ipated to  be 
no closer than one order of magnitude. 

Aauif ers - Acre f e e t  

Upper Par t  of Su r f i c i a l  Deposits 5,000 

Lower Par t  of Su r f i c i a l  Deposits 1,500 
0 'Keefe Valley 60,000 

66,509 

( south of Arms trong only) 

I n  arr iving a t  the quant i t ies  of water available f o r  mining the  follow- 
ing f igures  were used: 
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Aquifer Length Width Thickness Effective Porosity 

( f t )  ( ft) ( f t )  ;1: 

Upper p a r t  of 
Su r f i c i a l  Deposits 34,000 10,000 600 

Lower p a r t  of 
Su r f i c i a l  Deposits 

Unit F 5L,OOO 6,000 125 
Unit D 30,000 5,000 1 2 5  
U n i t  B 30,000 3,500 125 

0 4. 1 

0.1 
0 I) 1 
0.1 

0 'Keef e Valley 30, ooo :3, ooo 200 15 

The above figures fo r  groundwater mining are estimates based on limited 
information of the geology of t he  area. 
the physical dimensions of an extensive 3-dimensional body, t o  estimate 
the proportion of i t s  volume occupied by aquiifers and to arr ive a t  
values fo r  the hydrologic properties of these aquifers,  u t i l i z ing  a 
few ra ther  widely spaced t e s t  holes and some seismic infomation. 
fur ther  improve knowledge of the geology and consequently of the ex- 
t en t ,  thickness and l i thology of individual aquifers considerably more 
t e s t  d r i l l i n g  is  essent ia l .  

The problem is  to determine 

To 

As an example of the limits of accuracy of gi-oundwater available f o r  
mining i f  the figure of 5,000 acre f e e t  f o r  -the upper p a r t  of the 
surf i c i a l  deposits i s  considei-ed, the quantity of recoverable water 
ranges from 500 t o  ~ 0 , 0 0 0  acre f ee t .  
of magnitude. 
Valley aquifer where the estimated upper l imi t  f o r  recoverable ground- 
water supplies may be considerably l e s s  than one order of magnitude. 

T h i s  i : j  the range for  one order 
The exception to the above figures i s  the O'Keefe 

Based on an annuzl r a t e  of :recharge from precipi ta t ion of 1 inch which 
i s  equivalent to 5 c f s  (3,600 a c f t  per year) f o r  the main val ley it 
would take about 2 years to replenish the quantity of water taken from 
storage by mining aquifers i n  the lower and upper pa r t s  of the sur- 
f i c i a l  deposits. If recharge to  the lower and upper par t s  of the sur- 
f i c i a l  deposits are  considered separately it would take 3 years to re- 
plenish the upper p a r t  based on a groundwater flow r a t e  of 2.44 cfs  
(1,780 a c f t  per year), but  very many years t o  replenish the lower par t .  

I n  the O'Keefe Valley with a recharge r a t e  of about 0.74 cfs, equiva- 
l e n t  to about 540 acre f e e t  per year, i t  wou:ld require 110 years t o  
replenish groundwater resources taken f r o m  storage. 
poss ib i l i t y  of limited unde:rf:low from the Sa:lmon River Va:Lley the 
period of time necessary for  recharge would be reduced. 

Houever, with the 
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9. ECONOMICS OF GROUNDWATER DEVELOPIZENT 

The eco'nonics of groundwater development f a l l  i n t o  2 main categories. 
One i s  preliminary exploration, the other is  the c a p i t a l  costs of pro- 
duction wells. 
downwards due t o  varying geologic conditions e tc .  

Actual costs given below mi'ght range 20% ,upwards o r  

Costs of Groundwater f o r  High-Yield Wells - 
Prel ininary exploration costs  f o r  a spec i f ic  l o c a l i t y  may include costs 
f o r  both seismic and tes t  d r i l l i ng .  
o r  two prof i les  including consultant 's  fees  are estimated t o  cost  about 
$5,000 to $10,000. Costs of  2 rotary tes t  wells about 1000 fee t  deep 
including '24 hour p q i n g  t e s t s  are estimated t o  be about $35,000 but  
these costs do not include consulting fees. 
water exploration costs  could be about $45,000. 

A seismic survey comprising one 

Total preliminary ground- 

The costs of production wells are estimated separately f o r  the O'Keefe 
and the Okanagan Valleys. The capi ta l  costs of production wells, in- 
cluding pump and well  housing, t o  produce groundwater supplies a t  
4 acft/day (acre fee t  per  day) f o r  90 days could range from about 
$25,000 f o r  a w e l l  225 f e e t  deep near the  north end of the O'Keefe 
Valley to about $36,000 f o r  a w e l l  I425 feet  deep near t h e  south end of 
the valley.  
water treatment, nor consultant 's  fees. Estimated annual costs a t  the 
w e l l  head f o r  the foregoing production wells, with a power cos t  of 
60.5# per  acft/day f o r  the former w e l l  and of $2.ks per acft/day f o r  
the l a t t e r  well, are given below. These annual costs do include in- 
t e r e s t  and amortization, and operation and maintenance costs  over a 
period of 25 years a t  i n t e r e s t  r a t e s  of s%, 7% and 9%. 

These costs  do not  include bringing power t o  the s i te ,  

(A) $25,000 w e l l  

I n t e r e s t  rates f o r  25 ;years 

5% 7% 9% 
Amortization costs  per annum $ 1,770 $ 2,1&5 $ 2,510 

Power costs f o r  4 ac f t  per  dzy 
f o r  90 days $ 218 $ 218 $ 218 
Operation and Maintenance $ 1,250 $ 1,250 $ 1,250 

Total annual costs f o r  one well 
producing 4 ac f t  per  day f o r  
90 days $ 3,238 $ 3,613 $ 3,978 
Total 25 year costs $80,900 $90,200 $99,400 
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( B )  $36,000 well  

Amortization costs per  annum 
Power costs f o r  4 ac f t  per  day 
f o r  90 days 

Operation and Maintenance 

I n t e r e s t  I-ates f o r  25 years 

5% 7% 9% 
$ 2,555 $ 3,090 $ 3,600 

$ 882 $ 862 $ 862 
$ 1,860 $ 1,860 $ 1,860 

Total annual costs f o r  one .well 
producing 4 ac f t  per d w  for  
90 days 

Total  25 year costs 
$ 5,297 $ 5,832 $ 6,3h2 

$1 32,500 $1 45,800 $1 58,500 

The total annual costs per ;acre f t  per day iiicluding power ccsts,  in- 
t e r e s t  and amortization costs  over a period of 25  years a t  i n t e r e s t  
r a t e s  of 5%, 7% and 9% a r e  estimated ta be within the  fo1:Lowing limits: 

In t e re s t  I-ates f o r  25 years 
( A )  Lower L i m i t  $ 8.87 $ 9.89 $11 Ci .90 

(B)  Upper L i x t i t  $14.52 $15.98 $37.37 

Production w e l l  costs i n  the Okanagan Valley lying north of Okanagan 
Lzke can be expeeted to vary considerably depending upon depth, condi- 
t ions  encountered during well  d r i l l i n g  and upon w e l l  cons-Lruction. 
Capital  costs f o r  a well approxlimately 1000 Zeet deep producing 4 acf t /  
day f o r  90 days a re  estimated t o  range from :625,000 t o  $~0,000.  Again 
these costs include pump and well housing, bu t  do no t  include those of 
bringing power to the s i t e ,  water treatment, nor consultant 's  fees. 
Estimated annual costs f o r  the above wells a t  the well  head covering 
power costs of $2.45 per acft/day, i n t e r e s t  and amortization costs  f o r  
a period of 25 years a t  i n t e r e s t  r a t e s  of 5%,  7% and 9% are  given below. 

(I.) $25,000 w e l l  I n t e re s t  r a t e s  f o r  25 years 

5% 7$ 9% 
Amortization costs pe r  annum $ 1,770 $ 2,145 $ 2,510 

Power costs  f o r  4 ac f t  per  day 
f o r  9G days $ 882 $ 882 $ 882 
Operation and Maintenance $ 1,250 $ 1,250 $ 1,250 

Total annual costs fo r  one we11 
producing 4 ac  f t  per day f o r  
90 days $ 3,902 $ 4,277 $ l l~642 
Total  25 year  costs $97,500 $105,900 $116,000 



( E )  850,000 wen 

In te re s t  rates f o r  25 ;years 

5% 7% 9% 
Amortization costs per  annum $ 3,540 $ 4,290 $ 5,020 

fo r  90 days $ 082 8 002 $i 002 
Power costs fo r  4 ac f t  per day 

Operation and Maintenance $ 2,500 $ 2,500 $ 2,500 

Total annual costs f o r  one well 
producing 4 ac f t  per  day f o r  

Tots1 25 year costs $173,100 $193,800 $21,0,000 

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

The t o t a l  annual cos ts  per acre f t  per day including power costs,  in- 
t e r e s t  and amortization costs over a period iof 25 years a t  i n t e r e s t  
r a t e s  of 5'$, 7% and 9% a re  estimated to  be within t h e  fo1:lowing limits: 

( A )  Lower L i m i t  

(E) Upper Limit 

In t e re s t  ra tes  f o r  25 years 

5% 7% 9% 
$10.69 $11 .70 $1 2.71 

$18.96 $21.02 $23.00 

The foregoing f igures  represent approximate costs of water i n  acre 
f ee t  per day. 
given above. Ultimately the costs of groundwater supplies will be 
determined by well yield,  the demand f o r  water made upon a given well 
accordhg t o  i t s  use ( f o r  i r r iga t ion  supplies f o r  p a r t  of a year, o r  
f o r  i ndus t r i a l  supplies t h a t  we continuous year rourid) i n  r e l a t ion  t o  
the  actual  costs of a w e l l .  

However, wel l  costs may vary considerably from those 

9.2 Cost of Grolrndwater f o r  I :Low-Yield Xelis 

Cos t s  f o r  water supply requirements up t o  10 i g p m  f o r  pr ivate  domestic 
and l ivestock purposes w i l l  ble considerably loxer. Howevier, t he  costs 
of developing grwmdwater from deep aquifers would make such wells 
very uneconomic. 

Low yie ld  wells completed i n  the depth range froin 100 to 250 fee t  a re  
estimated to cost about $4,OO1O t o  $6,000. 
f o r  the purp and well  housing b u t  exclude po'wer in s t a l l a t ion  e tc .  

These costs  include those 
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10. CONCLUSIONS 

deposits i n  the north end of t :he  kanagan R:iver Basin a re  
primarily f i n e  grained, low permeable materials, mainly s i l t  and f ine-  
grained sands. There a re  some coarser grainlid, high perm'eable de- 
pos i t s  of sand and gravel. The fine-grained materials a re  expected to  
have permeability values of less than 10 igpd/ft2 and the coarser 
grained materials permeability values commonly of 100 t o  300 igpd/ft  . 
Well yields  fo r  aquifers i n  the study area ape commonly expected t o  be 
l e s s  than 200 igpm f o r  pump se t t ings  of 200 Teet. 
yields  of up t o  500 i g p m  o r  possibiy 1,000 igpin may be obtained. 
Aquifers with w e l l  y ie lds  i n  -the 200 t o  500 :igpm range, are considered 
t o  occur i n  the  O'Keefe valley; and i n  the main va l ley  i n  a l o c a l i t y  
j u s t  south of Armstrong and i n  pa r t s  of fan deposits along the east 
val ley wall. Well yields  of  up t o  1,000 i g p r n  may possibly be obtained 
near Enderby and also i n  the O'Keefe valley, bu t  more adequate tes t ing  
i s  e s sen t i a l  t o  ver i fy  these high yields.  

Locally higher 

The quantity of groundwater available from water mining is estimated 
to be about 66,500 acre feet ,  most of which would be obtained from the 
O'Keefe Valley aquifer.  
the more permeable materials i s  calculated t o  be about 3 1/3 c f s  
(2,370 acf t /yr) .  
mate when compared t o  t o t a l  theore t ica l  recharge rate of 6 c fs  (4,380 
acft/yr) obtained from 1 inch of precipi ta t ion f o r  a recharge area of 
about 80 square miles. 
100 years to replenish the water supplies t h a t  could be mined from the 
O'Reefe Valley and only 2 years t o  replenish supplies i n  the main 
val ley aquifers.  However, the poss ib i l i t y  of higher recharge to the 
above aquifers by underflow from t r ibu tary  creeks to the  nlain val ley 
and from the Salmon River iritcl the  O'iieefe Valley is  a d i s t i n c t  possi- 
b i l i  ty  . 

Groundwater flow towards Okanagan Lake f o r  

This figure is  considered -Lo be a reasonable e s t i -  

A t  l;hi.s r a t e  of recharge it would take about 

The po ten t i a l  f o r  groundwater development wit'hout depleting the re- 
souzTces i s  estimated to  be from 3 1/3 to 6 cfs.  It  i s  u?l.ikely that 
total groundwater withdrawal. i s  close t o  the lower value, s o  there is  
l imited scope f o r  increasing the use of groundwater resources i n  the 
study area. 
adjacent Shuswap River Basin i s  considered, then the poten t ia l  f o r  
groundwater development increases. The possible extent  of the increase 
i s  unknown. 

I f  the poten t ia l  of the Enderby area, which occurs i n  the 

Analyses of groundwaters sampled i n  the stuav area show t h e  chemical 
qua l i ty  of the  water i s  very good. 
of water i s  commonly i n  the range of  200 to  500 ppm and the water i s  
pyimarily calcium and magnesium bicarbonate. 
able  f o r  human consungtion and f o r  i r r iga t ion  use and should require 

The t o t a l  dissolve$ sol ids  content 

The water i s  qui te  suit- 
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only very l i t t l e  treatment f o r  i ndus t r i a l  purposes. 

The hydrogeological study comprising t h i s  report  has been confined 
almost en t i r e ly  to the  north end of the valley, the exception being 
a deep test hole and seismic work near Okanagan Fa l l s  i n  ,the south en 
of the val ley and some sub-basin studies.  To bring other p a r t s  of the 
Okanagan River Basin t o  the same stage of knmledge a s  t h a t  of the  
north end would require implementing some o r  a l l  of t h e  following work 
items. 
involved and the funds available:  

The d e t a i l  involved would depend on the scope of the projects  

1 . Collection, tabulation, study and p lo t t ing  of available data. 

2. Review of relevant groundwater and geological maps and reports  of 
the area.  

3 .  Synthesis of this data in to  preliminary : h ~ d r o g ~ l o g i c i ~ l  maps. 

4. Hydrogeological mapping and well inventories to f i l l  important 
gaps lacking information. 

Collection of water samples f o r  hydrogeochemical stud5es. 5. 
6 Geophysical studies : seismic and gravit;f meter studies.  

7. Rotary t e s t  hole d r i l l i n g  to evaluate geophysical reslllts; case 
the holes f o r  preliminary groundwater information and f o r  use 
as  observation wells. 

8. Cable t o o l  t e s t  production wells and pump tests. 

Long range studies t o  fu r the r  evaluate groundwater resources, movement 
and recharge a re  a natural  follow-up to the  present preliminary s tudies  
conducted p r io r  to and as p a r t  of the j o i n t  Canada-British Columbia 
Okanagan Basin Study Agreement. 
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OKANAGAN VALLEY 
SEISMIC SURVAY 

RGJISED FINAL REPORT' 
R. IY. LUNDBESG, P. Eng. 

INTRODUCTION 

T h i s  revised report  was prepared i n  order t o  incorporate the nex da ts  
available as  a r e su l t  of the nine hole d r i l l fng  program carr ied ou t  i n  
the autumn of 1970. 

The seismic data has been reviewed and i n  places re-interpreted t o  pro- 
vide a combined geological-geophysical picture which i s  compatible 
with a l l  the data. 
f i l e s  and ref lect ion sections have been prepared. 
age e r ror  i n  prognoses i s  presented. 
on the Geologic Survey of Canada program are  indicated on the seismic 
refract ion prof i les .  

For thi :s  purpose, revised seismic refract ion pro- 
A table  of percent- 

Predic+;ed bedrock depths based 

DISCUSSION OF RESULTS OF 19'70 TEST HOLE PRM;R& 

The seismic prof i les  have been revised on the basis of the following 
c r i t e r i a  : 

1.  Mew t e s t  hole data. 

2. Revised refract ion interpretation. 
3.  Revised re f lec t ion  interpretat ion.  

Table Number 1 was prepared t o  focus at tent ion on problem areas. 
l i m i t  of e r ror  expected on , t h i s  projec t  was ;- 10%. 
ceeded, it i s  l i ke ly  that the basic assumptions made i n  the calculation 
a re  incorrect.  
reasonable explanation. 
a more detai led re f lec t ion  interpretat ion whhh was a major fac tor  i n  
revising the seismic refract ion prof i les .  

The 
Where this is ex- 

I n  a l l  case:3, a review of the data has provided a 
I n  par t icular ,  the new t e s t  hole data allowed 
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HOLE - 
Deep Hole 1 

Deep Hole 2 

Deep Hole 4 

Test Hole 1 

Test Hole 2 

Test Eole 3 
Test Hole 4 

Test Hole 5 

TABLE No. 1 
PERCENTAGE ERROR I N  PFONOSES 

CO!\iTACT 

Bedrock 
Gravel 

"Quartzite I t  

(Base of t i l l )  
Bedrock 

Gravel 

Bedrock 
S i l t  

Base oxidized zone 

Bedrock 
Bedrock 

PREDICTED - 
1,645 

880 

1,227 

8@0+ 

105 

47 5 
430 
880 

200 

51 0 

650 

ACTUAL % ERROR 

800+ 0% 

85 -24% 
95 -500% 

440 + 2% 
415 ? -110% ? 

200 0% 
548 + 7% 
872 +25% 

The following br ief  discussion of each prof i le  should serve t o  explain 
the basis f o r  revision i n  each case. 

LINE 1 

Three t e s t  holes d r i l l e d  on this l i n e  showed a wide range of accuracy 
i n  the seismic prognosis. Test Hole No. 1 ,  a t  Station 5 ,  encountered 
gravel only 20 f e e t  shallower than predicted, but an incorrect seismic 
interpret ive assumption together with an inaccurate extrapolztion of 
surface dips of the valley wall l ed  to  a large error  i n  bedrock depth 
calculation. 

I n  Test Hole No. 2, a s i l t  lager correlated very well with the 6,000 
f t /sec.  layer noted on the seismic refract ion prof i le .  
report  postulated a th in  lager which seems t o  be the case as the log 
reverts  t o  sand a f t e r  70 f e e t  of s i l t .  

The i n i t i a l  

Deep Test Hole No. 1 encountered a hard shale or  t i l l e a t  the predicted 
bedrock level.  
which masks the t rue bedrock. 
shows the bedrock t o  be 230 f e e t  deeper i f  an average seismic velocity 

It i s  l i k e l y  tha t  t h i s  bed i s  a refract ing interface 
A deeper event on the re f lec t ion  section 
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of 7,500 f t / sec  f o r  the 230 foo t  i n t e rva l  is  used ( a  reasonable assump- 
t ion  from the hole log).  A strong re f lec t ion  not  interpreted previous- 
l y  t i es  t o  the gravel. 
gravel re f lec t ion  i s  i ts  absence a t  Stat ion 1@2, i n  proximity t o  C23 
TH 1 .  north of Stat ion 98. No gravel was logged i n  t h i s  w e l l ,  imply- 
ing t h a t  a discontinuous sand-gravel interface does e x i s t  a s  shom on 
the seismic refract ion prof i le .  

One observation tha t  gives credence t o  this 

LINE 2 

Two tes t  holes were d r i l l ed  on t h i s  l i ne .  
Stat ion 40 ver i f ied the predicted gravel-sand sequence and h i t  bedrock 
below the  deepest re f rac t ing  interface as predicted. 
logged i n  the Enderby No. 1 Well l i k e l y  is the  white sand and s i l t y  
sand reported below the till. As was the case on Line 1 ,  it i s  l i k e l y  
t h a t  t he  till a t  1,150 fee t  i s  a re f rac tor  which masks the bedrock re- 
f rac t ion  i n  the deeperlpart of the  valley.  
t i on  35 correlates  with the bedrock. 

Deep Test Hole No. 2 a t  

The "quartzite" 

A deep re f lec t ion  a t  Sta- 

Test Hole No. 3 hit bedrock U O  f e e t  above the  predicted level .  A re- 
view of the refract ion p lo t s  reveals good ev5dence fo r  a high veloci ty  
(10,000 f t / sec)  layer extending from Station 101 t o  67. 
from Sta t ion  69 west are atypical f o r  the area but  with no r e f l ec t ion  
o r  geological data, a simplified interpretat ion was made in i t ia l ly .  
Whether the  bedrock logged is  a thin s t r inger  or d e t r i t a l  o r  a mound- 
l i ke  mass of d e t r i t a l  and gravel is not deteiminable, however; there 
i s  a good chance t h a t  it i s  not the t rue  beeock.  

The p l o t s  

LINE 3 

Test Hole No. 5 found the bedrock 220 feet  deeper than predicted. I n  
t h i s  instance, a recomputation of the bedrock depth using the  c r i t e r i a  
used i n  recalculat ing the e a s t  end of Line l , ,  provides a t i e  with the 
bedrock which i s  confirmed by a deep ref lect ion.  

Note t h a t  this l i n e  was shot  by the G.S.C. and t h a t  t h e i r  prognosis was 
140 f e e t  low, or -16%. 
veys a t  t h i s  point i s  related t o  the f a c t  t h a t  this i s  the deepest, 
narrouest portion of the val ley surveyed. 

The main reason I do not  a t t r i b u t e  the e r ror  t o  a masking e f f e c t  by 
the till logged i s  that, unlike the data on Lines 1 and 2, the seismic 
data on Line 3 can be reinterpreted t o  yield a deeper bedrock. 
this is  the case, I think it more l i k e l y  tha t  the bedrock i s  indeed 
the re f rac t ing  interface.  

I tMnk the r e l a t ive  inaccuracy of both sur- 

Where 
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LINE 4 

Test Hole No. 4 (Station 16) ver i f ied the seismic interpretat ion very I 

well. The 200 foot  thick low velocity determined a t  the nearest con- 
t r o l  point  (Station 22) correlates with the oxidized sand. The bedrock 
was found within the expected l i m i t  of error.  

LINE 5 

Deep Test Hole No. 4 h i t  conglomerate 40 f e e t  below the predicted bed- 
rock. With the hole d r i l l ed  off the seismic l i n e  and the various ex- 
trapolations tha t  a re  possible from surrounding control points, it is 
l ike ly  that the bedrock i s  very close t o  the predicted level.  

CONCLUSIONS 

The seismic survey appears t o  have been reasonably accurate on the 
central  portions of Lines 1 and 2, Line 4, and Line 5. On the  flanks 
of the valley,  steep dips, e r r a t i c  gravel deposits and poorer seismic 
control combine to make interpretat ion more hazardous. However, we 
a re  l i ke ly  more concerned with the deeper sections of the valley f o r  
purposes of the t o t a l  program. 

By careful ly  combining geological and seismic data the seismic in te r -  
pretat ion is  fo r t i f i ed .  It can be anticipated tha t  additional d r i l l -  
ing i n  the area would show more overa l l  accurzcy i n  the revised pro- 
f i l e s  than was found i n  the i n i t i a l  program. I n  par t icu lar  the re- 
f lec t ion  sections a re  more understandable and y ie ld  more predictive 
information. 

The degree to  which the program h2s been a success and the advisabi l i ty  
of using more seismic i n  the fu ture  must be defined i n  terms of the 
objectives of the program. With the exceptions noted above, the bed- 
rock val ley prof i le  was i n  general successfu:lly predicted. The other 
a i m ,  t o  determine the l i thology of valley f i l l  deposits, was achieved 
i n  some places. 
ver i f ied  by Test Hole No. 2; the gravel-sand sequence predicted by 
Line 2 re f lec t ion  data and ver i f ied  by Deep Test Hole No. 2; and the 
deep 200 foot  weathered sand interpreted on Line 4 refract ion data, 
ver i f ied  by Test Hole No. 4 a r e  examples of the a b i l i t y  of the program 
t o  achieve, to  some extent, t h i s  more demanding objective. 

The s i l t  lense detected by :Line 1 refract ion data and 

The poss ib i l i t i e s  of detailed gravity work have been investigated. 
Gravity work would not help i n  determining val ley f i l l  lithology and 
would not help i n  making depth determinations where the  bedrock pro- 
f i l e  i s  re la t ive ly  smooth, but ridges, terraces  and chnne l s  would be 
observable and would permit a depth t o  bedrock calculation where they 
occurred. Thus gravity may detect  the bedrock terrace indicated by 



40 
seismic underlying the west half of Line 4. 
lem on the northwest end of Line 2 where the  "bedrock" encountered i n  
Test Hole No. 3 may be a d e t r i t a l  s t r inger ,  thick d e t r i t a l  lense or  a 
bedrock terrace.  The bedrock highs underlying Lines 2 and 5 would be 
discernable even without the proximity of large outcrops. 

It would resolve the prob- 

Note t h a t  the to;tal cost  of l a s t  year 's  seismic program was about 
$1,600 per mile. 
$1 00 per  mile. 

Regarding the seismic operations, I would i n  future  recommend an in- 
creased e f f o r t  to obtain ref lect ion dzta by shooting additional holes. 
It appears the s l i g h t  extra expense would y ie ld  a rewarding amount of 
data. 
factory record qual i ty  can be anticipated.  

The cost  of a small gravity survey would not exceed 

This should of course only be attempted i n  areas where s a t i s -  

If it i s  necessary t o  define the val ley l i thology and configuration i n  
more de t a i l ,  I think seismic has a ro le  to p:Lay. 
ed from each t e s t  hole can be extrapolated over a larger  area more 
economically than by dr i l l ing .  
some specif ic  problems of bedrock configuration. 
seismic and geological data there is a good chance t h a t  meaningful 
gravity r e su l t s  can be obtained. 

The knowledge obtain- 

It is  possib:Le that gravity will solve 
Incorporated with 



SEISMIC L I N E  

k 

50° 25' 

LEGEND 

b 4 
4 

FIGURE 3 
LOCATION OF SEISMIC LINES 

NORTH END 
OKANAGAN RIVER BASIN 



c LEGEND 
I SEISMIC LINE I W 

WELL LOCATION 0’ 

CONTRACT NUMBER 

TEST HOLE NUMBER 

c 
TH 

FIGURE 4 
LOCATION OF SEISMIC LINES, 

SOUTHEND OF 
OKANAGAN RIVER’ BASIN 

I 



APPEIWIAB - COHPOSITR TEST HOLE LOOS - CONTRACTS &Z k 41 

Elevat lon (map)r 1265 f e e t  
Location: 4,200 f e e t  aouth of L n t  50°26'15" N and 7.800 

f e e t  e s a t  of Long 119°15'00" U. . Elevation (ma ) *  1225 f e a t  
Loestlon: 3 $6 f e e t  south of L g t  50°26*15" N and 5,500 

f i s t  ea s t  of Long 119 15'00" U. 

Depth 
J l n  f e e t )  kB 

Depth 
11n f e e t )  kB 

ChT, oxldlzsd t o  50 f t ,  pnle 
yellowlah brown. l l g h t  gray and 
l i g h t  o l lva  gray 
s i l t .  l i g h t  o l lve  grsy 
clay. l l g h t  o l ive  grnT 
sll t ,  l i g h t  o l l v s  grsy 
olay, l l g h t  o l lve  gray 
sand. f i n e  t o  medium gralned 
sand, very f l n e  gralned 
sand, f i n e  t o  medium gralnsd 
s i l t ,  l i g h t  o l lve  gray 
sand. f l n s  gralnad 

sand, f l n s  t o  medlum gralnsd 
snnd. verj f l n e  gralned: s- s i l t  

slit, l i g h t  Olive 8r.j 

l i g h t  o u v e  gray 

0 -  

90 - 
180 - 
190 - 
200 - 
220 - 
310 - 
350 - 
400 - 
410 - 
430 - 
500 - a0 - 

90 

180 
190 
200 
220 
310 
350 
400 
410 
430 

590 
:2 

0 - 160 S l l t  
160 - 200 / snnd 
200 - 810 send: some s l l t  
810 - l a 0  s i l t :  aome sand 

1140 - 1290 sand nnd gravel. some s i l t  white 
and gray 

1290 - 1510 si l t .  sand: some clay,  gray 
1510 - 1650 clay,  s l l t .  amd. blue-gray 
1650 - 1740 clay. gray-bluo 
1740 - 1830 sand 
1830 - 18% tlll: olay, a l l t ,  sand. gravel  
18% - 1892 badrock 

Elavetlon (map): 1260 f e e t  
Looatlonr 12,600 f e a t  north of Lat 50°2b*15" N and 1,300 

r e a t  west of Long 119°07'30" U, 

S ! Q J u  

Elevation (map): 1270 f e e t  
Locatlon: 6,300 f a s t  south of Lat 5Oo30'W" N and 3,800 

feet west of Long 119°07t30" U. Depth 
J l n  f e e t )  a 

a n t .  gray 
sand. gray 
s l l t ,  gray 
s i l t :  some sand; some sand and gravel  
940 - 960 f e e t  
sand and gravel  
t ill ,  gray and whits 
a l l t .  sand and gravel  
a l l t .  gray 
snnd and sl l t ,  gray and whlte 
tlll 
bedrock 

0 - 20 
20 - 40 
40 - 110 

clay.  
clay: 
s l l t ,  
gray. 
sand. 
sll t ,  
sand. 
yellowlah grey 
t l l l - s and ,  gravel  and si l t .  oxldimd,  
pale  yellowish brown .nd Very pale  
orangs 
aand. gravel  and a l l t ,  yellowlah grny 
tlll, Tell-lah g r B J  
pebbles, amd ,  gravel  and c lay  
t l l l - a l a y .  s l l t ,  sand and 
a m  gravel, oxldlsed 370$?%f pale  
yellowish brown 
bedrock 

c!&% 

l i g h t  brownlah gray 

oxldlxrd Lo 50 f an t ,  l i g h t  ollvr 
llet gray and yellowish gray 
f i n e  gralnsd 
yellowish gray 
very f l n s  malned:  some sllt, 

S W I S  811t  l i g h t  011Ve grey 
630 - loo0 

1000 - 1140 
1140 - 1220 
1220 - 1290 
1290 - 1390 

;i;: : 2:: 
1540 - 1570 

110 - 150 
150 - 160 
160 - 200 

200 - 4 5  
~, . 

GtiLEl 

Blevatlon (ma ). 1215 f e e t  
Looation: 2.k f a s t  north of Lnt 50°~O*W" N and 600 

f e e t  west of Long 119 07'30 U. 

u:P::tl kt3 

245 - 295 
295 - 320 

415 - 450 

s l l t ,  gray 
a i l t ;  soma sand. may 

0 - 230 
230 -,500 
500 - 520 
520 - 700 

940 - 1040 
lo lo  - 1046 

sand 
s i l t ,  UFEJ 
sllt, sand. pebblas 
tlll 

Elevation (map): 1570 f e e t  
Location: 11 ZOO f e e t  south of Lat 50°26'15" n and 13.300 

fe:t e a s t  of Long 119°22*30" U. . 
Depth ' 

J i n  fsetl  
s i l t ,  gray 
asnd.and gravel: some s l l t  
bedrock 

0 - 10 
10 - 50 

50 - 70 

70 - a0 
140 - 170 

170 - 200 

gravel  
sand, msdlum t o  conrse gralned. some 
gravel ,  pale  yellowlsh brown 
a l l t ,  sand. very f l n a  grslned, some 
coarse sand, l l g h t  brown 
sand, f l n e  t o  medlum grained: pale  
yellowish b r o m  
sand. medlum t o  oonrse gralnsd, 
yellowish gray 
sand, f l n e  t o  ooarme gralnsd. oxldlaed 
t o  200 f t ,  grayish orange plnk 
aand, vbry f i n e  grained. l l g h t  gray 
sand, fins t o  medlum grmlned. plnklsh 
gray 
sand. conrae gr i ln sd  t o  f l n e  gravel ,  
l l g h t  o l ive  gray , 
graval  
aand, aoarse and v e q  0oer.e grained, 
some gravel  
sand, medlum t o  a o v a e  grained 
grnve1, some sand 
bedrook 

Elevatlon (map): 1 300 f e a t  
Loastion: 10 600 f k t  south of Lat 49%2@ 30" N nnd 8,900 

f d t  went of Long 119°300.100" If. 

Depth 
J l n  f e e t 1  kB 

200 - 230 
230 - 290 0 - 190 

190 - 290 
290 - 510 

580 - 670 
510 - 5n0 

gravel  end boulders 
aand nnd gravel :  occaalonsl s l l t y  sand 
grsvs l  and s m d  
aand and gravel  
gravel  and sand eevere l o s t  c l r cu -  
l a t l o n  problem irom 578 t o  590 f e e t  
sand and gravel  
gravel  and sand 
aand and gravel  
gravel  and till 
gravel. l o s t  c l rou la t lon  800 - 818 f e e t  
bedrwk 

290 - 350 

670 - 710 
710 - 760 

800 - 822 
822 - 848 

;;: 1 a: 470 - 510 
510 - 548 
%8 - 576 

Elevation (map 1 180 f e e t  
Loqatlon: 8,100 fe:t south of Lat 5Oo33l45" N and 1,500 

f e e t  e a s t  of Long 119°07*30" U. Blevatlon (map): 1325 f e s t  
Loostlon: 6.000 f e e t  aouth of L t 50°26*15" N and U+,OOO 

f e e t  west of Long 119807*30" U 

Depth. 
i l n  f e e t 1  ka 

clay,  pala brown 
s l l t ,  clay, pale  yellowish brown 
s i l t ,  pale  yellowlsh brown and 
l i g h t  gray. oxldlxed t o  50 f e e t  
s i l t ,  gravel ,  llgt o l lve  graj and 
yellowlah gray 
gravel  
badrook 

0 - 20 
20 - 50 

50 - 370 

370 - 400 
400 - 430 

430 - 450 
450 - 5 0 
550 - k 
640 - 690 

690 - 790 

clay,  oxldlxed, pale brown 
s l l t ,  nome clay,  oxldlsed t o  50 
f e e t ,  l l g h t  o l ive  gray 

and Jellowlah gr& 
ssnd, very f i n e  gralned; some s l l t ,  
l i g h t  o l lve  gray 
sand, f l na  and very f l n e  grs lnad,  
l i g h t  o l ive  gray 
nand. very f l n e  grained. l i g h t  o l l v e  
WaT 

sand, f l n e  and very f i n s  gralned. 

sand, f l n s  mnd ram f l n e  grmlned; 

tlll. sl l t .  sand f l n e  t o  very coarse 
grained sand, and f l n e  gravel: s- 
ox ld lmd  zones, l i g h t  o l l v e  g r a j  
sand. m d l m  t o  very coarse grained, 
l l g h t  0 1 l ~ e  gray, grayish orange pink 
mnnd, gravel .  s l l t y .  l l g h t  o l l v e  gray 
bedrock 

Slit, l i g h t  gray l i g h t  olive 8.J 

s i l t ,  l i g h t  OllVe P O T  

l i g h t  o l ive  gray 

some Slit, l l g h t  o11ve gray 

0 - a  

$:8 
60 - 85 

95 - 120 
85 - 95' 

790 - 860 

860 - 875 
875 1 912 



HpDRDEE0IXx;Y OF VASEUX CEEM AND 

VERNON CREEK SUB-BASINS 

BRITISH COLUMBIA 

bY 

E. C. Halstead 



HYDROGEDLOGY OF VASEUX CREEK AND 

VERNON CREEK SUB-BASINS 
BRITISH COLUMBIA 

by E. C . Halstezd 

Hydrologic Sciences Division 
Inland Waters Branch 

The purpose of the Canada-British Columbia Okanagan Basin Agreement i s  
t o  develop a comprehensive framework plan f o r  the development and 
management of water resources fo r  the soc ia l  betterment and economic 
growth i n  the Okanagan Basin. 
s tudies  be broad i n  scope so as t o  examine possible a l te rna t ives  f o r  
the  e f f i c i e n t  u t i l i z a t i o n  and provision of an adequate quantity and 
qua l i ty  of water i n  the basin and i n  those areas l i k e l y  t o  be affected 
by diversion. 
quant i ty  s tudies  as required t o  evaluate the  exis t ing hydrologic regime 
i n  the basin, including s tudies  of run-off, :Lake levels ,  f l O v S ,  ground- 
water and geological s t ructure;  climatology and meterology; t o  evaluate 
means of regulating flows through storage diversion; and t o  evaluate 
means of augmenting water supplies within the Okanagan Basin. 

The terms of reference suggest t h a t  the 

The hydrology task force i s  responsible f o r  water 

Changes i n  a hydrologic regime are due to snowmelt, precipi ta t ion,  
evaporation and groundwater discharge and recharge. 
are underway, the  purpose of which, i s  to examine and evaluate each of 
these parameters. 
of groundwater i n  sub-basins. 
drainage basin provides the headwaters f o r  some 35 t r i bu ta ry  drainage 
basins of which 6 have been chosen f o r  inclusion i n  t h i s  study. 
6 are, on the east side l i s t i n g  from south t o  north, Vaseux Creek, 
Penticton Creek, Pearson Creek and Vernon Creek; on the west s ide  
Lambly Creek and Greata Creek ( a  t r i bu ta ry  of Peachland Creek). 
object  of the reconnaissance invest igat ion was to determine whether o r  
not  the groundwater component of the sub-basin i s  i n  su f f i c i en t  volume 
to warrant the eqend i tu re  of more time and funds t o  provide as com- 
p l e t e  as possible an assessment of i t s  contribution to the hydrologic 
regime. Preliminary investigations were carr ied out  i n  each basin i n  
September 1970 and the r e s u l t s  together with any avai lable  hydrologic 
data a re  presented on the accompanying hydrogeological maps and br ie f  
notes. Existing data was not consistent, antl as mapping was l imited 
t o  logging roads, the presentation on each map differs but nevertheless 
the maps r e f l e c t  an environmental pa t te rn  antl serve a.useful purpose 
t o  inform and support fur ther  planning. 

Investigations 

This report  deals with the preliminary invest igat ion 
The upland area rimming the Okanagan 

The 

The 
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Vaseux Creek (Fig. 1 )  includes a drainage area of some 97 square miles 
above a gauging s t a t ion  s i tuated a t  a point  about 5 miles upstream 
from the mouth of the creek where it joins Okanagan River. 
Creek drainage basin r i s e s  t o  elevations of more than 6,500 f e e t  and 
more than 75 square miles l i e s  above an elevation of 4,500 f ee t .  
Vaseux Creek i s  the trunk stream fo r  5 major t r ibu tar ies .  

Vaseux 

Vaseux Creek drainage basin is  underlain by the Shuswap terrane t h a t  
comprises a group of metamorphh rocks but younger intrusive gran i t ic  
and granodiorite rocks a re  e-xposed a t  the surface over much of the 
area. 
the bedrock, i n  par t icular  the gran i t ic  rocks provided material  f o r  the 
deposition of grey s i l t y  stony clay and till and meltwaters l e f t  ice- 
contact and outwash gravel and sand t o  form extensive areas of sur- 
f i c i a l  deposits within the plsteau-like uplaids between elevations of 
4,000 and 5,000 f e e t  (see map, d i s t r i h t i o n  of s u r f i c i a l  deposits). 
These s w f i c i a l  deposits not only provide a soil (Fig. 2) f o r  the 
stands of timber covering the area but  a lso provide a medium f o r  the 
starage and movement of groundwater contributed by snowme:lt seepage. 

During Pleistocene time the area was i c e  covered and erosion of 

No climatological s ta t ions o r  snow courses ex i s t  i n  the basin. 
gauging s ta t ion  on Vaseux Creek, a t  an elevation of about 1,500 fee t ,  
has been i n  operation since 1958 providing continuous records (Fig.3). 
A bar  graph chart shows the runoff (see map) f o r  the 1966 water year 
and i t s  monthly dis t r ibut ion.  
bu t  the graph i l l u s t r a t e s  the dis t r ibut ion of the discharge which 
reaches a peak i n  May following the near disappearance of the season's 
snowmelt. 

A 

The 1966 water year vas below normal 

The study of groundwater flow systems i n  crystal l ine rocks unger a 
similar geological environment was undertaken by D. Id. Lawson i n  the 

* Lawson, D. W., Groundwater flow systems i n  the c rys ta l l ine  rocks of 
the Okanagan Highland, Br i t i sh  Columbia. 
Journal 'of Earth Sciences, Volume 5,  1968. 

Canadian 

c 
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Trapping Creek drainage basin t r ibu tary  t o  the West Kettle River and 
about 20 miles northeast of Vaseux Creek basin. 
n e t  f o r  that basin depicts l oca l  flow systems superimposetl.,on an in- 
termediate flow system t h a t  i n  turn overlies a regional f:Low system. 
Lawson concluded that flow through the combined regional and in te r -  
mediate flow system is  a t  most l e s s  than 2 percent of the flow through 
the loca l  flow system and the loca l  flow system adjacent to the creek 
supports the groundwater component of baseflow. 
l o c a l  flow systems i n  the c rys ta l l ine  rock complex contributes frorn 
10 t o  17 imperial gallons a day per foot  thitk-iess of aquifer. I n  
the Vaseux Creek basin a l oca l  flow systern ex is t s  i n  the permeable 
surf i c i a l  deposits and the, intermediate and I-egional flow sys tems are  
confined t o  the massive bedrock i n  which flow i s  negligible and hence 
these systems can be discounted as providing any s igni f icant  volume 
of water to the overal l  regime. I The loca l  f:Low systems during the 
1967 water year contributed a baseflow i n  the order of 3 c fs  during the 
months of August and September and it i s  assumed t h a t  discharge during 
those months was en t i r e ly  groundwater. 
rate during the year provided a l i t t l e  more -than 10.5 percent of the 
t o t a l  discharge of 43,110 acre f ee t .  

The quant i ta t ive flow 

I n  Trapping Creek the 

Groundwater discharge a t  this 

Water samples were collected from 7 points in the basin t o  assess by 
geochemical means any groundwater contributions t o  the creek discharge. 
The chemical analyses a re  presented i n  Table I and bar diagrams on 
the accompanying map show the t o t a l  o f  disso:Lved sol ids  a t  sampling 
points.  
centration of t o t a l  dissolved sol ids  and th i s  represents groundwater 
discharge t h a t  had been stored i n  the unconsolidated deposits primarily 
of a gran i t ic  provenance hence the higher concentration of the  cations 
calcium, magnesium, sodium and potassium. The samples collected on 
Vasew Creek below the entrance of McIntyre Creek have a l e s se r  con- 
centration of cations because the discharge from this creek i s  i n  p a r t  
snowmelt and surface runoff from Baldy Mountain which r i s e s  to  an 
elevation of more than 6,500 f e e t  a t  the drainage divide. The sample, 
taken a t  the gauging s t a t ion  where discharge a t  the time of sampling 
was i n  the order of 3.0 cfs  shows the r e s u l t  of mixing of Fish Creek 
and McIntyre Creek discharge and compared with the  analyses of the 
sample collected near the creek mouth there lis no r e a l  change indicat-  
ing no groundwater contribution i n  the canyon below the gauging 
s ta t ion.  

Discharge from the Fish Creek t r ibutary has the highest con- 

CONCLUSION 

A regional pat tern shows up i n  t h i s  watershed and s imilar ly  snow 
accumulation and snowmelt above elevations of 4,000 f e e t  a r e  the major 
sources of runoff and annual groundwater recharge and discharge. 
though the groundwater component is s igni f icant  and provides f o r  a 
base flow of a t  l e a s t  3.0 c fs  da i ly  during the l a t e  summer months i t  is  

Al- 
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recommended that the above assessment i s  va l id  f o r  present planning. 
Climatological s ta t ions  should be established i n  the drainage basins 
t o  give precipi ta t ion and snow accumulation data and i f  funds are 
avai lable  it i s  recommended t h a t  an observation w e l l  i s  in s t a l l ed  near 
a snow course and fluctuations of the water t ab le  observed i n  that 
w e l l  can be correlated with the snow course data t o  provide accurate 
forecasting. 
l y  preparing a paper t o  provide r e su l t s  of h i s  research i n  Carr's 
Landing IHD basin regarding groundwater leve ls  and snowmelt recharge. 

0 

-4. Pipes, U. B. C. C i v i l  Engineering Division i s  present- 
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VERNON CREM 

Vernon Creek drainage basin (Fig. 4) occupies an area of about 52 
square miles of which more than 35 square miles a re  above an elevation 
of 4,000 f ee t .  
an elevation of mre than 5,400 f ee t .  Lake basins cover more than 
1.66 square miles of the upland area and provide basin storage f o r  
snowmelt runoff. 
Creek to empty into Ellison Lake some 8 miles d i s t an t  a t  an elevation 
of approximately 1,400 f ee t .  
area below the 4,250 f t .  contour and discharges i n t o  Vernon Creek a t  
an elevation of about 1,500 feet .  

Long Mountain, the highest point i n  the basin reaches 

Discharge from the lakes system flows through Vernon 

One t r i b u k r y ,  Clark Creek, drains an 

The basin is underlain by metamorphic rocks of the Shuswap terrane that 
commonly occupies much of the eastern upland area adjacent t o  the 
Okanagan drainage system. 
occupying an area west of Swalwell Lake including Wrinhly Face Cliff  
a re  some shales and lavas that a t  most a r e  not more than 500 f e e t  thick 
The lavas flowed out  over an erosional surface on the Shuswap terrane 
during the Tertiary period and it is  inferred t h a t  the lake depressions 
could be remnants of this erosional surface. 
covered the area and with the disappearance of the i c e  the upland area 
was covered with a th in  mantle of s i l t  and si l ty till whereas below 
3,000 f e e t  the bedrock is  covered i n  general with morainal deposits 
washed and channelled by meltwater overlain a t  lower elevations by 
poorly sorted gravel, sand, s i l t  and clay thzt form the de l ta  of the 
present Vernon Creek. 

Overlying these metamorphic rocks and 

Thereafter g l ac i a l  i ce  

The mantle of s i l t y  sandy clay and till suppcrts a cover of immature 
timber above an elevation of 3,500 f e e t  (Fig. 5) .  

Climatological s ta t ions  have not been established i n  the drainage basin 
but beyond i ts  eastern limit and a t  an eleva1,ion of 4,300 f e e t  a snow 
course has been i n  operation f o r  more than 30 years. The water equiva- 
l e n t  on April  1st a t  this point i s  commonly i n  the order of 5 inches. 
The volume of meltwater from this snowpack is  the recharge fo r  basin 
storage in the lakes, s o i l  moisture and groundwater storage i n  the 
underlying s o i l s  and rocks and provides for  runoff t h a t  typical ly  
reaches a peak i n  May. 
cate the 3 year average storage from the snoinnelt i n  the Vernon 

Records f o r  the years 1966, 1967 and 1968 indi- 
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watershed amounted t o  8,057 acre f e e t  f o r  Sw,dwell Lake (Fig. 6) and 
2,226 acre f e e t  f o r  Crooked Lake. 
is controlled by dams a t  the west end of both lakes (Figs. 7 and 8) 
and therefore flow through Vernon Creek is regulated. 
recharge and discharge within the basin supports the vegetative cover 
but  its contribution t o  base flow of Vernon Creek i s  not  considered 
su f f i c i en t  to warrant fur ther  investigation. Discharge of groundwater 
was noted i n  September a t  a spring l i n e  a t  an elevation of about 2,700 
f e e t  a t  the contact of permeable silts overlylng a till section a t  
l e a s t  200 f e e t  thick. 
than 3 gallons a minute and supported a growth of cedars and aspens. 
Below the spring line groundwater continued -to seep through a f rac ture  
i n  the till and a t  the cutbank on Vernon Creek amounted t o  an immeasur- 
able volume (Fig. 9). Clark Creek was dry below about 2,750 f e e t  ele- 
vation but  discharge above that point  was suf f ic ien t  to supply water 
to a logging operator and the volume w a s  i n  the order of less than 
0.2 cfs. 

The discharge of this :Lake storage 

Groundwater 

Collective discharge of these springs was less 

A sample of water was collected a t  a point  a t  an elevation about 2,250 
feet  and below present construction f o r  a storage dam (Fig. 10). 
qual i ty  of the water, Table 1, r e f l ec t s  that of surface water i n  
storage i n  the lakes and hence confirms the iinference t h a t  groundwater 
discharge is minimal. 

The 

CONCLUSION 

The regional pat tern a l so  shom up i n  th i s  watershed where a t  eleva- 
t ions of more than 4,000 feet  snow accumulates and its meltwaters con- 
t r i bu te  to the storage of surface water and runoff providing the 
typ ica l  annual discharge pattern.  
through Vernon Creek is controlled. 
are not  recommended f o r  the Vernon Creek drainage basin. 

Following the peak discharge, flow 
Further groundwater investigations 
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A HYDROG!3OIDGICAL RECONNAISSANCE STUDY 
OF THE 

PENTICTON CREEX DRAINAGE BASIN 
by P. L. Hall 

The following points are made i n  the report  and are based on existing 
data, which is somewhat limited, and may be modified when more data 
is available. 

For Penticton Creek 

I 1 . Area some 62.7 square miles. 

I 2. Elevation 1100' to 7000'. 

3.  Mean annual precipitation varies from approximately 15" t o  35". 

I 

4. Approximately 100,000 acre f e e t  of precipitation f a l l s  on the 
basin of which nearly: 

90% occurs aboye 4,000 f t .  
80% occurs above 4,500 f t .  
70$ occurs above 5,000 f t .  
- - , 

and some 55% falls i n  the October - March period. 
5. Water Balance: 

Approximately 40% of precipitation goes l;o surface runoff. 
Approximately 60% is l o s t  as  evapotranspb-t' a loll. 
Actual groundwater outflow i s  probably o ~ i l y  1 or  2% of total input, 
(1 t o  5 cfs)  w h i l e  baseflow is probably in the order of 5 - 15% 
of surface runoff. 
A theoretical  model could be developed to simulate groundwater 
movement within this basin. 
Three groundwater zones are postulated: 

(a)  Surf ic ia l  zone of local  flows, this zone is  often dry i n  the 
summer. 

(b) There is  an intermqdiate (1)  zone i n  the lover pa r t  of the 
Pleistocene and upper pa r t  of fractured bedrock. 
probably moves in this zone. 
An intermediate zone (2 )  down to depths of2200 - 300 f e e t  
with flow becoming negligible (% us gpd/ft ) a t  depth. 

6. 

Most water 

( c )  
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(d) 

Instrumentation could be installed to monitor groundwater movement 
a t  a cost  of $5,000 - $10,000 per piezometer nest  and probably 
$f;O,OOO would be needed t o  i n s t a l l  a groundwater network. 

There is probably very l i t t l e  groundwater movement between 
drainage basins. 

7. 

8. The ef fec t  of groundwater movement on the shape of the discharge 
hydrograph could be determined f r o m  hydrograph record9 o r  perhaps 
by ins ta l l ing  more w e i r s .  
I n  v i e w  of the f a c t  that say a 5% error iin precipitation measure- 
ment would probably r e su l t  i n  the same quantitative error as a 
SO@ error  i n  groundwater measurement, it i s  thought best  not to 
proceed with groundwater instrumentation unless a very detailed 
s t u d y  is made of one basin. 

runoff during the snowmelt period. These wells should be care- 
f u l l y  s i ted i n  a closed flow system, or one with a limited sub- 
surface inflodoutflow, possibly i n  sur f fc ia l  materials on the 
plateau area. 
ins ta l la t ion  of the observation well. The well should be care- 
fu l ly  designed and instrumented. 

9. 

10. High leve l  observation wells may give some indica%ion of surface 

Careful mapping of such a s i te  should preceed the 
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Penticton Creek drainage basin i s  located on the eas t  side of the main 
Okanagan Valley near the City of Penticton. The drainage basin covers 
some 67 square miles andoextends from lat i tude 49O30' to 490401 and 
longitude 1 1  9'35' t o  1 1  9 20'. The elevation ranges from approximately 
1,100' a t  the City of Penticton to some 7,000' a t  Greyback Mountain. 

MORPHOIDGY 

Geology 

The bedrock is comprised of gneisses and sch is t s  of the Shuswap Complex 
and is associated with the l a t e  Mesozoic Okanagan intrusives. The bed- 
rock is exposed i n  numerous places and is  covered by a th in  veneer of 
Glacial deposits, mainly till and ice-contact material. 

It appears t ha t  Penticton Creek is structura:Lly controlled, as can be 
seen on the photo mosaic, there is a NNE-SSW l ineation, which i s  
approximately para l le l  to Penticton Creek. There are seven t r ibutary 
creeks to the main creek, a l l  are  a t  r i gh t  angles t o  the NNE-SSW trend, 
the t r ibutar ies  to the t r ibutary creeks are again a t  r i gh t  angles, i .e .  
pa ra l l e l  to the NNE-SSW trend. O f  the seven t r ibutary creeks, f i ve  
are  on the eas t  side of the basin. 

Elevation 

The following table shows the areas between different  contours: 

A r e a  i n  5 of 

> 2500 4*15 6.18 
2500 - 3000 2.05 3.05 
3000 - 3500 2.36 3.51 

4500 4000 - - 4500 5000 5-50 8.90 13.2) 8.20 Over 1 &s:j 4000 82.62~ f t  

Contour Interval  Square Mile Total A r e a  

3500 - Loo0 3.10 4.62 over 

5000 - 5500 16.52 24.6C 5000 f t  
5500 - 6000 16.29 24.25 61.17% 
6000 - 6500 7 -67 1 1  .LO 

> 6500 0.65 0. 97 

67.19 100.03 
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HPDROLOGY 

Precipi ta t ion 

Records a re  available from Penticton f o r  the period 1907 - 1953, l a t e r  
records a re  probably available but  the following averages a r e  based on 
these f igures  : 

Mean Annual Precipitation 11 .31 
Minimum 1928 - 1929 5-73" 
Maximum 1948 - 1949 18.47" 

Monthly Averages: 

~ ~~ ~ 

OCT. NOV. DE. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. 

Precip.in. 0.94 0.94 1.12 1.03 0.80 0.67 0.7'7 1.10 1.33 0.86 0.86 0.89 
$ of t o t a l  8.31 8.31 9.9 9.12 7.07 5.92 6.8.1 9.7311.76 7.60 7.60 7.87 

The Hydrology Division of the Water Investigations Branch has developed 
the following multiple regression equations to calculate precipi ta t ion 
i n  the Okanagan from elevation, l a t i t ude  and longitude. 

The equations are given below: 

Y1 = 0.46 X, + 4.29 X2 - 206.3 

Y2 = 0.267 X, + 2.574 X2 - 124.49 
= 0.238 x1 + 2.098 x2 - 101.61 y3 

Where X, = elevation i n  hundreds of f e e t  
X2 = Latitude e.g. 49O20' 

and Y1 = Mean annual precipi ta t ion i n  inches 
Y2 = Oct. March mean precipi ta t ion in inches 

= Nov. March mean precipi ta t ion i n  inches 
y3 

Penticton Creek extends from l a t i t ude  b9'301 t o  49'40' which gives an 
approximate increase of half an inch of mean annual precipi ta t ion i n  
the north of the basin. 

Limitation of the Equations 

The equations a re  based on data from below 4,000' and so are  not 
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ver i f ied  above t h i s .  

The confidence limits of the values are  not calculated here, as the 
main purpose of using them is t o  show the  areal d is t r ibu t ion  of pre- 
c ip i t a t ion  over the basin. 
meteorology are  being carr ied out by other task forces. 

More detai led s tudies  of the hydrology and 

Mean Annual Precipi ta t ion 

Area Mean Precip. 
Contour Mean i n  sq. Annual acre 

In te rva l  Elev. miles i n  in .  f e e t  

67.1 9 100,066 

The tab le  shows t h a t  l e s s  than 5% of the precipi ta t ion f a l l s  below 
3000' mainly due t o  the small area below 3000' (1 @ of total area) 
Yet 88% of the prec ip i ta t ion  i s  derived f r o m  4000' and higher, '81% from 
4500' and higher and 68% from SOOO' and higher, Fig. 1 

Y2 October - March Precipi ta t ion 

Mean elevation Oct-March Precip . Cumulative Total 
between controus inches acre-feet  

21 00 8.02 1,774 55,901 
2750 9.75 1,066 54,127 
3250 11.09 1,395 53,061 

4250 13.76 4,035 49,613 
4750 15.09 7,163 45,578 
5250 16-43 14,471 
5750 17-76 1 5,430 
6250 19.1 0 7,811 8,514 
6700 20.30 703 

55,901 

3750 12.42 2,053 51,666 
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A s  can be seen, j u s t  over half of the mean annual prec ip i ta t ion  f a l l s  
from October to  March. 
of the  October - March prec ip i ta t ion  occurs as snow and remains on the 
ground u n t i l  the spring t h a w .  

It should be borne i n  mind that a large p a r t  

Surface Runoff 

A P.F.R.A. Report of 1963 (Ref. No. 5 )  indicates that the 25 year aver- 
age runoff (pr ior  to 1963) is some 43,000 f t .  or approximately equiva- 
l e n t  to 12" over the whole basin (Fig. 2) 

If the  total prec ip i ta t ion  over the basin is i n  the region of 100,OOO 
acre-feet, a s  calculated from the regression equation, then approxi- 
mately half of the prec ip i ta t ion  is  l o s t  i n  evaporation, it w i l l  be 
shown t h a t  groundwater outflow from the basin is  negligible.  
course, both the estimates of runoff and prec ip i ta t ion  a re  subject  to 
considerable error ,  but will be refined a s  the study continues. 

O f  

One of the problems on Penticton Creek is the number of man-made 
storage schemes. 

The Upper Penticton Creek storage reservoir  consists of two dams, #1 
dam capable of s tor ing 1,200 acre-feet and #2 dam stor ing 10,240 acre- 
fee t .  The catchment area is  approximately 12.3 square miles and the 
estimated average runoff (Ref. No. 5 )  is  8,900 acre-feet  o r  13.6". 
minimum estimated runoff i s  2,000 acre-feet  o r  3.1". 

The 

The average runoff of 13.6Ii appears low i f  the estimate of prec ip i ta t -  
ion of 30" or  so, f o r  5000' and higher, i s  correct. 
th icker  Pleistocene cover over this  area and it could be t h a t  the  
groundwater runoff from t h i s  area is much higher than the r e s t  of the 
basin. . 

There is  a much 

I n  addition t o  the Upper Penticton Creek reservoir,  there is 100 acre- , 
f e e t  of storage on Howard Lake and 150 acre-feet on Corporation Creek. 

It is thus qui te  d i f f i c u l t  to estimate the natural  flow. Stream gauges 
are  being in s t a l l ed  on the Upper reservoir,  t o  determine reservoi r  
storage, below the upper dams to determine flow released from them and 
j u s t  above the dam a t  Campbell Mountain, to measure the flow going in to  
the lower storage area and diversion tunnel. 

The spring snowmelt generally begins i n  April  and proceeds upwards'at 
an approximate r a t e  of 500' per week u n t i l  the snow mkl ts  on the  7000' 
peaks i n  l a t e  June. 

The peak runoff generally occurs i n  l a t e  May and is i n  the order of 
200-300 cfs .  
August and September is  20 acre-feet  per day o r  10 c f s  with flows as  

According to reference No. 5,  the natural-flow i n  July, 
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low a s  5 acre-feet per day (2.5 c fs ) .  

If w e  take the low flows as being mainly groundwater discharge, then 
say groundwater discharge i s  7 cfs  or approxjmately 5000 acre-feet  per 
year and assuming the value of 43,000 acre-feet is  correct, f o r  average 
na tu ra l  discharge, then the groundwater component of the discharge 
(baseflow) is  i n  the order of 11 .S%. 

Groundwater Flow 

As has already been mentioned, the groundwater component of the hydro- 
graph is  possibly i n  the 5% - 15% range of t o t a l  flow. I n  addition to 
this, there w i l l  be a cer ta in  amount of groundwater flow out  of the 
basin. There a re  thus two f ac to r s  to consider: 

1.  The e f f e c t  of groundwater flow within the basin, this w i l l  gener- 
a l l y  a f f ec t  the  shape of the discharge Wdrograph and be a major 
influence on low flows. 

2. The amount of water 'actual ly  leaving the  basin as groundwater flow. 

Amount of Groundwater Leaving the Basin 

As the Pleistocene deposits are only  a th in  veneer over the bedrock, 
we will consider the hydraulic properties of the bedrock. 

The bedrock i s  generally highly metamorphosed ( gneiss , granodiorite) 
and so the hydraulic conductivity will be dependent on s t ruc ture  i .e.  
j o in t s ,  f i s sures  and sheer zones. 
j o i n t  system running approximately p a r a l l e l  t;o the main creek (NNE-SSW) 
and a t  r i g h t  angles to this; both a re  nearly ver t ica l .  
there appears to be a smaller system associat,ed with a fo l i a t ion  
s t ruc ture  dipping generally to the Sd. 

There appears t o  be a pronounced 

I n  addition, 

These jo in t s  have been opened t o  several  centimeters by surface 
'weathering and undoubtedly close up with dept,h. 
diversion tunnel a t  Campbell Mountain indicat,ed f ine  fissures up to 
140' below the surface with inflows of up to  1 gpm i n  the test holes. 
No d e t a i l  was given on the diameter of the hole or  depths a t  which 
water came up (Ref. No. 6). 

It thus appears t ha t  the hydraulic conductivity, k, could probably be 
expressed as a function of depth and would probably be ins igni f icant  
below depths of say 500 - 1000' 
water outflow from the basin, other  than near the mouth of the creek 
and possibly minor amounts near the topographic divides. 

The P.F.R.A. d r i l l e d  a t e s t  hole i n  the val ley bottom near the site of 

Test d r i l l i n g  f o r  the 

So there would be very l i t t l e  ground- 

' 
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the  diversion tunnel and dam. This t e s t  hole indicated there was some 
70 f e e t  of overburden above bedrock, although it may be that the hole 
was terminated i n  a large g ran i t i c  boulder. 

Meld  permeability tests gave values $n the  range20f 0.06 to 0.3 f t /  
mini,*which is approximately 5.5 x 10 us gpd/ft. t o  2.8 x 103 us gpd/ 
f t .  . 

C A 40 ' 
B 30 I 

The authors of the  repor t  assume a hydraulic head d i f f e r e n t i a l  of 25' 
a t  the dam, a flow path of 250 f e e t  and a cross-sectional area of 
13,000 square feet. 

From th i s ,  they derive an underflow of from 2-10 cfs .  

C 

Using D'Arcy's Law 

2 Q = K I A  Where Q = flow i n  us gpd 
K = hydraulic conductivity us gpd/f t. 
I = hydraulic gradient 
A = Cross sect ional  a rea  

5 2 Q = 5.5 x lo2 x 25 x 13,000 = 7.1 x 10 us g p d f t .  
250 

6 2 Q = 2.8 x lo3 x 25 x 13,000 = 3.6 x 10 us gpd/ft. m 
5 Dividing by 6.46 x 1 0 to obtain f low i n  c fs  , we have : 

Q = 1 . 1  to 5.5 cfs. 

To make a rough estimate of the natural  flow through the  channel above 
the dam, where the new weir w i l l  be s i t ed ,  consider the following 
simplified cross section: 

C 50' 

Where: A = coarse gravels and boulders 
B = f i n e  sands 
C = f ractured bedrock 

* 4 t o  convert t o  us gpd/ft.2, multiply ft/min. by 1.075 x 'IO . 
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If w e  assign the following hydraulic conductivities to each uni t :  

Cross sect ional  area A 

‘LB = lo2 us gpd/ft2 

2 

2 

= 8,000 P t  

= 6,000 f t  

AA 

2 AC = 34,000 f t  0 KC = 10 us gpdft2 

And assume a hydraulic gradient of approximately 150 ft /mile ( the same 
as  the creek bed). 

We have: Q = K I A  
4 6 Q, = 10 x 150 x 8000 us gpd approx. 2.4 x 10 us gpd 

4 x 6000 us gpd approx. 1.8 x ‘IO us gpd 

‘5ooo 

0 2 Qc = 10 x 150 x 34,000 us gpd approx. 1.0 x 10 us gpd 
+ W O  

6 
Total approx. 2.bl&l x 10 o r  approximately 3-4 cf s . 

Groundwater Flow Within the Basin 

As has already been mentioned, the geology of the basin comprises of a 
th in  veneer of Pleistocene deposits over gneissic bedrock. The Pleis-  
tocene deposits vary from silts, sands and till to gravels with ex- 
tremely rapid l a t e r a l  variations.  

A theore t ica l  groufldwater flow pa t t e rn  is described below, this is ,  
based on work by Toth (1962, 1963) and Freeze (1966, 67a, 67b). 
suggests a system of three major flow components: ( I )  local ,  (2)  i n t e r -  
mediate, ( 3 )  regional. 
rock with depth, it is  suggested here that the regional flow between 
drainage basins is negl igible ,or  absent. 
there be two flow zones f o r  Toth’s l o c a l  flow system, these are desig- 
nated K, and $, the term Kc i s  used f o r  the intermediate flow path. 

Toth 

Due to the  decreasing permeability of the bed- 

It is  further proposed that 

Local flow Zone KA 

It i s  proposed tha t  the upper p a r t  Pleistocene cover be designated a 
local flow zone; i n  places this zone would extend down t o  bedrock, i n  
others,  the  lower p a r t  of the Pleistocene may be b e t t e r  grouped with 
zone %. The zone KA i s  characterized by numerous small flow systems 
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(see diagram (1) ) .  
phy and l i thology, some charac te r i s t ic  s i tua t ions  causing springs a re  
shown i n  diagram (1). 

Local springs are caused by var ia t ions i n  topogra- 

During August 1970, f i e l d  examination showed t h a t  most of the springs 
had ceased flowing o r  were only discharging a t  5 - l C  us gpm, t h i s  was 
due to the  low prec ip i ta t ion  and high evapotranspiration. 
s i ze s  the seasonal var ia t ions within this zone, much higher flows would 
be expected a f t e r  the snowmelt period and a l so  after heavy rains .  

T h i s  empha- 

Zone % 
T h i s  zone would be an extension of zone KA, it i s  shown i n  diagram (2). 
T h i s  zone would comprise of the lower p a r t  of the Pleistocene, the 
fractured t i l ls  and leached zones. It  a lso  includes the upper few f e e t  
of the bedrock where the jo in t s  are opened by weathering, this zone 
would extend 5-10 o r  20 f e e t  below the bedrock surface. 
conductivity of t h i s  zone would be generally higher than t h a t  of the 
overlying zone and would probably be extremely variable,  from say, 1 to 
100 us gpn per f t2 .  T h i s  zone w i l l  i n  general, be more uniform than 
zone KA and w i l l  show smaller w a t e r  l eve l  f luctuat ions.  

To measure the amount of water flowing through this zone,'we could use 
the following elementary formulae. 

The hydraulic 

Q =  PIA Where P = Permeability 
I = Hydraulic gradient 

Q = VA A = Cross sect ion area 
B = Velocity 

The hydraulic gradient '1' could be assumed 1x1 be nearly the same as 
the topographic gradient, pressure tests would give permeabillty and 
a l so  a possible depth a t  which this zone could be terminated. 
t i v e l y  velocity,  V, could be obtained from in jec t ing  t racers .  

Alterna- 

One fea ture  of this zone is  the major spring l i n e  a t  approximately 
SO00 f t .  where there i s  a d i s t i n c t  break i n  slope. 
t ion  the topographic gradient is appror3matel.y 500 ft /mile while below 
it is  i n  the order of 1000 ft/mile. 
conductivity, K, is such that it w i l l  support a hydraulic gradient of 
500 f t/mile but  not 1000 ft /mile,  a l te rna t ive ly  there could be a change 
i n  hydraulic conductivity a t  the change of slope, f o r  example, till 
could be plastered against  the lower,part of the slope. 
groundwater movement probably occurs within this zone. 

Above this eleva- 

T h i s  shows that the  hydraulic 

Most of the 

Intermediate flow Zone K 

T h i s  zone would be en t i re ly  within bedrock arid would begin a t  some 
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a rb i t r a ry  depth a t  which there is  a spec i f ic  decrease i n  hydraulic con- 
duct ivi ty .  
decreases with depth, a P.F.R.A. t e s t  holeeat the s i te  of the diversion 
tunnel found a permeability of $ us gpd/f t a t  a depth of 138 I below 
surface.  It is  thus probable t h a t  flow becomes ins igni f icant  beyond 
depths of say 2001 and f o r  mathematical simulation an impermeable 
boun6ary could be assigned t o  varying depths!, say 200-500 ft. It is 
thus evident t ha t  there would be no signific<ant flows between basins 
and the groundwater from this zone would discharge i n t o  the val ley 
bottom. 

A s  has been s ta ted  ea r l i e r ,  hydraulic conductivity, K, 

It is proposed t h a t  no regional flow component be created, f o r  the  
above reasons 

Mathematical models developed by Freeze (1966, 67a, b, c y )  could be 
u t i l i z e d  to aid i n  the in te rpre ta t ion  of the groundwater flow system. 
T h i s  would involve assigning r e l a t i v e  values of K t o  a multilayered 
aquifer sys tem. 

To check any theory i n  the f i e l d  would be expensive, involving the in- 
s t a l l a t i o n  of piezometers. T h i s  is  discussed under instrumentation. 

Instrumentation 

I n  order t o  measure groundwater f luc tua t ion  i n  the  f ie ld ,  it would be 
necessary t o  i n s t a l l  piezometers, a minimum of three nests i n  any pro- 
f i l e  would be necessary to define the water-table plane (see diagram 
below) 

P L A N  
Piezometer 

nests 

Creek 

A t  each nest ,  'at least one piezometer would have to be ins t a l l ed  within 
each of the three proposed flow zones. 
gradients (I) and the r e l a t ive ly  high ve loc i t ies  associated with f is-  
sure flow, i n  conjunction with a low storage coeff ic ient  (S) water- 
tab le  f luctuat ions w i l l  be both rapid and rei-atively large. Conse- 
quantly, t he  water l e v e l  should be monitored by recorders ra ther  than 
manually. 

Due to the s teep  hydraulic 

It would cos t  $500 t o  $2,000 to d r i l l  each hole, it may be that nesta 

i 
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of piezometers could be completed a t  different depths within each hole 
o r  different  holes may have to be dr i l led  for  each depth, depending 
upon conditionsandhole diameter. 

~ '0 
Recorders would cost approximately $500 for a single charnel, with 
multi channel recorders costing more (for  different piezometers) so 
costs would vary from say $3000 t o  $6000 per piezometer nest. 

There would also be the cost of access roads to each site a t  a cost of 
$2000 - $3000 per mile. 

As stated, a minimum of three piezometer nests would be required to 
monitor one section. 
conditions a short  distance away. 

T h i s ,  i n  i t s e l f ,  may not be representative o f .  

I n  summary, it i s  concluded tha t  it would not be jus t i f iab le  to install 
a piezometer network due to the high capi ta l  cost  and relat ively small 
returns 

"Vtl Notch Weirs 

One alternative is  to i n s t a l l  small weirs a t  numerous s t ra tegic  points 
and analyze the hydrograph fo r  the base flow component. 
these weirs could also be used to simulate surface water runoff using 

D a t a  from 

flood routing techniques. 

The weirs are described by Hall and Langham (Ref. No. 9) and are con- .. 
structed of 3/h" o r  1" plywood, reinforced with metal angle iron and 
have a metal l i p  on the "VI1 notch to give a sharp crest .  The rating 
curve of the weir w i l l  depend upon the  angle of the notch, the capa; 
c i ty  can be from approximately 7-12 cfs f o r  a two-foot head on a 60 
or  90' "VI' notch; other angles could also be used. The weirs could be 
constructed for  less than $250, an F-type recorder would cost  approfi- 
mately $450; with instal la t ion the weirs wau:Ld cost approximately 
$1 000. 

These weirs could be instal led on the tr ibutary creeks and a t  different 
elevations on one of the six basins under study. 

I n  the I.H.D. s t u d y  basin a t  C a r r ' s  Landing, the Hydrology division has 
reported a good correlation between water-table fluctuations and snow- 
m e l t  runoff. 

One possible explanation is  as follows: Apart from the meteorological 
effects  upon runoff from snowmelt, the actual amount of water melting 
w i l l  go pa r t ly  towards surface water runoff phenomena and par t ly  as 
groundwater phenomena. This i n  turn will af fec t  the p'eak flow and its 
duration, higher peaks and shorter duration high flows w i l l  be experi- 
enced when the  surface water runoff is more :important. 

. 
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The percentage surface runoff t o  groundwater w i l l  depend upon the per- 
meability of the s o i l ,  among other factors .  The permeability of the 
s o i l  w i l l  i n  turn be affected by the amount and type of f r o s t  i n  the 
s o i l  a t  the time of snowmelt. 
s o i l  moisture levels  p r i o r  to freezing and also upon depth and rate of 
freezing. The s o i l  moisture leve ls  will depend upon prec ip i ta t ion  and 
evaporation p r io r  to snowfall and the type of f r o s t  w i l l  depend upon 
freezing conditions p r i o r  to snowfall and the insulat ing e f f ec t s  of the 
snowfall There m a y  a l so  be subs tan t ia l  evaporation/condensation with- 
i n  the s o i l  moisture - snowpack system, depending upon vapour pressures. 

The f r o s t  seal- w i l l  depend p a r t l y  upon 

Thus monitoring the water-table may give a good.index t o  be used i n  
estimating runoff from snowmelt. 

If possible, small closed loca l  flow systems should be instrumented 
with recording piezometers. If properly designed, the piezometers may 
a lso  measure evapotranspiration i n  the summer. 
a t  d i f fe ren t  depths in the s o i l  may also give useful  indexes t o  the 
f r o s t  s e a l  and would give information on i n f i l t r a t i o n  ra tes ’dur ing  the 
spring, summer and fa l l .  

Thermistors i n s t a l l ed  

Hydrochemis t ry  

Seven samples of water were collected from Penticton Creek and its 
t r ibu tar ies ,  these were analysed by the Public Health Department. The 
locations where the samples were taken from are  shown on Fig. 1. 
analyses are shown i n  the accompanying table  and on the Piper diagram. 

The 

As can be seen, the waters a r e  r e l a t ive ly  fresh, with less than 100 ppm 
dissolved so l id s .  

The samples are generally calcium, magnesium, bicarbonate waters and 
there appears to be no r e a l  difference between the samples. 

I n  waters this  f resh,  the an iodca t ion  epm balance should generally be 
within s%, there  is up t o  10% difference i n  some analyses, which makes 
the analyses somewhat suspect. 

The Water Balance 

If w e  consider the following simple re lat ionship 
I 
I (1) P = ET + R + As Where P = Precipi ta t ion 
I ET = Evapotranspiration 

R = Runoff, surface v d  subsurface 

As = Change i n  storage,’ surface and 
subsurface. 

From f igures  available a t  t h i s  time: 
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P approx. 100,000 acre-feet per year 

approx. 43,000 acre-feet  per year (surf ace) 
is approx. 1 - 3,000 acre-feet per year (groundwater) 
~g approx. na tura l  storage prob. small 
S 

Potential. ET approx. 20" approx. 61,000 acre-feet. 

Thus using equation (1 )  

100,000 approx. 61,000 + 43,000 + 1 - 3,000 acre-feet 

which nearly balances and considering the nature of the data, the bal-  
ance i s  qui te  good. 

It can be seen that the gmundwater component i s  qu i t e  small even when 
taking baseflow as 5-15% of runoff (2,000 - 6,000 acre-feet) .  

Errors within the Water-Balance 

1 .  Precipi ta t ion 

Errors i n  catch by the r a i n  gauge caused by :Location of gauge, height 
above ground, type of gauge, wind speed, etc., w i l l .  add some small 
e r ro r  say 2 5% f o r  r a in  and possibly f o r  snow, up to 2 5C$. 

There is  also the problem of extrapolating the gauge catch t o  the rest 
of the  basin. 

Estimating the water equivalent of the snow cover over the basin can 
a l so  lead to considerable errors .  

2. Evapotranspiration 

Losses from the snowpack by evaporation and sublimation can be especi- 
a l l y  high during the snowmelt period. As the snowmelt period extends 
over several  weeks and rises i n  a l t i t ude  with t i m e  a r e l a t ive ly  sophis- 
t i ca t ed  meteorological network would be necessary to estimate losses.  
Transpiration from the f o r e s t  cover during simmer w i l l  also be subject  
t o  consider able errors .  

3. Runoff 

Weirs generally have an er ror  margin of 2 5$., the e r ro r  margin of the 
Penticton weirs will be determined by other task forces.  

4 *  Storage 

If  w e  assume tha t  each of the Upper storage i=servoirs has a surface 
area of approximately % square mile, or s a y ,  150 acres,  then a change 
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of 1/1OOth of a foot  per day will give more than 1% acre-feet  o r  very 
nearly 1 c fs  inflow or outflow. 
ure accurately small changes i n  storage, especially i f  one considers 
the f luctuat ions due t o  seiches and winds pi:Ling the waters up downwind. 

Thus it w i l l  not be possible to meas- 

The possible e r rors  i n  the water-balance have been pointed out  t o  show 
tha t  many of these er rors  are  of the same o r  greater magnitude as the 
groundwater outflow. 

CONCLUSION 

The main significance of groundwater i n  this drainage basin i s  its 
a f f e c t  upon the discharge hydrograph. As the  groundwater zone is  
r e l a t i v e l y  shallow and a s  gradients are high then there is probably 
not su f f i c i en t  temporary groundwater storage to reduce peak flows 
signif icant ly ,  y e t  there is  su f f i c i en t  storage to provide 5-20 c f s  
runoff during low flow. 
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WATER SAMPLES FROM PENTICTON CREEK 

Sample No. 1 2 

PPm epm %epm P P  epm %epm 
A C1- 0.80 0.023 6.50 0.30 0.009 1.39 
N SO4-- 1.20 0.025 7.19 1.00 0.021 3.42 
I * HC03- 18.29 0.300 86.31 35.36 0.580 95.19 
0 
N Sum 20.29 0.347 1oo.00 36.66 0.608 100.00 
S 
C Ca++ 4.2 0.210 49.44 7.0 0.350 48.22 
A Mg++ 1.1 0.090 21.34 2.8 0.230 31.79 
T Na+ 2.2 0.096 29.22 2.8 0.122 19.99 
I K+ 1.1 0.028 0.9 0.023 
0 

. N  Sum 8.60 0.423 100.00 13.50 0.724 100.00 

S 

50.16 

45 
55 

45.6 
54.4 

S.A.R. 0.25 0.22 

PH 6.7 
Conductivity as  42 
micromhos/cm 
Total hardness 

as Cam3 15.0 
dissolved so l ids  28.9 

7.2 
60 

29.0 
50.4 

Alkalinity*as CO n i l  i n  a l l  samples. Flouri.de generally less than 
0.1 ppm. 3value obtained by multiplying CaC03 by 1 .219214. 

alance should be within: 

- + 5% f o r  t o t a l  so l ids  100 ppm. - + 3% fo r  t o t a l  solids 100-250 ppm. - + 2% f o r  t o t a l  so l ids  250 ppm. 

Samples #4 and #6 do not  balance 
within limits. The remaining 
samples are only j u s t  within the 
limits. 
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WATER SAtQUS FROM PENTICTON CREEX 

Sample No. 3 4 
PPin epm %epm PPm epm %epm 

A C1- 0.5 0.014 4.78 0.5 0.014 9.10 
N SO4-- 1.0 0.021 7.06 1.0 0.021 13.u 
I *KCO3- 15.85 0.26 88.15 7.32 0.120 77.46 
0 
N Sum 17.35 0.295 99.99 8.85' 0.155 100.00 
S 
C Ca++ 3.2 0.160 48.61 2.0 0.100 47.64 
A Mg++ 1.2 0.099 30.04 0.5 0.041 19.63 
T N a +  1.2 0.052 21.34 1.4 0.061 

32-73 I K+ 0.7 0.018 0.3 0.008 
0 

N Sum 6.30 0.328 99.99 4.20 0.209 100.00 

S 

Total ppm 23.65 13.05 
~ ~ 

ePm % Cations 
1 % Anions 47 04 

52.6 
42.6 
57.4 

PH 6.6 
Conductivity as 27 
m i  cromho s/cm 
Total hardness 

as CaCO 13.0 3 dissolved solids 23.7 

6.5 
17 

6.0 
13.0 
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WATER SAMPLES FFiOM PENTICTON CREXK 

Sample No. 5 6 

PPm epm %epm PPm epm Sepm 
A C1- 0.3 0.009 3.69 0.3 0.009 2.74 
N Sob-- 
I HC03- 
0 
N Sum 
S 

1.0 0.021 9.09 1.0 0.021 6.74 
12.19 0.200 87.22 17.07 0.28 90.52 

C Ca++ 3.0 0.1 5 3.6 0.180 49.76 
A Mg++ 
T Na+ 

I K+ 
0 

N Sum 
S 

1.2 ‘ 0.05 0.6 o.ob9 13.67 
2.8 0.122 

0.4 0.010 36 57 

7.4 0.361 100.00 

Total  ppm 25 77 

% Anions 
% Cations ePm 

S . A . R .  0.36 

PH 6.9 
Conductivity as 20 
micromhos/cm 
Total hardness 

as CaCO 10.0 3 dissolved so l ids  

6.9 
36 

lL.O 
26 37 
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WATER WPLES F'FtOM PENTICTON CREEK 

Sample No. 7 
~~ ~~ ~ ~ ~ 

PPm epm Zepm PPm epm Pepm 
A C1- 0.50 0.014 3 069 
N Sob-- 2.70 0.056 14.71 
I HC03- 19.02 0.312 81.60 
0 
N Sum 22.22 0.382 100.00 
S 
C Ca++ 3.2 0.160 35.96 
A Mg++ 1.8 0.148 33.33 
T Na+ 2.9 0.126 
I K+ 0.4 0.010 
0 

N Sum 8.3 0.444 100.00 

S 

30.71 

Total ppm 30- 52 

% Anions 46.2 
CationsePm 53.8 

S . A . R .  0.32 

PH 6.9 
Conductivity as 35 
m i  cromhos/cm 
To t a l  hardness 

as CaCO 15.6 3 dissolved s o l i d s  30.u 
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APPENDIX 1 

Since writing this report, the following paper has been brought t o  the 
author's a t tent ion by E. C. Halstead. 

"Groundwater flow systems i n  the c rys ta l l ine  rocks of the 
Okanagan Highland, Br i t i sh  Columbia", by D. H. Lawson, 
Canadian Journal of Earth Sciences, Vol. 4, P. 813, 1968. 

This paper deals with a groundwater study i n  Trapping Creek Basin, some 
20 t o  30 miles eas t  of Penticton Creek Basin. 

Lawson proposes a flow system based on Toth's work and proposes 6 
permeability zones, three zones are  similar t o  those proposed i n  this 
report  and a fur ther  three zones of higher permeability a re  postulated 
i n  the val ley bottom. 

Lawson postulates t h a t  piezometers cannot be r e l i ab le  beyond depths of 
175 f ee t ,  due t o  the decreasing and more random frequency of f i ssures  
with depth. H e  fur ther  postulates an impermeable boundary a t  a depth 
of 1000 f e e t  and suggests most of the groundwater movement (95%) occurs 
i n  the l o c a l  flow system (zones KA and pa r t  of KB i n  this report) .  
Lawson reports permeabilities higher than the P.F.,9.-4. figrires i n  this 
report ,  this may be due t o  differences i n  geology, there being more 
permeable tu f f s  present i n  Trapping Creek. 
permeability as follows : 

Lawson gives values of 

Local f low zones (0-150') 10-17 i g p d f t .  thickness (zone KA and 
p a r t  

Intermediate flow zone (es t .  a t  150') 6.8 x 

Regional flow zone (es t .  a t  600 ' )  8.0 x 10-'' igpd/ft.  thickness 

igpd/ft. thickness 
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A HYDROGEOILIGICAL FLECONNAISSANCE STUDY 
OF PEARSON CREM SUB-BASIN 

by P. L. Hall 

Movement within this basin is  extremely l imited due t o  lack of logging 
roads. . 

There is considerably l e s s  data available foi* this basin than 
Penticton Basin. 

Pearson Creek flows i n t o  Mission Creek a t  an approximate elevation of 
3,000 feet, Pearson Creek basin r i s e s  to approximately 6,500 fee t .  

The basin is considerably smaller than Penticton basin, being only 
approximately 30 square miles i n  area. 

Being fur ther  north, precipi ta t ion is also s l igh t ly  higher than 
Penticton Creek. Estimated precipi ta t ion is  given below: 

Contour Mean Area Precipi ta t ion 
In te rva l  Elevation Sq. Niles Inches Acre-feet 

3000 - 4000 3700 4.2 23 5,200 

4000 - 5000 lrsoo 9.6 27 13,800 

5000 - 6000 5500 11.4 32 1 9,200 
6000 6300 4.9 35 9,200 - 

30.1 47,lrOO 

Calculations were made the same way a s  on Penticton Creek. 

Assuming an approximate mean annual prec ip i ta t ion  of 50,000 acre-feet: 

less than 10% f a l l s  below 4000 f t. 
more than 60$ f a l l s  above 5000 f t .  
more than 20$ f a l l s  above 6000 f t .  

\ 
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The.area is  much the same as  Penticton Creek, a Pleistocene veneer over 
igneous bedrock. 
basa l t s  and andesites ra ther  than granodiorite. 

Here the main difference i s  the  bedrock type, being 

There i s  a d i s t i n c t  plateau area above 5,500 f e e t  which is  generally 
poorly drained, due to the low topographic gradients. 
sui table  f o r  high l e v e l  observation wells to use a s  an index of runoff 
from snowmelt. The wells should be s i t e d  i n  an area not influenced by 
large surface or  groundwater inflows and outflows. 
also,  i f  possible be completed i n  f a i r l y  permeable deposits, i .e. the 
drift  or  upper few feet of bedrock. 
affected by i r regular  storage within f i ssure  zones. 
input of water may not produce a regular r i s e  i n  the observationwell due 
to zones of large permeability ( large f i ssures)  and zones of small 
f i ssures  a t  d i f fe ren t  depths. 

This area may be 

The wells should 

Wells completed a t  depth may be 
That is ,  a uniform 

It i s  not possible to estimate the amount of groundwater outflow from 
the basin a t  the moment as  there i s  no information on the type and 
amount of s u r f i c i a l m a t e r i a l s  i n  the valley bottom. The quantity i s  
probably i n  the same order of magnitude as Penticton Creek, possibly 
s l i gh t ly  higher as there appears to be more s u r f i c i a l  material. 

The baseflow component can be estimated from the hydrographs obtained 
from the new weir. 
the runoff hydrograph. 

There i s  l i t t l e  or no a r t i f i c i a l  storage t o  modify 

Movement within the basin i s  extremely d i f f i c u l t  and it would be ex- 
tremely expensive t o  ver i fy  any theoret ical  groundwater movgment by 
in s t a l l i ng  piezometers. 

Locations of chemical analyses a re  shown i n  f igure 1 and r e su l t s  of 
the water qua l i ty  analyses are  shown on the Piper diagram. 
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WATER SANFLES FROM PEARSON CREEK 

Sample No. 1 2 
- 

P P  epm %epm PPm epm Pepm , 

A C1- 0.3 0.008 0.71 0.3 0.008 1.26 
N Sob-- . 4.9 0.102 8.58 2.6 0.054 8.03 

I * HC03- 65.84 1.079 90.72 37.31 '0.611 90.71 
0 

~ ~ ~ ~~ ~ ~~ ~ ~ 

N Sum 71.04 1.190 100.00 40.21 0.674 100.00 
S 

C Ca++ 15.6 0.778 64.11 10.4 0.520 76.75 
A Mg++ 3.6 0.296 24.38 1.1 0.~90 13.38 

9.87 
T Ma+ 2.8 0.121 1.3 0.056 
I K+ 0.7 0.018 11-9 0.4 0.040 

0 
N sum 22.7 1.214 100.00 13.2 0.676 100.00 
S 

i 

Total ppm 93 74 53-41 
1 %  

% 
Anions 
cat ions epm 

49.5 
50.4 

~ 

49.9 
50.1 

S.A.R. I 0.166 0.1 02 
~ 

PH 7.7 
Conductivity as  119 
micromhos/cm 
Total hardness 

as CaCO 54 
dissolved 'solids 83 

30.6 
58 

Alkalinity,as CQ nil i n  a l l  samples. Flouride generally l e s s  than 
0.1 ppm. value obtained by multiply5ng CaCO by 1 .219214. 3 
- + 5% for total so l ids  100 ppm. 1\11 samples balance within 

:Limits. 

alance should be within 

- + 3% f o r  t o t a l  so l ids  100-250 ppm. - + 2% f o r  t o t a l  so l ids  250 ppm. 
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WATER SAMPLES FROM PEARSON CREEK 

Sample No. 3 4 
Ppm epm %epm PPm epm Pepm 

A C1-  0.3 0.008 1.20 0.3 0.008 0.44 
N SO4-- 4.0 0.083 11.84 7.0 0.146 7.65 
I *HC03- 37.31 0.612 86.96 106.8 1.750 91.91 
0 
N Sum 41.61 0.703 100.00 114.1 1.904 100.00 

S 

C Ca++ 10.6 0.529 79.55 27.6 1.377 73.76 
A Mg++ 1.0 0.082 12.37 4.5 0.370 19.82 
T Na+ 1.0 0.044 2.4 0.104 

6.42 I K+ 0.4 0.010 8*08 0.6 0.015 
0 
N Sum 13.0 0.665 100.00 35.1 1.867 
S a 

Total ppm 54.61 149.2 

1 % Anions 
% CationsePm 

51.4 
48.6 

50.5 
49.5 

S .A .R. 0 079 0.111 

PH 7 *3 
Conductivity as 62 
m i  cromhos/cm 
Total hardness 

as  CaCO 
dissolved solids 58 

30.6 3 

7 -9 
179 

87.6 
112 
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A HYDROGE0ZL)GICAL RECONNAISSANCE STUDY 

OF W L Y  CREXK SUB-BASIN 

by E. Gordon Le Breton 

INTRODUCTION 

Methods of Investigation 

A s  sub-basins a re  v i r tua l ly  unsettled, and study of the groundwater 
regime must first be directed towards qua l i ta t ive  reconnaissance 
s tudies  of natural  phenomena. T h i s  involved f i e l d  mapping of ground- 
water features  such as springs and seepage s i t e s  i n  re la t ion  to topo- 
graphy and geology. A i r  photos were used t o  supplement fi.eld studies. 

GEOGRAPHY 

Location and Extent of the Area 

Lambly Creek drainage basin occurs on the west s ide of Okanagan Lake, 
i n  a direct ion northwest of the c i t y  of Keloma. 
tween pa ra l l e l s  of l a t i t u i e  49'55' and 50°07 I north, and meridians of 
longitude 1 1 9 3 0 '  and 119 L9' west (Figs. 1 and 3) .  
basin i s  about 95 square miles. I ts  elevation ranges from 1,121 feet 
a t  Okanagan Lake t o  6,134 f e e t  a t  Whiterocks Mountain. 

The basin l i e s  be- 

The area of the 

Drainage 

Lambly Creek describes an arcuate course divi.sible i n t o  3 portions dur- 
ing i t s  flow from Lanbly Lake t o  Okanagan Lake. 
source area, i t  flows northeast i n  the upper par t ,  s l i g h t l y  south of 
eas t  along i ts  central  portion and turns sout,heast i n  i t s  lowest por- 
t ion.  The major t r ibu tary  is Terrace Creek which r i s e s  i n  the extreme 
northwest corner of the sub-basin and generally flows southeast before 
entering Lambly Creek a t  about the midpoint of the cent ra l  portion. 
The other important t r ibutary creeks a re  North Lambly Creek which r i s e s  
i n  Tadpole Lake flowing mainly from northwest, t o  southeast and occur- 
r i ng  about 3 miles west of Terrace Creek, and Bald Range Creek flowing 
mainly from north t o  south entering the m a i n  creek a t  a point  where it 
turns southeast. 
except a t  Lambly and Esperon Lakes and by a dam on themlower p a r t  of 
Lambly Creek. Precipitation ranges from about 11 inches a t  Okanagan 
Lake t o  an estimated 36 inches a t  the highest, levels .  

Upon leaving i t s  

The basin is l i t t l e  affected by man made storage, 

78 
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VeRetation 

The area i s  densely forested preventing access to much of the area. 
The tree types are mainly Lodgepole pine with some Douglas fir and 
Spruce a t  the higher elevations, above about 3,500 feet, with Douglas 
fir and Yellow pine predominating below 3,500 f e e t  and i n  areas of 
east-facing aspect. 
elevation range from about 3,000 to  4,500 fee t .  

Locally poplars occur and are found within the 

/ 

GEOLQGY 

The bedrock geology is  comprised mainly of two rock types, in t rus ive  
igneous rocks chiefly grani te  and granodiorite of Jurass ic  age, and 
extrusive igneous rocks, chiefly andesite and basa l t  of Tert iary age 
(Fig. 1 ) .  These rocks, which have not been subjected to s t ruc tu ra l  
influences produced by ear th  movements can be expected to have fracture  
pat terns  formed during natural  cooling processes and by weathering. 
Rectangular type f rac ture  patterns were observed during f ie ld  work but 
no par t icu lar  predominating trend seemed t o  be apparent from which 
qua l i ta t ive  inferences may be drawn concerning f rac ture  permeability in- 
fluences on groundwater movement. 

The surficial  geology (Fig. 2) most of which has been mapped by 
R. J. Fulton (1 969) consists mainly of till, an unsorted mixture of 
sand, s i l t ,  clay and boulders, commonly less than 25 f e e t  thick. 
Fluvial  deposits of sand and gravel with local ly  some si l t ,  are common- 
l y  found flanking the s teep valley faces of Iambly Creek. 

Groundwater Mapping 

A s  access roads a r e  w e l l  d is t r ibuted i n  this sub-basin, it was possible 
t o  make observations concerning groundwater features  across much of the 
area. 
and fa l l ,  permitting observations which give an indication of influence 
of seasonal variations i n  temperature and precipi ta t ion upon rates of 
groundwater discharge and storage. Plot t ing of basic  data and i ts  sub- 
sequent synthesis resul ted i n  division of the basin i n t o  several  
groundwater zones (Fig. 3 ) .  A t  the highest levels  from 4,500 feet to 
4,800 fee t ,  zone 1 ,  a zone of thick snow accumulation, spring and 
summer melting gives rise t o  water-logged areas, o r  t e r r a in  w i t h  many 
springs and often very widespread seepage. 
range of about 4,000 f e e t  t o  4,hOCI f e e t  is characterized by fewer 
springs and somewhat less seepage. Zones 1 znd 2, the source and near 
source areas f o r  creeks give rise to permanent runoff and most of the 

Numerous t r i p s  were made i n t o  the basin between ear ly  summer 

Zone 2, i q  an elevation 
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groundwater discharge. These a re  zones of considerable water surplus. 
Spring discharges a re  commonly l e s s  than 2 imperial gallons per minute 
and many of the spring discharges do not become p a r t  of the  main 
s treamflow . 
There appears to be considerable groundwater and surface water t ha t  i s  
l o s t  by evapotranspiration so that much of  the prec ip i ta t ion  is  in- 
volved i n  a hydrologic cycle that is complete a t  these high levels .  
A t  successively lower elevations than zones 1 and 2, are zones 3, 4 
and 5 with an ever decreasing number of spring discharge sites and 
seepage features.  

Locali ty 
permanent, nearly constant flowing spring of about 2 igpm (imperial 
gallons per minute). This spring observed many times during the f i e l d  
season, showed no noticeable drop i n  y ie ld  i n  contrast  to most springs 
many of which went dry or  nearly dry. Occurring on a s teep  slope with- 
out  a par t icu lar ly  large catchment area, i t s  west-facing aspect com- 
bined with possible high storage may account f o r  i t s  steady flow. 

was so separated because of the yare occurrence of a 

Water Quantity 

There is no information available concerning permeability of the bed- 
rock nor s u r f i c i a l  deposits f o r  Lambly Creek sub-basin. 

Recourse therefore must be made to texts' discussing data on the same 
rock types occurring elsewhere. For information on g ran i t i c  and b a s a l t  
rock t>Tes, reference i s  made t o  Meinaer (1923, p. 138 t o  148). 
Grani t ic  type rocks a re  generally poor water bearers and when encoun- 
tered a t  several  hundred f e e t ,  are almost devoid of water. 
obtained from j o i n t  openings which may be expected t o  close rapidly 
with depth. The vas t  majority of wells producing water from g ran i t i c  
rock are less than 300 f e e t  deep, most of the water supply coming from 
depths of less than 100 fee t .  Well yie lds  range from 2 to 25 igpm and 
average about 10 igpm. 

Water is 

Well yields  and spring flow from basa l t s  prove this rock type to be a 
good aquifer i n  the United States .  
openings and other cavi t ies .  
large openings that it takes i n  surface water very readily." 
(Meinzer, 1923, p. 138). 
anticipated.  I n  areas favourable to high well  yield, similarly high 
spring flows are to be expected and do, i n  f a c t ,  occur. 

"The water occurs i n  large j o i n t  
T h i s  rock is  so generally traversed by 

Frequently, w e l l  y ie lds  up to 100 igpm may be 

'Within the wr i t e r ' s  l imited f i e l d  observations, no evidence was found 
of spring f lou  from bedrock sources. 
generally low permeability and low water y i e ld  of the bedrock i n  the 
basin. 
sources within the Okanagan, is  given by Halstead, E. C. (1969) and 

T h i s  may be takqn to suggest 

Information confirming generally low w e l l  y ie lds  from bedrock 
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f r o m  an observation well  d r i l l e d  into volcanic rocks i n  Pearson Creek 
sub-basin i n  1970 and supervised by the Groundwater Division. 
programs, examples, from wells t o  a s  deep as  270 f e e t  show well y ie lds  
from several  small fractures  to be i n  the  range of 1 to less than 10 
igpm. 

Both 

With regard t o  the s u r f i c i a l  deposits these are primarily till, and 
again a re  predominantly low permeability materials. The c o m n  occur- 
rence concerning groundwater discharge is mainly of spring seepage with 
some spring flows less than 2 i g p m .  The f a c t  that there  i s  noticeable 
decrease i n  flow, some of which cease en t i r e ly  and of considerable de- 
creases i n  s ize  of spring seepage areas from spring to f a l l  suggests 
generally low groundwater flow from the  s u r f i c i a l  deposits. T h i s  very 
noticeable decrease i n  groundwater discharge is  evidence of the depend- 
ence of storage areas  upon replenishment by snowmelt and of the l imited 
storage capacit ies of the material  from which discharge takes place. 

As the objective of the sub-basin s tudies  was t o  assess, even on a 
qua l i ta t ive  basis,  the possible importance of the groundwater component 
t o  stream flow, it i s  believed t h a t  most of the groundwater to stream 
flow originates  in the source areas of zone 1.  
r ived mainly from the s u r f i c i a l  deposits and possibly from shallow 
depths i n  the bedrock. Almost all of the  water supply leaving the 
basin i s  considered measured by runoff gauges and losses beneath and 
around gauging s i t e s  is thought t o  be mhor.  

The groundwater is  de- 

Water Qual i tx  

Numerous conductivity measurements of springs and stream f lov  wer 

mho/cm a t  25OC, Todd, 1959, p. 328). The p lo t ted  results when contour- 
ed show a s teadi ly  increasing mineral content with increasing flow 
path. 
waters low i n  total dissolved sol ids  and low elevation areas, discharge 
areas have waters higher i n  total dissolved sol ids .  
streams and groundwaters (springs) show the same trend. 
i n  mineralization is  commonly small, fur ther  suggesting that ground- 
water contributions to runoff are small. 

plo t ted  a s  p a r t s  per mill ion (conversion fac tor  1 ppm = 1-56 x 1 o& 
Very high elevation areas, areas  of groundwater recharge, have 

Both surface 
The increase 
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A HYDROGEDUGICAL RECOIJNAISSANCE STUDY 
OF GREATA CREEK SUB-BASIN 

by E. Gordon Le Breton 

INTRODUCTION 

Methods of Investigation 

A s  sub-basins are  v i r tua l ly  unsettled, any situdy of the groundwater 
regime must f i r s t  be directed towards qual i ta t ive reconnaissance 
s tudies  of natural  phenomena. T h i s  involved f i e l d  mapping of ground- 
water features  such a s  springs and seepage s i t e s  i n  re la t ion  t o  bpo-  
graphy and geology. A i r  photos were used to supplement f i e l d  studies. 

GEOGRAPHY 
I 

General Comments 

Greata Creek sub-basin l i e s  between i ines  of l a t i t ude  49°45' and 49°49' 
north and meridians of longitude 119 51 ' and 12000' west. 
t o t a l  area of about 1 2  square miles. T h i s  sub-basin i s  closely com- 
parable with the Lambly Creek sub-basin where Lambly Creek flows within 
its upper and central  portions, i n  terms of 'topography, direct ion of 
stream flow and aspect. Greata Creek flows from southwest t o  northeast 
and turns e a s t  t o  flow in to  Peachland Creek. The basin has an east-  
facing aspect (Fig. 1 ) .  

It has a 

General Comments 

The bedrock geology as  shown i n  Figure 1 taken from G.S.C. Map 53811, 
Kettle River (west half), geology by Cairnes, C. E. (1 936) consists 
primarily of granodiorite, d io r i t e  and quartz d i o r i t e  rock types. 

The s u r f i c i a l  geology (Fig. 2) i s  mainly tiLI, commonly qui te  t h in  
across much of the area with sand and gravel deposits flanking and 
underlying Greata Creek,. 
to be up to 50 f e e t  thick. 

The thickness of these deposits i s  estimated 



As Greata Creek covers a very small area and was mapped during a shor t  
time in t e rva l  i n  the summer a f t e r  the influences of snowmelt had large- 
l y  disappeared, it was possible t o  observe only a l imited number of 
groundwater features .  T h i s  basin l i e s  a t  an elevation range equivalent 
to zones 3 and 4 .of Lambly Creek sub-basin arid may e a r l i e r  i n  the year 
exhib i t  more numerous s i t e s  of seepage and spring discharge. Becsause 
of t h e  time of year a t  which this basin was mapped, i t s  more southerly 
location, and the small number of groundwater discharge points ac tua l ly  
observed, the basin zones are  c l a s s i f i ed  a s  s imilar  to zones 4 and 5 
of Lambly Creek. 

Increases i n  stream flows are generally associated with additional 
t r i bu ta ry  creeks entering the main creek. However, an intermit tent ly  
appearing stream, the most northwesterly t r ibu tary  creek, revealed 
an overa l l  increase i n  flow, some of which might possibly be a t t r ibu ted  
t o  groundwater discharge. 
there  i s  l i t t l e  evidence t o  suggest more than minor contributions from 
groundwater t o  the increase i n  stream flow. 
increase i n  t o t a l  mineralization of the streams with increased flow 
path (Fig. 3) supporting the f a c t  t ha t  some increment from groundwater 
was made to stream flow. 

However, as  i n  the case of Lambly Creek, 

Again there  was some small 

COIJCLUSIONS 

Conclusions drawn from the  study of the two foregoing sub-basins are  
t h a t  most of the  discharge of water from the basins i s  measured as  run- 
of f .  
very small and would form a very small perceritage of the  t o t a l  runoff 
of both basins. 

The amount of groundwater flow which goes unmeasured is probably 
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SUB-EASIN STUDY CONCLUSIONS a 
I n  summing up the combined findings of the six sub-basin studies,  
M r .  Halstead's phrasing of the objective w i l l  be repeated. 

Objective 

"The object of the reconnaissance investigation was to determine 
whether o r  not the groundwater component of the sub-basin i s  i n  
su f f i c i en t  volume t o  warrant the expenditure of more time and funds 
to provide as  complete as possible an assessment of i ts  contribution 
t o  the hydrologic regime." 

Certain common factors  emerge from three separate investigators : 

( 1 )  Geology 

The bedrock geology comprises mainly intrusive igneous rocks -- 
grani te  and granodiorite; metamorphic rocks -- gneiss and schis ts ;  
and extrusive igneous rocks -- andesite and basal t .  

The s u r f i c i a l  geology is  primarily till, commonly very t H n ,  with 
some sand and gravel deposits i n  each basin. 
a r e  the most important medium f o r  storage and movement of groundwater. 

The s u r f i c i a l  deposits 

(2 )  Topography 

There is  generally a sharp change i n  surface gradient from the mouths 
of the main creeks to the i r  source areas. 

( 3 )  Vegetation 

Dense stands of timber prevent access t o  much of the basin areas. The 
main tree type is Lodgepole pine with some Douglas f i r ,  Spruce, Yellow 
pine, Poplar and Cedar. 

( h) HydropeoloE 

Sharp changes i n  gradient, and bedrock-drift contacts give rise t o  the 
occurrence of many springs i n  the basins. 

Local flow systems primarily occurring within the s u r f i c i a l  deposits 
--ch adjacent to the creeks account f o r  most of the  groundwater component 

of baseflow. 
depth and small a rea l  extent, they a re  sources of small groundwater 
storage. 
decline i n  yield and is  very dependent on recharge f o r  maintenance of 

Because loca l  flow systems are primarilx of l imited 

Consequently, much of the groundwater discharge will rapidly 
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flow. 
and steady r a t e  of groundwater dischazge mus-t not be expected from the 
sub-basins. 

As recharge is  r e s t r i c t ed  almost en t i re ly  to snowmelt, a high 

Baseflow to the  streams i s  calculated t o  range from 3 to 20 c fs  f o r  
Vasew k d  Penticton Creek drainage basins. It is  considered to be 
equally small f o r  the  other sub-basins with the i r  very similar hydro- 
geological environments. 

( 5 )  Hydrogeochemistry 

There i s  an increase i n  t o t a l  dissolved so l ids  content of surface waters 
and groundwaters from the recharge t o  discharge areas, but t h i s  increase 
i s  not very s ignif icant .  

Only small increases i n  t o t a l  mineralization to streams seen i n  con- 
junction with only l imited increases i n  stream-flow support ear ly  
opinions that the nature of the bedrock and s u r f i c i a l  geology was such 
that considerable ,groundwater contributions should not be anticipated 
from sub-basins. 

(6) Conclusions 

Inaccuracies i n  measurement of precipi ta t ion across the basins, the  
very f e w  precipi ta t ion gauges occurring i n  these areas, combined with 
general extrapolation of the data across the basins and i ts  divergence 
from actual precipi ta t ion variations, more than o f f s e t  errors  i n  
groundwater flow calculations. 

It i s  generally agreed tha t  instrumentation f o r  fur ther  groundwater 
s tudies  in sub-basins within the rather  limited budget for  the 
Okanagan River Basin Study seems unjust i f ied a t  this time. Instru-  
mentation i f  carr ied out i n  the future should follow that outlined 
by P. L. Hall. The writer,  based on his f i e l d  observations suggests 
Terrace Creek as a minor basin f o r  fur ther  study ( 1 )  because of the 
many creeks with readily available access, (2) the r e l a t ive  ease with 
which gauging s ta t ions could be reached, ( 3 )  the very l imited amount 
of man-made storage i n  the basin. 

I n  re la t ing  sub-basin s tudies  to the groundwater s tudies  i n  the main 
valley, it can be observed tha t  subsurface flows i n t o  fan deposits a t  
the mouths of t r ibutary creeks, though possibly commonly small, may 
provide loca l ly  important sources of groundwater recharge. 
strong evidence t o  suggest subsurface flow from- t r ibu tary  valleys 
augments stream flow i n  Okanagan River a t  the south end of the valley. 

There i s  
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