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To: ' e  r. J.C. Foweraker, Head Date: January 23, 1980 
Groundwater Section 

. Hydrology Division 

Fr: A.P. Kohut 
S r .  Geologic;? Engineer 
Groundwater Section 
tiydrology Divisior, 

Re: Isot-ope Analyses, Groundwater Inventory 1978-79 

D u r i n g  the f i s c a l  year  1973-79, isotope analyses were conducted on 
water samples taken from two areas ,  namely; 
the Ribbicworth Creek area ,  ea s t  of WoGd Lake. The proposed program was 
approved i n  October 1978 a t  which tiixe costs  of $4,790 were estimated 
from the bcdpeted al locat ion o f  $5,495 under Vote 09205-2001. At the 
end of the f i s ca l  year ,  fucds i n  t.he m o u n t  of $4,704 were spent on the  
program (Tab1 e 1) .  Apart from d i r e c t  1 zboratory ana!yses cos ts  , Mr .. 
R .  Drimmie from the Environmental Isotcpo Laboratory, Department o f  
Earth Science, University of Water'loo was brought t o  Victoria t o  i n -  
struct our  s t a f f  on sampling procedures f o r  CI4 analyses. As the C l k  
sampling techniques a re  somewhat involved i t  was par t icu lar ly  advantageous 
f o r  our  s t a f f  t o  receive instruct.ion from the  Waterloo personnel who 
would be analyzing the  samples, interpret ing and correcting the r e s u l t s .  
In th i s  manner we could then be confident t h a t  our  sarnpling techniques 
would he adequaze and rrieaningful r e su l t s  would be obtained i n  any future 
CI4 work. !h i s  memorandum summarizes the r e su l t s  o f  the  1978-79 program 
and makes recominendatitns f o r  fu r the r  work i n  1979-430. 

the Saanich Peninsula aRd 

- 

Saanich Peninsula 

isotcpe sampling on the  S;ianich Peninsu!a was ulidertakm i n  two spec i f i c  
areas namely; 
1. 

- -- 

analyses o f  surface water samples from Elk Lake t o  determine the seasonal 
var ia t ion in 
inflow and olrtflow cor'ponents a re  important i n  the lake system and ;  

content t o  a s s i s t  in determining wnether groundwater 

groundwaters , sourccs o f  recharce , di rec t icns  of-groundwater f 
r a t e s  of groundwater moven:ent. T h i s  l a t t e r  work was follow-up 
s tudies  undertaken in  i977-78 in the same area ( K d h u t  and Petr  

The r e su l t s  of these s tudies  a re  discussed a s  follows:- 

/ 
ow and i 
work t o  I 
e ,  1978). I 

I 
; 
i 
i 
i 
I 
i 
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2. analyses o f  groundwater samples fram bedrock wells in North Saanich for 
C 1 4 ,  d o l 8  and Tritium content t o  determine the aqe and or iq in  of the I 

I 

Since Flarch 1978 surface water sanples from a s i t e  on the  qortheastarn 
s h o w  o f  Ell.: 1-ake have been obtained on a regu!ar basis  a t  approximate 2 
t o  3 week in te rva ls .  During samplino, i n  s i t u  conductivity and temperature 
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s i t e  behave s imi la r ly  e x h i b i t i n g  an annual cycle w i t h  b o t h  parameters i n -  
creasing d u r i n g  the period March t o  Augus t  thereaf te r  decreasing from 
August t o  March of the following year.  For the most 'part ,  the increasing 
trend can be related d i r e c t l y  t o  c l imat ic  a f f e c t s ,  primarily t o  ava i lab le  
so l a r  radiat ion (duration 'and in t ens i ty )  , subsequent warming of da i ly  a i r  
temperature and evapotranspiration a f f ec t s  which concentrate  dissolved 
minerals i n  the  lake water. Decreasing trends of these parameters can 
be a t t r i bu ted  primarily t o  a decrease i n  avaf lable  so l a r  radiat ion and 
d i lu t ion  a f f e c t s  of prec ip i ta t ion  and surface runoff i n t o  the  lake system 
par t icu lar ly  d u r i n g  the l a t t e r  f a l l  and wintcv months. A somewhat unusual 
phenomenon observed in both 1978 and 1979 i s  the time a t  which both con- 
duc t iv i ty  and temperature stop increasing and beqin t o  decrease. T h i s  
happens near the end of July i n  each year ,  a t  a time when da i ly  a i r  
temperature and evaporation a re  s t i l l  r e l a t ive ly  high. 

Augus t  which can be a t t r i bu ted  t o  evapotranspiration which causes the en- 
richment of the  heavier isotope 0 l 8  a t  the  s i t e .  

The 60l8  values f o r  1978 show an increase d u r i n g  the period May t o  

1 Instead o f  decreasing i n  

m 
- 2 -  

On the basis  o f  depth and geoqranhical settinq, Elk Lake shou ld  be a 

In the 
monomictic lake (pers .  comm. R .  Buchanon, 1979). The lake should become 
thermally s t r a t i f i e d  d u r i n g  the  s p r i n g  and summer warming period. 
f a l l  when average da i ly  a i r  temperatures begin t o  f a l i ,  the lake should 
then begin t o  mix. 
explain the temperature, conductivity and 6018 behaviour of the lake b u t  
why this  phenomenon begins a t  th is  ear ly  date  is  not known. Mixinq would 
bring colder ,  l e s s  mineralized waters a t  depth enriched i n  the  l ighter 

Mixing i n  l a t e  July ( e a r l i e r  than expected) could 
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l6 t o  the surface causinq an overall  lowering o f  surface water 
tern, -' !me atu re ,  O a decrease in  conductivity and a decrease i n  60l8 content.  
The seasonal process which may be occurring i s  depicted in  Figure 2. 

The seasonal behaviour of temperature, conductivity and d o l 8  of 
Elk Lake indicate  t h a t  groundwater i s  not a major inflow comnonent i n  
the lake system d u r i n g  the period May t o  January, i .e . ,  t h e r e - i s  no 
s ign i f i can t  groundwater inflow cornponefit t o  the lake on a year round 
basis .  
January t o  May. 
begin to  increase while GO1* values a r2  decrea,sinq. 
t h a t ,  the lake conductivity wciuld increase d u r i n g  t h i s  neriod when 
evaporation i s  low and prec ip i ta t ion  and surface runoff a r e  r e l a t i v e l y  
h i g h .  These l a t t e r  components shculd have a d i lu t ing  a f f ec t  upon dis- 
solved mineralization i n  the lake. 
c l o s e  t o  10' C and having conduct ivi t ies  gredter than 100 pmhos/cm and 
Sol8 concentrations close t o  -10 SMOW wolrld cause an increase i n  lake 
temperature and conductivity while decreasing the sol8 content of the 
lak?. T h i s  period a l so  corresponds t o  the time when groundwater l eve l s  
a r e  normally a t  t h e i r  seasonal h i g h  as  evidenced by observation well 
data from s u r f i c i a l  wells i n  the  region. Careful monitoring of changes 
i n  lake storage would be required t o  quantify this groundwater component 
d u r i n g  this per iod.  
groundwater outflow i f  present would n o t  be expected t o  have s ign i f i can t  
a f f ec t s  on lake chemistry although these components would have t o  be 
accounted f o r  i n  any quant i t ive analysis .  

Where groundwater inflow may be important i s  d u r i n q  the period 
D u r i n g  t h i s  period lake temperature and conductivity 

I t  i s  surpr is ing 

Inflowinq groundwaters a t  temperatures 

Outflow components including surface outflow and 

North Saani ch 

All isotope data obtained under the  1978-79 program and from previcus 
s tudies  f o r  bedrock wells i s  shown diagramatically in  Figure 3. The 
analyses undertaken in 1978-79 a re  a l so  l i s t e d  i n  Table 3. Previous 
work i n  the area (Kohut and Pe t r ie ,  1978) described the occurrence of a 
north-easterly trending 1 inear zoRe of brackish groundwaters (TDS in  the  
range 1000 t o  3100 mg/L) along a major s t ruc tura l  lineament i n  the 
fractured g ran i t i c  bedrock eas t  of Pa t r ic ia  Bay. 601* values ranginq 
from -12.0 t o  -11.0 (SMOW) in the zone indicates  the groundwaters were 
i n  par t  recharged under d i f f e ren t  (colder)  c l imat ic  conditions in  the past .  

the  brackish groundwaters found e a s t  of Pa t r ic ia  Bay rarqe from 2500 t o  
9100 years in  age. These older waters a r e  bounded by younqer waters qenerally 
i n  the range 400 t o  1000 years old.  Groundwater found in the recharge areas 
north and south  of the brackish zone date  around 400 years.  The presence o f  
some t r i t ium i n  the waters of the northern recharqe area: ( ind ica t ive  of 
water l e s s  than 25 years of age) snows t h a t  the samples may represent a 
mixture of waters including r e l a t ive ly  young water aed water which has been 
i n  the  ground fo r  a few hundreds o f  years .  
de r ing  the bedrock wells of ten int .ersect several water bearing f rac tures  
w i t h  depth. 
of older  waters a t  depth with shallower younqer waters in the well .  
the ae r i a l  d i s t r ibu t ion  of C I 4  ages, groundwater moving w i t h i n  the upper 

C1'+ age determinations obtained i n  1978-79 (Figure 3) ind ica te  t h a t  

T h j s  i s  n o t  surpr is ing consi- 

From 
Subsequent pumping of the well would r e s u l t  i n  some mixing 
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L - J  4 e t  o r  so o f  the bedrock appears t o  take about 600 years t o  t ravel  
1000 metres suggesting a flow r a t e  of 1.7 m/year (5.4 X 
from the northern recharge area t o  the  discharge area e a s t  of Pa t r i c i a  
Bay. 

cm/sec.) 

Ribbleworth Creek Area, ea s t  side o f  Wood Lake 

sampling program carr ied o u t  by G. Le Breton ar,d A. K o h u t  i n  A u g u s t  1978. 
Samples were obtained f o r  60I8 and  Tritium analysis  t o  evaluate the  
app l i cab i l i t y  of isotope s tudies  t o  the hgdrolcgic r e su l t s  previously 
obtained (Le Breton and Couison, 1975) on studSes o f  retu'rn flow from 
i r r iga t ion  i n  the basin. 
Table 4 and shown diagraniatically i n  Figure 4. 

Isotope data f o r  the Ribbleworth Creek area was obtained through a 

A summary of the isotope analyses a r e  g iven  i n  

6OI8 values f o r  springs or iginat ing from the bedrock a t  uppe r  elevations 
a re  i n  the  range -17.4 t o  -15.9 [Sites 10 t o  13). 
s ide  of the area shown i n  Figure 4,  a t  higher elevations i n  the basin t o  
the eas t .  Ribbleworth Creek eas t  of the main north-south highway shows a 
60l8 value of -15.7 (Site 9 )  suggesting t h a t  groundwater flow from the 
upland areas i s  tne main contribution t o  the flow of  Ribbleworth Creek a t  
this point.  
more pos i t ive ,  enriched i n  the heavier isotope Ol! w i t h  values ranging from 
-14.9 t o  -14.3. 
fu r the r  enriched in 0 l 8  with values'ranging from -13.5 t o  -13.4. 
o f  the i r r iga t ion  water taken from the pipel ine from Oyama Lake, be ing  
applied i n  August 1978 had a 601* value of -12.9. 
l a t t e r  value i s  representat ive of applied water ir! general or whether there 
a r e  large var ia t ions in  the 60i8 concentration of the  applied water sea- 
sonally. 
this lake source. I 

S i t e s  1 2  and 1 a r e  out- 

Downstream of S i t e  9 the  creek and s r i n g  samples become 

In creeks north of Ribbleworth Creek the 60I8 value a r e  
A sample 

I t  i s  not known i f  t h i s  

Large var ia t ions  on the other  hand would not be expected from 

T r i t i u m  values i n  the range 12t8 t o  74t8 f o r  samples taken from bed- 
rock springs i n  the  upland area e a s t  of the i r r iGat ion d i s t r i c t  ( S i t e  10 
t o  13) and in  the lower reaches o f  Ribbleworth Creek ( S i t e  6)  ind ica te  
these discharge areas must be recharged loca l ly  and the groundwaters a r e  
less than 25 years of age indicating ra ther  s h o r t  duration and shallow 
f 1 ow sys tems . 

I f  a s ign i f i can t  portion of the f l o w  i n  Ribbleworth Creek was d i r e c t  
re turn flow from applied i r r iga t ion  water, sols values f o r  the creek would 
be expected t o  be more posi t ive than the applied water due t o  evaporation 
a f f ec t s .  A t  the time of  sampling, 6018 values of the creek were, however, 
more negative t h a n  the applied water suggesting one or more of the following: 

1. Although i r r iga t ion  pract ice  may generate a gromdwater component of flow 
in to  Ribbleworth Creek th i s  return flow cornponent i s  not necessarily 
a p o r t i o n  of the actual applied water d u r i n g  the season. The i n f i l t r a t e d  
water i n  o ther  words, displaces water previously stored i n  the  sub- 
surface reservoir  a n d  this disnlaced water appears a s  flow ir! the creek. 
T h i s  concept has been observed el sewhere (Karti nec, 1975). The magnitude 

. . . . . .  5 
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f the  re la t ionship  between applied water versus the  generated a f f e c t  
Le Breton and 

oulson (1975) noted a two month delay i n  the ""full-effect" of i r r i g a t i o n  
upon the a r t i f i c i a l l y  generated component of streamflow i n  1973 and a 
two-week delay i n  1974. 

d the response time delays a r e  n o t  adequately known. a .  

1 
'' 

- 9  
2. Sol8 values i n  Ribbleviorth Creek i n  the range of -14.9 t o  -13.4 m i g h t  

be explained due t o  m i x i n g  of applied water (so1* = -12.9) and natural  
groundwaters in the range -17.4 t o  -15.9. I . .  

A large portion of the groundwater i n  storage adjacent t o  the  lower 
reaches of Ribbleworth Creek may be derived from prec in i ta t ion  re- 

i n  s torage.  1 

To summarize, the 6OI8 d a t a  obtained i n  A u q u s t  1978 indica tes  t h a t  

. *  

. #  

3. . .  
I I .  

1 .  charging the aqui fe r  d i r e c t l y  over the 'a rea  and  contributionsfrom i 

i r r i g a t i o n  may be minimal i n  r e l a t ion  t o  the  amolrnt of groundwater 
I 

d 

*. 3 -  . 
I, ' I  . applied i r r i g a t i o n  water generates groundwater inflow in to  Ribbleworth 

Creek b u t  there  may not be a d i r e c t  re la t ionship  between the  quant i ty  of 
applied water t o  the quant i ty  of groundwater inflow generated during an 
i r r i g a t i o n  season. This inflow i s  probably generated by increases i n  the  
hydraulic gradients adjacent t o  Ribbleworth Creek caused by i n f i l t r a t i o n  
of i r r i g a t i o n  water i n  the upland areas adjacent t o  the creek. 
of the groundwater head increases (changes i n  s toraue)  i n  the  upland areas 
t h a t  accompany r e su l t an t  changes i n  creek flow a r e  not known. 
required f o r  i r r i g a t i o n  i n f i l t r a t i o n  t o  induce a widespread water-table r i s e  
could explain the lag t i n e  between the peak of the i r r i g a t i o n  prac t ice  and 
maximum streamflow. Similar s i t ua t ions  have been observed and discussed 
elsewhere f o r  example i n  analyses of storm hydrographs (Freeze 1971; 
Martinec 1975; Sklash e t  a l .  1975). 

i, 

. 

The magnitude 

The time 

Additional avenues of approach which would help fu r the r  define the ro l e  
of the  major hydrologic components i n  the  basin or  s imi la r  bas ins  where 
return flew from i r r i g a t i e n  i s  s tud ied  would be: 

1. To es tab l i sh  monitor wells equipped w i t h  automatic water leve l  recorders 
i n  the  groundwater regime a t  representat ive s i t e s  in the  basin loca l ly :  

(a)  close t o  the discharge end o f  the  flow system near the major creek t o  
monitor corresponding changes between the  hydraulic head of ground- 

(b)  a t  a n  upland s i t e  in the b a s i n  above the area of applied i r r i g a t i o n  

(c) a t  a s i t e  near the center of the  i r r iga t ed  area t o  monitor maximum 

. water w i t h  the  changes in streamflow. 

water t o  monitor any natural seasonal f luc tua t ions  in the  water t ab le .  

groundwater level changes associated w i t h  i r r i g a t i o n .  These l a t t e r  
two s i t e s  have been moreover suggested by Le Breton and Coulson (1975). 

2. To monitor 6 0 l 8  and  spec i f i c  conductivity of the major creek twice a 
month near the  stream gauging s t a t ion  t o  obtain temporal var ia t ions  in 
the water chemistry which can be compared t o  the  stream hydrograph t o  
f a c i l i t a t e  hydrograph separations.  

i 
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< , . _ . n d a t i o n s  f o r  Further -- Work .. 
- 

As the Saanich Peninsula i s  readi ly  accessible  f o r  samplinq and a 
hydrogeologic mapping prograin ( p i l c t  n ro jec t )  i s  being undertaken in  
this area by G. Le Breton, additional isotope analyses in  this area a re  
recommended f o r  the 1979-80 f i s ca l  year.. As the end of %he f i s c a l  year 
i s  drawing near a 1in;ited s.ampiing proqram f o r  601* and t r i t ium analyses 
which would include bedrock wells i n  the  Cretaceous rocks a t  the extreme 
northern end of the peninsula, bedrock wells on the northern slone of 
Mount Newton and additional samples from Elk Lake i s  suqqested. Costs 
f o r  the proposed 1979-80 program would be $1,550 based upon 30 601b 
determinations a t  $35 each and 10 tritium analyses a t  $50 each. Funds  
i n  t he  amount o f  $5,COO have been budgeted f o r  isotone work under Vote 
05469-2001. 

A.P.  Kohut 
Senior Geologocial Engineer 
Groundwater Section 
Hydro1 ogv D i v i s i on 
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TABLE 1 COSTS FOR 1978-79 ISOTOFE ANALYCIS PROGRAY _.._I_____-______I_-___ _--__- 
5 0  - 

Lccation and Items cost. 

A.  Saanich Peninsula 
18 E l k  Lake Samples fur 60l6  @ $35 
7 Bedrock Well Samples for 6@18 0 $35 
7 Bedrock Well Samples for T r i t i u m  Cd $50 

10 Gedrock Well Samples For C 1 4  @ $150 
Sarnpl ing equipment for  C14 
Airfare and ground transport  f o r  
R .  Dr-immie, Univ. of Waterloo ( C 1 4 )  
Per Deim, R .  Drimmie 5 days @ $140/day 

$ 630 
$ 245 
$ 350 
.$1,500 
$ 200 
$ 503 

$ 560 

B. Ribbleworth Creek, Oksnagan Valley 

15 Spring and creek samples for  60l8 @ $35 $ 525 
5 S p r i n g  and creek samples fo r  T r i t i u m  @ $50 $ 250 

--. 

$4,764 -~ TOTAL 

... _- 
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TABLE 2 SUMMARY OF JSOTOPE DATA, -.-- ELK LAKE: 1978-079 --- ;. 
6018 ( o / o o )  

SMOlrl Date Sa!n;ll ed 

-I--- - 
March 26/78 
April 10/75 
April 30/78 
May 22/73 
May 29/78 
June 5/78 
June 29/78 
Ju ly  18/78 
Ju ly  24/78 
Auclust  9/78 
August 29/78 
September 20/78 
October 8/78 
November 11/75 
December 10178 
January 7!79 
January 21/79 

-6.2 
-6.3 
-6.3 
-6 .O 
-6.0 
-5.9 
-5.70 
-5.4 
-5.4 
-5.2 
-5.2 
-5.2 
-5.0 
-5.2 
-5.2 
-5.2 
-5.35 

! 
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TAULE 3 SUMPIARY OF ISOTOPE DATA ON BEDROCK WELLS, SAANICH 1978-79 - 
--- - 

.. 8 , *" d. 

Sol8 ( ( j / o c )  T r i t i u m  6 I 3 C  % 
SMOW (TIJ) PDB S i t e  Number Sarnpl i nq Date S i  t , ~  D e s c r i p t i o n  

I 

14G 14 10 

14014 11 

1400058 

I 

14.00058 

1401420 

wim 

- 

- W R  106-72 

WK 106-72 

.- 

- 

09226 

1401367 

14014 15 

1400014 

1401 379 

1 40 1 3 80 

1 

!larch 15/71 

March 2/77 

August 5/77 

Oecenib e r 5/ 78 

May 3/77 

June 6/77 

!larch 18/77 

I 

December 6/78 

December 5/78 

Oeceinber 5/78 

December 7/78 

January 24/79 

December 7/78 

December 8/75 

December 7/78 

December 6/ 78 

R I W  SEC 22 P2 
Skorsqaard 
R1E SEC 15 P17 
Boardman 
R1E SEC 16 f f l  
Ayl a r d  
R1E SEC 16 #1 
Ay la rd  

A r dmo r e 
R!W SEC 8 #5 
Pa t te rscn  
Wains Road 
Ma r c o  
R1W SEC 20 #14 
Pleasance 
R l N  SEC 2, #14 
P1 easance 
k l N  SEC 17 #1 
K i  ngswood 
? lE  SEC 15 #19 
Reid 
R1E SEC 15 #8 
Jones 
R 1 E  SEC 15 #6 
M i l l i a m s  
R1W SEC 14 #5 
Cdgar 

R'LE SEC 16 #2 
Mathews 
X2E SEC 16 #6 
Kiwani s 
R2E SEC 13 #8 
Phi  l i p  

R2W SEC 7 (800 ' )  

-10.0 

-10.3 

-10.8 

-10.9 

-10.9 

-13.1 

- 9.1 

-10.2 

-10.4 

-10.4 

-10.9 

-12.0 

-12.9 

-11.0 

- 9.4 

-11.3 

- 

- -16.7 72.7 

0 - - 

2 57 - I 

- 1556 - 

44+8 .. - 

- -18.3 90.4 

- -18.6 80.3 

-16.6 62.6 

-14.3 54.0 

-15.6 15.7 
-15.8 - 
-10.9 83.6 

-16.7 80.4 

-15.5 71.9 

-16.2 90.6 

a 



TABLE 4 SUMMARY OF ISOTOPE DATA, RIBRLEWORTH C R E E K  AREA 1978 - 0 

S i t e  Sampling Date 
No.* 1978 I - I .  6OI8 ( O / O O )  T r i t i u m  

SYOW i (TU 1 S i t e  Description 

1 i 
. :I 

2 

3 

4 

5 
6 

7 

- 8  
3 

10 

11 

13 
14 

August 22 

Augus t  22 

August 22 

August 22 

August 22 
August 23 

August  23 
Augus t  23 

August 23 

August 23 
A u g u s t  23 

/luglist 23 

August  24 
A u g u s t  24 

August 24 

Kibbiewcrth Creek Falls a t  
Railway Crcssing 
La Fleche Creek a t  Railway 
Crcss iny 
Creek North o f  La Fleche a t  
Ra i 1 way Ciao s s 1' nq  

Second crcek north 'of La Fleche 
a t  Railway Crossinq 
l r ewi t  Creek, North Side S p r i n g  
Sidehi l l  S p r i n g  between Trewit 
arid La Fleche Creeks 
Webber's S p r i n g  
1.a Fleche Creek, Upper S i t e  
R i  bbl eworth Creek a t  Culvert, 
ea s t  o f  Main Road 
Ribbi eworth Creek Bedrock S p r i n g  
Spring North Side o f  McDonnell ' s  
Proper t v 

Sommerville Mine A d i t ,  Bedrock 
S p r i  Kg 
Holt Creek, Eedrock Spring 
Oyama Irriclation Line from 
Oyama Lake 
W i  nf i e l  d Creek, Wi nf i e l  d 

-14.6 

-14.9 

-13.4 

-13.5 

-14.6 

-14.5 

. -14.3 

-14.4 
-15.7 

-15.9 
-17.4 

-16.7 

-17.3 

-12.9 

-14.4 

.>. * See Figure 3 fo r  s i t e  locations.  


