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riller OSYOOS TILE WORKS 
icense Number 

ea: TUG-UL-NUIT LAKE 

L LOCATION: 
ILKAMEEN Land District 
trict Lot 24508 Plan 2280 Lot 718 ODUCTION DATA AT TIME OF DRILLING: 
nship Section Range 402 USGM 
ian Reserve Meridian Block tesian Flow 0 

atic Level 7 feet 

S Number (NAD 27) 0823023123 Well 15 

11 Use Unknown Well Use p Test Info Flag 
nstruction Method Drilled 
ameter 8.0 inches ve Info Flag 
11 Depth 114.0 feet reen Info Flag 

ter Chemistry Info Flag 
Bedrock Depth UNK feet eld Chemistry Info Flag 
Screen from 57 to 72 feet Site Info (SEAM) 
Slot Size 1 0 Slot Size 2 Other Info Flag 
Slot Size 3 0 Slot Size 4 
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95 To 
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0 To 
0 To 
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0 To 

5 Ft. 
24 Ft. 
0 Ft. 

32 Ft. 
46 Ft. 
0 Ft. 

74 Ft. 
95 Ft. 
0 Ft. 
0 Ft. 
0 Ft. 
0 Ft. 
0 Ft. 

110 Ft. 
0 Ft. 
0 Ft. 
0 Ft. 
0 Ft. 
0 Ft. 

compact clayish sand 
sharp gravel and sand (static 6'10" at 
24 ft.) 
sand and gravel, some silt (tight) 
sand and gravel, some silt (loose) (sta- 
tic 5'2" at 46 ft.) 
gravel and sand (loose and permeable) 
brown sandy silt 

Note: any gravel in the samples from 
80' to 100' is presumably caved down 
from the 74 ft. level. 
Caving stopped 
blue silt 
? gravel 

Note: drilled 
114 ft. Caving 
depth 95 ft.) 

at 95 ft. 

open hole for 20 ft. to 
at 114 ft. S.W.L. (well 
6'3" 

19 rows selected. 

Information Dirdaimr: 
The Province d i r d h r  aU responsibility for the accnracy of information provided. Information provided should not be used as a basis for making runanad or m y  other commitments 

Date entered to WELL 

http://www.env.gov. bc.ca/cgi-bin/env~exedwwwapps/waterbot/eeys~2?00000002 1 873 16/05/02 
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January 5,2000 

Town of Oliver 
34765 - 91" Street 
Box 638 
Oliver, B.C. 
VOH 1TO 

Attention: 

Dear Sirs: 

Re: 

Bruce Hamilton 

Aquifer Evaluation 
Tuc El Nuii Pump Statwn 

I .  0 Introductwn 

The present groundwater study has been undertaken at the request of the Town of Oliver to assess aquifer 

performance in the vicinity of the Tuc El Nuit Pump Station and to determine the possibility of increasing 

production from the existing well field. More specifically, the program was carried out with two basic 

objectives in view, namely: (a) to determine the feasibility of increasing the capacity of Well No. 2 from 

700 USgpm to 1200 USgpm, and (b) allowing for drawdown interference while pumping Well No. 2 at 

1200 USgpm, determine the feasibility of continuing production fiom Wells 1 and 3 at the original rated 

capacities of 200 and 500 USgpm respectively. 

The program has involved a 24-hour pumping test with Well No. 2, noting drawdown interference in Wells 

1 and 3. The following report outlines the results of the program and provides recommendations for a safe 

sustained yield from each of the three existing water wells, along with recommended pump settings. A 

brief background on the existing wells is provided in the section which follows, and detailed data obtained 

during the pumping test program is attached to the Appendices of this report. 

- - #3 - 3107A - 31st Avenue, Vernon, B.C. VlT 2C9 . Tel: (250) 5451720 

- #207 - 220 4th Avenue, Kamlmp. B.C. V2C 3N6 . Tel: (250) 372-9194 

Fax: (250) 545-1720 E-mail: Knlapal@mindIink..net 

Far: (250) 372-9398 E-mail: Kalapar@kamloops.net - /* 
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Town of OlivedBruce HamiltdS January, 2000 
Aquifer Evaluation - Tuc El Nuit Pump Station 
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2.0 Backmound 
-1 

I 
1 

.-3 

i 
I 

1 
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The Tuc El Nuit Pump Station is comprised of three wells which range between 45 and 47 feet (1 3.7 and 

14.3 metres) in depth. Based on a previous study conducted by the B.C. Ministry of Environment, 

Groundwater Section, the existing wells are completed in an unconfined aquifer which is probably in direct 

hydraulic communication with Tuc El Nuit Lake. The aquifer is considered to be an abandoned channel of 

the Okanagan River, or its post glacial counterpart. Wells 1 and 2 were constructed in 1971 on a 

consulting basis by the Groundwater Section of the Inventory and Engineering Branch, B.C. Ministry of 

Environment. Well No. 2 was completed in 1982 under the supervision of Kala Groundwater Consulting 

Ltd. A brief summary of well construction and well performance is provided in Table 1 following. 

3.0 Description of Fresenz Program 

The present program has involved a 24-hour constant rate pumping test with Well No. 2, noting water level 

drawdown in the pumping well and drawdown interference in the two adjoining wells (Wells 1 and 3). 

During the initial 50 minutes of the pumping interval, a step-drawdown test was conducted, pumping the 

well at progressively higher rates for 10 minute intervals. It was planned to increase the pumping rate to 

1200 USgpm for the final step, starting at 51 minutes into the test, but 1125 USgpm was the maximum the 

existing pump equipment could produce. The 1 125 USgpm pumping rate was maintained from 5 1 minutes 

until the end of the test. The initial pumping rates used during the step-drawdown test were 707,797,904, 

999, and 1 100 USgpm. Following termination of the pumping interval, recovery was measured in all of the 

wells for a 24-hour period. 

During the pumping interval, water was discharged to waste into Tuc El Nuit Lake through 8-inch lay-flat 

pipe. The pumping rate was monitored using a conventional orifice discharge and piezometer tube. Water 

levels in the existing wells were measured with electric well sounders. 

Ka/$ roundwater Consulting Ltd. 
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StqJ Pumping 
Number Rate 

1 707 USgpm 
2 797 USgpm 
3 904 USmm 

-1 

Drawakwn in spwyi capacity 
Meters Feet USgpm per foot of drawakwn 
0.67 2.20 321 
0.75 2.46 324 
0.89 2.92 3 10 

U 
Town of Oliver/Bmce HamiltdS January, 2000 
Aquifer Evaluation - Tuc El Nuit Pump Station 

4.0 Program Findinps 

Results of the pumping test have been tabulated and plotted on semi-log and log-log plots of drawdown 

versus time (See Appendices). A summary of results obtained from the initial step-drawdown test is shown 

in Table 2 following. 

1 4 1 999 USmm I 1.00 3.28 1 305 I 

As the pumping rate is increased beyond 800 USgpm, there is a decrease in specific capacity. This 

decrease however is relatively small and the specific capacity remains fairly constant at the higher pumping 

rates. Of more significance possibly is the fact that Well No. 2 shows a decline in well performance since 

it was originally completed. The specific capacity has decreased from 405 USgpm per foot of drawdown 

to 321 USgpm, determined at a pumping rate of 700 USgpm. This reduction in specific capacity may be 

the result of partial encrustation of the well screen assembly and surrounding aquifer material. The 

reduction in well performance does not however effect our final conclusions with respect to well yield (see 

Sections 5.0 and 6.0). 

With respect to the constant rate test, a summary of results is shown in Table 3. . 

- 
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Town of Oliver/Bruce H a m i l t d S  January, 2000 
Aquifer Evaluation - Tuc El Nuit Pump Station 

Based on the test results and applying data from the two observation wells (Well’s 1 and 3), a 

determination for the coefficients of transmissivity and storativity is 8.7 m2/min (1 .O x 1 O6 USgpdft) and 

1 .O x lo-‘ respectively. These parameters match closely to those determined by K d a  during the 1982 

project, which was conducted in connection with the completion and testing of Well No. 3. 

As a final note to conclude this section, an inspection of the drawdown curves for each of the three wells 

indicates that the aquifer is approaching steady-state conditions where the pumping rate is balanced by rate 

of recharge to the aquifer and no further drawdown is observed. It did however require over 24 hours for 

Well No. 2 to fully recover and therefore for purposes of long-term yield projections, Kala is assuming that 

drawdown will continue to occur in the aquifer with extended pumping. 

5.0 Discussion of Prowam Findings 

As noted in the previous section, the totai available drawdown utilized in Well No. 2 while pumping at 

1125 USgpm for a 24-hour period was 1.29 metres, which is 18.5 percent. A projection of the total 

available drawdown which would be utilized in Well No. 2, pumping at 1200 USgpm for a 20-year 

continuous period, is 1.68 metres or 24 percent of the total available. This is well within the 70 percent 

margin that hydrogeologists use in safe yield projections and consequently it is gala’s opinion that Well 

No. 2 can be pumped at 1200 USgpm on a sustained basis with no problems with respect to drawdown in 

the aquifer. The next question relates to the well field performance and drawdown interference effects with 

two and possibly all three wells pumping simultaneously. Our drawdown projections are shown in Table 4 

which follows. 

‘ q r o d t e r  Consulting Ltd. 
Page 4 
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Description 
Well No. 2 pumping 
Well’s 2 and 3 pumping 
Well’s 2, 3 and 1 pumping 
Percentage of total available drawdown 

Based on the above evaluation, all three wells can be pumped simultaneously at a combined rate of 1900 

USgpm, with a maximum of 35 percent available drawdown utilized within each of the wells. Because this 

is an unconfined aquifer, up to 60 percent would be considered allowable. 

Well No. 2 Well No. 3 Well No. 1 
1.68 metres 0.91 metres 0.95 metres 

1.25 metres 1.94 metres 1.90 metres 
2.34 metres 2.25 metres 1.90 metres 

34 % 35 % 17 % 

It is important to note that Well No. 2 is designed to pump 700 USgpm at the recommended entrance 

velocity of 0.1 feet per second. In recent years however, Johnson’s Well Screens have altered their opinion 

and now feel that if the water is not of an encrustive nature, the 0.1 feet per second entrance velocity can be 

exceeded. Kala recommends a program of routine water level monitoring to ensure that problems are not 

occurring. 

Pumping Rate 
Depth to water from base of pump head 

6.0 Conclusion and Recommendations 

1200 USgpm 500 USgpm 200 USgpm 
5.74 metres 5.76 metres 5.13 metres 

Based on the results of the present program, the key objectives regarding well yield upgrading at the Tuc El 

Nuit Pump Station have been achieved, namely: 

a) The capacity of Well No. 2 can be increased from 700 to 1200 USgpm, and 

b) All three wells can be pumped simultaneously at a combined rate of 1900 USgpm. 

A summary of the pertinent details is shown in Table 4 below. 

Based on the above evaluation, all three wells can be pumped simultaneously at a combined rate of 1900 

USgpm, with a maximum of 35 percent available drawdown utilized within each of the wells. Because this 

is an unconfined aquifer, up to 60 percent would be considered allowable. 

roundwafer Consulting Ltd. 
Page 5 



Town of OlivedBmce Hamiit 
Aquifer Evaluation - Tuc El Nuit Pump Statim 

w, 2OOo 

I t  is important to note that Well No. 2 is designed to pump 700 USgpm at the recommended entrance 

velocity of 0.1 feet per second. In recent years however, Johnson's Well Screens have altered their opinion 

and now feel that if the water is not of an encrustive nature, the 0.1 feet per second entrance velocity can be 

exceeded. Kufu recommends a program of routine water level monitoring to ensure that problems are not 

occurring. 

With respect to pump settings, K d u  recommends a pump setting of at least 2.0 metres below the projected 

pumping levels shown in Table 4. 

We trust this meets your present requirements and if there are any questions, please do not hesitate to 

contact the undersigned. 

Yours truly, 

Hydrogeologist ' 

LCT/it 
Encl: 

C.C. Terry Underwood, P. Eng. 

Page 6 
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Appendix A 

Pumping Ta t  Data - Well No. 2 
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Appendix B 

Pumping Test Data - Wtdf No. 3 
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Punping Test Data - Well No. 1 
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SECTION 1 

INTRODUCTION 

The present program was undertaken to develop and evaluate 
an additional supply of groundwater f o r  the Southern Okanagan 
Lands Irrigation District (S.O.L.I.D.) No. 3 System at Oliver. 

- The existing well field, which comprises two water wells, has 
a combined rated capacity of approximately 950 U . S .  gallons 
per minute. The'work was carried out at the request of 
S . O . L . I . D .  under the direction of Mr. S. Mold, Consulting 
Engineering for the project. 

The program involved the test drilling and completion of a 
ten-inch water well, followed by an aquifer testing phase. 
All of the drilling and pump testing operations were conducted 
by Quality Water Wells Ltd. of Okanagan Falls. The new well 
is located adjacent to the existing well field on the west 
Kootenay Power and Light right-of-way, south of Tugulnuit Lake 
(see Figure 1). 

The following report outlines the nature of the drilling 
program and provides a discussion of the results. Detailed 
pump test data and sieve analysis are included in the Appendix. 
In order to conform to the drilling contractors measurements 
and also water level records which have been maintained on the 
existing wells, the Imperial system of measurement has been 
used throughout this report. 

The writer wishes to acknowledge S.O.L.I.D. personnel for their 
assistance during various phases of the program. 
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SECTION 2 

BACKGROUND 

The two existing wells which have been utilized as a source 
of water supply for System No. 3 ,  were constructed in 1971. 
This work was carried out on a consulting basis by the Ground- 
water Section of the Inventory and Engineering Branch, Ministry 
of Environment. 

The first well drilled is an eight-inch test-production well 
constructed to a depth-of 4 6  feet. 
# 6 0  slot (60 thousands of an inch openings) screen, and has a 
specific capacity of 110 U.S. gallons per minute per foot of 
drawdown, pumping at a rate of 250 U.S. gallons per minute. 

This well is completed with 

The second well is 4 7  feet deep, and is constructed with 12-inch 
steel casing. It is completed with #80 slot well screen, and 
has a specific capacity of 405 U.S. gallons per minute  per foot 
of drawdown at 700 U.S. gallons per minute. 

Based on the results of their investigation, the Groundwater 
Section have indicated that these wells are completed in an 
unconfined aquifer which is probably in direct hydraulic 
communication with Tugulnuit Lake. 
to be an abandoned channel of Okanagan River  or its post glacial 
counterpart. Results of pump testing with the wells provided a 
transmissivity determination of approximately one million U.S. 
gallons per day/ft. (1 x 10 6 U . S .  gpd/ft.). 

The aquifer is considered 

3 
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SECTION 3 

PRESENT PROGRAM 

1 
T 

‘ f  

3.1 Test Drilling and Well Construction 

The present program of designing and constructing a new 

drilling of a ten-inch hole by the Cable Tool method. As 
drilling progressed, ten-inch, welded joint casing was driven 
into place. Once the water-bearing zone was encountered, samples 
of the formation material were obtained at two-foot intervals. 
The samples were later forwarded to Interior Testing Services 
Ltd. of Kelowna for sieve analysis (see Appendix B). 

.well for the System No. 3 extension, was initiated with the 

Test drilling was terminated at 56 feet where a hard cemented 
lens of gravelly material was encountered. It was also decided 
at this stage, that materials penetrated above 56 feet, especially 
from approximately 30 to 45 feet, would produce sufficient 
quantities of water to meet contract specifications. A copy of 
the driller’s litholog is included in this section of the report. 

Based on the results of the sieve analysis, twelve feet of 
telescoping water well screen was selected for the well. The 
screen assembly included seven feet of #200 slot (200 thousands 
of an inch aperture) screen, and five feet of #60 slot. After 
setting the screens in the depth interval 33 to 45 feet, the 
casing was pulled back exposing the screens. A completion 
diagram is shown in Figure 3 .  

Finally, the well was developed by surging, and then pumping 
the fines to waste. The development phase required approximately 
3 0  hours until all of the fines were removed. 

4 



/ W E L L  No 2 

N O  

ID 

/ \  / 

F i g u r e  2 

S k e t c h  of Well L o c a t i o n s  
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S.O.L.I.D. 
System No. 3 Extension 

Groundwater Development Program 

Well Completion Diagram 

1 

F i g u r e  3 
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S.O.L.I.D. 

System No. 3 Extension 
Groundwater Development Program 

DRILLERS LITHOLOG 

Depth Interval 
(in feet) 

0-2 

2-8 
8-14 

14-16 

16-18 

18-20 

20-22 
22-24 

24-28 
28-34 
34-36 

36-38 

38-40 
40-44 
44-46 

46-48 

48-50 
50-56 
56 

Lithologic Description 

Sandy top soil 
Brown sand and coarse gravel 
Gravel, pea to pebble size with coarse 
brown sand 
Coarse clean sand with medium to small 
pebbles 
Clean brown sand,finer than above with 
medium small cobbles 
Brown sand, coarse with large cobbles and 
some fines 
Clean brown sand with medium to large cobbles 
Brown sand, becoming coarser, with small 
pebbles 
Clean brown sand with small pebbles 
Coarse clean sand with pebbles, polished 
Medium to small gravel, polished,little sand 
fines 10-15% 
Medium to small polished gravel, pea to 
pebble with little fines 
Clean polished gravel, some fines 
Coarser polished gravel and clean sand 
Coarse brown sand, very clean with small 
pebbles 
Coarse sand, very clean, some pebbles, little 
fines 
Clean sand, coarse, some pebbles (20-30 slot) 
Coarse clean sand w i t h  pebbles 
Cemented lens 

7 
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SECTION 4 

DISCUSSION OF AOUIFER TEST RESULTS 

4.1 SteD-Drawdown Test 

Data obtained during the aquifer tests have been plotted 
*on semi-log and log-log graphs (see Appendix A ) ,  which in 
turn have been used to determine the various aquifer para- 
meters discussed.in the following section. 

As previously mentioned, three steps of 408, 6 2 7  and 831 
U . S .  gallons per minute were run for 60 minute intervals 
during the step-drawdown test. Drawdown in the pumping well at 
the end of each 60 minute period was 1.51, 3.05 and 4 . 7 4  feet 
respectively. Specific capacities at these rates are 270, 206  

and 1 7 5  USgpm per foot of drawdown, representing a decrease 
of approximately 37% over the range of pumping rates. The 
most significant drop in specific capacity occurs somewhere 
between the 400 and 600 USgpm pumping range. At this stage 
formation and well losses become increasingly more noticeable. 
This decrease in specific capacity is not considered serious, 
and will be discussed further under the constant rate test 
results. 

4 . 2  Constant Rate Test 

During the constant rate test, drawdown measured in the pumping 
well was 3 . 0 8  feet after one minute, and 3.48 feet after 2 2  

hours, The drawdown interference in Observation Well No. 1 
(8-inch well) was 0 . 5 6  feet, and 0 . 3 7  feet in Observation 
Well No. 2, after 2 2  hours of pumping. 

9 
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Based on drawdown observations in the pumping well, steady- 
state conditions had apparently been reached after 2 2  hours 
and the test was terminated. However, examination of the 
drawdown versus time graphs suggest that further drawdown 
would have occurred with extended pumping. What we may have 
experienced, is an apparent leveling of water level draw- 
down as water is released from storage by gravity drainage, 
which is typical for water table aquifers. 

An average value of transmissivity and storativity for the 
aquifer has been determined by analyzing the test data by 
either the Modified Jacob or the Theis curve fitting tech- 
nique. Table 4.1 summdrizes the aforementioned results and 
the method of analysis used. 

Based on this data an average value of transmissivity f o r  

the aquifer is 1.2 x l o 6  USgpd/ft., and an average storage 
coefficient is 1 x It is interesting to note that the 
highest transmitting capacity of the aquifer appears to be 
in the vicinity of Water Well No. 2. This may explain in 
part why Well No. 2 has the highest specific capacity of 
the three wells. The material encountered near Well No. 2 
was a fairly well sorted fine to medium gravel. Whereas 
the extremely coarse material in the vicinity of the new 
well may in effect decrease the storativity and transmitting 
capacity of the aquifer. 

10 



Table 4.1 - Summary of Results from Aquifer Test No. 2 
I 

Well 'Status 
Designation 

I 

Transmissivity itorativity Method of 
(USgpd/ft.) Ana 1 ys i s 

New Well Pumped Well 8.2 x lo5 (pumping) - Modified Jacob 
1.2 x l o 6  (recovery) - Modified Jacob (Well No. 3) 

6 

5 
Well No. 1 Observation 1.1 x 10 

7.6 x 10 (8-inch) (r=44 feet) 

6 

6 
Well No. 3 Observation 1.5 x 10 

1.7 x 10 (12-inch) (r=64 feet) 

- Modified Jacob 
0.9 x Theis-curve fitting 

- Modified Jacob 
1.8 x Theis-curve fitting 

I 



4.3 Well Field Capacity 

Based on the aquifer parameters determined during the present 
program, it is estimated that the aquifer will produce in the 
order of 2500 USgpm from a properly designed well or combination 
of wells. As a result, pumping all three wells at their design 
capacity, which is approximately 1500 USgpm, should not produce 
serious water level drawdown or '!mining" within the aquifer. 

e 

An estimate of drawdown interference between the three wells, 
with various combinations of pumping and recovery is outlined 
in Table 4.2. 

Table 4.2 

f Projection of Drawdown Interference Between Wells 

New 
Well 
13.12 
16.60 
17.50 
17.85 

Well No. 1 
(8-inch) 
10.08 
10.65 
11.55 
13.70 

Well No. 2 
(12-inch) 
10.67 
11.04 
13.30 
13.70 

* Note: - the various figures in the table represent 
depth to water from measuring points referred 
to in report 

- when underlined the well is pumping, otherwise 
it is in the recovery stage 

Examination of the above data, indicates that when all three 
wells are pumping, the maximum drawdown in the aquifer is 
approximately 4.7 feet, about 28% of the available drawdown. 

12 
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SECTION 5 

SUMMARY AND CONCLUSIONS 

A ten-inch well with a design capacity of 6 5 0  U.S. gallons 
per minute (USgpm), has been successfullk completed for the 
S.O.L.I.D., System No. 3 Extension. Based on the present 
program of test drilling, well completion and aquifer testing, 
the following conclusions have been derived with respect to 
the new well and aquifer in the immediate vicinity: 

1) The well has a specific capacity of 206  USgpm per foot 
of drawdown, pumping at a rate of 6 2 7  USgpm. 

2 )  It is completed in an unconfined aquifer, which is 
comprised for the most part, of relatively clean (free 
of fines), coarse, granular material. 

3 )  The aquifer test results provide an average transmissivity 
determination of 1.2 x lo6 USgpd/ft, and a average 
storage coefficient of 1 x lo-* for the aquifer. 

i 

4 )  Projected drawdown interference calculations, indicate 
that with all three wells.pumping at their design 
capacities, the maximum drawdown in the aquifer will 
be approximately 4 . 7  feet, about 2 8 %  of the available 
drawdown. 

5 )  An inspection of water level records for the existing 
wells provides a fairly good indication that steady- 
state conditions (balance between groundwater diversion 
and recharge) occur within the aquifer with extended 
pumping. 

13 



APPENDIX A 

Aquifer Test Data 



S.O.L.I.D. 

System No 3 Extension 
Groundwater Development Program 

AQUIFER TEST NO. 1 
Step-Drawdown 

Date of test: October 27, 1982 

Time test started: 11:OO A.M. 

Average pumping rate 408,627.831 

Reference point: Top of casing 
1,54 feet above ground level 

Pre-test water level: 13.06 feet USgpm 

PUMPING INTERVAL 

Time (t) Since Depth to Drawdown 

in minutes Feet in Feet 
Pumping Started Water in (SI 

Step No. 1 
1 
2 
3 
4 
6 
8 
10 
13 
16 
20 
25 
32 
40 
50 

6 0  

Step No. 2 
1 
2 
3 

4 
6 
8 
10 

16.18 
16.14 
15.29 
14.93 
14.78 
14.14 
14.12 
14.21 
14.08 
14.63 
14.53 
14.52 
14.47 
14.50 
14.57 

3.12 
3.08 
2.23 
1.87 
1.72 
1.08 
1.07 
1.15 
1.02 
1.57 
1.48 
1.46 
1.41 
1.44 
1.51 

15.13 2.07 
15.52 2.07 
16.34 3.281 
16.24 3.18 
16.24 3.18 
16.08 3.02 
16.14 3.08 

Comments 

Pumping rate 
744 USgpm 

Ad j us t ing 
pumping rate 

408 USgpm 

Pumping rate 
627 USgpm 



Aquifer Test No. 1 (Continued) 

I 
I 
i 
1 
! 

I 
i 
1 

I 

i 
I 

i 

i 

Time (t) Since Depth to 
Pumping Started Water in 
in Minutes Feet 

1 3  

16  

20  

25 

32  

40 

50  

6 0  

Step No. 3 
1 

2 

3 

4 

6 

8 

1 0  

1 3  

1 6  

2 0  

25 

32  

40 

50  

15 .98  

15 .98  

16 .08  

16 .08  

16 .09  

16 .09  

16.11 

1 6 . 1 1  

17 .36  

17 .42  

17 .59  

17 .82  

17 .95  

17 .95  

1 7 . 9 1  

17 .95  

17 .88  

17 .88  

17 .88  

17 .78  

17 .77  

17 .77  

Drawdown Comments 
(SI 

in Feet 

2 . 9 2  

2 .92  6 2 7  USgpm 
3 .02  

3 .02  

3.03 
3 .03  

3 .05  

3 . 0 5  

4 . 3 0  

4 .36  

4 .53  

4 .76  

4 .89  

4 .89  

4 .86  

4.89 

4.82 

4.82 

4.82 

4.72 

4 . 7 1  

4.74 

Pumping rate 
8 3 1  USgpm 

Drawdown in 
Observation 
Well 1 0.52 feet 

. . ._ . . . - . . . . - . - 
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S.O.L.I.D. 
System N o .  3 E x t e n s i o n  

Groundwater  Development Program 

A Q U I F E R  TEST NO. 2 ( C o n s t a n t - r a t e )  

Pumping W e l l  ( N e w  W e l l )  

Date t e s t  s ta r ted :  O c t .  27 ,  1982 Comple t ion  d e t a i l s :  see F i g u r e  3 

P f e - t e s t  water l eve l :  13 .12  f e e t  Time t es t  s tar ted:  3:30 P.M. 
Pumping i n t e r v a l :  1 3 2 0  m i n u t e s  Average  pumping ra te :  627 USgpm 

Recovery  i n t e r v a l :  240 m i n u t e s  R e f e r e n c e  p o i n t :  Top o f  c a s i n g  
1.54 f e e t  above ground 

P U M P I N G  INTERVAL 

T ime  ( t )  s i n c e  

Pumping s t a r t e d  

i n  m i n u t e s  

Depth t o  

Water i n  

F e e t  

1 

2 

3 

4 

5 

1 0  

1 3  

16 

20 

25 

3 2  

40 
5 0  

6 4  

80 

100 

120 

1 5 0  

1 9 0  

2 4 0  

1 6 . 2 1  

16.44 

1 6 . 3 1  

16 .31  

16.34 

16 .29  

16.27 

1 6 . 3 1  

1 6 . 3 1  

16.34 

16.37 

1 6 . 4 1  

16 .41  

16.47 

16 .47  

16.47 

16.50 
16 .49  

16 .52  

1 6 . 5 4  

Drawdown Remarks 

(SI. 

i n  F e e t  

3 .08  Pumping r a t e  
3 .31  

3 .18  

3.18 

3 .22  

3.17 

3.15 

627 US gpm 

3 . i ~  

3.18 

3 .22  

3 .25  

3.28 

3.28 

3.35 

3 .35  

3 .35  

3.38 
3.37 

3.40 

3 .41  

Pumping r a t e  
627 USgpm 
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! 

i 
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Aquifer Test No. 2 Pumping Well (Cont'd.) 

Time (t) since Depth to 
Pumping started Water in 
in minutes Feet 

300  

360 

420  

480  

540 

600  

6 6 0  

720  

7 8 0  

840 

900  

960  

1 0 2 0  

1 0 8 0  

1 1 4 0  

1 2 9 0  

1 2 6 0  

1 3 2 0  

1 6 . 5 2  

1 6 . 6 0  

16 .54  

1 6 . 5 7  

1 6 . 5 9  

16.. 54 

16 .57  

1 6 . 6 3  

1 6 . 6 0  

16 .60  

1 6 . 6 0  

16 .60  

1 6 . 5 7  

1 6 . 6 0  

1 6 . 6 0  

1 6 . 5 7  

1 6 . 6 0  

16 .60  

Drawdown Remarks 
(SI 

in Feet 

3.40 

3.48 

3 . 4 1  

3 .45  

3 .46  

3 . 4 1  

3 .45  Pumping rate 
3 . 5 1  

3 .48  

3 .48  

3.48 

3.48 

3 . 4 5  

3 . 4 8  

3 . 4 8  

6 2 7  US gpm 

3 . 4 5  

3 .48  

3 .48  O f f  Pump 
Start Recovery 
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1 
' 1  Aquifer Test No. 2,  Pumping Well (Cont't.) 

R E C O V E R Y  I N T E R V A L  

Time (t) Since t + t' Depth to Residual Drawdown 

Pumping Stopped t' Water in ( s') 

in Minutes Feet in Feet 

1 

2 

3 

4 

6 

8 

1 0  

13 

16 

20 

25 

32  

40 

50 

64 

SO 

100  

120  

150  ': 

190  

240 

1 3 2 1  

6 6 1  

4 4 1  

3 3 1  

2 2 1  

1 6 6  

1 3 3  

102.5 

83.5  

67  

53 .8  

42 .3  

34 

27.4 

21 .6  

17 .5  

1 4 . 2  

1 2  

1 2 . 4 5  

1 3 . 4 5  

1 3 . 4 5  

, 1 3 . 4 4  

1 3 . 4 2  

13 .42  

1 3 . 4 0  

13.39 

1 3 . 3 0  

1 3 . 3 5  

1 3 . 3 5  

1 3 . 3 2  

1 3 . 3 2  

1 3 . 3 0  

1 3 . 2 9  

1 3 . 2 8  

1 3 . 2 7  

1 3 . 2 6  

.9 .8  1 3 . 2 6  

7.9 13 .24  

6 .5  1 3 . 2 2  

0 .33  

0 .33  

0 .33  

0 .32  . 
0 .30  

0 .30  

0 .28  

0 .27  

0 .26  

0 . 2 3  

0 . 2 3  

0 .20  

0 .20  

0 .18  

0 .17  

0 .16  

0.15 

0.14 

0.14 
0.12 

0 . 1 0  
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S . O . L . 1  . D .  

System N o .  3 E x t e n s i o n  

Groundwater  Development Program 

AQUIFER TEST NO. 2 ( C o n s t a n t - r a t e )  

O b s e r v a t i o n  W e l l  No. 1 (8-inch) 

Date t es t  s t a r t e d :  O c t .  27 ,  1 9 8 2  Comple t ion  d e t a i l s :  S e e  a t t a c h e c  

P r e - t e s t  water l e v e l :  1 0 . 0 8  f e e t  T i m e  t e s t  s t a r t ed :  3:30 

Pumping i n t e r v a l :  1 3 2 0  m i n u t e s  Average  pumping ra te :  6 2 7  USgpm 

Recovery  i n t e r v a l :  240 m i n u t e s  R e f e r e n c e  p o i n t :  Top o f  m e a s u r i r  
t u b e - a p p r o x .  2 f e e t  be low grounc 
l e v e l  D i s t a n c e  f rom pumping w e l l :  4 4  f ee t  

P U M P I N G  INTERVAL 

T i m e  ( t )  s i n c e  Depth t o  
Pumping s t a r t e d  Water i n  

i n  m i n u t e s  F e e t  

1 

2 

3 

4 

6 

8 

1 0  

1 3  

1 6  

2 0  

25 

3 2  

40  

5 0  

6 4  

8 0  

1 0 0  

1 2 0  

1 5 0  

1 0 . 3 3  

1 0 . 3 3  

1 0 . 3 7 5  

1 0 . 3 3  

1 0 . 3 5  

10 .375  

1 0 . 3 3  

10 .375  

1 0 . 3 7 5  

1 0 . 3 9 6  

10 .396  

10 .42  

1 0 . 4 4  

10 .46  

1 0 . 4 6  

1 0 . 4 8  

10 .48  

10 .54  

10 .56  

Drawdown Remarks 

(SI 

i n  f e e t  

0 . 2 5  Pumping ra te  

0.25 

0 .292 

0 . 2 5  

0 .27  

0 . 2 9 2  

0.25 

0 .292  

0 . 2 9 2  

0 . 3 1 3  

0 .313  

0 .33  

0.35 

0.38 

0 .38  

0 .40  

0.40 

0 .46  

0.48 

6 2 7  USgpm 



Aquifer Test No. 2 Observation Well No. 1 (Cont'd.) 

Time (t) since 
Pumping started, 
in minutes 

1 9 0  

240 

300 

360 

420 

480 

540 

600 

660  

720 

780 

840 

9 0 0  

960 

1 0 2 0  

1 0 8 0 .  

1 1 4 0  

1200  

1260  

1320  

Depth to 
Water in 
Feet 

10 .56  

10 .56  

10 .56  

10 .56  

1 0 . 5 8  

1 0 . 5 8  

10 .60  

1 0 . 6 0  

10 .60  

1 0 . 6 0  

1 0 . 6 0  

1 0 . 6 0  

1 0 . 6 3  

1 0 . 6 3  

1 0 . 6 3  

1 0 . 6 3  

1 0 . 6 5  

1 0 . 6 3  

1 0 . 6 5  

1 0 . 6 5  

Drawdown Remarks 
(SI 

in feet 

0.48  

0 .48  

0 .48  

0.48 

0.50 

0.50 Pumping rate 
0 .52  

0.52 

0 .52  

0 .52  

0.52 

0.52 

0 .54  

0.54 

0.54 

0 .54  

0.56 

0 .54  

0.56 

0.56 

I 



i 

- . . I 



0.2 

0.3 

0.8 

0 . 5  

. . .  

, 



1 
1 

2 3 4 5 6 7 8 9  
1 

2 3 4 5 6 7 8 9  

1 
9 
8 
7. 
6 .  

5 

3 

I 
9 
a 
7 

6 

0.5 

0 . 4  

0 . 2  

0.1 
9 
8 
7 

6 

5 

4 

2 



S.O.L.I.D. 
System No. 3 Extension 

Groundwater Development Program 
AQUIFER TEST NO. 2 (Constant Rate) 
Observation Well No. 2 (12-inch) 

Date started: Oct. 27, 1982 Completion details: See attache 
Pre-test water level:10.67 Time test started: 3:30 P.M. 
Pumping interval: 1320 minutes Average pumping rate: 627 USgpm 
Recovery interval: 240 minutes Reference point: Top of measuri 

tube-approximately ground level Distance from pumping well: 64 feet 

PUMPING INTERVAL 

Time (t) Since 
Pumping Started 
in minutes 

1 
2 
J 

4 
6 
8 
10 
13 
16 
20 
25 
32 
40 - 
50 
64 
80 
100 
120 
150 
190 

.. -"- ... - . 

Depth to 
Water in 
Feet 

10.75 
10.77 
10.79 
10.79 
10.79 
10.81 
10.83 
10.81 
10.81 
10.83 
10.83 
10.85 
10.88 
10.90 
10,90 -* *' 

10.92 
10.92 
10.94 
10.92 
10.92 

.-.. 

Drawdown Remarks 
(SI 

in Feet 

0 . 0 8  Pumping rate 
0.10 
0.12 
0.12 
0.12 
0.15 
0.17 

627 USgpm 

0 ..15 
0.15 
0.17 
0.17 
0.19 
0.21 
0.23 
0;23 - 

0.25 
0.25 
0.27 

0.25 
0.25 



Aquifer Test No. 2, Observation Well No. 1 (Cont'd.) 

RECOVERY INTERVAL 

Time (t') Since Depth to Residual Drawdown 

Pumping Stopped Water in (SI 

in Minutes Feet in Feet 

1 

2 

3 

4 

6 

8 

1 0  

1 3  

1 6  

20 

2 5  

32  

40  

5 0  

64 

8 0  

1 0 0  

1 2 0  

1 5 0  

1 9 0  

240  

1 0 . 4 8  

1 0 . 4 6  

1 0 . 4 4  

1 0 . 4 2  

1 0 . 4 0  

1 0 . 3 8  

1 0 . 3 8  

1 0 . 3 8  

1 0 . 3 5  

1 0 . 3 5  

1 0 . 3 1  

1 0 . 2 9  

1 0 . 2 7  

1 0 . 2 3  

1 0 . 2 3  

1 0 . 2 3  

10 .23  

1 0 . 2 1  

1 0 . 2 1  

1 0 . 1 7  

1 0 . 1 7  

0 .40  

0 .38  

0 .36  

0 .34  

0 . 3 2  

0 .30  

0 .30  

0 . 3 0  

0.27 

0 .27  

0 . 2 3  

0 . 2 1  

0 .19  

0.15 

0 . 1 5  

0.15 
0.15 
0.13 
0.13  

0 . 0 9  

0 .09  



1 w w 

Aquifer Test No. 2, Observation Well No. 2 (Cont'd.) 1 
PUMPING INTERVAL 1 
Time (t) Since 
Pumping Started 
in Minutes 

, 240  

300 

360  

420 

480 

540  

6 0 0  

6 6 0  

7 2 0  

780  

840  

900 

960  

1 0 2 0  

1 0 8 0  

1 1 4 0  

1 2 0 0  

1 3 2 0  

Depth to 
Water in 
Feet 

1 0 . 9 2  

10 .94  

1 0 . 9 4  

10 .94  

10 .96  

10 .98  

10 .98  

10 .98  

10 .98  

1 1 . 0 0  

1 1 . 0 0  

1 1 . 0 0  

1 1 . 0 2  

1 1 . 0 0  

11 .00  

11 .02  

11 .04  

11 .04  

Drawdown Remarks 
(SI 

in Feet 

0.25 

0.27 6 2 7  USgpm 
0.27 

0.27 

0.29 

0 . 3 1  

0 . 3 1  

0 .31  

0 . 3 1  

0.33 

0.33 

0.33 

0.35 

0.33 

0.33 

0.35 

0.37 

0.37 
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Aquifer Test No. 2, Observation Well No. 2 (Cont'd.) 

RECOVERY INTERVAL 

Time (t') since 

Pumping Stopped 

in Minutes 

1 
2 

3 

4 

6 

8 

1 0  

1 3  

16 
20  

25 
32 

4 0  

50 

64 

80  

1 0 0  

1 2 0  

1 5 0  

1 9 0  

240  

Depth to 
Water in 

Feet 

10.92 
10.92 
10.90 
1 0 . 9 0  

1 0 . 8 8  

1 0 . 8 5  

1 0 . 8 5  

10 .83  

1 0 . 8 3  

10 .83  

1 0 . 8 1  

1 0 . 7 9  

10.79 
1 0 . 7 7  

1 0 . 7 7  

10.77 
1 0 . 7 5  

1 0 . 7 5 .  

10 .75  

10 .73  

10 .73  

Residual Drawdown 

(S' 1 
i n  Feet 

0.25 
0.25 
0.23 
0.23 

0.21 
0.18 

0 .18  

0.16 
0.16 
0.16  

0 .14  

0.12 
0.12 
0 .10  

0.10 

0.10 
0.08 

0.08 

0.08 

0.06 
0.06 . 



dELL SCREEN D E S I G N  INFORMATIOP 
OLIVER TEST DRILLING 1980 

Test Hole No. 3 - 11 f t  of 16-inch nominal te lescoping stainless s t e e l  
screen 

'-- Screen bes ign  .21  - 22 f t  
22 - 24 f t  
24 - 28 f t  
28 - 30 f t  
30 - 32 f t  

- 
. 

120 s l o t  
100 s l o t  
200 s l o t  

160. stot .. .-. 
220 slot . .- - -  

Transmi t t ing  capaci ty  a t  entrance ve loc i ty  o f  0.1 fps = 938 Jgpm 

NB. Well drawdown a t  1000 Igpm p l u s  i n t e r f e rence  from e x i s t i n g  well 
would l i k e l y  necess i t a t e  i n s t a l l a t i o n  of a pump i n  a t a i l  p i p e  
bel ow screen , 

T e s t  Hole'No. 5' - 15 f t  of 16-inch nominal te lescoping stainless s t e e l  
screen 

Screen Design 31 - 33 f t  100 s l o t  
33 - 37 f t  . 40 s l o t  
37 - 38 f t  80 slot  
38 - 39 f t  160 s l o t  
39 - 43 f t  225 s l o t  
43 - 46 f t  130 slot 

Transmi t t ing  capaci ty  a t  entrance ve loc i ty  o f  0.1 f p s  = 1023 Igpm . 
9 EL:.- * -'Test Hole No. 6 - 14.5 f t  of 16-inch nominal te lescoping s t a i n l e s s  
VZ s t e e l  screen 

I CPC h C \ \  
Screen Design 30 - 34 f t  250 s l o t  

38 - 44.5 f t  250 s l o t  
I 34 - 38 f t  185 s l o t  

\ 
j FLt- 
- 2, 
-/ screen 
I 

T ransmi t t ing  capaci ty  a t  entrance ve loc i ty  of 0.1 f p s  = 1149 Igpm . 

4 Test Hole No. 7 - 16 f t  o f  16-inch nominal te lescoping stainless s t e e l  

L ioaa \Q~fl4 w. Screen Design 60 - 63 f t  260 s l o t  80 s l o t  
i 66 - 68 f t  160 s l o t  
I 68 - 76 f t  260 s l o t  

63 - 66 f t  

I T ransmi t t ing  capaci ty  a t  entrance v e l o c i t y  of 0.1 f p s  = 1230 Igpm . 
1 

N.B. An a d d i t i o n a l  7 f t  of screen could be added between 53 and 60 
feet  (53 - 54 f t /250  s l o t ,  54-57 f t /150  s l o t ,  57-60 f t / 260  s l o t )  

- 
increasing t ransmi t t ing  c a p a c i t y  t o  1776 Igpm, however ' i n  con- 
s i d e r i n g  t h e  capac i t i e s  of ex i s t ing  supply system components 
and the likelyhood of  needing the addi t iona l  capac i ty ,on ly  16 
f t  o f  screen w i l l  be i n s t a l l e d ,  
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A d d r e s s A -  1 

Well Location+ -1 

Date Started Date Completed 
/ 

Drilling Method QUALITY WATER WELLS' LTD. 
0KAh'AGAf.I. iJ-LS, B.C. 
BOX 159, PH. 497-555h 

- to 

- to 

I t L -  
GENERAL REMARKS * . . 3 !e/&%- 

I Folio 
1 Signed By 

- -  
CASING RECORD 

Dia.-ins. W t . * / f t .  F r o m t o -  
Dia-ins. Wt -#t/ft. From tn 

Dia.-ins. Wt.~-#/ft. From . tn 

Shoe Welded Cemented 
SCREEN RECORD 1 

Material 
- Slot openine Length ' 1 Fittings Top Fittings Bottom 

Vel Pack-Natural 

I . ROCK WELL DATA 

From * I  ft. tb  * I  

I 

ft. f t .  Bottom 

Development Method- 

Open,Bore Hole D i a . i n s  
' f  . . 

! 4 

PRODUCTION DATA i 

Static Level fl 
Measured from 
Pum 7-,Jpyj$;>;. i a-Gph 

ft. a t - G P h  

1 Bail Test ft. at-GPC 
ft. at-~GPC 

i 
-I 

PUMP DATA' I 
Type 
Serial No 

HP- Drop Pipe 'ins 
Head- ft. RPN 

Motor Volts-. PH 
Well Seal 
Water Analysis - Hardness PPh! 



LOG OF FORMATIONS 

- 0 ,  to 

to 
6 to  r3 

r 7  t o 2 0  

n t o g 4  

t o 1 7 .  

to 

to 

to . 

to 

to  30 
to 

3z t o 3 d  

I 

i 4  to _aFJ 
i 
i - to to 

GEN i 
f 

CASING RECORD 
Dia.~&ins. Wt.-#/ft. Frorn&t& 
Dia.-ins. Wt # / f t .  From-to- 
Dia.-ins. W t . # / f t .  From-to- 
Shoe Welded-, C e m e n t e d  

SCREEN RECORD 

Make Material 
Slot opening- Length 
TOP ft. Bottom-ft 
fittings lop  Fittings Bottom I 
Gravel Pack N a turd ' -  

Development Method 

ROCK WELL DATA 
Open Bore Hole D i a . i n :  
From ft. to 1 

PRODUCTION DATA 
Static Level 5" // I 

Pumping Level ft. a L G P f  
Measured from 6 ? Z b * l / u / ~  

ft. a L G P E  
Bail Test ft. a t G P 1  

ft. a t G P I  
Recommended Pump Setting-.F 

Recommended Max. Pump Output GPM GPH I 
Duration of T e s t H r :  

PUMP DATA : 
TY - 
Serial No 

w Drop Pipe-,in: 
Head ft-. RPE 
Volts PH 

- H a r d n e s c P P t  
1 ron PPt 

I 
.- 
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II - to 

PI- - to 

- to 

GENERAL REMARKS II - 

CASING RECORD --- ---- 
D i a - i n s .  Wt.-#/ft. F r o m L t a  
Dia. ins. Wt -tt/ft. From-to- 
Dia.~-ins. Wt.-#/ft. From-to- 

Shoe Welded Cemented,- 

SCREEN RECORD 

.. . 
. (g --- 

Make Mat e rial 
Slot opening- Length 

Fittings Top Fittings Bottom 
Gravel Pack-Natural 
Development Method 

TOP ft. Bottom 11. 

ROCK WELL DATA 
Open Bore Hole . .  Di a .--i 1 n s. 

ft From ft. to 

I 
. .  

PRODUCTION DATA 

Static Level R 
Measured from &i+%UQD J 
Pumping Level ft. a L G P M  

ft. a t G P M  
Bail Test ft. a L G P H  

ft. a t G P H  
Recommended Pump Setting-ft. 

Recommended Max. Pump Output 

Duration of Test . , Hrs. 

3 -  / /  

GPM GPH 

PUMP DATA 

Make Type 
Model Serial No 1 

Size HP . Drop Pipe-hs. 
GPM Head L RPM 
Motor Volts PH 
Well Seal 
Water Analysis - Hardness_PPh 
PH Iron PP 
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1 INTRODUCTION 

The present program of  drilling, well completion and pump 
testing has been conducted at the request of the Town of  

Oliver t o  provide an additional supply of groundwater for the 
municipality, with particular emphasis on supplying the 
subdivisions of Fairview and Rockcliffe. All services under 
the present program, including drilling, pump testing and 
hydrogeological consulting have been carried out on a sub- 
contracting and subconsulting basis to T.R. Underwood 
Engineering of Kamloops, B.C. 

A proposal to supply Fairview-Rockcliffe with groundwater was 
considered by the Town of Oliver several years ago. In 1985 

a testhole was drilled in the northeast corner of Lot 129, on 
the Posnikoff property under the supervision of Kala Ground- 
water Consulting Ltd. Results of the proqram indicated that 
the potential for groundwater development at this location 
was excellent. Early this year, the Town decided to 
implement their previous plans and complete a test/production 
well, which if  successful would be designated Well No. 4 .  

The present program has involved the drilling of a 16-inch 
testhole, the completion of a test/production well with 3 0  

feet (9.1 metres) of  well screen and finally, a 24-hour 
pumping test. The following report outlines the nature of  

the drilling and testing program and provides a discussion of 
the results. In addition, recommendations are made with 
respect to a safe pumping rate, pump setting and water level 
monitoring to evaluate long term performance of the well and 
aquifer. In the section which follows, a brief account of 
the existing hydrogeological conditions is provided. 
Detailed information including, water quality, the driller's 
litholog and pump test data is attached to the Appendix of 
this report. 
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2 BACKGROUND 

As previously noted in the introductory section of this 
report, the proposed drill site f o r  the new well was selected 
on the basis of a testhole drilled in 1985. The site is 
located on D.L. 129, near the intersection of 11th Avenue and 
5th Street (see Figure 11, which is situated approximately 
one block west of Highway 97, opposite the Town's airstrip. 

With respect to topography, the drill site is situated on a 
relatively flat bench level which rises approximately 40 feet 
(12.2 metres) above river elevation, measured east of the 
site. Proceeding westward, the surface gradient begins to 
increase and eventually gives way to the bedrock upland area 
occurring on the north and west sides. This upland area is 
divided to some degree near Fairview, by a relatively broad 
and sloping valley containing Reed Creek. From air photos, 
the general area takes on the appearance of a large alluvial 
fan, with Fairview situated at the apex and the Okanagan 
River towards the base. 

The surficial deposits and major landforms near the well site 
have been mapped by H. Nasmith (1975) as river channels and 
stream-cut terraces. Further west the deposits have been 
designated alluvial fans, deltas, associated gullies and 
stream channels. Proceeding in the opposite direction, east 
of the Okanagan River, the surficial deposits have been 
designated as glacial outwash terraces. In our opinion, the 
subsurface deposits occurring near the well site are 
comprised of alluvial fan and glacial outwash which have been 
re-worked by river action. 
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The subsurface materials encountered during the drilling of 
the testhole i n  1985 consisted of sand and gravel to 8 0  feet 
( 2 4 . 4  metres), underlain by grey silt. With respect to 
texture, the sand and gravel was medium to coarse in size and 
the gravel was fairly well rounded. Upon completion, the 
water level in the testhole was 2 0  feet (6.1 metres) below 
surf ace. 

One final comment relates to our thoughts on possible sources 
of recharge to the local groundwater resources in the general 
vicinity. Groundwater occurring within the granular deposit5 
near the drill site probably represents subsurface flows 
recharged from the Okanagan River. A small percentage of the 
recharge may result from surface water drainage originating 
in the upland area and also leakage from the irrigation canal 
located west of the well site. 
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3 DESCRIPTION= PRESENT PROGRAM 

3.1 DRILL1 NG 

Baged on competitive price and availability, Robbins Water- 
well Drilling of Okanagan Falls was selected to complete the 
well construction program. Using the cable tool method, 20- 
inch (508 mm) surface casing was drilled and set to a depth 
of 20 feet (6.1 metres-) below ground level. This was 
followed with the installation of 16-inch (406 mm) main- 
string casing, which was used for the remainder of the 
drilling project. 

At a depth of 21 feet (6.4 metres), the first water-bearing 
material, comprised of coarse sand and gravel was 
encountered. The formation material was loose, allowing 
advancement of the casing by bailing and driving. As the 
drilling progressed, samples of the water-bearing material 
were obtained at 2-foot ( 0 . 6  metre) intervals for sieve 
analyses. 

The water-bearing sand and gravels terminated at 80 feet 
(24.4 metres) and the formation changed to a'grey silt mixed 
with some gravel. To ensure that the silt was not just a 
thin layer, underlain by additional sands and gravels, the 
drilling was continued. At a depth of 90 feet (27.4 metres), 
the formation was comprised entirely of silt and consequently 
it was decided to terminate drilling and complete a well in 
the water-bearing material encountered previously. 
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Based on the sieve analyses (see Appendix), a screen assembly 
was selected and set from 48.5 to 79.9 feet (14.8 to 24.4 
metres) below ground surface. The casing was then pulled 
back to expose the screens and the well development process 
initiated. Most of the development was carried out by 
surging inside the screens, while pumping the fines to waste 
using a 5 HP submersible pump installed inside the 16-inch 
casing. 

3.2 PUMPING TEST 

In order to evaluate the capacity of the new well and hydro- 
geologic properties of the aquifer, a 24-hour pumping test 
was conducted upon completion of the well. For this phase of 
the program, Lingo Pump Services of Vernon, B.C. were 
subcontracted by Robbins Waterwell Drilling as part of the 
overall well construction contract. 

The equipment utilized during the test included a vertical 
line-shaft turbine pump and gasoline driven power unit. 
Water from the test was discharged to waste through 8-inch 
aluminium irrigation pipe, into the irrigation canal located 
approximately 850 feet (260 metres) west of the drill site. 
The discharge rate was monitored by means. of a standard 
circular orifice. 

Based on the pump curve specifications for the test pump, 
there should have been no problems in reaching a pump rate of 
1500 USgpm. As it turned out however, in order to attain 
even 1400 USgpm it required maximum output from the gasoline 
driven power unit. For this reason there was some 
fluctuation in the pumping rate, which ranged from a low o f  

1327 USgpm to a maximum of 1421 USgpm (see detailed pump test 
data in Appendix). 
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Near the end of the pumping interval, water samples were 
obtained for chemical and bacteriological analyses. Upon 
cessat’ion of pumping, recovery measurements were taken for a 
two-hour period. 
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4 DISCUSSION OF RESULTS 

4.1 WELL COMPLETION 

I 

'. 1 
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1 
t .  1 
-1 

The water-bearing formation encountered during the present 
program consisted of a coarse sand and gravel with cobbles in 
the upper portion of the aquifer, grading to mostly sand with 
some gravel towards the base. This is evident by the well 
screen selection, which contains 180 slot (180 thousandths of 
an inch openings) at the t o p ,  decreasing to 80 thousandths of 
an inch at the bottom. A more detailed description of the 
screen assembly, along with depth setting is as follows: 

Depth Interval 
Feet (Metres) DescriDtion 

48.5 - 49.1 (14.8 - 15.0) Figure K packer 

49.1 - 59.4 (15.0 - 18.1) #180 slot, Johnson's stainless 
steel, 16-inch telescopic well 
screen 

59.4 - 71.9 (18.1 - 21.9) #140 slot, well screen 

71.9 - 79.9 (21.9 - 24.4) #80 slot, well screen 

Bottom fitting Steel plate welded on 

As previously noted, most of the well development process was 
carried out inside the screens, while pumping the fines to 
waste using a 5 HI? submersible pump. In addition, the 
contractor a l s o  swabbed the well during the early stages of 
development, using a one-way surge above the screen assembly. 

Following development of the well, the annular space between 
the 20-inch surface casing and t h e  16-inch main-string was 
grouted with cement. A well completion diagram is shown in 
Figure 2 .  

I - 7 -  
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4 8 S  f t  

49,2 f t  
79.9 f t  

Ground leve l  

Cernen t Grout 

20-inch, steel, welded j o i n t  
surface casing 

\!Ion-pumping water level 
Nov. 18/90 20.7 E t .  (G.3 m.) 
below ground level 

16-inch, steel, welded j o i n t  / rnain-s t r i n g  casing 

Figure K packer 
/ 

Drive shoe 
/ 

Screen Assembly - Johnson' s 

te lescopic  well screen 
/ s t a in l e s s  steel, 16-inch 

10.4 f t .  #130 s l o t  
12.4 f t .  j?140 s l o t  
8.0 f t .  s:30 s lo t  



I 

4.2 PUWING TEST 

Results of the 24-hour pumping tes.t have been plotted on a 
semi-log graph of drawdown versus time (see Appendix). 
During the first 200 minutes of the test, the pumping level 
was essentially stable with 1.28 feet (0.39 metres) of 
drawdown. Following the 200 minute interval, the pumping 
level began to drawdown at a steady rate of 0.3 feet ( 0 . 0 9  

metres) per log cycle. Variations from this general trend 
can for the most part be accounted for by the fluctuating 
pumping rate, which was explained in Section 3.2 of this 
report. 

The results are fairly typical for a water table aquifer 
which, due to the effects of delayed gravity drainage, does 
not show consistent drawdown until these effects have 
dissipated. A coefficient of transmissivity determination 
for the aquifer based on the results of the test is 9.5 x 
1 0 A 5  Igpd/foot. This is fairly high and indicates that the 
aquifer has excellent prospects for further development. At 
this stage however, we do not have the necessary information 
to calculate a maximum safe yield for the aquifer. This will 
require the completion of additional wells and more extensive 
pump testing. 

Based on the results of  the present program, we would 
recommend a safe pumping rate of  1500 USgpm (1250 Igpm) for 
the new well. Also, in order to determine the long-term 
performance of the aquifer during extended periods of 
pumping, water levels should be monitored on a regular basis 
once the well is put into production. 
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4 . 3  WATER QUALITY 

A copy of the water analysis report for the sample obtained 
during the pumping test is attached along with a partial 
analysis for a sample obtained during the early stages of 
well development. Generally speaking, the water quality is 
excellent and all parameters are within the acceptable limits 
for Canadian drinking Water Quality as recommended by the 
Department of National Health and Welfare. 

The water is on the hard side and nitrate levels are somewhat 
elevated. It is interesting to note that while pumping the 
well at 100 USgpm during the development stage, the nitrate 
concentration was 5.36 PPM. During the pump test however, 
pumping the well at an average rate of 1375 USgpm, the 
nitrate level increased to 7.30 PPM. This change would be in 
our opinion, due to the larger cone of  drawdown, which during 
the pumping test would have extended further into the orchard 
property. Nitrate levels are commonly high in the shallow to 
medium depth range wells throughout the Oliver-Osoyoos area, 
probably due to the application of fertilizer on orchards. 

Some of the other key parameters such as iron and manganese 
showed a significant decrease during the main pumping test. 
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5 CONCLUSIONS AND RECOMMENDATIONS 

The present groundwater development program has resulted in 
the successful completion of Well No. 4 for the Town of 
Oliver. Based on the results o f  the program, pertinent 
information relating to the new well and aquifer is 
summarized as follows: 

1) The new well is completed in a water table aquifer 
comprised of coarse sand and gravel with cobbles. 

2) In our opinion, the subsurface materials occurring in the 
general vicinity have been deposited as alluvial fan and 
glacial outwash, re-worked by river action. 

3 )  A coefficient of transmissivity determination for the 
aquifer is 9 . 5  x 10n5 Igpd/foot, which is fairly high and 
indicates that the aquifer offers excellent prospects for 
further development. 

4 )  The new well is completed to a total depth of 79.9  feet 
(24.4 metres) with a 31.4-foot (9.6 metre) screen assembly 
set from 4 8 . 5  to 79.9  feet (14.8 to 24.4 metres) below 
ground surface. 

5) The following design parameters are recommended for the 
new well: 

Pump Setting: 40 feet (12.2 metres) below ground surface. 
Pumping Rate: 1500 USgpm (1250 Igpm). 
Projected Drawdown:  1.7 feet (0.5 metres) after 24 hours 

and 2 . 5  feet ( 0 . 7 5  metres) after 30 
days of continuous pumping at 1500 
USgpm. 
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6) With respect to water quality, all parameters are within 
the acceptable limits for Canadian Drinking Water as 
recommended by the Department of National Health and 
Welfare. The water is on the hard side and nitrate levels 
,are somewhat elevated. 

In order to determine the long-term performance of the 
aquifer during extended periods of pumping, it is recommended 
that water levels be monitored on a regular basis. once the 
well is put into production. The water level records should 
be reviewed by a hydrogeologist at the end of the first 
season. Also it is recommended that the nitrate levels be 
monitored during the initial s tages  of production to 
determine any significant trends. 
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Town of Oliver 

Well No. 4 (Fairview-Rockcliffe) 

Pumping T e s t  

Date Test S tar ted :  Ncw. 18/30 
Time Test S tar ted :  l:(X) F M  
Ave. Pumping Rate: 1375 LJSgpm 
Pre - tes t  Water Lev: 6.415 metres 

Time (:t> s ince  Depth t s  
pumping s t a r t e d  water 

i n  minutes metres 
----- 

€. 87 
6. €36 
6 .  R 5  
6.85 
6.85 

6.85 
6 .  8'7 
G. 85 
€*. 8G 
6.€36 

6-86 

6.85 

6.85 

6.8 '7  
6.88 
6.87 
E,. 8.7 
G.88 
6. 88 
E,. €3'7 
6.87 
6 .  8'3 
El. 88 
E,. 8'3 
E, . '3o 
G . '30 
6. 9 1. 
6 . 32 
6 .  '34 

Feference p t :  
He igh t  c t f  R e f :  
Depth f [.del. 1 : 
TIZIP 111 f SI: r een : 

Top o f  measuring tube 
( 3 .  28 metres 
24. 4 met r e5 
14.8 metres 

Pump r a t e :  1365 USgpm 

Fcrmp r a t e :  1347 USgpm 

Pump r a t p :  I365 USgpm 

N i t r a t e  sample 
Fump r a t e :  1365 ClSgpm 

Pump r a t e :  1405 USypm 

Pump r a t e :  1327 USgpm 
Pump r a t e :  1345 USgpm 

T-'crmp r a t e :  1421 USgpm 
F'r-tmp r a t e :  1421 USgprn 
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Reference Point : Top O f  neaSUring tub€! 
0.2 n. above ground 
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Well No. 4 ,  Pumping T e s t ,  Recovery I n t e r v a l  

Time (t:) since 
pumping ended 
in minutes 

Depth t ~ . i  

water 
m e t  r e5 

6.55 
6 .  52 
6. 5 5  
6.57 
6.57 
6. 5'7 

6.56 
6. 56 
E.. 5 G  
E," 56 
6.56 
E'. 55 
6.55 
€. 55 
6 - 5 5  
6" 54 
E. . 54 

6,. 57 



Date!Sampled: Nov. 19, 1990 

/Alkalinity (Total) 
I Aluminum 
1 

oron 
Cadmium l B  1 2Eigrue) 

! Copper 
! Cyanide 
I Diesolved Solids(Tota1) 
f Fluoride 1 Hardness(Tota1) 
I Iron ' Lead 
Manganeee 
Mercury 
Molybdenum 
Nitrate 
Nitrite 
Sodium 
Sulphate 
psr 
Turbidity 
Uranium 
Zinc 
Total Coliform 
Fecal coliform 

239 
( 0 . 2  
(0.01 

0 .040  
(0.2 
<0,001 

3 . 9  
0 004 

< 0 * 0 0 2  
( 0 . 0 2 0  

0 .4  

0.02 
( 0 . 0 0 4  
(0.01 

(10 

358 

312 

0.0001 
0.002 
7.30 
(0.01 
12.1 
47 

7.62 
0.11 
0 .0067  
0.022 
0 
0 
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CH EMAC ENVl RON MENTAL SERVICES 

(A DIVISION OF CAR0 E N T E R P R I S E S  INC ) 
1 #1 - 368 Industrial Avenue, Kelowna, British Columbia, Canada V1Y 7E8 0 Telephone (604) 763-1535 

I CERT I F  I C A T E - F -  ANALYS I .- S 

i 

N o v e m b e r  1 3 ,  1 9 9 0  

Kala G r o u n d w a t e r  C o n s l i l t i n g  I d i : d .  
3 1 0 3  - 2 8 t - h  St.rcet 
VERNON,  . R C  
V 1 T  427 

i 

I t 

i 

A l k a l  in1.t.y ( T o t a l )  
C a l c i u m  
C h 1 o L' i (le 
C o  I o r ( T r 11 P ) 

D i s s o l v e d  S o l  ids ( T o t a l  1 
F 1 iior i d e  
Hardness  ( T o t a  I. ) 

I r-on 
P l  a g n e s i u 111 
Ela n g a n e s e 
N i t r a t e  
N i t r 1 . t . e  
J?H 
Pot~ '3sss .um 
S o d i u m  
Spoc1.f i c :  C o n d t i c t a n c e  
Su 1 pha  t e 
Turb1.rl i ty 

3 J $1 
7 7 . 1  

f; . 5 
1 I) 

3, 2 5 

2 7 7  
0 . 2 

0 . 4 -1 

' I  . f l 7  
5 . 3 6  

- l l . l l !  
7 . 1 7  
4 . 7 3  

2 0 . 3  

1 3 . 1  
\ ( l [ j  

4 1  
2 0 . 5  

WaPr and Wastewater Analysis Treatment Plant Supervision, Operation 8 Maintenance Research 8 Development 
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P,OBEINS WATERLJELL ORILLING 
& PUMP SERVICE . 

B O X  117 
OKANAGRN' FALLS, B. C 

bk)H 1RO 

Town o f  O l i v e r  

O l i v e r ,  B.C.  
VOH 1TO 

BO:.: 636 

A t t e n t i a n  - Mr. J .  E r u c e  Hami l ton  

R e :  Pump System 2 - Well No. 1 

I n  b r i e f :  On upon a r r i v i n g  on  S i t e  Thursday  March 3, e v a l u a t i o n  
was taC:en of t h e  s i t e .  F i r s t  t h i n g  I n o t i c e d  was t h e  16" c a s i n g  
was belotri t h e  c o n c r e t e  f l o o r  and t h e  20" service c a s i n g  bias n o  
l o n g e r  i n  s i t e .  T h e r e  fore i t  W ~ B  i m p o r t a n t  t h a . t  a p i e c e  o f  16" 
had  t o  be welded o n .  The town y a r d  had .no c a s i n g  i n  s t o c k ,  so 
t r i p  was m a d e  t o  01.:: F a l l s  t o  c u t  a p i e c e  o f f  a t e n  f oo t  l e n g h t .  
R e t u r n i n g  t o  S i t e  i n  O l i v e r  and w e l d i n g  o n  c a s i n g -  and s e t t i n g  up 
r i g  and p u t t i n g  o n  a p p r o p r i a t e  s u r g e  b l o c k s .  F i r s t  s t e p  : t o  
measu re  t h e  s t a t i c  l e v e l  i n  we11 and  mea.sure water l e v e l  i n  o:tbow 
a n d  r iver .  F i g u r e s  wi l l  b e  Shown l a t e r  i n  r e p o r t .  

March 4 - 7 i\2 H.P. Sub.  pump was i n s t a l l e d  t o  d o  a pump test o n  
t h e  well. The [ A t e l l  was pumped f o r  1\2 h r .  r e c o r d i n g  drawdown and  
flow r a t e s .  Measured by means o f  a p i e z o m e t e r  t u b e .  A f t e r  1\2 h r .  
t es t ,  drawn d a u n  was 12" w i t h  f low r a t e  o f  160 us qpm. With  t h o s e  
f i g u r e s  i t  showed t h a t  t h e  p r o d u c t i o n  h a s  d ropped  o f f  by a b o u t  
SO%. With t h o s e  f i g u r e s  i t  showed t h e  we11 b r a s  g e t t i n g  160 
g a l l o n s  t o  f o o t  o f  d raw down. 

T h e  pump bias p o l l e d  and  b a i l e r  i n s t a l l e d  i n  well t o  c h e c k  f o r  
s a n d .  Two f e e t  of d a r k  rusty s a n d  and  concrete c h u n k s  a n d  smal l  
rocks was a t  t h e  b o t t o m  of well. After c l e a n i n g  t h e  s g n d  o u t ,  
s u r g e  was i n s t a l l e d  i n  well. S u r g i n g  was s t a r t e d  a t  t o p  o f  f i r s t  
set o f  s c r e e n s .  The w e i g h t  of s t e m  With s u r g e  b l o c k  f e l l  s l o w l y  
i n d i c a t i n g  r i g h t  allray t h e r e  was d e f i n e t l y  b l o c k a g e .  S u r g i n g  bias 
c o n t i n u e d  and c o n t r a c t o r  pump \Alas i n s t a l l e d  t o  pump .water w h i l e  
s u r g i n g .  W h i l e  pumping t h e  water was d a r k  rusty brown. S u r g i n g  
a n d  pumping c o n t i n u e d  f o r  d a y ,  showing  v a s t  improvement i n  t h e  
well. T e s t i n g  was d o n e  e v e r y  morning  and  r e a d i n g  o f  t h e  r i v e r  and  
oxboi~i was t a k e n .  A f t e r  d a y s  o f  d e v e l o p i n g  and  pumping t h e  w e l l  
improved to  a p o i n t  of 4 1\2" of draw down, w i t h  f l o w  rate of . 
over 32C) gpm. p e r  f t .  o f  draw down i n d i c a t i n g  t h e  well is back t o  
o r i g i  na 1 c o n d i t i o n .  

Summary - I feel  t h e  we11 problem s t a r t e d  crhen t h e  we11 is pumped 
at a h i g h  ra te  and  f l o u  o f  w a t e r  is i n  o n e  d i r e c t i o n ,  i t  m o v e s  
s m a l l  p a r t i c l e s  and  b r i d g e s  a g a i n s t  l a r g e  p a r t i c l e s  across  screen 
o p e n i n g  s l o w i n g  t h e  f lob l  o f  water. By r e v e r s a l  o f  t h e  f l o w  of 
water th rough  t h e  screens and  t h e  removal  o f  sma l l  p a r t i c l e s ,  
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I 

r e t u r n s  t h e  well back  to o r i g n a l  c o n d i t i o n  when i t  was f i r s t  
d r  i 1 l e d .  

. 
Conc lus ion :  I f e e l  t h e  uie11 s h o u l d  be  pumped at a h i g h e r  rake 
t ~ ~ i t h  pump test t o  exceed 1400. gpm per min.  and record draw down 
i n  we11 b e f o r e  hook ing  t o  serve t h e  s y s t e m .  

Pumping Data f o r  Pump System Well ,1 

March 4 ,  1994 
S t a t i c  9 . 5  i n  well 
0 rabid airr n L :.: ltS0 ypm. 
OXbali~ 932 . 70 
R i v e r  932.80 

1 - 1 1  

March 7, 1994 
S t a t i c  8.9 
0 x b ow 932.9 
R i v e r  932.9 
D r a b J  down 6" :.: 160 qpm. 

March 8, 1004 
S t a t i c  8.9 
0 x b 014  932.9 
River 933.t:) , 

Dracr dObJn 4 1'\4" X 160 gpm. 

March 9,  1994 
S t a t i c  8.7 1\2 
O>:balal 932.9 
R i v e r  732.9 . 
Graw down 4 3\4" :.: 176 qpm. 

MarchlO, 1994 
Static 0.7 1\4 
O:ibO&J 932.9 
R i v e r  932.9 
ErabJ down 4 1\2" :.: 165 gpm. 

bot tom of ~ 1 1  90 2 1\2 
S t i c k u p  o f  16" C a s i n g  - 1 10 1\2 
Top of F i r s t  S c r e e n  - 41 3 1\4 

I 

i 
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January 12, 1993 

Our File: PS2.TOL 
Town of Oliver 
Box 638 
Oliver, BC 
VOH 1TO 

Attention: J. Bruce Hamilton 
Public Works Superintendent 

Dear Sir; 

Be: PumD Station No.2 / VDS 15 

The correspondence and data that you forwarded at various times 
over the past month has been reviewed as requested. A copy of a 
letter to the Town of Oliver from Mr. R. Jubb of the Ministry of 
Environment in Penticton was also reviewed and the well information 
was discussed with Larry Topp of Kala Groundwater Consultants. 

The review, as I understand it, was to ascertain: 

a) I f  the water table in the groundwater aquifer supplying 
the Pump System No.2 wells is affected by water levels in 
Okacagan River. 

b) Whether stoplogging of VDS # 5  is necessary to operate the 
pumps at low river levels. 

c) If stoplogging is necessary to operate the present system, 
what measures need to be implemented to determine whether the 
pumps can be operated without stoplogging of VDS 85 .  

d) Whether further pump tests need to be carried out during 
low flows this winter to verify the effect of river levels on 
well levels. 

The analysis was made complicated by variations in pumping .rates; 
changes in river and oxbow levels; changes in well efficiency and 
changes in pump sizes. The fact that only total flows from the 
pumping site are measured by the flow meter and not flows from 
individual pumping units is a possible limitation on results. The 

I assumption was made that the percentage of the total flow coming 
from each well is proportional to the pump horsepower. 

showing well and river levels for several flow rates. 
are appended to this letter report. 

1 
I To eliminate the pumping rate variable, tables were drawn up 
1 

I 

These tables 

. . ./2 
1 770 Chamberlain Road, Kelowna, British Columbia V1 Y 3P4 Telephone 763-6036 I 

1 
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P W  STATION N0.2/ con't 

The 

1. 

2 .  

. * 3 .  

4 .  

- 

. . . 2 /  

following observations were made from the review: 

Water levels in the wells are clearly influenced by river 
levels. There have been differences. of opinion between 
groundwater geologists over the years about the hydraulic 
connection between the river and groundwater aquifer but the 
recent data clearly indicates that river and/or oxbow levels 
do affect aquifer levels. The relationship appears to be on 
a 1:l basis, i.e. a one foot increase in river levels will 
increase the groundwater level by one foot which is what would 
normally be expected with reasonable hydraulic connection. 

It has been the opinion of various operators of the pumping 
system that there is a threshold or minimum river level below 
which aquifer recharge is severely restricted. This belief 
has resulted in stoplogging of VDS # 5  to maintain river levels 
higher than would occur otherwise. The well and river level 
information does not support the 'barrier' theory but since 
the river is seldom allowed to drop to low levels under high 
pumping rates the theory cannot be fully evaluated and cannot 
be completely discounted. 

The operation of Pump No.3 (10 hp) has been the principal 
consideration in stoplogging. When the pump was originally 
installed, it was intended only to be used for a winter 
domestic supply with no other wells in use. In peak summer 
demand conditions the two larger pumps cannot meet the demand 
and Pump No.3 has been turned on to supplement the supply. 
The well levels are considerably lower with the other units in 
operation and when the water level is drawn down to 21  feet 
below the top of the casing, the pump draws air and must be 
turned off. To allow the pump to operate, stoplogging of VDS 
115 is implemented. The top of the well screens are about 77 
feet below the top of the screens and the bottom of the pump 
is 29 feet below the top of the well. The pump could be 
lowered considerably to gain more submergence and allow for 
more drawdown. 

In 1992, Pump No.1 was close to being inoperable due to low 
water levels in the well. On June 4, the water level was 23' 
9" below the top of the casing and the minimurn level this pump 
can operate without a submergence problem is 26 feet. One row 
of stoplogs was in place at the time so the water table was 
artificially high. Without the stoplogs, the pump would have 
had very close to minimum submergence and the operators felt 
it was essential to maintain some factor of safety. This was 
particularly important since the water level was below the low 
water level cut-out switch and 'the electrical circuit w a s  
jumpered t o  keep the pump running. 

. . . / 3  
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PUMP STATION N0.2/ con't . . .3/ 
5 .  Well No.1 is gradually losing efficiency. The drawdown in 

1985, when the well was reconstructed, was 4.5 feet at 1200 
USgpm. In 1992, the drawdown at 1200 USgpm was 9 feet, which 
shows a 50% reduction in specific capacity. This reduction in 
specific. capacity is not totally unexpected. An unusual form 
of construction was used with one screen fitted inside of 
another and Larry Topp has suggested it is likely the annular 
space between the two screens may be plugging up with fine 
sand which would increase head losses and reduce efficiency. 

Well No.1 has a history of producing sand. Reports of sand in 
water systems were made by landowners as recent as 1992. The 
sand problem likely coincides with high pumping rates. The 
production of sand is more likely attributed to high flow 
rates than to low aquifer levels. The only solutions to the 
sand problem are a sand trap or a new well. 

7. The bottom of the pump in Well No.1 is reported by Richards 
Hydro-Tech to be 29' 0 5 / 8 "  below the top of the casing and 
the top of the screen is apparently set at 38 feet below the 
casing. The pump could be lowered closer to the screen to 
allow €or operation at lower water levels in the well. A 
lower pump inlet should not have an adverse impact on sand 
production. 

There may be a problem with straightness of the well which 
could prevent lowering of the pump. Operators report some 
difficulty with installation of the pump and feel that the 
well allgnment may prevent further lowering. 

6 .  

8 .  Well No.2 may have decreased slightly in specific capacity but 
the pump still has considerably more submergence than the 
minimum required for successful operation. This pump should 
function at low well and river levels with no problems. 

9. The efficiency of the pumps was checked to determine whether 
pumping rates had declined since installation. The overall 
efficiency of Pumps No.1 h 2 together calculates to be between 
71 - 75% at various flows. The Manufacturerts pump curves 
show the efficiency of each pump should be about 80%. From 
the limited flow data available on each pump operating 
separately, it appears that Pump No.2 is pumping significantly 
less volume than when originally installed. Further testing 
is needed to verify this. 

. . . / 4  
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PUnP STATION NO.Z/ con’t 

L 
. . . 4 /  

My conclusions and recommendations based on the preceding analysis 
and observations are as follows: 

1. There is a direct hydraulic connection between the river 
and water levels in the wells. Stoplogging of VDS 115 
increases water levels in the wells by the height of the 
stoplogs. 

2. Pump No.3 cannot operate during peak demands when the 
river is low due to low well levels. A significant amount of 
stoplogging is required to allow the pump to operate 
satisfactorily. The pump can be lowered considerably at a 
reasonable cost which should resolve the water level problem 
in this well. 

3. Pump No.2 has considerable submergence and should operate 
successfully at low river levels without stoplogs. The pump 
needs to be checked for pumping rates which may have decreased 
since installation. 

4. Pump No.1 is close to being a problem at low river levels. 
Well efficiency is declining which will result in the pump 
being unable to operate at low river levels in the very near 
future. The pump in this well is the largest of the three and 
vital to the operation of the system. 

Providing that the well alignment is not a problem, the pump 
could be lowered to gain some time before the pump cannot 
operate. The well alignment must be checked before adding any 
pump column and the pump has to be removed to do a proper 
alignment test. Consideration should also be given to 
improving the well efficiency when the pump is removed. The 
nature of the aquifer and the type of well construction Will 
make this a delicate operation. Rehabilitation should be 
restricted to removing the inner screen and any sand that has 
accumulated. The inner screen can then be replaced with no 
further re-development. This procedure should restore the 
well back to the original capacity. Any attempt at further 
re-development could make the sand problem worse. 

If the specific capacity cannot b e  imptoved, the well will 
have to be replaced at some time in the future. How soon will 
depend on the rate of decline in efficiency and whether the 
pump can be lowered. 

. . . / 5  



PUMP STATION NO.Z/con't . . .5/ 
5. Testing of either the existing wells and pumps or with 
modified pumps before the 1993 irrigation season depends on 
how important it is to know before the season begins i f  well 
re-development and lowering of pumps will accomplish the 
objective. of no stoplogging. Testing in the off-season 1s 
quite expensive, whereas the information can be obtained at 
very little cost during the irrigation period. 

Without testing, there is some risk that stoplogs will be 
necessary if lowering of the pumps and removing sand from Well 
No.1 does not work. There may be sometmerit in knowing this 
information before the irrigation season starts. 

In summary, it is my opinion, based on the information supplied, 
that Pump System No.2 can be operated at low flows in Okanagan 
River without stoplogs in VDS # 5  provided that: 

i 
L 

1. The pumps in Well No.1 (125hp) and Well No.3 (10hp) are 
extended to lower the pump inlets. I f  the pump in Well No.1 
cannot be lowered due to misalignment of the well, either the 
well will have to be abandoned and a new well drilled, or the 
pump replaced with a submersible pump. 

2. The inside screen in Well No.1 is removed, sand removed 
and the screen replaced. 

3. The Town accepts the fact that these wells will require 
more maintenance than wells normally require and significantly 
more attention needs to be paid to data collection and 
analysis. 

If there are any questions regarding the foregoing, please advise. 

S.B.Mould, P.Eng. 

encl. 

cc. 1. Ministry of Environment, 
Pent icton 

2. Kala Groundwater Consultants 



S O L I D  SYSTEM NO. 2 

1 6 - I N C H  WELL 
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1 INTRODUCTION 

i 

The present program of water well renovation, was undertaken for 
the South Okanaqan Lands Irrigation District, at their No. 2 
System, located south of Oliver. The renovation work was carried 
out with the 16-inch well, which was completed in 1 9 8 1 ,  but began 
to produce sand during the 1984 operating season. 

The overall program involved an initial probing phase to deter- 
mine the nature of the sand problem, an extensive period of re- 
development by surging, and finally, when it became evident that 
surging of the existing screens would not entirely solve the 
problem, smaller sized screens were installed inside the bottom 
portion of the well. Upon completion of the renovation work, a 
short pumping test was conducted to determine the capacity of the 
new well. A l l  of the water well renovation work, including 
surging and installation of new screens, was conducted by J M S  

Water Well Drilling and Servicing of Okanagan Falls, British 
Columbia. 

The following report includes background information with respect 
to the 16-inch well, a description of the present program, followed 
by a discussion of the results and-recommendations for continued 
operation. Detailed information, including sieve analysis and 
pumping test data, are included in the Appendix. 
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2 BACKGROUND INFORMATION 

S.O.L.I.D. System No. 2, which is supplied entirely by ground- 
water, is located approximately 5 km south of Oliver, along the 
east side of the Okanagan River. The well field at System No. 
2 is situated adjacent to a small oxbow associated with the 
Okanagan River drainage system. The renovation program was 
carried out with the newest well completed in the well field, 
which is a 16-inch well providing the majority of water supply. 

The 16-inch well was constructed by Quality Water Wells Ltd. of 
Okanagan Falls in October 1981, and the well was pump tested in 
December of the same year. The aquifer material is designated 
by Pacific Hydrology Consultants Ltd. (January, 1982) as a "single 
loose permeable aquifer which is probably of a torrential gravel 
origin". During drilling, a bit was not required to advance the 
casing through the water-bearing section from 25 to 90.5 feet 
(7.6 to 27.6 metres), indicating that the material is very loose 
and permeable. 

The driller's litholog (see Appendix) of the well, indicates 
that the formation is comprised of fine to medium, polished 
gravel, with some fine sand in the upper portion of the aquifer, 
and coarse sand and gravel in the basal portion. An interval 
of clean fine brown sand was encountered from 49 to 62 feet 
(14.9 to 18.9 metres). 

The well is completed with 16-inch telescoping, Johnson's' stain- 
less steel screen, of 0.250 inch (6.35 mm) slot size, from 38 to 
88 feet (11.6 to 26.8 metres). The screen assembly includes a 
blank section, installed from 46.5 to 75.5 feet (14.2 to 23.0 
metres) below ground level. 
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A pumping t e s t  w a s  conduc ted  w i t h  t h e  w e l l  on December 1 0 ,  1981.  

The pumping r a t e  w a s  s t a r t e d  a t  1408 USgpm, and  i n c r e a s e d  t o  

2 1 7 0  USgpm a t  4 0 0  m i n u t e s  a f t e r  t h e  s t a r t .  T h i s  h i g h e r  pumping 

r a t e  was m a i n t a i n e d  u n t i l  t h e  e n d  of t h e  t e s t ,  which w a s  t e r m i -  

n a t e d  a f t e r  1680 m i n u t e s  o f  pumping. Based on t h e  t e s t  r e s u l t s ,  

t h e  S p e c i f i c  C a p a c i t y  of t h e  w e l l ,  pumping a t  a ra te  of 1408 

USgpm was 2 6 1  USgpm/foot of  drawdown, and  t h i s  d e c r e a s e d  t o  
137 USgpm/ f o o t ,  pumping a t  a ra te  of 2170 USgpm. The c a p a c i t y  

o f  t h e  new w e l l  fo r  i n d i v i d u a l  pumping w a s  d e s i g n a t e d  by P a c i f i c  

Hydrology C o n s u l t a n t s  L t d .  as  2550 USgpm. 

Dur ing  t h e  1984 o p e r a t i n g  s e a s o n ,  c o m p l a i n t s  w e r e  e x p r e s s e d  

by water u s e r s  r e g a r d i n g  t h e  o c c u r r e n c e  of sand  i n  t h e i r  i n -  

d i v i d u a l  s y s t e m s .  A s and  t r a p  w a s  i n s t a l l e d  on t h e  d i s c h a r g e  

l i n e  f rom t h e  w e l l  h e a d ,  and  a s a n d  problem w a s  c o n f i r m e d .  
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3 DESCRIPTION OF PRESENT PROGRAM 

The present program involved an initial probing phase to deter- 
mine the nature of the sand problem, followed by a developing 
and screen installation phase to eliminate further sand production. 

To start with, the 100 HP turbine pump was pulled and measure- 
ments taken to determine the amount of sand accumulation. These 
measurements sh.owed that approximately 6 feet ( 1 . 8  metres) of sand 
had accumulated in the bottom of the well. After bailing out the 
sand, the bottom of the well was measured at 87.8 feet (26.8 
metres) below the top of the 16-inch casing. The sandconsisted of 
a fine to medium grained material. There was no evidence of 
gravel sized material in the bail samples. 

Following the preliminary measurements, the well was developed 
by surging, running the surge blocks in the 16-inch casing, 
immediately above the screen assembly. Measurements were taken 
of the amount of sand accumulation per 3 minute interval during 
development (see Figure 1). Results showed that, although the 
majority of sand was entering through the bottom portion of the 
screened section (i.e. 75.5 to 88 feet), some sand was also 
entering the top screens. 

Leaving the accumulated sand in the bottom of the well, develop- 
ment by surging continued on the upper screens. After approximately 
six days of surging above and inside the screens, the top portion 
of the screen assembly was developed to an acceptable condition. 

An attempt was then made to develop the lower screens, but it was 
soon evident that the sand could not be stopped by conventional 
surging methods. It was therefore decided to install screens of 
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smaller s l o t  s i z e ,  i n s i d e  t h e  bottom p o r t i o n  o f  t h e  o r i g i n a l  

screen a s s e m b l y .  Based on sieve a n a l y s e s  o f  s a n d  o b t a i n e d  

from i n s i d e  t h e  w e l l ,  a 0 .020- inch  s l o t  openn ing  w a s  s e l e c t e d ,  

and  a n  a s s e m b l y  c o n s i s t i n g  o f  1 8  f e e t  ( 5 . 5  metres) of 1 2 - i n c h  

t e l e s c o p i n g ,  J o h n s o n ' s  s t a i n l e s s  s teel  screen w a s  set  f rom 6 6 . 2  

t o  84 .4  f e e t  ( 2 0 . 1  to 25.7 metres). A 2-foot ( 0 . 6  metres) b l a n k  

s e c t i o n  i s  a t t a c h e d  t o  t h e  b o t t o m  of t h e  s c r e e n s ,  and  a F i g u r e  

"K" p a c k e r  creates a s a n d - t i g h t  seal  a t  t h e  t o p  of t h e  a s sembly  

(see F i g u r e  2 ) .  The new s c r e e n s  w e r e  t h e n  d e v e l o p e d  f o r  approx-  

i m a t e l y  8 h o u r s  by  s u r g i n g .  

I n  o r d e r  t o  d e t e r m i n e  t h e  c a p a c i t y  of t h e  r e n o v a t e d  w e l l ,  a 
s i x  h o u r  pumping t e s t  w a s  c o n d u c t e d ,  pumping t h e  w e l l  a t  a con- 

s t a n t  ra te  o f  1425 USgpm. A t  t h e  end  o f  t h e  s i x  h o u r  t e s t ,  t h e  
g a t e  v a l v e  w h i c h  c o n t r o l s  t h e  d i s c h a r g e  r a t e ,  w a s  openned  f u l l ,  

and  a pumping r a t e  of 1650 USgpm w a s  measured  on t h e  o r i f i c e  

t u b e .  P r i o r  t o  c o n d u c t i n g  t h e  s i x  h o u r  t e s t ,  a s t e p  drawdown 

t e s t  w a s  carried o u t ,  pumping t h e  w e l l  a t  i n c r e a s i n g l y  h i g h e r  rates 

f o r  t h r e e  s u c c e s s i v e  f o r t y  m i n u t e  i n t e r v a l s .  R e s u l t s  o f  t h e  t es t  

are  d i s c u s s e d  i n  t h e  s e c t i o n  which  f o l l o w s ,  and  d e t a i l e d  i n f o r m a t i o n  

i s  i n c l u d e d  i n  t h e  Appendix.  
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i 4 DISCUSSION OF RESULTS 

I 

! 

! 

Sand production from a well which has been fully developed, and 
has pumped sand free water for at least a one year period, is 
an unusual occurrence. In cases where the screen or packer is 
damaged, sand production may occur, but there was no evidence 
for damage to either of these components at System No. 2. 

In our opinion there are two possible explanations for the sand 
problem, which are briefly outlined as follows: 

1) As indicated in the report prepared by Pacific Hydrology 
Consultants Ltd. (January, 1 9 8 2 1 ,  the water- bearing formation 
is very loose. It is therefore possible that during develop- 
ment of the original well, a large portion of the lower 
formation material entered the well screens. This in turn 
would allow the finer sand, which occurs between 4 7  and 6 7  

feet (14.3 and 20.4 metres), to migrate downwards. With 
continued use of the well, and further settlement of the 
lower aquifer material, the finer sand would enter the 
lower screens. The concrete pad around the casing has 
settled some six to eight inches, which would indicate that 
some settlement has occurred in the underlying formation. 

2) A second possibility relates to the gradation of the aquifer 
material. If for example, the aquifer material is poorly 
graded, consisting only of fines and coarse gravel, Without 
a significant amount of medium ranged material present, a 
problem could result. In this particular case, there would 
not be sufficient medium grained material present, to create 
a natural pack, preventing the fine sand from migrating into 
the well intake. During development of the original well, a 
bridging of the sand material may have occurred, which in time 
would breakdown, allowing sand to enter the well. 

- 8 -  
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In either case it is obvious that the well was designed to 
maximize capacity, and it is also evident, that the original 
desiqn was not effective with respect to stopping sand pro- 
duction. Hopefully, with the installation of the new screens, 
the problem has been rectified. 

4 . 1  Pumping Test Results 

The specific capacity of the well at varying pumping rates,. 
based on the results of the step drawdown test is summarized 
as follows: 

Pumping Rate Drawdown Specific Capacity 
USgpm (feet) USgpm/ft. of d.d. 

508 

1 0 2 9  

1 4 2 0  

1 . 3 5  

3.36 

5 .28  

376 USgpm/ft 
306 USgpm/ft 
269  USgpm/ft 

This is comparable to the 2 6 1  USgpm/ft, which was determined 
during the original pumping test (December, 1 9 8 1 ) ,  with a 
discharge rate of 1 4 0 8  USgpm. 

Results of the 6-hour pumping test have been plotted on a semi- 
log graph of drawdown versus time -(see Appendix). The drawdown 
after 2 0 0  minutes of pumping at a constant rate of 1 4 2 5  USgpm, 
was 5 . 6 1  feet (1.7 metres), which compares to the 5.39  feet 
(1 .6  metres) of drawdown, observed during the original test, 
pumping at a rate of 1 4 0 8  USgpm. A boundary condition was 
observed after 60 minutes of pumping, where the drawdown in- 
creased from 0.32  feet (0.1 metres) per log cycle, to 0.64 feet 
( 0 . 2  metres) per log cycle. Based on the test results, our 
projection for a long-term, safe yield for the renovated well 
is 2 0 0 0  USgpm. This is allowing for 70 percent of the available 
drawdown to be utilized. 
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5 RECOMMENDATIONS 

During the pumping test with the 16-inch well, following 
renovation, only a few grains of sand were observed in the 
discharge water. However, in view of the previous problems 
experienced with the well, we would make the followinq 
recommendations: 

1) During the 1 9 8 5  operating season, the well should not be 
pumped in excess of 1400 USgpm. 

2) Periodic checks should be made for sand accumulation, by 
sounding the depth of the well. 

3 )  In addition, a sand trap should be installed on the discharge 
line, to monitor sand production. 

4 )  At the end of the 1985 operating season, the pump should be 
removed and inspected, and a check made for sand accumulation 
in the bottom of the well. 

Following installation of the new screens, we do not expect a 
sand problem to occur with the bottom screen section, but there 
is still some doubt with respect to the upper screens. During 
Spring thaw, further settlement of the concrete pad around the 
well head will likely occur. We do not expect a large amount 
of settlement beyond this period. 

We trust the above report provides the information required. If 
you have any questions, please feel free to contact our office. 

Yours very truly, 

KALA GROUNDWATER CONSULTING LTD. 

I 
L.C. Topp, Hydrogeologist ! 
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SOLID SYSTEM NO. 2 
16-INCH WELL 

WATER WELL RENOVATION PROGRAM 
STEP DRAWDOWN TEST 

Date of test: Feb. 11, 1985 Reference point: top of 16-inch 
Time test started: 3:OO PM 
Pre-test water level: 2.81 metres 

casing 
Pumping rate: 508,1029 & 1420 USgpm 

PUMPING INTERVAL 

Time (t) since 
pumping started 

in minutes 

Step No. 1 
1 
2 
3 
4 
6 
8 
10 
13 
16 
20 
25 
32 
40 

Depth to 
water 
(metres) 

3.26 
3.21 
3.215 
3.215 
3.22 
3.22 
3.22 
3.225 
3.23 
3.23 
3.235 
3.24 
3.245 

Drawdown 
in 

metres Remarks 

0.45 508 USgpm 
0.40 
0.405 
0.405 
0.41 
0.41 
0.41 
0.415 
0.42 
0.42 
0.425 
0.43 
0.435 

Step No. 2 

1 
2 
3 
4 
6 
8 
10 

3.82 
3.82 
3.825 
3.83 
3.83 
3.83 
3.835 

1.01 1029 USgpm 
1.01 
1.015 
1.02 
1.02 
1.02 
1.025 



, w U 
SOLID System No. 2, 1 6 - i n c h  Well, Step Drawdown Test (Cont'd) 

/ 
Time (t) since 

/ pumping started 
t in minutes 

Step No. 2 Cont'd 

13 
16 
20 
25 
32 
40 

Step No. 3 

1 

2 
3 
4 
6 
8 

10 

13 
16 
20 
25 
32 
40 

Depth to 
water 
(metres ) 

3.84 
3.84 
3.85 
3.85 
3.86 
3.86 

4.38 
4.40 
4.405 
4.41 
4.41 
4.42 
4.42 
4.43 
4.43 
4.435 
4.44 
4.45 
4.46 

Drawdown 
in 

metres Remarks 

1.03 1029 USgpm 
1.03 
1.04 
1.04 
1.05 
1.05 

1.57 
1.59 
1.595 
1.60 
1.60 
1.61 
1.61 
1.62 
1.62 
1.625 
1.63 

- 1.64 
1.65 

1420 USgpm 
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T i m e  ( t )  i n  m i n u t e s  

D a t e : F e b .  11,  1985 
Discharge ( Q )  : See above 

Reference point : Top of 1 6 - i n c h  c a s i n g  

Well NO. ( S I O I U S  I : 1 6 - i n c h  
Aquifer Test : S t e p  D r a w d o w n  

Pre-test Water Level : 2 - 81 m e t r e s  

S O L I D  S y s t e m  N o .  2 

1 6 - i n c h  W e l l  
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SOLID SYSTEM NO. 2 
16-INCH WELL 

WATER WELL RENOVATION PROGRAM 
CONSTANT RATE TEST 

Date of test: Feb. 12, 1985 Reference point: top of 16-inch 
Time test started: 9:00 PM 
Pre- test water level: 2.81 metres 

casing 
Ave. pumping rate: 1425 USgpm 

PUMPING INTERVAL 

Time (t) since Depth to Drawdown 
pumping started water in 

in minutes (metres ) metres Remarks 

1 
2 
3 
4 
6 
8 

10 
13 
16 
20 
25 
32 
40 
50 
64 
80 
100 
120 
150 
190 
240 
300 
360 

4.32 
4.325 
4.335 
4.345 
4.35 
4.355 
4.36 
4.37 
4.37 
4.38 
4.39 
4.40 
4.41 
4.42 
4.43 
4.45 
4.47 
4.48 
4.50 
4.515 
4.53 
4.56 
4.575 

1.51 1425 USgpm 
1.515 
1.525 
1.535 
1.54 
1.545 
1.55 
1.56 
1.56 
1.57 
1.58 

- 1.59 
1.60 
1.61 
1.62 
1.64 
1.66 
1.67 
1.69 
1.705 
1.72 
1.75 
1.765 



SOLID System No. 2, 16-inch well, Constant Rate Test (Cont'd) 

Time (t) since Depth to Drawdown 
pumping started water in 

in minutes (metres ) metres Remarks 

1 
2 
3 
4 

12 
30 

4.03 
4.91 
4.91 
4.91 
4.93 
4.95 

2.02 1650 USgpm 
2.10 
2.10 
2.10 
2.12 
2.14 

! 
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Time (t) in minutes 

D o t e  : Feb. 1 2 ,  1 9 8 5  Well NO. ( status : 16-inch 
Dischorge ( Q )  : 1 4 2 5  USgpm 

Pre-test  Woter Level : 2 8 1  metres Reference Point : Top of 16-inch casing 
/-. Remorks : SOLID System No. 2 

16 -inch We1 1 



0 - 3 f t  
3 - 11.5 f t  
11.5 - 13 f t  
13 - 20 f t  

20 - 23.5 f t  
23.5 - 25 f t  
25 - 30 f t  

30 - 36 f t  
36 - 40 f t  

40 - 44 f t  
44 - 47 f t  

47 - 49 f t  
49 - 62 f t  
62 - 67 f t  

67 - 69 f t  
69 - 73 f t  
73 - 77 f t  
77 - 79 ft 

79 - ai f t  

81 - 86 f t  
86 - 90.5 f t  
90.5 - 91 f t  
91 - 110 f t  

w W 
SOLID System No. 2 

16-inch Well 
Water Well Renovation Program 

Driller's Litholog 

(0 - 
(0.9 - 
(3.5 - 
(4.0 - 
(6.1 - 
(7.2 - 
(7.6 - 
(9.1 - 
(11.0- 

(12.2- 
(13.4- 

(14.3- 
(14.9- 
(18.9- 

(20.4- 

(22.3- 
(23.5- 

(21.0- 

(24.1- 

(24.7- 
(26.2- 
(27.6- 
(27.7- 

0.9 m) 
3.5 m) 
4.0 m) 
6.1 m) 

7.2 m) 
7.6 m) 
9.1 m) 

11.0 m) 
12.2 m) 

13.4 m) 
14.3 m )  

14.9 m) 
18.9 m) 
20.4 m )  

21.0 m) 
22.3 m) 
23.5 m) 
24.1 m) 

24.7 m) 

26.2 m) 
27.6 m) 
27.7 m) 
33.5 m) 

brown sand  
brown sand and g r a v e l  , d i r t y  
t i g h t  sand and g r a v e l  
l a r g e  and sma l l  g r a v e l  w i t h  medium t o  

f ine  s a n d , c l e a n , l o o s e , g r e y  
p o l i s h e d  g r a v e l  w i t h  f i n e  s a n d ,  l o o s e  
t i g h t  sand and g r a v e l  - 
brown p e b b l e s  and p e a s ,  l o o s e ,  w i t h  f i n e  

p e b b l e s  and p e a s  w i t h  c l e a n  s a n d , l o o s e , b r o w n  
brown s a n d , p e b b l e s  and p e a s ,  loose,  some 

p e b b l e s  and p e a s ,  c l e a n ,  w i t h  brown s a n d  
p o l i s h e d  p e b b l e s  and p e a s ,  some f i n e  s a n d ,  

brown s a n d ,  some p e b b l e s ,  c l e a n  
c l e a n  f i ne brown sand  
medium t o  c o a r s e  s a n d ,  some f i n e s ,  some . 

g r a v e l  
coarse c l e a n  brown sand w i t h -  more g r a v e l  
brown s a n d ,  p e b b l e s  and  p e a s ,  some fines 
c o a r s e  sand and p e b b l e s  w i t h  some g r a v e l  
c o a r s e  brown sand w i t h  p e b b l e s  and 

brown sand w i t h  p o l i s h e d  p e b b l e s  and p e a s ,  

brown sand and g r a v e l  w i t h  some f i n e s  
c l e a n  brown sand  and g r a v e l  
s i l t y  c l a y  
g r e y  c l a y  and s i l t  

g r e y  sand  

f i n e s ,  gravel  i s  polished 

c l e a n ,  l o o s e  

sma l l  t o  medium g r a v e l  

sma l l  g r a v e l  c l e a n  
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w MECHANICAL ANALYSIS w 
Wt. of Dry Sampla - (a) Wt. Qtr’d Sample Pass #4 = 

I 

2” 

1-1 12” 

S c re 6 11 Wt. Ret. Yo Ret. Yo Pass 

* 

(b) Washed Fines = 

(c) Total (a) -i- (b) = 
.- 

Screen Wt. Ret. YO Ret. Yo Pass 

1 / , I ’  I 1 I 

16 

20 

18.3 5 .2  

44.2 1 2 . 5  

200 

Pan 

Total 

.-_ I I I 

351.4 99 .7  

352.2 100 .0  

- 

~ ~ 

Loss In Wt. 

0 4. 

~ ~~~~ 

o/o Finor than #200 Slew 

0 

303.0 

100 343 .8  97 .6  

8 

12 
2 . 5  . 7  

7 . 2  2 .0  

REMARKS 

IDENTIFICATION 

Project Kala Groundwater 

Location S.0.L.I .D 

Station 16”  Well System 112 

I 

Igneous Rock 

Sedimentary Rock 

Metamorphic Rock 

Fines 

TOP SCREEN 

t -  

Carnple No. Depth 

Sampled By C l i e n t ‘  Date 28-1-85 

Tested By R.:J. Date 29-1-85 

r 

INTERIOR TESTING SERViCES LTD. 
SOILS - CONCRETE - ASPHALT - FIELD SUPERVISION 

I ‘ KELOWNA, B.C. 

h 



S I E V E  O P E N I N G  I N  T H O U S A N D T H S  OF A N  INCH 
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IAY'LE PERCENT RETAINEO 
DCCTM 

I O  

4 Screen Opcninq Thousontns 01 an Inch 
N U M B E R  8 s I EVE lo 

16 
0 

2(13100 5 0 4 0  X) 20 

SAhfPLE DEPTH F E E T  
O P E M I N O  I RET, O M  I WT.RE7.  I CUM. % R E T .  

I I 1 

t--t-; I 1 I 

I 
i I 

Percenl of  sompla not s i e r t d  v?"or over 
% i " 

SAMPLE D E P T H  F E E T  
O P C n l M o  I R L T  OM I U T  R C T  I CUM Ob R C l  

1 I 

I I I 
I 
I I 

S A M P L E  DEPTH FEET 
O P E M I N O  UCT. ON 1 WT. RET. 1 C U M .  % RET. 

1 I I 

I I I 
Parcant  01 rampla not riared I ~ " M  over 

O/O 



WASH TEST 

Dry Wt. of Sample 360.2 
Dry Wt. after Washing 

Loss In Wt. I 
o/o Finer than 11200 Sieve 

1 IDENTIFICATION 

Kala Groundwater - Project 

Location S.O.L.I.D. 

, Station 16" Well System # 2  
t 
"ample No. Depth 

Igneous Rock 

Sedimentary Rock 

Metamorphic Rock 

Fines 
r- 

BOTTOM SCREEN 

INTERIOR TESTING SERVICES LTD. 
SOILS - CONCRETE - ASPHALT - F I E L D  SUPERVISION 

. KELOWNA, B.C. 



S I E V E  O P E N I N G  I N  T H O U S A N D T H S  OF A N  I N C H  
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T ~ :  A.P.  K o h u t  Date: August  16,  1985 
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..,. Our File: 82 E /4  
Senior Geological Engineer 
Groundwater Secti on .. 
Water Management Branch . \. , . r ~~ , .\ P9;E 
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Re: S.O.L.I.D. System Study 
493-2325 
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. .  
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': 
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.-__-. - .  . 
I n  t roducti on ___-- 
As requested by Jack Eby,  Head, Water Supply Section, a review of the 
groundwater conditions fo r  the above h a s  been completed. The purpose 
i s  to  investigate the f e a s i b i l i t y  o f  supplying groundwater t o  S .O.L. I .D.  
Systems 1 , 4 , 5 , 6  and  7 presently being supplied from the S.O.L. I .D.  Canal 
(Figure 1 ) .  
are : 

The ultimate peak water requirements, according t o  Eby ( 1 9 8 5 ) ,  

Sys tern 
1 
4 
5 
6 
7 

Requi remen t s  (USgpm) 
6,200 

4,700 
4,840 
4,900 

8,355 

The requi rements t o t a l  28,995 USgpm. Areas where groundwater sources 
can be conveniently connected t o  the exis t ing systems h a v e  been outlined 
by Eby (1985). 
possible ,  groundwater sources in  the areas along Highway 97 would also 
be desirable.  
Deadman Lake northwards t o  Orofino Cwek (Figure 1). 
well l o g  d a t a ,  topographic and geologic maps, and  geologic reports were 
reviewed, This memo summari zes the s u r f i c i a l  geology, groundwater 
conditions, a n d  groundwater potential  areas and out l ines  a n  exploration 
program and associated costs. 

These are  designated Areas 1 t o  6 (Figure 1 ) .  Where 
. 

The s t u d y  area covers the Okanagan River Valley from 
Available a i r  phctos, 

Surfi ci a1 Geol oqy 

Five, possibly s i x ,  types o f  su r f i c i a l  deposits underlie the area. They 
are from youngest to  o ldes t :  

1. Fluvial deposits 
2.  Alluvial deposits 
3. Older Alluvial deposits 
4. Glaciofluvial deposits 
5. Glaciolacustrine deposits 
6 .  Morainal deposits ( ? )  

. . .  2 
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Their known areal and  subsurface dis t r ibut ion i s  shown i n  Figures 2 t o  11. 
A b r i e f  description of each of these deposits i s  as follows : 

Fluvial deposits occupy the floodplain fo rming  a continuous s t r i p  of 
uniform w i d t h  except where i t  constr ic ts  between Areas 2 and  3 a n d  a t  
Oliver.  They consis t  of sand and gravel w i t h  some s i l t  a n d  clay and  
$re l i k e l y  very permeable. These deposits appear <50 f e e t  thick b u t  
may increase u p  to 100 f e e t  i n  Area 2 a n d  70+ f e e t  i n  
4 and 10). 
Fluvial deposits were formed from deposition of sediments by the 
Okanagan River. 

Area 6 (Figures 
Except f o r  the top few f e e t , ' t h e  whole sect ion i s  saturated.  

Alluvial deposits occur as Tans  mostly west of the r i v e r  betbleen 
Areas 1 and 5 a n d  consis t  of sand, gravel, boulders, and clay. The 
deposits slope from the valley s ide  (Elevation 1,050 t o  1,300 f e e t )  
e a s t  t o  the floodplain (Elevation 930 t o  970 f e e t )  where they generally 
decrease i n  thickness a n d  g r a i n  s i z e .  The Testalinden Creek f a n  a n d  
the Reed Creek fan a re  the l a r g e s t  and may be up  t o  120 f e e t  thick 
near t h e i r  apexes (Figures 4 ,  7,  a n d  8 ) .  
Testalinden Creek fan appears saturated b u t  the Reed Creek f a n  seems 
t o  be located t o o  high above the valley f l o o r  and i s  l i k e l y  unsaturated. 
The fans i n  between are  l i ke ly  <40 f e e t  thick a n d  only t h e i r  lower 
edges along the valley f l o o r  are saturated (Figures 5 a n d  6 ) .  
deposits form from deposition of sediments by t r i b u t a r y  streams entering 
the main  valley. 

The lower p a r t  o f  

Alluvial 

Older a l luv ia l  deposits occur as fans above the a l l u v i a l  deposits and  a re  
"stranded" about 200 t o  300 f e e t  above the valley f l o o r .  These deposits 
appear t o  be as much as 85 f e e t  thick b u t  are  dry (Figures 5 and 6 ) .  
Older a l luv ia l  deposits are s imi la r  t o  a l l uv ia l  deposits except t h a t  
they a re  older,  deposited with resDect t o  a higher previous r i v e r  o r  
lake leve l .  

Glaciofluvi a1 deposits occur mostly as outwash te r races  and  channels 
i n  the  area (see Nasmith, 1962) .  Kame deposits occur along Highway 97 
near  Deadman Lake. These deposits consist  of s a n d  and  gravel with some 
s i l t  and clay and are l i ke ly  permeable. Thick sect ions occur along the 
e a s t  s ide  of the valley u p  t o  elevation 1,300 f e e t  (Figures 3,4,9,10, 
and 11). The areas where glaciofluvial  deposits occur along the west 
bank a re  near Deadman Lake southwest o f  Area 1, along the bench area 
northwest of Area 4 where they may reach 200 f e e t  t h i c k ,  and  west of 
Area 6 where they may reach over 70 f e e t  thick (Figures 3,7,8,10, a n d  11). 

. . .  3 
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These deposits a l so  occur in Area 5 a t  the Oliver Airport b u t  appear 
thin - l e s s  than 15 f ee t  thick (Figure 9 ) .  Glaciofluvial deposits 
were formed from deposition of sediments by glacial  r ivers .  

G 1  aci 01 acus t r i n e  deposi ts  underlie a1 1 the above deposi ts a n d  occur 
en t i r e ly  a t  depth in the area.  The f ac t  t h a t  several wells along the 
valley encountered these deposits a t  depth including the Seventh 
bay Adventist well and  Boake well which encountered 410 f e e t  and  452 f ee t  
respectively of these materials suggest glaciolacustrine deposits are  
thick (>400 f e e t )  and  extensive in the area (Figures 3 and 6 ) .  These 
deposits cons is t  of f ine sand, s i l t ,  and clay a n d  l ikely have very low 
permeabili t ies.  
(Elevation 950 f e e t )  t o  Area 1 (Elevation 820 f e e t ) .  ' S a n d  and  gravel 
sections occur in  the deposits (Boake we1 1 - Figure 6 )  b u t  t h e i r  
extent i s  unknown. Glaciolacustrine deposits were formed from accumu- 
la t ion  of f i n e  sediments in  glacial  lakes. 

The log of the Fatur well implies t i l l  (morainal deposits)  may underlie 
the glaciolacustr ine deposits (Figure 5 ) .  There may also be sand and 
gravel outwash deposi t s  associated with the t i  11 b u t  these deposi ts , 
i f  ex i s t en t ,  are l ikely located 300 f ee t  t o  500 f ee t  below the valley 
f 1 oor.  

The surface of the deposits s lopssouth  from Area 6 

Depth to bedrock from the valley f loo r  i s  unknown b u t  i s  speculated t o  
be over 500 f e e t  (Figures 3 and 4 ) .  
underlie the area (Bostock, 1939). These rocks have l ike ly  very low 
permeabi 1 i t i e s .  

Metamorphic and some igneous rocks 

Groundwater Conditions 

There are more t h a n  400 wells i n  the area on Groundwater Section f i l e s .  
One-third o f  these a re  d r i l l ed  wells and the r e s t  a re  dug  wells (Figures 1 2  
and  13 ) .  Most wells (83%) are shallow - <50 f e e t  deep - located in the 
floodplain and  adjacent lowlands completed in the f luvial  and lowlying a l luv ia l  
and  glaciof luvial  deposits.  Most of these wells l i e  within 3;s miles of Oliver. 
There are few reported wells south of Area 3. 
wells are <20 f e e t  and  most are  < l o  f e e t  below g r o u n d .  Moderate t o  high 
capacity wells (100 t o  1,000 gpm) have been completed in these deposits 
(Table 1). Specif ic  capacity of these wells range between 9.8 USgpm/ft. t o  
445 USgpm/ft. 
d a t a  of  some of the S.O.L.I.D. wells and the B . C . F . G . A .  wells a re  
T = 104USgpd/ft. t o  106USgpd/ft. and  S=O. l .  These values are from high 
capacity wells and  correspond t o  the higher permeable sections of the aquifers .  
Some of the moderate capacity 6-inch and 8-inch diameter wells exhibited a 
low percentage of drawdown and  high spec i f ic  capacity during well t es t ing  and  
imply the aquifers in which these wells are  d r i l l ed  may be able t o  y ie ld  
higher quant i t ies  t o  larger  diameter ( 1 2 - i n c h )  wells (Hewitt (1%"0) a n d  
S.O.L.I.D. wells northwest of Area 4 ,  City well a t  Oliver, a n d  Skukala, Levant, 
S.O.L.I.D. and D u t t o n  wells a t  and near Area 6 ) .  

Water level i n  the shallow 

Aquifer transmissivity and s t o r a t i v i t y  derived from pump t e s t  

. . .  4 
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Some wells (142) a r e  moderately deep - 51 to  200 f e e t  - and a few (3%) 
a r e  deep - >200 f e e t .  
val ley s i d e  where the water level i s  deep (Busnardo, Poturica, Thurser, 
Fatur,  and Boake we l l s ) .  These wells are completed i n  glaciolacustr ine 
( a n d  morai n a l ? )  deposi t s  o r  bedrock. 
(except f o r  the Boake wel l )  a r e  low (<1 USgpm/ft. and<<100 USgpm respect ively) .  
Inspection of well water levels and surface water levels  indicate the surface 
water and  groundwater a re  hydraulically connected a n d  t h a t  groundwater flows 
generally south along the valley.  The recorded r i s e  in  water level during 
d r i l l i n g  of the S.O.L.I.D. wells northwest of Area 4 and  i n  Area 6 suggest 
these wells are located i n  groundwater discharge areas.  
representative of the conditions o f  the whole valley f loor .  
comes from the Okanagan River and from the val ley s i d e s .  

Most deep wells are located south of Oliver on the 

Their speci f i c capaci t y  and capaci ty 

T h i s  may be 
Recharge l i ke ly  

Sand and gravel sect ions i n  the f luv ia l  a n d  low lying glaciofluvial  and  
a l luv ia l  deposits form the ma jo r  shallow aquifers in the area. These aquifers 
a r e  capable o f  supplying several hundred to  o v e r  1,000 USgpm t o  i ndus t r i a l  
wells.  However, the capacity o f  these aquifers t o  supply the 29,000 USgpm 
t o t a l  requi rements would 1 i kely depend upon recei v i  n g  recharge from the 
Okanagan River. 
s i t e s  in  the valley.  Based on exis t ing data i t  i s  highly l i ke ly  t h a t  these 
aquifers  could supply a s ign i f icant  p o r t i o n  o f  the supply requirements 
(10 t o  20 percent o r  3,000 USgpm t o  6,000 USgpm). 

Groundwater exploration i s  needed t o  assess this  a t  various 

Sand and gravel sect ions i n  g laciolacustr ine deposits form the only other  
aqu i f e r  known i n  the area.  This aquifer l i e s  deep beneath g r o u n d  sur face ,  
h a s  not been we1 1 del ineated,  a n d  i s  l ikely capable of  u p  t o  only a couple 
o f  hundred USgpm. This aquifer  i s  an unlikely source f o r  the S . O . L .  I . D .  
Systems a t  present. 

Five laboratory samples a n d  43 f i e l d  analyses of groundwater from the 
shallow aquifers a re  avai lable  on Groundwater Section f i l e s  (Table 2 ) .  
Water qual i ty  ranges from moderately s o f t  t o  moderately h a r d  (hardness = 
119 mg/L t o  442 m g / L )  - generally harder south of Oliver - and moderate i n  
dissolved mineralization (TDS = 181 mg/L to  396 m g / L ) .  
s u i t a b l e  f o r  i r r i g a t i o n  (SAR = 0.3 to  0 .7 ) ,  n o t  encrustive n o r  corrosive 
(Ryznar Index = 6.6 t o  7.8; Aggressive Index = 11.8 to  12.7) and  i s  c l a s s i f i e d  
as a Calcium-Bicarbonate type water (Figure 1 4 ) .  The relat ively high 
amounts of iron found i n  some of the wells from f i e l d  analyses may 
represent par t icu la te  i r o n  in  the sample and may not be indicative of the 
dissolved iron concentration in  the water which i s  expected t o  be lower. 
However, there a r e  reported cases of poor water qua l i ty  with high i r o n  
par t icu lar ly  near Area 6 along the CPR railway a n d  very h a r d  water i n  a few 
wells south of Area 3. Chemical analyses of water from B . C . F . G . A .  Well #1 
and 3 show Manganese contents s l i g h t l y  above t h a t  recommended in  B . C .  Drinking 
Water Qual i ty  Standards, 1982. An update on the water chemistry i s  necessary 

The water i s  

. . .  5 
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to  evaluate recent trends - b o t h  natural  a n d  man-induced - in the 
groundwater qual i ty  of the area.  

Groundwater Potential  Areas 

Groundwater potential  areas are  outlined in Figure 2.  These areas a re  
r e s t r i c t ed  t o  the west s ide  of the Okanagan River because of  the problem 
of bringing the groundwater across the r iver .  They were picked from the 
cross-sections where shallow, l ike ly  permeable deposits of su f f i c i en t  
saturated thickness a re  located and where water level of <50 f e e t  i s  
expected. These areas are then interpolated between cross-sections and  
outl ined in Figure 2. The potential  areas cover the floodplain and  
adjacent low lying areas (west of Areas 1,4, and  6 )  occupied by the 
f l u v i a l ,  a l l u v i a l ,  and glaciof luvial  deposits.  A br ief  summary of the 
groundwater potential  o f  the s i x  areas i s  presented below: 

Areas 1 and 2 - good po ten t i a l ;  f ew  reported wel’ls in Area 1 b u t  
some high capacity wells nearby; the f luv ia l  deposits 
are apparently >50 f ee t .  

the Area b u t  the f luvial  <loodplain i s  narrow and 
t h i n  except a t  the n o r t h  end. 

- good po ten t i a l ;  some shallow wells a t  the n o r t h  end 
b u t  none a p p e a r  t o  penetrate the e n t i r e  f luv ia l  
section which i s  expected t o  be >50 f e e t ;  no reported 
high capacity wells in the Area. 

two low capacity wel ls ;  thickness of the glaciofluvial  
deposits appears <15 f ee t .  

near the Area; thickness of the fl.uvia1 section may be 
u p  t o  70 f ee t .  

Area 3 - moderate potential  ; some moderate capacity wells in 

Area 4 

Area 5 - poor  potent ia l  ; few reported we1 Is in the Area including 

Area 6 - good po ten t i a l ;  moderate and  h i g h  capacity wells i n  and 

I n  addi t ion,  areas along Highway 97 s o u t h  and  west, of  Area 1,  northwest of 
Area 4 ,  and  west of Area 6 have good potential  (Figure 2 ) .  

Groundwater Exploration 

Groundwater exploration should be concentrated in the shallow aquifers 
within the potential  areas.  
f i e l d  survey, ( 2 )  geophysical survebs,and ( 3 )  t e s t  d r i l l i ng .  A f i e l d  
survey i s  necessary t o  update well inventory, check local geology, perform 
short  term well t e s t s  and water qual i ty  analyses on selected wells t o  pin 
down the expl orat i  on areas and  t o  es tab1 i sh exi s t i  n g  groundwater condi t i  ons 
pr ior  t o  t e s t  d r i l l i n g ,  and pick o u t  d r i l l  s i t e s .  

Exploration should include a (1) preliminary 

. . .  6 
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I t  may be possible  t o  delineate areas where the shallow floodplain and 
adjacent l o w  lying deposits may be thicker and  more permeable u s i n g  
seismic r e f l e c t i o n  and r a d a r  surveys (Brown, Geophysical S u r v .  Eng. , 
Minis t ry  of Transportation and Highways , 1985 pers. comm. ) . These 
geophysical surveys can be carr ied o u t  along l i n e s  across pa r t s  of the 
valley f loo r ,  i n  par t icu lar ,  where the hydrogeology i s  not well understood 
and where subsurface information i s  lacking (Area 1, Area 4 and northwest, 
and Area 6 and wes t ) .  
t b  $80,000 (Brown, 1985, pers. corn.) .  I t  i s  a lso possible to use 
geophysics to  explore fo r  aquifers a t  depth. 

Estimated cost  f o r  5 l i n e  miles i s  roughly $70,000 

Up to  16 8-inch diameter testholes capable of u p  t o  400 USgpm i s  
recomniended t o  assess  the capacity of the shallow aquifers in  the area. 
The testholes are l i ke ly  t o r a n g e  in  depth between 75 a n d  150 f e e t .  
proposed locat ions a re  shown i n  Figure 2 .  Exact locations wil l  depend u p o n  
the preliminary f i e l d  and  geophysical surveys. The tes tholes  should be 
d r i l l e d  by the cabletool method. Representative samples should be taken 
every 1 t o  2 f e e t  across the aquifer sect ion.  The tes thole  s h o u l d  then be 
completed w i t h  a properly designed screen a n d  pump tes ted to  assess i t s  
capacity and  obtain aquifer parameters. The pump t e s t  should be o f  constant 
r a t e  and of m i n i m u m  24-hour  duration. 
t o  check water q u a l i t y .  Water levels in the Okanac3n River a n d  nearby wells 
s h o u l d ,  i f  poss ib le ,  be monitored d u r i n g  the pump t e s t  t o  assess the e f f ec t s  
of interference.  The t e s t  .we11 should be constructed w i t h  a surface 
sanitary seal t o  minimize flooding of the well head a n d  contamination of the 
well by any pol luted runoff. 
groundwater resource in t h a t  area can be developed before t e s t  d r i l l i n g  in  
other areas i s  continued. For example, i f  t e s t  d r i l l i n g  i s  s t a r t e d  in Area 1 
w i t h  good r e s u l t s ,  the t e s t  wells can be completed as production wells a n d  
other production wells of 12-inch or 16-inch diameter can be completed i n  the 
area to  serve System 7 before fur ther  t e s t  d r i l l i n g  i s  continued in other 
areas. Cost t o  construct and  t e s t  16 8-inch wells o f  75 t o  150 f e e t  depths 
would  be $210,000 excluding engineering supervision (Table 3 ) .  I f  S . O . L . I . D .  
could find a spare  pump of s u f f i c i e n t  capacity to  do the pump t e s t ing ,  the 
costs could be reduced by about 35%. 
S . O . L . I . D .  Systems # 1 , 4 , 5 , 6 ,  and  7 on groundwater, i f  possible ,  may 
theoret ical ly  require  30 wells of 12-inch and 16-inch diameter costing u p  t o  
$640,000 excluding engineering supervision (Table 3 ) .  
design, and  pump t e s t ing  of the wells should be carr ied o u t  under the 
supervision of a groundwater engineer. 

Their 

Water samples should a l so  be collected 

Where d r i l l i n g  r e su l t s  are favourable, the 

Ultimate c o s t ' f o r  supplying the 

Dr i l l ing ,  construction, 

Conclusions 

1. Moderate t o  h i g h  capacity wells h a v e  been completed i n  f l uv ia?  
floodplain a n d  adjacent low lying glaciof luvial  deposits and st;:!e i n  
low lying a l l u v i a l  deposits. 
aquifers in  the area. 

These deposits forn the major shallow 

. . .  7 
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2. In genera1,water qua l i ty  of the shallow aquifers i s  moderately s o f t  t o  
moderately hard, moderate i n  dissolved mineralization, sui table  f o r  
i r r i g a t i o n ,  and  not encrustive n o r  corrosive. The water i s  c l a s s i f i e d  
as a- Calcium-Bicarbonate type water. 

3. Groundwater exploration f o r  S . O . L . I . D .  Systems 
Toncentrated i n  the shallow aquifers west of the Okanagan River. 
Exploration should include a (1) preliminary f i e l d  survey, ( 2 )  geophysical 
surveys, and ( 3 )  t e s t  d r i l l i n g .  

#1,4,5,6, and  7 should be 

4. Costs f o r  5 l i n e  miles o f  geophysical surveys could amount t o  $80,000. 

5. Up t o  16 8-inch diameter testholes are recommended fo r  the t e s t  
d r i l l i n g .  The tes tholes  should be d r i l l e d  by the cabletool method. 
Cost f o r  16 8-inch diameter t e s t  production wells would be $210,000 
excl ud i  n g  engi neeri n g  supervi s i  on .  

D r i l l i n g ,  design, construction, and t e s t ing  of  wells should be car r ied  
o u t  under the  supervision of a groundwater engineer. 

6. 
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