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SYNOPSIS 

This  r e p o r t  covers  a groundwater r e sea rch  p r o j e c t  c a r r i e d  ou t  i n  

1975 on t h e  Cowichan River  a q u i f e r s  l oca t ed  along both s i d e s  o f  t h e  Cowi- 

chan River south  o f  Duncan, B r i t i s h  Columbia. 

There were t h r e e  main o b j e c t i v e s  t o  be met i n  t h i s  p r o j e c t ,  namely: 

(a )  Water Quant i ty :  The need t o  prove up 1,600 U.S.  ga l lons  p e r  minute 

f o r  t he  yea r  1980 demand and p o t e n t i a l  f o r  4,000 U.S.  ga l lons  p e r  

minute capac i ty  by t h e  y e a r  2000. 

(b) Water Qua l i ty :  To a s c e r t a i n  whether t h e  groundwater supply from t h e  

Cowichan a q u i f e r s  is po tab le .  

(c )  Effect of Groundwater Withdrawals: To eva lua te  t h e  e f fec t ,  i f  any, 

of groundwater withdrawals by product ion  wells i n  t h e  a q u i f e r s  on 

t h e  flows i n  t h e  Cowichan River .  

To meet these  o b j e c t i v e s ,  s i x  monitor  wells, one t e s t  well ,  and 

one observa t ion  well  were completed under t h i s  groundwater r e sea rch  p r o j e c t .  

Monitoring, sampling and well t e s t i n g  were a l s o  c a r r i e d  o u t .  

Hydrographs of  water level f l u c t u a t i o n s  were obta ined  from t h e  

s i x  monitor wells completed i n  t h e  "upper aqui fe rs" .  Hydrographs of 

water l e v e l  f l u c t u a t i o n s  i n  t h e s e  wells show a c l o s e  r e l a t i o n s h i p  t o  

changes i n  t h e  s t a g e  of t h e  Cowichan River.  

An 8-inch test  well and a 6- inch obse rva t ion  well were completed 

wi th  sc reens  and t e s t e d ,  first i n  t h e  "lower aqu i f e r "  and then  i n  t h e  

"middle aqui fe r" .  

d i c a t e  a product ion  well can be completed i n  t h e  "middle aqui fe r ' '  which 

should be capable  of  y i e l d i n g  800 t o  1,000 U.S. ga l lons  p e r  minute.  

P o t e n t i a l  f o r  a second product ion well i s  a l s o  very good. 

p o t e n t i a l  f o r  proving up a 4,000 U.S. g a l l o n  p e r  minute supply from t h e  

Cowichan a q u i f e r s  would appear on t h e  b a s i s  of  p r e s e n t  in format ion  t o  be 

very good, p a r t i c u l a r l y ,  i f  w e  cons ide r  t h e  whole a q u i f e r  area ad jacen t  

t o  the  Cowichan River  and n o t  res t r ic t  t h i s  assessment t o  t h e  F rase r .p rope r ty  

Pumping tes ts  c a r r i e d  o u t  on t h e  8-inch t e s t  well i n -  

The groundwater 



where t h e  t e s t  well is s i t e d .  

A l i m i t i n g  f a c t o r  i n  t h e  "middle aqui fe r"  appears  t o  be i t s  l imi t ed  

th i ckness  and t h e  r e s t r i c t i o n  t h i s  p l aces  on well sc reen  des ign  length .  

There were a l s o  problems a s soc ia t ed  wi th  the  sc reen  development i n  t h e  

t e s t  well. 

t e s t i n g  and monitor ing procedures  w i l l  be r equ i r ed  on product ion wells 
completed i n  t h i s  a q u i f e r .  

In  view o f  t 6 e  above, c a r e f u l  well des ign ,  well development, 

B a c t e r i o l o g i c a l  water  q u a l i t y  ana lyses  are  n o t  y e t  completed, b u t  

chemical ana lyses  show t h e  groundwater i n  t h e  "middle and upper aqui fe rs"  t o  

be s o f t ;  a l s o ,  no c h e m i c a l ' c o n s t i t u e n t s  were p resen t  i n  amounts t h a t  w i l l  

cause a h e a l t h  hazard .  

The high t r a n s m i s s i v i t y  va lues  of  900,000 U.S. ga l lons  p e r  day p e r  

f o o t  width obta ined  from the  t e s t  well "middle aqui fe r"  pumping tes ts ,  to -  

g e t h e r  with t h e  s i m i l a r i t y  i n  t h e  obse rva t ion  well  hydrograph curves com- 

pared  t o  the  Cowichan River  s t a g e  hydrographs,  sugges t  t h e r e  i s  a good 

hydrau l i c  c o n t i n u i t y  between t h e  Cowichan River and t h e  wells completed i n  

t h e  "middle aqui fe r" .  I t  i s  a l s o  expected t h a t  groundwater withdrawals w i l l  

a f fect  r i v e r  flows t o  some e x t e n t ,  however t h e  exac t  r e l a t i o n s h i p  w i l l  no t  

be known u n t i l  p roduct ion  wells are u t i l i z e d  over  a long term and t h e  

r eco rds  analyzed.  

Pumping tes ts  c a r r i e d  ou t  e a r l i e r  when t h e  t e s t  well was f i rs t  

screened  i n  t h e  "lower aqui fe r"  gave T va lues  o f  only 26,000 U.S.  ga l lons  

p e r  day p e r  f o o t  width.  

aqui fe r"  va lue  and, t h e r e f o r e ,  we would expec t  t h a t  t h e  "lower aqui fe r"  

well y i e l d  would only be a f r a c t i o n  o f  t h e  t o t a l  y i e l d  of  a product ion  

well screened  i n  both "lower and middle aqui fe rs" .  

recommended t h a t  t h e  "lower aqui fe r"  is n o t  used f o r  f u t u r e  product ion 

w e l l  completions.  

This  T va lue  i s  about 3 p e r  cent  o f  t h e  "middle 

Therefore ,  i t  i s  

This  r e p o r t  i nc ludes  appendices which g ive  d e t a i l s  o f  well logs ,  

well des igns ,  t e s t  d a t a ,  r e s u l t s ,  ana lyses ,  g raph ica l  p l o t s ,  and hydro- 

graphs.  Also included i n  t h e  r e p o r t  are subsur face  s e c t i o n s ,  t a b l e s  and 

c o s t  estimates f o r  a product ion well .  

- iii - 
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Following t h e  completion o f  t h e  f i n a l  well tests,  and t h e  w r i t i n g  

o f  t h i s  r e p o r t ,  t h e  8-inch t e s t  well cas ing  and sc reen  subs ided  1.17 fee t .  

Another th ree-hour  pumping tes t  was then run i n  t h e  test  well and a small 

drop i n  well performance was recorded  from 170 down t o  159 U.S. ga l lons  

p e r  minute p e r  f o o t  o f  drawdown f o r  t he  three-hour  pumping pe r iod .  

measures were taken t o  prevent  f u r t h e r  subsidence i n  t h e  well. 

Remedial 

As t h e  r e p o r t  was f i n a l i z e d  p r i o r  t o  subsidence,  a s h o r t  addendum 

has been inc luded  (before  the  t a b l e s  and f i g u r e s  i n  t h i s  r e p o r t ) .  

cluded i n  t h e  addendum are r e s u l t s  o f  t he  three-hour  well t e s t  and r e v i s e d  

ske tches  showing t h e  t e s t  well design measurements wi th  r e s p e c t  t o  t h e  

datum a f t e r  well subsidence took p l a c e .  

Also  i n -  

. 

- i v  - 



I 

a 

ACKNOWLEDGEMENTS 

The writer acknowledges the  major con t r ibu t ion  made by t h e  Ground- 

water Sec t ion  s t a f f  i n  t h e  s e v e r a l  phases  o f  t h i s  program, and p a r t i c u l a r l y  

M r :  F .  Chwojka who has  been r e spons ib l e  f o r  f i e l d  supe rv i s ion  o f  t h e  well 

d r i l l i n g  program, surveying and t h e  c o l l e c t i o n  o f  t h e  monitor well d a t a  

and subsequent compilat ion of  t he  r e s u l t s  i n t o  graphs and f i g u r e s .  Also 

thanks t o  M r .  A.  Kohut f o r  pumping tes t  supe rv i s ion ,  M r .  E .  Tradewell  f o r  

pumping test  and hydrograph d a t a  a n a l y s i s ,  and i n t e r p r e t a t i o n ,  t o  Mr. W .  

Hodge f o r  a n a l y s i s  o f  pumping t e s t  r e s u l t s  and completion of  graphs,  t o  

Miss J a n i s  Wright f o r  t yp ing  and Miss Denise Cormier f o r  assembling t h e  

r e p o r t .  The h e l p  given by M r .  E .  S tannard  and Mr. B .  Pa t t e r son  of  t h e  

Water I n v e s t i g a t i o n s  Branch i s  a l s o  acknowledged. 

t h e  District  of North Cowichan i s  apprec ia t ed ,  p a r t i c u l a r l y  Mr. Don McCool, 

Works Super in tendent ,  who arranged f o r  an a l t e r n a t i v e  water supply f o r  

M r .  Fraser during t h e  pumping t e s t  pe r iods ;  a l s o  acknowledgement i s  made 

t o  the  Distr ic t  f o r  pump equipment used on some of  t h e  well tests.  

The cooperat ion of 

- v -  



+& 

TABLE O F  CONTENTS 

Page 

T I T L E P A G E . .  . . . . . . . . . . . . . . . . . . . . . . . . i 

S Y N O P S I S  . . . . . . . . . . . . . . . ' .  . . . . . . . . . . ii 

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . v 

- 

TABLE O F  CONTENTS . . . . . . . . . . . . . . . . . . . . . . v i  
L I S T  O F  TABLES . . . . . . . . . . . . . . . . . . . . . .. . . v i i  

L I S T  O F  F I G U R E S  . . . . . . . . . . . . . . . . .. . . . . . . v i i  
L I S T  O F  A P P E N D I C E S  . . . . . . . . . . . . . . . . . . . . . . v i . i i  

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . 1 

2. MONITOR WELLS - WELL LOGS AND \ 'ELL D E S I G N  . . . . . . . . 2 

3. T E S T  WELL 130 - WELL LOG AND WELL D E S I G N  . . . . . . . . 3 

4. OBSERVATION WELL 131 - WELL LOG AND WELL D E S I G N  . . . -. . 4 

5. R E L A T I O N S H I P  BETWEEN H E I G H T  O F  WATER I N  THE COWICHAN 
R I V E R  AND GROUNDIz'ATER L E V E L S  I N  THE COWICHAN A Q U I F E R S  . . 5 

A. "Middle A q u i f e r "  . . . . . . . . . . . . . . . . . . 5 
B. " L o w e r  A q u i f e r "  . . . . . . . . . . . . . . . . . . . 6 
C .  " U p p e r  A q u i f e r "  . . . . . . . . . . . . . . . . . . . 7 

6 .  PUMPING T E S T S  AND ANALYSIS - "LOWER AQUIFER" . . . . . . 7 

7. PUMPING T E S T S  AND ANALYSIS - "MIDDLE AQUIFER" BEFORE 
REDEVELOPMENT . . . . . . . . . . . . . . . . . . . . . . 9 

8. PUMPING T E S T S  AND A N A L Y S I S  - "MIDDLE AQUIFER" -- A F T E R  
REDEVELOPMENT . . . . . . . . . . . . . . . . . . . . . . 10 

9.  WATER QUALITY . . . . . . . . . . . . . . . . . . . . . . 11 

10. CONCLUSIONS AND RECOMMENDATIONS . . . . /. . . . . . . . . 12 

A. G E N E R A L . .  . . . . . . . . . . . . . . . . . . . . . 1 2  
B.  WATER QUANTITY S T U D I E S  . . . . . . . . . . . . . . . 13 

1. F i rs t  Production Well . . . . . . . . . . . . . . 13 
2.  Second P r o d u c t i o n  Well . . . . . . . . . . . . . 14 
3 .  G r o u n d w a t e r  P o t e n t i a l  . . . . . . . . . . . . . . 1 4  
4 .  T e s t W e l l 1 3 0 . .  . . . . . . . . . . . . . . . .  15 
5. O b s e r v a t i o n  Well 131 . . . . . . . . . . . . . . 1 7  

C .  WATER QUALITY S T U D I E S  . . . . . . . . . . . . . . . . 17 
D. E F F E C T S  O F  GROUNDWATER WITHDRAWALS . . . . . . . . . 18 

11. ADDENDUM . . . . . . . . . . . . . . . . . . . . . . . . 1 9 . .  

., - v i  - 



r 
I 

, 

Q 

LIST OF TABLES 

Table No. 

1. Data used t o  draw curve i n  Figure No. 3 

2 .  Table used t o  p l o t  Figure No. 8 

3. 

9 

Cost estimates o f  16-inch product ion well completed wi th  
16-inch nominal s c reen  

LIST OF FIGURES 

Figure No. 

1. 

2 .  

3 .  

4. 

5 .  

6 .  

7 .  

8. 

9. 

10. 

Key plan 

Well s i t e  l o c a t i o n s  

Rela t ionship  between water  h e i g h t  i n  feet  on Water Survey 
of  Canada Cowichan River gauge n e a r  Duncan and water h e i g h t  
i n  f ee t  on Water Resources Se rv ice  temporary Cowichan 
River  gauge n e a r  t e s t  well s i t e  

Sec t ion  through monitor wells 

Sec t ion  through monitor wells 

Sec t ion  through monitor and tes t  well 
Sec t ion  through monitor and tes t  well 

Hydrograph f o r  observa t ion  well 131 ("Lower Aquifer") and 
hydrograph based on c a l c u l a t e d  water h e i g h t s  of  t h e  Cowi- 
chan River n e a r  t e s t  well s i t e  a t  Duncan, B .  C. 

Hydrograph f o r  observa t ion  we1 1 131 ("Middle Aquifer") and 
hydrograph based on c a l c u l a t e d  water h e i g h t s  o f  t h e  Cowi- 
chan River  n e a r  the  t e s t  well s i t e  a t  Duncan, B .  C .  

Comparison between water h e i g h t s  i n  the  Cowichan River  
nea r  Duncan and p r e c i p i t a t i o n  

t 

. - v i i  - 



LIST OF APPENDICES 

Appendix No. 

1. 

2 .  

3 .  

4. 

5 .  

6 .  

7 .  

8. 

Monitor we l l s  120 -. 125 
D r i l l  logs,, wel l  des igns ,  g r a i n  s i z e  a n a l y s i s  

Tes t  w e l l  130 
Well log ,  we l l  des ign ,  g r a i n  s i z e  a n a l y s i s  

Observation wel l  131 
Well log,  wel l  design 

"Lower Aquifer" pumping t e s t s  
Well readings and g raph ica l  p l o t s  

"Middle Aquifer" pumping tests 
Well readings and g raph ica l  p l o t s  

"Middle Aquifer" pumping tests 
Corrected wel l  readings 15 graph ica l  p l o t s  

Water q u a l i t y  r e p o r t s  f o r  samples 

Hydrographs f o r  monitor we l l s  compared with hydrograph 
based on c a l c u l a t e d  water  he igh t s  of  t h e  Cowichan River 
near  t h e  t e s t  well s i t e  a t  Duncan, B .  C. 

. - v i i i  - 



1 
1 
I 
I 
I 
I 

.. 

R. 

GROW DWATE R RES E ARCH P ROJ ECT 

COWICHAN RIVER AQUIFERS 

NEAR DUNCAN, BRITISH COLUMBIA 

1. INTRODUCTION 

This  r e p o r t  covers  t he  des ign ,  d r i l l i n g  and cons t ruc t ion  of  seven 

monitor  we l l s  and one t e s t  well completed under Water I n v e s t i g a t i o n s  Branch, 

Groundwater Sec t ion  Contract  #60. 

Previous i n t e r n a l  memoranda on f i l e  inc lude  no te s  on t h e  geology 

and groundwater p o t e n t i a l  o f  t h e  south end area o f  t h e  District of  North 

Cowichan. There are a l s o  a number o f  consu l t an t  r e p o r t s  e t c .  on f i l e .  A 

summary o f  t h i s  in format ion  i s  given i n  Report #1, "Groundwater P o t e n t i a l  

Avai lab le  t o  the  Corporat ion of t h e  District of  North Cowichan a t  t h e  

South End of  the  District". 

M r .  S.  B .  Mould was appointed coord ina to r  o f  t e c h n i c a l  i n v e s t i g a -  

t i o n s  needed t o  determine t h e  f e a s i b i l i t y  o f  a l ternate  sources  of water 

supply f o r  t h e  District of  North Cowichan. 

The i n v e s t i g a t i o n  was prepared  a t  t h e  r e q u e s t  o f  t h e  Environment 

and Land Use Committee. 

The well d r i l l i n g  c o n t r a c t o r  was Mr. Ken S lade ,  Dri l lwel l  Enter-  

p r i s e s  Limited,  R . R .  # 2 ,  Cowichan S t a t i o n ,  B.  C. Subcont rac tors  f o r  t he  

w e l l  t e s t i n g  were Mr. J .  Jaundrew o f  B. C .  Aquifer Tes t ing  and Equipment 

V i c t o r i a ,  B .  C . ,  and Mr. S.  M .  Fraser of Aqua-Flow Tes t ing  and Equipment 

Limited Lang ey ,  B .  C. D r i l l i n g  commenced on t h e  monitor wells on Septem- 

b e r  10, 1975 and work a t  the  south  end was completed on December 1 2 ,  1975. 

A cab le  t o o l  d r i l l i n g  r i g  was used throughout f o r  t h e  well  d r i l l i n g .  

The area, i n  which are loca ted  t h e  monitor  wells and t e s t  well 

d r i l l e d  under Contract  60 i n  the  Cowichan River  a q u i f e r s ,  i s  shown on 

t h e  key p l a n ,  Figure No. 1. In  Figure No. 2 ,  t h e  l o c a t i o n s  o f  t h e  monitor 
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wells and tes t  well are shown i n  more d e t a i l .  
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2 .  MONITOR WELLS - WELL LOGS AND WELL DESIGN 

The s i x  monitor wells cons t ruc t ed  on t h e  P a t t e r s o n  p rope r ty  are 

loca ted  and designed t o  h e l p  provide  answers t o  - two o f  t h e  t h r e e  main ob- 

j e c t s  o f  t h e  r e sea rch  p r o j e c t ,  namely: 

1) t o  a s c e r t a i n  whether t he  groundwater supply from t h e  Cowichan 

Aquifers  i s  p o t a b l e ,  and 

2) t o  eva lua te  t h e  e f fec t ,  i f  any, of t he  groundwater withdrawals from 

product ion  wells on the  flow i n  t h e  Cowichan River .  

From Figure No. 2 we see t h a t  t h e  co lLec t ion  boxes f o r  sewerage 

e f f l u e n t  f o r  t h e  e a s t e r n  p a r t  of t h e  Pa t t e r son  t r a i l e r  park are loca ted  

about 900 f e e t  from the  t es t  well s i t e  l o c a t i o n .  

from the  boxes i s  a l s o  towards t h e  t e s t  w e l l  s i t e ,  a l s o  t h e  g r a d i e n t  of 

t h e  groundwater t a b l e  and d i r e c t i o n  o f  groundwater movement. 

No. 6 .  Since the  summer of 1975, e f f l u e n t  d i s p o s a l  i n t o  t h e  boxes has  

The topographic  g r a d i e n t  

See Sec t ion  

been d iscont inued .  However, t o  eva lua te  p o s s i b l e  downstream groundwater 

contaminat ion,  fou r  monitor  wells were i n s t a l l e d :  Nos. 120-123, see Figure 

No. 2 and Sec t ions  Nos. 4 ,  5 and 6. Two a d d i t i o n a l  monitor wells were 

i n s t a l l e d  nea r  t he  r i v e r ,  Nos. 124 and 125 ( see  F igure  No. 2 ) ,  t o  h e l p  

eva lua te  t h e  response of t h e  water t a b l e  t o  changes i n  r i v e r  s t a g e .  

Details of  t h e  well logs ,  g r a i n  s i ze  a n a l y s i s ,  well des igns ,  e t c .  
\ 

are given i n  Appendix No. 1. 

The monitor wells were completed wi th  160 PVC, 4-inch, ID p ipe  and 

s l o t t e d  sc reen  ( s l o t  s i ze  .020 i n c h e s ) .  A l l  monitor  wells were completed 

with a s u r f a c e  6- inch,  I D  s t e e l  cas ing  and f i t t e d  wi th  a locked cap o r  

locked r eco rde r  box. 

I n  monitor  well Nos. 120, 1 2 1  and 124 two impervious zones o f  

hardpan? o r  t i l l ?  were encountered a t  shal low depth ( l e s s  than 31 f e e t ) .  

Within a .sand and g rave l  sequence t o  eva lua te  t h e s e  subsur face  cond i t ions ,  

two monitor wells were i n s t a l l e d ;  one screen  was se t  wi th in  a sand and 
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g rave l  sequence above t h e  upper impervious zone i n  well 121, and one s c r e e n ,  

was completed t o  below the  lower impervious zone i n  we l l  120. These two 

monitor wells a r e  t h e r e f o r e  loca t ed  i n  a s u i t a b l e  p o s i t i o n  t o  monitor 

groundwater q u a l i t y  above and below the  impervious l a y e r s  immediately down 

g r a d i e n t  from the  disconnected e f f l u e n t  boxes. .Likewise, t h e  shal low moni- 

t o r  well No. 1 2 3  and the  deeper monitor well No. 122  are s u i t a b l y  p l aced  t o  

monitor groundwater q u a l i t y  on the  Pa t t e r son-Frase r  p rope r ty  boundary c l o s e r  

t o  the  t e s t  well s i t e  area. 

3. TEST WELL 130 - WELL LOG AND WELL DESIGN 

Details o f  t h e  we l l  log ,  g r a i n  s i ze  ana lyses  and well des ign  are 

given i n  Appendix No. 2 .  Also, see t h e  Addendum for r ev i sed  measurements 
wi th  r e s p e c t  t o  t h e  datum. 

After p l ac ing  the  s u r f a c e  cas ing ,  t h e  t e s t  well was d r i l l e d  and 

cased with 8-inch, I D  cas ing  t o  152 fee t  ( see  Drawings 1 and 2 ,  Appendix 

No. 2 ) .  

grave l  l enses  extended from 90 t o  104 fee t .  

t h i s  r e p o r t  as the  "lower aqui fe r" .  

f i n e r  wi th  some good samples of  wood, cones and seeds  be ing  recovered i n  

the  114- t o  124-foot zone. Above t h e  "lower aquifer".  is a 16-foot  t h i ck -  

nes s  o f  b lue  s i l t y  c l ay  wi th  some pebbles .  

minor brown s i l t  forms t h e  "middle aqui fe r"  between 54 and 69 f e e t .  The 

design d e t a i l s  f o r  t h e  t e s t  well s c reen  s e t  first i n  t h e  "lower aqui fe r"  

are given i n  Drawing 4, Appendix No. 2 .  The 10- foot ,  40 s l o t ,  8- inch 

nominal s i z e  s t a i n l e s s  s t e e l  w e l l  sc reen  was s e t  between 94 and 104 fee t  

below ground su r face  datum. 

U.S. g a l l o n s  p e r  minute.  

A f i n e  t o  coarse-gra ined ,  b lue-b lack  coloured sand wi th  some 

This  has  been des igna ted  f o r  

Below t h i s  depth t h e  materials became 

Coarse grave l  and sand wi th  

The design t r a n s m i t t i n g  capac i ty  was 269 

Following t h e  pumping t e s t s  i n  t h e  "lower aqui fe r" ,  t h e  screen  was 

withdrawn and a f te r  p u l l i n g  back t h e  cas ing ,  a second t e s t  well s c reen  

was set  i n  the  "middle aqui fe r ' '  between 58 and 69 f ee t  below ground s u r f a c e  

datum (see Drawing 3,  Appendix No. 2 ) .  

s tee l  Johnson's well sc reen  cons i s t ed  of 2 feet  o f  50 s l o t  (58-60 f e e t ) ,  

The 8-inch nominal s i z e  s t a i n l e s s  
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2 f ee t  of  100 s l o t  (60-62 f e e t ) ,  7 fee t  of 150 s l o t  (62-69 f e e t ) .  The 

design t r a n s m i t t i n g  capac i ty  i s  501 U.S .  ga l lons  p e r  minute.  

assembly, i nc lud ing  r iser p i p e ,  l ead  packer  and b a i l  bottom, i s  15 fee t  

4 inches  long. The t o p  of  t h e  lead  packer  i s  swedged a t  54 fee t  below 

datum. 

?he sc reen  

\ 

* 
Following t h e  i n i t i a l  pumping tests i n  t h e  "middle aqui fe r" ,  it 

became apparent  t h a t  t h e  well was n o t  responding as expected and drawdown 

became excess ive .  A dec i s ion  was made t o  f u r t h e r  develop t h e  well u s ing  

a water j e t t i n g  t o o l  belonging t o  the  Groundwater Sec t ion .  

high capac i ty  pump was obta ined  by the  c o n t r a c t o r  t o  d e l i v e r  about 100 

A high p r e s s u r e ,  

U.S.  ga l lons  p e r  minute a t  100 l b s .  p r e s s u r e .  Water was then  forced  through 

the  j e t t i n g  t o o l  and t h e  well sc reen  i n t o  the  n a t u r a l  sand and g rave l  forma- 

t i o n s  surrounding t h e  well s c reen .  The material s o  loosened was c a r r i e d  

i n  suspension t o  the  s u r f a c e  where i t  was removed by a smaller c o n t r a c t o r ' s  

s u c t i o n  pump. Fur the r  surg ing  was a l so  c a r r i e d  out  i n  t h e  sc reen .  

The'pump t e s t  t h a t  followed was s u c c e s s f u l  and it  was apparent  t h a t  

the  well had r e t u r n e d . a n d  even improved on i t s  former s p e c i f i c  capac i ty .  

The annular  space between t h e  s u r f a c e  and 8-inch cas ing  was grouted 

t o  act as a sea l ,  and a s t e e l  cap with lock was f i t t e d  t o  t h e  8-inch cas ing  

a t  t h e  well head. 

4. OBSERVATION WELL 131 - WELL LOG AND WELL DESIGN 

Details of the  well log  and well design are given i n  Appendix 

No. 3 f o r  observa t ion  well No. 131. This  well i s  loca ted  20 feet  from t h e  

t e s t  we l l  and was d r i l l e d  and cons t ruc t ed  mainly f o r  pumping t e s t  r equ i r e -  

ments. However, t h i s  well should be r e t a i n e d  f o r  long-term monitor ing 

purposes . 
Observation well 131 was d r i l l e d  and cased wi th  6- inch I D  s t e e l  

cas ing  t o  99 f e e t  (see Drawings 1 and 2 ,  Appendix No. 3 ) .  The design 

d e t a i l s  f o r  t he  observa t ion  well sc reen  s e t  f irst  i n  t h e  "lower aqui fe r"  

are g i v e n . i n  Drawing 4 Appendix No. 3. The 4 - foo t ,  20 s l o t ,  6- inch nominal 



m 

5 

s i z e  s t a i n l e s s  s t e e l  w e l l  sc reen  was f i r s t  s e t  between 95 and 99 fee t  

below ground s u r f a c e  datum. Following pumping tes ts  i n  t h e  t e s t  well f o r  

t he  "lower aqui fe r" ,  t h e  sc reen  was withdrawn and a f t e r  p u l l i n g  back the  

cas ing  t h e  same s c r e e n  was reset i n  the  "middle aqui fe r"  between 65 and 

69 f e e t  below ground s u r f a c e  datum (see Drawing 3, Appendix No. 3 ) .  The 

t o p  o f  t h e  l ead  packer  i s  se t  a t  64 feet  below datum. 

completed wi th  a Stevens water l e v e l  r eco rde r ,  r e c o r d e r  housing and cas ing  

ex tens ion .  

The w e l l  l ead  i s  

5 .  RELATIONSHIP BETWEEN HEIGHT OF WATER I N  THE COWICHAN RIVER 

AND GROUNDWATER LEVELS' I N  THE COWICHAN AOUIFERS 

A.  "Middle Aquifer" 

One of ,  t h e  t h r e e  main o b j e c t i v e s  o r  terms of  r e fe rence  f o r  t h i s  

groundwater r e sea rch  p r o j e c t  i s  an eva lua t ion  of t h e  e f fec t ,  i f  any, of 

groundwater withdrawals  from t h e  t e s t  s i t e  area, on flow i n  t h e  Cowichan 

River.  

In  an a t tempt  t o  o b t a i n  d a t a  which could be used i n  a s tudy  o f  

t h i s  problem w e  i n s t a l l e d  f i v e  automatic  water l e v e l  r eco rde r s  on monitor 

wells and observa t ion  wells i n  t h e  t e s t  area. Three o t h e r  monitor wells 

are be ing  read  manually. 

Figure No. 3 shows the  r e l a t i o n s h i p  between water h e i g h t  i n  feet 

on the  Water Survey o f  Canada Cowichan River  gauge n e a r  Duncan and water 

h e i g h t  i n  f e e t  on the  Water Resources temporary Cowichan River gauge n e a r  

t h e  t es t  well s i t e  area. The d a t a  p l o t t e d  t o  produce t h e  curve f o r  t he  

pe r iod  o f  gauge readings  between October 23rd and December 14th i s  completed 

on Table No. 1. 

The curve on Figure No. 3 has been used t o  o b t a i n  a l l  t h e  "calcu- 

l a t e d  values" f o r  t h e  Cowichan River  water h e i g h t  nea r  the  t e s t  well s i t e  

a t  Duncan. These c a l c u l a t e d  va lues  are compiled, a long with t h e  1V.S.C. 

gauge readings  f o r  t h e  pe r iod  o f  r eco rd  October 23rd t o  December 14th,  1975, 

i n  Table No. 2.  % 
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Because ou r  observa t ion  well No. 131 and o u r  t e s t  well No. 130 are 

completed i n  t h e  "middle aqui fe r"  t he  r e l a t i o n s h i p s  between t h e  r i v e r  and 

t h i s  a q u i f e r  are important .  The observa t ion  well No. 131 has  only been 

completed i n  the  "middle aqui fe r"  s i n c e  November 21st and the  hydrograph 

covering t h e  pe r iod  November 21st t o  December 12th i s  shown i n  Figure No. 9 .  

This hydrograph i s  based on Stevens c h a r t  r eco rde r  graphs.  From Table No. 2 

a hydrograph has  a l s o  been drawn on Figure No. 9 of  t h e  c a l c u l a t e d  water 

h e i g h t s  o f  t h e  Cowichan River n e a r  t h e  t es t  well s i t e  a t  Duncan, B .  C. 

The s i m i l a r i t y  o f  t h e  two hydrographs i n  Figure No. 9 is r e a d i l y  apparent ,  

p a r t i c u l a r l y  f o r  t h e  pe r iod  immediately p r i o r  t o  t h e  pumping t e s t .  , During 

t h i s  s p e c i f i c  p e r i o d  the  s lope  of t h e  two hydrographs a r e  very  similar. 

I f  we compute t h e  d e c l i n e  i n  t h e  r i v e r  water h e i g h t  f o r ,  s ay ,  t h e  f ive-day 

pe r iod  December 8 th  t o  December 12th ,  we f i n d  t h e r e  i s  a drop o f  0.53 feet  

i n  water h e i g h t ;  t h i s  averages out  t o  0.106 f ee t  d e c l i n e  i n  head each day 

over  t h i s  s p e c i f i c  pe r iod .  

The va lue  0.106 f e e t  i s  important  as t h e  f i n a l  cons tan t  ra te  
\ 

/ 
pumping t e s t  on t h e  t e s t  well sc reened  i n  t h e  "middle aqui fe r"  was c a r r i e d  

o u t  between 10:30 A.M. on December 10th and 10:30 A.M. on December 11th.  

During t h i s  pe r iod  and t h e  subsequent p e r i o d  of r a p i d  recovery w e  have 

through these  hydrographs been ab le  t o  c o r r e c t  ou t  pumping tes t  d a t a  t o  

a l low f o r  the d e c l i n e  i n  s t a t i c  water l e v e l  due t o  dec l ine  i n  water h e i g h t  

i n  t h e  Cowichan River.  The very  h igh  t r a n s m i s s i v i t y  va lues  obta ined  from 

t h e  "middle aqui fe r"  pumping tests (see  next  s e c t i o n )  and t h e  s i m i l a r i t y  

i n  the  hydrograph curves f o r  observa t ion  we l l  and r i v e r  water he igh t  sugges t  

t h a t  t h e r e  i s  good h y d r a u l i c  c o n t i n u i t y  between t h e  Cowichan River and t h e  

"middle aqui fe r" .  

B .  "Lower Aquifer" 

Figure No. 8 has  been cons t ruc t ed  i n  t h e  same manner as Figure 

No. 9 d i scussed  above. 'Ihe observa t ion  we l l  No. 131 was i n i t i a l l y  com- 

p l e t e d  i n  t h e  "lower aqui fe r"  and manual readings  were taken between 

October 23rd and November 3rd;  a f t e r  t h i s  p e r i o d  a Stevens automatic  water 

l e v e l  r eco rde r  was f i t t e d .  The r e l a t i o n s h i p  between r i v e r  water he igh t  
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and well waker l e v e l  i s  n o t  good a t  times of low r i v e r  flow; however, 

t h e  c o r r e l a t i o n  improves a f t e r  t h e  f i rs t  week i n  November and is p a r t i -  

c u l a r l y  c l o s e  i n  t h e  l a s t  f e w  days o f  t h e  hydrograph r eco rd ,  sugges t ing  

t h a t  a t  h i g h e r  water t h e r e  i s  c l o s e  h y d r a u l i c  connections between t h e  

r i v e r  and t h e  "lower aqui fe r" .  

low r i v e r  flow. 

Fur the r  d a t a  i s  r e q u i r e d  a t  times o f  

C.  "Upper Aquifer" 

Due t o  i n s u f f i c i e n t  time be ing  a v a i l a b l e  from t h e  end o f  t h e  

d a t a  c o l l e c t i o n  p e r i o d  and t h e  completion d a t e  f o r  t h e  f i n a l  r e p o r t ,  

no a n a l y s i s  has  been made o f  t h e  hydrographs made from water l e v e l s  i n  

t h e  monitor wells.  Some hydrographs f o r  monitor wells are a t t a c h e d  as 
Appendix No. 8. 

6 .  PUMPING TESTS AND ANALYSES - "LOWER AQUIFER" 

I n  o r d e r  t o  e s t a b l i s h  a pumping ra te  "Q" f o r  t h e  cons t an t  rate 

t e s t  i n  t e s t  well  No. 130 i n  t h e  "lower aqu i f e r " ,  two s t e p  drawdown 

pumping tests were f i rs t  run  i n  t h e  well .  

mined by o r i f i c e  p l a t e  and p i p e .  

The flow rate (Q) was d e t e r -  

d i x  No. 

ga l lons  

37,400 

The f i rs t  s t e p  drawdown t e s t  was run  a t  approximately 241 U.S. 

g a l l o n s  p e r  minute f o r  180 minutes ( see  Appendix No. 4 ) .  The i n i t i a l  

s t a t i c  r ead ing  was 4 .18  fee t  below t h e  measuring p o i n t  or  3.09 feet  below 

ground s u r f a c e ,  and t h e  drawdown reached 17.63 (see Drawing No. 1, Appen- 

The spec i f ic  capac i ty  based on t h i s  t es t ,  i s  about 13.6 U.S. 4 ) .  
p e r  minute p e r  f o o t  o f  drawdown. 

The t r a n s m i s s i v i t y  IT' of t h e  "lower aqu i f e r "  was ,-. c a l c u l a t e d  a t  

I.S. g a l l o n s  p e r  day p e r  f o o t  width f o r  t h e  f i rs t  l i n e  s l o p e  T1. 

This compares favourably with a T va lue  o f  40,500 U.S. g a l l o n s  p e r  day 

p e r  f o o t  width i n  t h e  obse rva t ion  well  No. 131 (Drawing 3 ,  Appendix 

No. 4 ) .  

o f  t h e  t es t  are i n t e r p r e t e d  as due t o  small v a r i a t i o n s  i n  t h e  pumping 

r a t e  ove r  t h a t  p e r i o d .  

The f l u c t u a t i o n s  i n  drawdown o f  less than  one f o o t  a t  t h e  end 

These drawdown f l u c t u a t i o n s  are a l s o  p r e s e n t  i n  
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t h e  observa t ion  well readings  f o r  t h e  same time p e r i o d  ( see  Drawing 3 ,  

Appendix No. 4 ) .  

I n  recovery ( see  Appendix No. 4) t h e  r e s i d u a l  drawdown was - 0 . 2  

of a f o o t  a f t e r  - 60 minutes i n  t h e  t e s t  w e l l .  

c a l c u l a t e d  a t  25,450 U.S. ga l lons  p e r  day p e r  f o o t  width f o r  t h e  t e s t  

well and 21,200 U.S. ga l lons  p e r  day 'per  f o o t  width f o r  t h e  observa t ion  

well. 

The t r a n s m i s s i v i t y  "T" was 

A second s t e p  t e s t  was then run f o r  - 90 minutes.  The pumping 

ra te  was n o t  s t a b i l i z e d  i n  t h e  i n i t i a l  p a r t  of t h e  t e s t  and t h e  ra te  Q 

v a r i e d  between 335-369 U.S. ga l lons  p e r  minute.  Transmiss iv i ty  readings  

var ied 'be tween 22,300 t o  36,080 U.S. ga l lons  p e r  day p e r  f o o t  width 

(see Drawing 5,  Appendix No. 4). In  obse rva t ion  well No. 131 (Drawing 

7,  Appendix No. 4) "T" va lues  were between 19,000 and 21,000 U.S.  ga l lons  

p e r  day p e r  f o o t  width.  

boundary a f t e r  about 40 minutes of  pumping. 

Both wells appear t o  be i n t e r s e c t i n g  a recharge 

I n  recovery T va lues  f o r  both wells were i n  t h e  range 20,000- 

26,000 U.S. ga l lons  p e r  day p e r  foot  width (see Drawings 6 and 8, Appen- 

d i x  No. 4 ) .  

The main drawdown t e s t  i n  t he  "lower aqu i f e r "  was run on November 

4 th  and S t h ,  1975 f o r  24 hours .  The pumping rate "Q" was 401 U.S. ga l lons  

p e r  minute.  This  r a t e  was i n  excess  o f  t h e  design ra te  f o r  t h e  well 

s c reen  (269 U.S. ga l lons  p e r  minute) ;  however, maximum drawdown was 29.02 

feet .  

and t h e  drawdown reached a cond i t ion  of n e a r  s t a b i l i z a t i o n  af ter  one hour ' s  

pumping (Drawing 9 ,  Appendix No. 4 ) .  The same cond i t ions  appeared t o  p re -  

v a i l  i n  t h e  observa t ion  well (Drawing 11, Appendix No. 4). A 4-inch o r i f i c e  

p l a t e  and a 6-inch p ipe  were i n s t a l l e d  a t  t he  well head and d ischarged  

t h e  water  i n t o  a metal tank .  From t h i s  a c e n t r i f u g a l  pump p iped  the  water 

through a 4-inch i r r i g a t i o n  p ipe  l i n e  t o  t h e  Cowichan River about 500 f e e t  

away. The s t a t i c  water  l e v e l  datum was 3.92 fee t  below the  measuring 

p o i n t  o r  2 .41 feet  below t h e  ground s u r f a c e  when'the t es t  commenced. 

A recharge  boundary appeared t o  be encountered af ter  about 25 minutes 

The 
1 
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s p e c i f i c  capac i ty  o f  t h e  test  well based on t h i s  t e s t  i s  about  13.8 U.S. 

ga l lons  p e r  minute p e r  foo t  of drawdown. 

Transmiss iv i ty  readings  vary between 22,055 U.S. ga l lons  p e r  day 

p e r  f o o t  width f o r  the  observa t ion  well t o  29,800 U.S. ga l lons  p e r  day 

p e r  f o o t  width f o r  t h e  t e s t  well ,  f o r  t h e  f i r s t  l i n e  s l o p e  T, ( s ee  Drawings 

9 and 11, Appendix No. 4 ) .  

The t e s t  well recovered t o  i t s  former s t a t i c  1,300 minutes a f t e r  

pump s h u t  down; however, recovery was v i r t u a l l y  complete,  ( 0 . 1  f e e t )  100 

minutes a f t e r  pump s h u t  down (see  Drawing 10, Appendix No. 4). The obser- 

va t ion  well recovered t o  i t s  former s t a t i c  about 1,400 minutes a f t e r  pump 

s h u t  down, and recovery was v i r t u a l l y  complete (0 .1  f t  .) , 175 minutes a f t e r  

pump s h u t  down (Drawing 12, Appendix No. 4). Transmiss iv i ty  va lues  are 

27,700 U.S. ga l lons  p e r  day p e r  f o o t  width f o r  t h e  t e s t  well and 39,208 

U.S. ga l lons  p e r  day p e r  f o o t  width f o r  t h e  observa t ion  well. 

Computations of  t h e  a q u i f e r  s t o r a g e  c o e f f i c i e n t ,  based on a 'IT" 
-2  value  of 25,950 U.S. ga l lons  p e r  day p e r  f o o t  width,  i s  S = 0.012 o r  1 . 2  x 10 

(see  Drawings 1 3  and 14,  Appendix No. 4 ) .  

No c o r r e c t i o n s  have been made t o  the  groundwater l e v e l  due t o  

dec l ine  i n  water h e i g h t  i n  t h e  Cowichan River  dur ing  t h e  pump t e s t  pe r iod  

(see Figure No. 8 ) .  

7 .  PUMPING TEST AND ANALYSES "MI DDLE AQUIFER'' BEFORE REDEVE LOPMENT 

An a t t empt  was made t o  c a r r y  ou t  the  pumping tests on t h e  t e s t  

well wi th  a l a r g e  capac i ty  s u c t i o n  pump. 

drawdown tes t s  were run .  The pumping ra te  Q was approximately 517 U.S. 

g a l l o n s  p e r  minute i n  the  f i rs t  t e s t  and 530 U.S. g a l l o n s  p e r  minute on 

the  second t e s t .  Both tests were c u t  s h o r t  due t o  breakdowns i n  t h e  

cool ing  system of t h e  d i e s e l  power u n i t .  

s h u t  down was 4.40 fee t  f o r  50 minutes o f  pumping and i n  the  second t e s t  

4 .43 fee t  f o r  35 minutes o f  pumping. Because both  tests were run f o r  an 

i n s u f f i c i e n t  p e r i o d  of  time, t h e  d e t a i l e d  r e s u l t s  are n o t  inc luded  i n  

t h i s  r e p o r t .  

On November 27th two s h o r t  s t e p  

The maximum drawdown p r i o r  t o  
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A l i n e  s h a f t  t u r b i n e  pump was then i n s t a l l e d  i n  t h e  t e s t  well 

and a cons t an t  ra te  pumping t e s t  commenced on December 2nd. 

t es t  rate "Qtt was approximately 600 U.S. ga l lons  p e r  minute.  Almost 

immediately it became r e a d i l y  apparent  t h a t  t h e  drawdown was cons iderably  

more than had been expected f o r  t h i s  ra te  o f  pumping. After 30 minutes 

the  drawdown was 16.23 feet ;  a f t e r  400 minutes t h e  drawdown was 35 fee t  

( see  Drawing 1, Appendix No. 5 ) .  

s h u t  down t h e  well. 

c o n t r a c t o r  then  c a r r i e d  o u t  f u r t h e r  well development as p rev ious ly  des- 

c r i b e d  and a second cons t an t  rate t e s t  was run on December 10th and l l t h ,  

desc r ibed  below. 

The pumping 

A t  t h i s  p o i n t  a dec i s ion  was made t o  

?he d r i l l i n g  Recocery was r a p i d ,  w i th in  minutes.  

8.  PUMPING TEST AND ANALYSES "MIDDLE AQUIFER" AFTER REDEVELOPMENT 

This  cons tan t  ra te  was run a t  approximately 510 U.S. ga l lons  p e r  

minute and reached a cond i t ion  o f  n e a r  s t a b i l i z a t i o n  after a f e w  minutes.  

S t a t i c  water l e v e l  i n  t h e  well a t  t h e  commencement o f  t h e  tes t  was 4.29 

feet  below the  measuring p o i n t  o r  2.78 f e e t  below ground s u r f a c e .  

drawdown a t  t h e  end of t h e  24-hour t e s t  per iod .was  3 . 3 2  feet .  
capac i ty  o f  t h e  t e s t  w e l l  based on a pumping rate of  510 U.S. ga l lons  p e r  

minute i s  148.8 U.S. ga l lons  p e r  minute p e r  f o o t  o f  drawdown.. This i s  a 

The 

The s p e c i f i c  

s t r i k i n g  improvement on t h e  s p e c i f i c  capac i ty  o f  13.8 U.S. ga l lons  p e r  

minute ob ta ined  j u s t  p r i o r  t o  well development ( see  Drawing 2 ,  Appendix 

No. 5 ) .  

Observat ion well 131 i s  loca ted  18.25 f e e t  away. The drawdown 

i n  t h i s  w e l l  was less than  one f o o t  f o r  t he  pe r iod  o f  t h e  test  (Drawing 

3, Appendix No. 5) and i n  t h e  Fraser well  175 feet  away t h e  drawdown was 

only  .25 f o o t  (Drawing 4, Appendix NO. 5 ) .  

Recovery readings  i n  t h e  t e s t  well ,  observa t ion  well No. 131 and 

Fraser well showed almost i n s t an taneous  recovery t o  with 0.20 fee t  wi th in  

t h e  f i r s t  minute ( see  Drawings 5 ,  6 and 7, Appendix No. 5 ) .  Readings 

were d iscont inued  a f t e r  about  100 minutes i n  t h e  t e s t  well so  t h a t  t h e  

pump column could be removed. The r eco rde r  graph on observa t ion  well No. 131 



I. 

' I  
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. 
I . .  

Q 
11 

continued t o  p l o t  t h e  groundwater l e v e l  which once aga in  began t o  dec l ine  

minutes a f t e r  pumping s topped i n  response t o  lowering r i v e r  s t a g e  (see 

Figure No. 9 ) .  As discussed  i n  a previous  s e c t i o n ,  t he  average d e c l i n e  

i n  t h e  groundwater l e v e l  and t h e  r i v e r  l e v e l  i s  about 0.106 feet  p e r  day. 

A c o r r e c t i o n  f a c t o r  has  t h e r e f o r e  been app l i ed  t o  a l l  t h e  drawdown and 

recovery readings  taken dur ing  t h e  f i n a l  test  and t h e  co r rec t ed  drawdown 

and recovery readings  are given i n  Appendix No. 6 .  This  s l i g h t l y  a l t e r s  

the  t o t a l  drawdown i n  t h e ' t e s t  well t o  3.21 f e e t  and t h e  s p e c i f i c  capac i ty  

t o  158.9 U.S .  ga l lons  p e r  minute p e r  f o o t  drawdown. The t r a n s m i s s i v i t y  

va lue  f o r  t he  Fraser observa t ion  well i s  about  900,000 U.S.  g a l l o n s  p e r  

day p e r  f o o t  width.  

f o r  "T". 

No. 5 and Drawings 1 and 2 ,  Appendix No. 6 f o r  "TI1 are over  one m i l l i o n .  

However, t h e  small increments o f  drawdown be ing  observed, t o g e t h e r  wi th  

pump f l u c t u a t i o n s  a f f e c t i n g  drawdown, s l i g h t l y  sugges t  t h e  more conserva- 

t i v e  f i g u r e  be accepted f o r  "T". 

This  va lue  has  been accepted as a conserva t ive  va lue  

Seve ra l  o f  t he  va lues  obta ined  from Drawings 2-7, Appendix 

The distance-drawdown curve ( c o r r e c t i o n s  app l i ed )  gives' a va lue  

f o r  S,  t h e  c o e f f i c i e n t  of  s t o r a g e  of 0.26,  u s ing  the  more conserva t ive  

va lue  f o r  T ( see  Drawing 3, Appendix No. 6 ) .  

I n  recovery i t  i s  noted t h a t  a f t e r  applying t h e  c o r r e c t i v e  f a c t o r ,  

on ly  .OS r e s i d u a l  drawdown was l e f t  a f t e r  90 minutes when t h e  pump column 

was removed, and 0.09 i n  observa t ion  well No. 131, a f t e r  t h e  same pe r iod .  

From t h i s  p o i n t  i n  time the  water l e v e l  once aga in  cont inued t o  d e c l i n e  

i n  response t o  drop i n  the  water h e i g h t  o f  t h e  r i v e r .  

' 9 .  WATER QUALITY 

The chemical ana lyses  o f  t h e  water c o l l e c t e d  from t h e  monitor wells 

and t h e  observa t ion  well are a t t ached  as Appendix No. 7. 

The b a c t e r i o l o g i c a l  a n a l y s i s . o f  t h e  monitor wells and observa t ion  

well are being c a r r i e d  out  under t h e  d i r e c t i o n  o f  Department of Heal th  

s t a f f  (Mr:. G .  Duff ie ld  and Mr. S .  Chan). 9 

1 
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In  a r ecen t  te lephone conversat ion with Mr. Chan a ve rba l  r e p o r t  

was obta ined  on t h e  "lower aqui fe r"  ana lyses  of  t h ree  samples,  namely, 

1/5, 0/5, 0 /5.  The analyses  i n d i c a t e  t h e  water  i n  the  "lower aqui fe r"  

i s  po tab le .  

B a c t e r i o l o g i c a l  sample ana lyses  on the  "middle aqui fe r"  a r e  n o t  
h 

y e t  processed.  

of Health i n  l a t e  December o r  e a r l y  January.  

The monitor we l l s  a r e  a l s o  being sampled by Department 

A review o f  t h e  chemical a n a l y s i s  a v a i l a b l e  t o  da t e  was undertaken 

by Mr. G .  Duff ie ld ,  Department of  Heal th .  He commented t h a t  t h e  samples 

show extremely s o f t  water ,  t y p i c a l  of most shallow a q u i f e r s .  No harmful 

c o n s t i t u e n t s  are p r e s e n t  i n  concent ra t ions  t h a t  a r e  a h e a l t h  hazard.  

A f u r t h e r  review of  t h e  d a t a  should be undertaken when a l l  t h e  

analyses  a r e  a v a i l a b l e  . 

10. CONCLUSIONS AND RECOMMENDATIONS 

A. GENERAL 

m e r e  are t h r e e  main o b j e c t i v e s  or terms of r e fe rence  f o r  t h e  

groundwater research  p r o j e c t  on the  Cowichan River a q u i f e r s  : 

1. Water Quant i ty:  

The need t o  prove up 1,600 U.S. ga l lons  p e r  minute f o r  t he  y e a r  

1980, demand and p o t e n t i a l  f o r  4,000 U.S. ga l lons  p e r  minute 

capac i ty  by t h e  y e a r  2000. 

2 .  Water Qua l i ty :  

To a s c e r t a i n  whether t he  groundwater supply from the  Cowichan 

a q u i f e r s  i s  po tab le .  

3 .  E f f e c t  of Groundwater Withdrawals: 

To eva lua te  the  e f f e c t ,  i f  any, of t he  groundwater withdrawals 

from product ion we l l s  on the  flow i n  t h e  Cowichan River .  

The conclusions and recommendations obta ined  s o  f a r  from t h i s  

research  p r o j e c t  are d iscussed  below. Fur the r  work on.  t h e  d a t a  obta ined  

I 
I 
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so far  and on f u t u r e  d a t a  s t i l l  t o  be c o l l e c t e d  should be c a r r i e d  out  be fo re  

submission o f  a f i n a l  r e p o r t  i s  made. 

B. WATER QUANTITY STUDIES 

1. First Product ion Well , 

Based on t h e  r e s u l t s  ob ta ined  from t h i s  p r o j e c t ,  a product ion  well 

can be completed i n  t h e  "m,iddle aqui fe r"  which should be capable  of  

y i e l d i n g  between 800 t o  1,000 U.S. ga l lons  p e r  mi'nute. 

f a c t o r  would appear  t o  be t h e  designed t r a n s m i t t i n g  capac i ty  of t h e  

sc reen  t h a t  can be s e t  w i th in  t h i s  r e l a t i v e l y  narrow depth zone. I t  is  

r e a d i l y  apparent  t h a t  t h e  very  high s p e c i f i c  capac i ty  of test  well No. 130 

would i n d i c a t e  p o t e n t i a l  p roduct ion  wells capable  of  a t  least  twice t h e  

y i e l d  given above. However, t h e  problems encountered on t h e  t e s t  well ,  

when the  s p e c i f i c  capac i ty  dropped sha rp ly  under t e s t i n g  and the  subse-  

quent  redevelopment needed t o  b r i n g  t h e  w e l l  back t o  i t s  former s p e c i f i c  

capac i ty ,  i n d i c a t e  t h e  need f o r  extreme cau t ion  be fo re  a t tempt ing  t o  pump 
product ion  wells ove r  t h e  designed t r a n s m i t t i n g  c a p a c i t y  of  t h e  screen .  

The l i m i t i n g  

The t e s t  well l o g  a l s o  i n d i c a t e s  t h a t  t h e r e  are a number of  water- 

bea r ing  sand and g rave l  zones wi th in  t h e  "upper aqu i f e r "  sequence. 

dec i s ion  on whether t o  u t i l i z e  t h e  "upper aqu i f e r "  zones would i n  p a r t  

A 

depend on the  product ion  well d r i l l e r ' s  log ,  on des ign  c o s t s  and on t h e  

r e s u l t s  and recommendations o f  a b a c t e r i o l o g i c a l  sampling program be ing  

c a r r i e d  o u t  by the  Department of Heal th  i n  t h e  e x i s t i n g  monitor wells. 

We do - n o t  recommend t h a t  t he  "lower aqui fe r"  be inc luded  i n  t h e  

screen  des ign  f o r  a product ion  well .  

based on t h e  pump t e s t  r e s u l t s  which i n d i c a t e  t r a n s m i s s i v i t y  va lues  f o r  

t he  "lower aqui fe r ' '  of about 26,000 U.S. ga l lons  p e r  day p e r  f o o t  width.  

This T va lue  i s  only about 3 p e r c e n t  of  t h e  most conserva t ive  T va lues  

obta ined  f o r  t h e  "middle aqui fe r" .  We would t h e r e f o r e  expec t  t h a t  t h e  

"lower aqui fe r"  y i e l d  would only be a f r a c t i o n  of  t h e  t o t a l  well y i e l d  

i n  a product ion well sc reened  i n  both t taquifers t '= .  

Our reason f o r  t h i s  i s  p r i m a r i l y  
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Based on t h e  r e s u l t s  ob ta ined  i n  t e s t  well No. 130, we have e s t i -  

mated i n  Table No. 3. the  c o s t  o f  one 16-inch product ion well completed with 

a 16-inch sc reen  designed t o  produce 900 U.S. ga l lons  p e r  minute a t  about 

$20,000. 

t o  produce 1,500 U.S. gal.lons p e r  minute us ing  p a r t  o f  t h e  upper as well ,  

a r e  about $22,000 ( see  Table No. 3). The c o r r e c t  spac ing  between t h e  

e x i s t i n g  t e s t  well and t h e  p a s t  p roduct ion  well can be determined on t h e  

Costs f o r  t he  a d d i t i o n a l  s c reen  and development time requ i r ed  

b a s i s  of  t h e  "Middle Aquifer" t e s t  r e s u l t s .  

f i rs t  product ion  well should be s i t e d  a minimum of 50 fee t  from t h e  t e s t  

well s i t e  f o r  minimum i n t e r f e r e n c e  e f fec ts .  

a 1,500 U.S. ga l lons  p e r  minute product ion well would be about 2 3  fee t  

below ground l e v e l  a f t e r  a l lowing f o r  i n t e r f e r e n c e  from t e s t  well No. 130 

and f o r  dec l ine  i n  r i v e r  l e v e l  dur ing  pe r iods  o f  low flow. 

I t  i s  e s t ima ted  t h a t  t h e  

Est imated pumping l e v e l  i n  

2 .  Second Product ion Well 

On t h e  b a s i s  of  p re sen t  information and t e s t  r e s u l t s ,  t h e  p o t e n t i a l  

f o r  a second product ion  well on the  Fraser p rope r ty  i s  very  good - assuming 

a y i e l d  requirement o f  between 1,000 and 1,500 U.S. ga l lons  p e r  minute.  

There may, however, be some need f o r  s p e c i a l  development techniques t o  be 

used on any product ion  well i n  t h e  Cowichan a q u i f e r s  and a l s o  t h e  poss i -  

b i l i t i e s  of  l a t e r  redevelopment due t o  a d e c l i n e  i n  we l l  performance cannot 

be r u l e d  ou t .  We have only l i m i t e d  information about t h e s e  two problems. 

I t  i s  only by c o n s t r u c t i n g  these  two product ion  wells and pumping them 

under s imula ted  product ion  condi t ions  f o r  a pe r iod  o f  time t h a t  we w i l l  

be ab le  t o  o b t a i n  answers t o  t h e s e  ques t ions .  

3 .  Groundwater P o t e n t i a l  

The groundwater p o t e n t i a l  f o r  proving up a 4,000 U.S. ga l lons  

p e r  minute supply from t h e  Cowichan a q u i f e r s  would appear  on the  b a s i s  

o f  p r e s e n t  in format ion  t o  be very  good, p a r t i c u l a r l y ,  i f  we can cons ider  

t h e  whole a q u i f e r  area adjacent  t o  the  Cowichan River  and n o t  res t r ic t  

t h i s  assessment t o  t h e  Fraser p rope r ty  above. 

I 
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We now have enough information t o  proceed with the  f i rs t  and second 

product ion wells on t h e  F rase r  p rope r ty .  

4. Test Well No. 130 

a )  The "middle aqui fe r"  well y i e l d  i n  t h e  p r e s e n t  t e s t  well 

should n o t  exceed a pumping ra te  o f  approximately 500 U.S. 

ga l lons  p e r  mianUte. 

t r a n s m i t t i n g  capac i ty  o f  t he  screen  a t  en t r ance  v e l o c i t i e s  

o f  0 . 1  feet  p e r  second. 

aqui fe r ' '  i s  a l i m i t i n g  f a c t o r  on l a r g e  capac i ty  well sc reen  

des ign .  The t e s t  well has  an e s t ima ted  s p e c i f i c  capac i ty ,  

based on a pumping ra te  of 510 U.S.  ga l lons  p e r  minute,  and 

a 3 - f O O t  drawdown o f  about 159 U.S. ga l lons  p e r  minute p e r  

f o o t  of  drawdown. As we have about 45 feet  of  a v a i l a b l e  

drawdown i n  the  well a f t e r  al lowing f o r  low summer water 

l e v e l s ,  t he  t h e o r e t i c a l  capac i ty  o f  a l a r g e r  product ion  well 

could be i n  t h e  thousands of ga l lons  p e r  minute.  

. -. 

This  maximum ra t e  r e p r e s e n t s  t h e  design 

The l imi t ed  th i ckness  o f  t h e  "middle 

Unfortunately,  

so  far  as t h e  "middle aquifer ' '  is  concerned, t h e r e  are some 

l i m i t i n g  f a c t o r s  t o  t h e  above assumptions - f i r s t l y ,  t h e  

l i m i t e d  th i ckness  o f  t h e  a q u i f e r  - mentioned above, and 

secondly ,  t h e  problems encountered i n  e a r l i e r  tes ts  when the  

s p e c i f i c  capac i ty  suddenly plunged downward and only  by.  

redevelopment was the  well r e tu rned  t o  i t s  former capac i ty .  

For those  reasons  i t  is recommended,that t h e  well y i e l d  f o r  

t e s t  well No. 130 remain a t  t h e  screen  des ign  f i g u r e  of 

approximately 500 U . S .  ga l lons  p e r  minute.  

The bottom o f  t h e  pump assembly should be s e t  no lower than 

50 feet  below the  ground s u r f a c e  o r  50.9 fee t  below t h e  t o p  

o f  t h e  cas ing .  Allowing f o r  i n t e r f e r e n c e  from a product ion  

well ,  and f o r  dec l ine  i n  r i v e r  l e v e l  dur ing  the  summer months, 

t he  pumping l e v e l  would be about 16 f ee t .  

The pump should be allowed t o  ope ra t e  f o r  Severa l  hours a t  a 

b) 
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t ime. 

a s h o r t  t ime per iod .  

I t  should not  be f l a s h i n g  on and o f f  r epea ted ly  over  

When t h e  wel l  i s  p u t  i n t o  product ion,  a meter reading  i n  
ga l lons  p e r  minute should be i n s t a l l e d  a t  t h e  wel l  head t o  

measure the  amount of  water  pumped and t h e  hours of pumping. 

The wel l  must n e i t h e r  by overpumped o r  backflushed.  

g r a i n s  of  sand.were s t i l l  coming through with t h e  samples of 

water  c o l l e c t e d  f o r  in spec t ion .  However, f u r t h e r  pumping 

w i l l  develop t h e  n a t u r a l  pack around t h e  we l l  sc reen  and t h i s  

problem should r a p i d l y  c l e a r  up. 

A check valve should be i n s t a l l e d  on t h e  d ischarge  s i d e  of  

t h e  pump t o  prevent  backf lush ing  a l s o .  

A few 
’ 

The pump should - n o t  be supported on the  wel l  ca s ings ,  bu t  
on t h e  surrounding concrete  foundat ions pad. 

Provis ion should be made f o r  tak ing  pumping water  l e v e l s  and 

s t a t i c  water  l e v e l s  i n  the  w e l l .  The usua l  i n s t a l l a t i o n  i s  

a 3/4-inch s t anda rd  galvanized p ipe  s t rapped  t o  the  pump 

column. 

t o  be e a s i l y  lowered i n t o  i t  without  danger of  snagging. 

This p ipe  w i l l  then permit  an e l e c t r i c  sounding l i n e  

A l t e r n a t i v e l y ,  t h i s  p ipe  can be used as an a i r  l i n e  t o  be 

used i n  conjunct ion wi th  a p re s su re  gauge and t i r e  pump t o  

give a reading  o f  t h e  water  l e v e l  i n  t h e  w e l l .  

No s e p t i c  tank ,  d r a i n  f i e l d  o r  sewer l i n e  should be p laced  

wi th in  s e v e r a l  hundred f e e t  of t h e  wel l  s i t e .  

Water q u a l i t y  samples should be taken  twice a y e a r  f o r  

chemical a n a l y s i s .  One sample. should be c o l l e c t e d  and s e n t  

f o r  ana lys i s  i n  August; a second should be s e n t  i n  December 

o r  January.  

analysed according t o  recommendations of t h e  l o c a l  Health 

O f f i c e r .  

Bac te r io log ica l  samples w i l l  be taken and 

a 
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j) mice-weekly records  o f  t h e  water l e v e l s  and product ion 

ra tes  should be kept  dur ing  the  f irst  y e a r  of  ope ra t ion .  

Daily records  should be taken f o r  t h e  f i rs t  month of 
ope ra t ion .  The records  should be analysed a f t e r  t h e  first 

month, then f irst  yea r  of  ope ra t ion  i n  o r d e r  t o  reassess t h e  

well performance under product ion cond i t ions .  

k )  The well house should be cons t ruc t ed  wi th  a concre te  pad; t h e  

we l l  cas ing  should be welded t o  a s t ee l  I beam bur i ed  i n  

t h e  concre te  pad. 

t h e  roof  can be removed i f  a h o i s t  i s  r equ i r ed  t o  ra i se  o r  

lower the  pump i n t o  t h e  well .  

Provis ion  should be made s o  t h a t  p a r t  o f  

5 .  Observat ion Well No. 131 

I t  i s  recommended t h a t  t h e  Groundwater Sec t ion  of t h e  Water I n v e s t i -  

ga t ions  Branch o r  t h e  Distr ic t  o f  North Cowichan r e t a i n  t h i s  well as a n  

observa t ion  well and t h a t  monthly r eco rde r  c h a r t s  cont inue  t o  be 

taken.  

t h e  cas ing .  

access  and permission t o  s e r v i c e  and main ta in  the  well and r eco rde r .  

The well head should be completed with a small concre te  pad around 

A 5-year  agreement should be made with t h e  landowners f o r  

C. WATER QUALITY STUDIES 

B a c t e r i o l o g i c a l  sampling and a n a l y s i s  o f  t h e  groundwater i s  be ing  

c a r r i e d  out  under t h e  d i r e c t i o n  of  Department o f  Heal th  s taff  (Mr. G.  

Duff ie ld  and M r .  S .  Chan). Chemical ana lyses  o f  groundwater i n  a l l  wells 

completed under t h i s  p r o j e c t  have been taken by Water I n v e s t i g a t i o n s  s t a f f .  

Not a l l  t he  r e s u l t s  are y e t  a v a i l a b l e ;  those  t h a t  are, are included i n  

Appendix No. 7. 

t o  wait u n t i l  a f t e r  the  sampling program i s  completed. 

A review o f  t h e  b a c t e r i o l o g i c a l  sampling program w i l l  have 

A review o f  t h e  chemical ana lyses  a v a i l a b l e  t o  d a t e  was undertaken 

by M r .  G .  Duff ie ld .  He commented t h a t  t h e  r e s u l t s  show extremely s o f t  

water, typ ica l ,  o f  more shal low a q u i f e r s .  No harmful c o n s t i t u e n t s  are 

p resen t  i n  concen t r a t ions  t h a t  are a h e a l t h  hazard .  

--. 
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The monitor well program i s  d iscussed  i n  more d e t a i l  under Sec t ion  

No. 2 o f  t h i s  r e p o r t  and i n  Appendix No. 1 ( a t t a c h e d ) .  

D. EFFECTS OF GROUNDWATER WITHDRAWALS 

Because ou r  observa t ion  well No. 131 and our  t e s t  well No. 130 are 
completed i n  t h e  "middle aqu i f e r "  t h e  r e l a t i o n s h i p s  between t h e  r i v e r  and 

t h i s  a q u i f e r  are impor tan t .  Figure No. 9 shows a hydrograph f o r  observa- 

t i o n  well No. 131 (middle 'aquifer)  compared wi th  a hydrograph based on 

c a l c u l a t e d  water h e i g h t s  o f  t h e  Cowichan River  n e a r  t h e  t e s t  well s i t e  

a t  Duncan ( see  Sec t ion  No. 5 o f  t h i s  r e p o r t  f o r  d e t a i l s ) .  The s i m i l a r i t y  

o f  t h e  two hydrographs i n  Figure No. 9 is  r e l a t i v e l y  apparent  and we have 

been a b l e  t o  c o r r e c t  o u r  pumping t e s t  d a t a  t o  a l low f o r  t h e  change i n  

groundwater l e v e l  due t o  change i n  t h e  water he igh t  o f  t h e  Cowichan River .  

The very  h igh  t r a n s m i s s i v i t y  va lues  obta ined  from t h e  "middle aqu i f e r "  

pumping tes ts ,  and t h e  s i m i l a r i t y  i n  t h e  hydrograph curves f o r  observa t ion  

w e l l  and r i v e r  water h e i g h t  sugges t  t h a t  t h e r e  i s  good h y d r a u l i c  c o n t i n u i t y  

between the  Cowichan River  and the  "middle aquifer" .  I t  i s  a l s o  expected 

t h a t  groundwater withdrawals w i l l  a f fec t  r i v e r  flows t o  some e x t e n t ,  how- 

e v e r  t h e  exac t  r e l a t i o n s h i p  w i l l  no t  be known u n t i l  p roduct ion  wells are 
u t i l i z e d  over  a long t e r m  and t h e  r eco rds  analyzed.  Fu r the r  d a t a  and 

a n a l y s i s  are a l s o  r equ i r ed  f o r  t he  t t lower .aqui fe r"  and "upper aquifer" .  

I 
*I 
I 
I 
I 
I 
I 

I 
I 
.I 
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CASING SUBSIDENCE 

20 

Two weeks af ter  t h e  completion o f  t h e  pumping test  and t h i s  r e p o r t  

t h e  ground l e v e l  around t h e  t e s t  well f o r  a r a d i u s  o f  2 f e e t  sank 12 t o  

15 inches .  The t o p  o f  t he  8- inch cas ing  and t h e  well s c reen  were a l s o  

measured and i t  was found the  cas ing  had dropped 1.17 fee t ;  t h e  bottom 

of t h e  well s c reen  had dropped 1.17 fee t .  

A pumping t e s t  was run f o r  t h r e e  hours  i n  t h e  well t o  check the  

s p e c i f i c  capac i ty .  Resul t s  i n d i c a t e d  a small drop i n  well performance 

from 170 U.S. ga l lons  p e r  minute p e r  f o o t  drawdown t o  159.2 U.S.  ga l lons  

p e r  minute p e r  f o o t  drawdown. There was no evidence of  t h e  well pumping 

sand and recovery was almost ins tan taneous  (see well readings  a t t ached  

t o  t h i s  Addendum). I t  is concluded t h a t  t h e  i n i t i a l  drop i n  well capac i ty  

a f t e r  the  f i r s t  tests ( see  r e p o r t )  may have been due t o  slumping around 

t h e  sc reen  due t o  c a v i t i e s  be ing  formed below s i l t  l a y e r s  dur ing  well 

development. Subsequent development caused f u r t h e r  c a v i t i e s  t o  be formed 

which were p rogres s ive ly  f i l l e d  by the  ove r ly ing  material which even tua l ly  

caused the  slump around t h e  ground a t  t h e  well head. I t  i s  more d i f f i c u l t  

t o  e x p l a i n  the  drop i n  t h e  sc reen ,  b u t  i t  can only  be assumed t h a t  t h e  

g rave l  packing p l aced  i n  the  d r i l l e d  ho le  below t h e  bottom o f  t h e  sc reen  

had s e t t l e d  and allowed t h e  sc reen  t o  drop as well as t h e  cas ing .  

Remedial measures were taken i n  l a t e  January,  1976 t o  weld a 
cas ing  ex tens ion  a t  t h e  we l l  head t o  both the  10-inch and 8-inch cas ings .  

These cas ings  were then  welded t o g e t h e r  and f u r t h e r  s t rengthened  with two 

10-foot  long angle  i r o n s  welded t o  the  cas ing  a t  ground s u r f a c e .  

i s  n o t  expected t o  subs ide  any f u r t h e r  due t o  these  p recau t iona ry  measures. 

The well 

As t he  r e p o r t  was f i n a l i z e d  p r i o r  t o  the  subsidence i n  t h e  well ,  

w e  have a t t ached  t o  t h i s  addendum a r e v i s e d  diagram of  t h e  well des ign  

measurements with r e s p e c t  t o  the  datum, a l s o  a ske tch  showing t h e  well 

head completion design (Figure Nos. 1 and 2 i n  the  Addendum). 
# 

I 

4 
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WATER QUALITY 

The samples taken  f o r  chemical ana lyses  have now been analysed 

and are a l l  inc luded  i n  Appendix No. 7. 

was found i n  th ree  shal low monitor  wells: 1 . 2  mg/R i n  Well No. 1400121, 

3.4 mg/R i n  well 1400122'and 7.9 mg/R i n  Well No. 1400123. I n  a l l  cases 

the  concen t r a t ion  dropped t o  acceptab le  l e v e l s  o f  less than  0 . 3  ppm a f t e r  

pumping and resampling ( see  Appendix No. 7 ) .  We i n t e r p r e t  t h e  i n t i a l  

concen t r a t ion  as be ing  due t o  a i r o n  r u s t  r e s idue  a s s o c i a t e d  wi th  t h e  

d r i l l i n g  and on t o  metal cas ing  used i n  t h e  well cons t ruc t ion .  

r e s i d u e  c l e a r e d  up wi th  pumping be fo re  resampling. 

A h igh  concen t r a t ion  o f  i r o n  

This 

In  summary, t h e  water i s  s o f t  and no chemical c o n s t i t u e n t s  were 

de tec t ed  i n  concent ra t ions  t h a t  are a h e a l t h  hazard .  

V 

" 
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TO ACCOMPANY ADDENDUM TO FINAL REPORT 

MIDDLE AQUIFER AFTER CASING SUBSIDENCE 
THREE-HOUR "CONSTANT RATE" P U M P I N G  TEST DATA FROM WELL NO. 130 

Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River Aquifers 
Duncan, B.C.  

8 
January 21 ,  1976 

I 

I 
Time (t) Depth t o  Drawdown i n  Height of  U.S. Gals 
S ince  Water In  Well I n  Feet Water In Per Min. 
S t a r t  o f  Well From ( s t a t i c )  = Tube On D i  s c ha r  g e 
Pumping Top o f  6.18, 12:50 p.m. Orifice From We1 1 
i n  Mins. Casing In  Pipe I n  - 

Inches 

y : 1;; 06% 

13:07% 

; ::?, 
13:09 

: 094 
F : l O  

iiz; 

#;;: 

1 4 :45 

6 

3:11 

13 : 15 E;;; 
13:21 

3:23 
3:25 I 3:30 

13:50 E;:; 

E::: 
I 

14 : 15 
4:25 
4:35 

15 : 35 

. 5  
1 . 0  
1 . 5  
2.0 
2.5 
3.0 
3 .5  
4 .0  
4.5 
5 . 0  
6.0 
7 .0  
8.0 
9.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
150.0 
200.0 
250.0 

9.37 

8.01 
8.80 
8.75 
8.75 
8.75 
8.75 
8.75 
8.74 
8.75 
8.70 
8.75 
8.74 
8.74 
8.74 
8.73 
8.74 
8.74 
8.74 
8.72 
8.71 
8.71 
8.71 
8.68 
8.68 
8.68 
8.66 
8.66 
8.66 
8.65 
8.66 

0 
3.19 

40.5 
1.83 
2.62 39.5 
2.57 29.5 
2.57 739.5 
2.57 
2.57 
2.57 
2.56 39.5 
2.57 
2.52 
2.57 
2.56 
2.56 
2.56 
2.55 
2.56 
2.56 
2.56 
2.54 
2.53 
2.53 
2.53 
2 .SO 
2 .SO 
2 .SO 
2.48 
2.48 
2.48 
2.47 
2.48 

39.25 

398 U.S. g a l l o n s  
p e r  minute 
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TO ACCOQlPANY ADDENDUM TO FINAL REPORT 
READINGS TAKEN ON OBSERVATION WELL 131 

MIDDLE AQUIFER; AFTER CASING SUBSIDENCE 
D U R I N G  3-HOUR "CONSTANT RATE" PUMPING TEST OF \JELL 130 

Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  
Duncan, B.C.  

January 2 1 ,  1976 

Time ( t )  S ince  Depth t o  Water Drawdown 
S t a r t  o f  Pumping I n  Well From Top I n  Well In  
In  Mins. O f  Casing In  Feet ( s t a t i c  1 Time Feet = 7.52) 

1: 05 
: 05% 

13: 06 

: 09% y : 10 
:11 

13: 1 2  

13: 15 

Y'Z 
': 30 

13: 35 

13:50 

15: 35 

0 
0.5 
1 
1 .5  
2 
2.5 
3 
3 . 5  
4 
4.5 
5 
6 
7 
8 
9 

10 
1 2  
1 4  
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 
150 
200 
250 

7.52 
8.12 
8.12 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.11 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.13 
8.13 
8.13 
8.13 

0.60 
0.60 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59' 
0.59 
0.59 
0.59 ' 

0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 

39%" 398 U.S. ga l lons  
p e r  minute 

4& 

3 9% 

3 9% 

39% 

3.9% 

39% 

I 
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FINAL REPORT 

TABLE NO. 1 

"DATA USED TO DRAW CURVE I N  F IGURE NO. 3" 

I .  

26 

~~ 

Cowichan River Water Height Cowichan River  Water Height 
i n  f e e t .  W.S. of  Canada W.R.S. temporary Gauge near  

Date Gauge n e a r  Duncan Tes t  Well S i t e  - Duncan 

October 23, 1975 
24 
25 
26 
27 
28 
29 
30 
31 

November 1, 1975 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 

December 1, 1975 
2 
3 

6.34 
6.20 
6.50 
6.40 
6.70 
6.55 
7.75 
7.57 
7.25 

7.60 
7.62 
8.40 
8.82 
8.78 
8.85 
9.52 
9.33 
8.78 
8.38 
8.00 
8.00 
8.45 
9.80 

10.28 
9.72 
9.21 
8.80 
8.42 
8.05 
7.63 
7.40 
7.50 
7.48 
7.30 
7.30 
7.10 
6.90 
6.70 

6.55 
8.55 

10.88 

1.08 
- 
- 

1.68 
1.48 
1 . 9  
2.35 
2 . 1 1  

- 
- 

3.05 
3.33 
3.27 
3.32 
3.70 

- 
- 

3.05 

2.83 
3.01 
4.00 

- 

- 
- 

3.74 
3.47 
3.23 
3.02 
2.80 

- 
- 

2.65 
2.48 
2.51 
2.36 

- 

1.77 
(Washed ou t  
dur ing  n i g h t )  
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TABLE NO. 1 ( con ' t )  

"DATA USED TO D R A W  CURVE I N  FIGURE NO. 3" 

Cohichan River Water Height Cowichan River  Water Height 
i n  f ee t .  W.S. of  Canada W.R.S. temporary Gauge near  

Date Gauge near  Duncan Test Well S i t e  - Duncan 

4 9.67 3.85 
5 9.07 3.37 
6 8.41 - 
7 8 ..11 - 
8 7.88 2 . 7 3  
9 7.67 2.61 

10 7.59 2.48 
11 
1 2  
13 
14 

7.32 
7.10 
6.84 
6.77 

2.31 
2.17 

- 
- 

I 
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TABLE NO, 2 

TABLE USED TO PLOT FIGURE NO. 8 

Cowichan River Water Height 
i n  f e e t .  W.S. of Canada temporary Gauge near  Test 

Calcu la ted  Values f o r  W.R.S. 

Date Gauge nea r  Duncan Well S i t e  - Duncan. Values 
obta ined  from curve  i n  
Figure 3. 

October 23, 1975 
24 
25 
26 
27 
28 
29 
30 
31 

November 1, 1975 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 

6.34 
6.20 
6.50 
6.40 
6.70 
6.55 
7.75 
7.57 
7.25 

7.60 
7.62 
8.40 
8.82 
8.78 
8.85 
9.52 
9.33 
8.78 
8.38 
8.00 
8.00 
8.45 
9.80 

10.28 
9.72 
9 ..21 
8.80 
8.42 
8.05 
7.63 
7.40 
7.50 
7.48 
7.30 
7.30 
7.10 
6.90 
6.70 
6.60 

1.51 
1.20 
1.74 
1;. 60 
f.. 85 
1.77 
2.71 

‘2.60 
2.45 

2.63 
2.62 
3.04 
3.27 
3.25 
3.29 
3.70 
3.58 
3.25 
3.03 
2.88 
2.88 
3.08 
3.92 
4.33 ex t r apo la t ed  
3.85 
3.50 
3.26 
3.05 
2.85 
2.67 
2.50 
2.71 
2.62 
2.48 
2.48 
2.35 
2 .22  
1.97 
1.86 
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TABLE NO. 2 ( con ' t )  

TABLE USED TO PLOT FIGURE NO. 8 

~~ 

Cowichan River Water Height 
i n  f e e t .  W.S. of  Canada temporary Gauge near  Test 

Calcu la ted  Values f o r  W.R.S. 

Date Gauge near  Duncan Well S i t e  - Duncan. Values 
obtained from curve i n  
Figure 3. 

December 1, 1975 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 

6.55 
8.55 

10.88 
9.67 
9.07 
8.41 
8.11 
7.88 
7.67 
7.59 
7.32 
7.10 
6.84 
6.77 

1.55 
3.12 
5.00 e x t r a p o l a t e d  
3.82 
3.42 
3.04 
2.88 

'2.78 
2.67 
2.58 
2.48 
2.35 
2 . 1 2  
2.05 
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FINAL REPORT 

TABLE NO. 3 

COS1 ESTI?uTEs OF 16-IScH PROOUCTION E L L  COMPLFIED WITH 16-INCH hn\lIS.AL SCREEN 
A. OESIGX C O S  ESTIMATES FOR 900 US GALLONS PER MINUTE 

. Unit Esti-ted m e r  of Esclmated 1 
lob Cost, , hits ' unit 

Deacrlption -, Item 

Required - m, ' Price 

s lump sum 200 I ., 1 ?zoo . 1 
1 . kbbilizatlon of equipment, excluding p q i n g  eguipzent. t o  and from job slte. 

800 
780 S 

4 each iz! ', ' I  ' 425 

' '15 per foot 
s 
6 
7 Running bailing tests. inatall stainless atoel screen. develop wells, flout using. 40 70 

per bur 

16 

11 

800 1 lump slm 

per foot 12 IS 
Mobillntion of pmping equipment t o  ard from job site. 
Cost t o  drlll and cas0 20-inch caaing. 
Coat t o  drill and case 16-inch caslng. 
Coat of supplying 16-inch drive ahoe. 
Cost of running overlap casing. 

and do other authorized hour work. 

2 .  

per foot 44 70 , s;oso , , 

2.800 '? I 20 

. '8 

9 

Charge for standby of rig and crew during delays caused by Water Re?ources Service 
(not .to exceed 8 hours per day, 40 hours per reek). 

Packer 

. 
. 400 ; I 

. *:a I 

per bur ' 25 
. , per foot . 220' 2.420 

200 i 
, . 

200 - . 1' 
1 . ,100. '.: 

each . 
per-hour ' . . 40 . 16 ' .  , , 

16-inch Nominal Stainless Steel Johnsons Ne11 Screen ' , .. 
. .  

. . each ' ' 100 . ': 

640 

so0 

. .  ' . .  . . .  ' Bail Bottom , 

. .  10 ' . Setting pump, laying discharge pipe etc. . .  
11 Cost of rental of 700 feet of discharge pipe. cdlibrated flow meter, orifice plates 

so0 1 and pipes, as apecified for the duration e€ contract. 1- slm 

12 Binning pumping t e s t  as specified using ptmp power unit and flou measuring gear as 
supplied by the contractor for pump testing 16 production weV. 

After 24 hours 

per bo- 
per hour. 
per hour 

15 First ;24 hours ,_ /' 

. .  
(c) Standby for recovew - .  

- ._ ___- 14 Job 6. G a t s  fo~__lbovo 

15 . 
16 
17 
18 

20% extra work and equipment rental not specified above , 

Job Costs for above including 20% extra 
Fngimering Supervialon (IS$ of Job Costa - Item 16) 
Total Obcember 1975 Job Coats for 900 USgpm. 16-inch well 

40 24 . 960 

39 8 ' 312 ' 

' 200 ss 8 .  - 
- 2  

1,555 
$ 19,591 

. .' 14.197' 
~ ~ _ _ .  . . 

. .  

' 17.036 

B. DESIGN C O S  ESTIMATES FOR 1500. USgalSlmin 
*(Based on partial uae o€ 'Vpper Aquifer" as well as Middle Aquifer) 

I Total Decembor 1975 Job Costs for 900 USgpa 16-inch well -- 
PISS 

16-inch Nominal Stainless Steel Johnsons Well Screen -- 
Mditional development coats for longer screen. 
Total December 1975 Job Coats for 1500 USgpm. 16-inch production well. 

220 
40 

par foot 

S 

2 

4 
per hour 

. .  . .  . 

$ 19,591 

8 1,760 
16 640 

3 21.991 

. . , . . .  
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BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

TO ACCOMPANY REPORT ON 

Groundwater 2esearch Project 
'Cowichnn 3itrer t4qui.f ers 
Duncan, B.C. - Key P l a n  

SCALE: VERT .... 
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A P P E N D I X  NO. 1 

MON I TOR WE L L S  

120 t o  125 

D R I L L  LOGS 

WELL D E S I G N S  

G R A I N  SIZE ANALYSES 



5 '  

0 '  

5'  

10' 

h 
h 
b 
.k 

2.0 ' 2 
h 
A 
iu 

25 ' Q 

30 ' 

35 ' 

S t e e l  Cap with  Lock 

Ccmerit Cap 

h i n c h  I.D. S t e e l  
Casing - 
4 inch  I.D. 160 
? .V.C.  P i p e  

Bottom of Steel* 
-Cssinz 

4 lnch I . D .  160 
P.V.C. Slottcd- 
Screen  

S l o t  S ize  0.02 
- Inches  
Na tu ra l ly  Develope '  
Pack 

. . . . .  
I .  8 

. .  . '  
:*. * 

.... 0 

0 ._ * 

. .  .. . .  
- 0 .  

. * .  
- .  . Q . ,  
. . . .  

. . . . .  

- 1. 

9 . .  . .  
. .  

* .  
. - P:. . . .  

. * .  

- 0  
. . . .  
. . .  - . .  . . . . .  

e .  . 
; 0 .: 0 . . . .  -. . * . . . .  . .  .. 

- 8 .  * . 
'. * . . . . .  .. . . . .  .:. . ' 

' O :e' *. 

' * I  

'. 0 . . 
B A A  

A A  

. . 4. . . .  
- 

B A A  
A h  

Sand and Gravel 

T i l l ,  Drown. Layer  

Land and G r a v e l  

T i l l  

h n d  and Gravel  

EXPLANATOAY DRAWING A I D  LEGEND 

TYPICAL MONITOR Td13LL 
FOB A 

TO ACCOMPANY REPORT ON 

l-975. Groundwat Potent ial 'Study BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE South End 
WATER INVESTIGATIONS BRANCH D i s t r i c t  of North Cowichnn 

1 inch  = 5 f e e t ;  DATE _ . _ _ _ _ _ _ _ _ . _ _ . _ . _ _ _ . . _ _ _ ~ . . . . ~ ~ . . ~ . ~ . ~ ~ . ~ ~ ~ ~ ~ ~ . ~ . ~ . . _ I . _ . . _ C N C I N E E R  
SCALE: VERT.-.: ____..-__-.- 

F I L E  No 0?'~011 1. A:,peucl i;; 1 
HOR ~ ._...... .................................. ............... !..< . ........., ............... DWC. NO ................................................... ' Nod. 1 9 7 5  



APPENDIX NO. 1 

MONITOR WELL 1400 120: - - 

Feet 

0- 4 Gra 

49 

51 f i l l ,  wat r a t  4'5" 

4-19 Brown water bear ing  and and g rave l  

19-21.5 Layer g l a c i a l  till 

21.5-22 Change i n  water - brown t o  s i l t y  

22-23 T i l l  l a y e r  

23- 26 

26-27.5 Layer g l a c i a l  till 

27.5-31 Coarse water bear ing  g rave l  

End o f  ho le  

Coarse water  bear ing  g rave l  

Because of t h e  till l a y e r  a t  22.23 f e e t  depth  a rubber packer  was 

i n s t a l l e d  above t h e  screen  on t h e  4- inch 112, 160 PVC p l a s t i c  p i p e ,  and 

p i p e  and screen  well set so t h a t  t h e  packer  was placed a t  a depth of 22-23 

f e e t .  The screen  below was s e t  a t  23-31 f e e t  and cons i s t ed  of 8 f e e t  o f  

160 PVC 4-inch 1 . 1 2  well sc reen  with s l o t  s i z e  .020 inches .  The bottom 

of t h e  screen  was capped and a l l  coupl ings were glued.  

cas ing  was withdrawn t o  24 f e e t .  

grade.  

The metal  bind 

The t o p  of wel l  cap i s  1 4  inches above 

This  wel l  was pumped f o r  a s h o r t  per iod  of  t ime a t  30-35 ga l lons  

p e r  minute, a drawdown of  about 6 t o  8 inches  was recorded.  Prel iminary 

s t a t i c  was e s t a b l i s h e d  a t  4 f e e t  5 inches.  
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R e s t r i c t e d  
ranse of 

Xul t ip le  S l o t  S c r .  1 
Prel i ia .  I X o d i f .  I 1 !. 

75 92 114 

DZS I GY T ABL: 

Possible r z n g e  
of scl?een slot 

o2eniiigs i n  thous.  

Percentaze r e t a ined  
So;&. 40;g 30% 

o f  an inch  

I- FOB SCE 

$ of 
S&ZQle 

not  
sieved 
& i n ,  

o r  over 

3EN SL( 
I 

W f z c 5 i v e  
s r a i n  

sizo i n  
thous. of 

an inch 

Sf f e c t iv e 
size 

squarad 

Depth 
i n  

feet sc reen  s l o t 1  I .based I 't. 
opening i n  

t h O U 3 .  O f  

an inch I ! 

MONITOR WELL 1~ 10 120 

1 187' 
130 

187: 

155 187 187 

19 

25 

23 

. 23 

10 

9 

13 

15 

17 

I 
' 13 

15 ! 187' 1 187' 1 187' + 
_$ k 

19 55 73 99 - 19 

2 1  . 13 187' 1 187: 1 187' 

95 187 

2 1  

11 23 23 

9 26 26 

27 I 1 19 
I 

1 

9 ! 
I 31 
I 

I 

123 187 27 

3 1  - a 5 
", 
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[ SA:hC?Li: D E P T H  F E E T  
O P E N I N ' :  1 RET. G;N J WT.NET. I CUM. ?/o RET. 

c I I I 
I 

1 I i 

- Pcrcon? of rampis not sieved E " o r  over 
0 o/, 

IO SI EVE 8 N U M  0 E R  

S A M P L E  DEPTH 

978 56, z 
5-53 4 

D 
w 
P 

I- 
W 
C 

i- 
z 
W 
0 
Iz 
u 
0 

- a 

w 
> 
c 
C 
J 
3 
E 
3 
0 

- 

I 

6 R I  TlSH C OLUM 81 A 5 
DEPARTMENT OF LANDS, FWESTS, AND W A T X  RESO'JRCES! 

Groundwfiter Section 
S I E V E  A N A L Y S ! S  

PROJECV p ~ n /  7- (7,:)~ 7 6 0  
LCCATlONs 

W A T E R  RESOURCES S E R V I C E  
WATER INVESTIGATIONS BRANCH 

pUA/C/Ljn/  - S / ~ v E - h 3  7?-2A3/C* 



u ' SIEVE OPENING I N  T H O U S A N D T H S  C!F A N  INCH 

I6 IO S I E V E  
8 N U M  &ER 

O F E N I N 5  I RET. O N  1 WT.HET. 1 CUM. 96 RET. 
7PO I dr, / 

. Percrnt of sampie no? sieved !&"or over 
0 .  d/L % 

-- 

Porcent of tcrnpla nGt sicved 1/2.or over 
NIL $6 

I 
~~ 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER 2ESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

Groundwnter Section 
S I E V E  A N A L Y S I S  

PROJECT1 CPUTR/9C;r do 

'YIELL Pi;. /-i'00/20 

CAT I?: 

LCCATIONI 
P w t / + ? ?  - Y/L / E  R 7+-!xA- 

' SA:!?LEO ~ Y I  +&id ~ / r L v U / ' 6 - 1 -  .. 
S I E V E  AKALYS13 EYI ?%f_i( c ' L j e ~ , & d -  

L' re,, d /7. 19 75 



16 10 s IEVE 8 N U M B E R  . 

0 

SAMPLE D E P T H  / 9  F E E T  
O P E N I N O  [ RET. ON I W T .  RET. I C U M .  '% REI:  

4 

I 

I BRITISH COLUM8lA I 
CEPARTMENT OF LANOS, FORESTS,  AN3 :'tdTER RESOURCES! 

WATER R E S O U R C E S  S E 2 V I C E  
V/ATEA !NVESTIGATIONS BRANCH 
G?o urkw n t e r s e c t i on 

S I E V E  A R A L Y S I S  
'PROJECT* c u b  ~ R J c ~  60 



I6 IO S I E V E  N U M  B E R  8 

*--- -* 

- Pcrcant of ramair not sieved 1/2"or over 
0 O/a 

I S A M P L E  DEPTH 2 3  F E E T  1 

Porcent of scmpla not sicvcd V2.w over 
96 

4 

8Rl  TI SH COLUM 81 A 
i 

DEPARTMENT OF LANDS, FORESTS, AN3 WATER RESOURCES 
WATER RESOURCES S E 2 V l C E  
WATEil INVESTIGATIONS BilLNCH 

Groun2wnte r  Section 
. S I E V E  A N A L Y S I S  

PROJECT1 Con/rT, ,?r'c  7 64 > 

LOCATIONI 
g*A/c/& - S/i V E X  73,;r/fl\3N 



4 
N U M B E R  

~ Psrcrnt of rampre cat sieved e " o r  over 
0 

7- r'/: t . .  / R / 4  ,'.To /; 

OPENING I R E T O N  I W T R E T .  1 CUU. ?6 RET. 
I 4 I &  2 4  I 30.R 

Pcrcent of scmpla n o t  sicvod 1 /2*or  over 
?lo 

%r/L wr: 3 0  z d 

f 

BRITISH COLUMSIA 
CEPARTMENT OF LANDS, FORESTS, A N 3  WATER RESOURCES, 

W A T E R  RESOURCES SE2VICE 
Vl AT €2 LNV ES TI GAT I ON S B R C N C H 

GFounLwntsr  Section 
S I E V E  A N A L Y S I S  

PROJECTt e o U r X J c r  60 

WELL ?i3. / b o o / t  0 

S d H X E D  SY: 7zd 
SIEVE AKALYSIS ew e4 *9-J.F-% 

C A I  Cs S&*.( /8,/9757 ." . 

LCCITION I 
dUNL/#?& - 5./cvE-z <YRY 



1.. ' SIEVE O P E N I N G  IN T H O U S A N D T H S  Of &.N INCH p: ";IT- - 

16 IO S I E V E  8 N U M  8 E R  

. btrcant of sample nst sieved @ " a i  ovur Percent of  scmple not sicvcd r/2'or over 
0 O/a =/a 

7 7 ,  - ('3. * - ,PI , ,o / 7 - 7,f 

I 

- 
BRITISH COLUMBIA 

DEPARTMENT OF LANDS, FORESTS, I N 3  WATER RESOURCE 
WATER RESOURCES SE2V lCE 
WATER INVESTIGATIONS BRANCH 

Groundwnter  Section 
SIEVE A N A L Y S I S  

 PROJECT^ C U M T ~ ~ C ~  6.7 
LCCATIOHI 

?&Ne..!  - S/L  vi-$ fi//-%- , 
Y / Z u N J .  /23 
S A L I X E D  g Y 1  7.7, 

PA ruo/'kk S I E V E  AKALYSIS BY& 

CAT C* S + / / f ,  1975 



MONITOR WELL 1400 1 2 1  - 

Feet Log (same as 1400 120) 

0- 4 Gravel f i l l ,  water a t  4 '5" 

4-19 Brown water bear ing  sand and g rave l  

19-20 Layer g l a c i a l  t ill  

End of  ho le  

Five f e e t  of PVC screen  s e t  between 13 and 18 f e e t .  S t e e l  ca s ing  

withdrawn t o  8% f e e t  below ground l e v e l .  

f o r  a s h o r t  per iod  a t  30-35 US gpm. 

13 f e e t ,  however, no drawdown was observed i n  1400 120. 

The wel l  was subsequent ly  pumped 

The drawdown reached t h e  screen  a t  

Pre l iminary  t o  t h e  

water  l e v e l  was e s t a b l i s h e d  on September 11, a t  4 f e e t  5 inches.  



BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOLJRCES SERVICE 
WATER INVESTIGATIONS BRANCH 

DATE 
SCALE: VERT .../!.. /h.& ...... 2 s... fL& ....... 

...................................................................... ............ .............. 
I 

HOR 

, 

........... .................................. ENGlEiCER 

FILE No. .QP7',1$?Uf3 ............ OWG. NO. .................................... - 



MONITOR WELL 1400 1 2 2  - 

Feet ' Log 

0- 8 S i l t y  sand and g rave l  

8-12 Brown washed sand and gravel  

12-18 

18-19 Water bear ing  g rave l  and sand 

S i l t y  b lue  sand and g rave l  water shutof f  

19-22 

22 

Sand and g rave l  

Red-brown colour  t o  sample and t o  water 

22-25.5 Washed sand and g rave l  

25.5-26 Fine sand 

26-39 Washed sand and g rave l  

End o f  Hole 

Ten f e e t  o f  PVC 4 inches  1 D  20 s l o t  sc reen  s e t  between 22 and 32 f e e t .  
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DSSIGN TABLE FOR SCE 3EN SL( 

Depth 
i n  

feet 

. . . . . .. C SIZS AXD I XGTI-I 

/"5 of 
S ax? 1 e 

not 
s i ev a d 
-2 in. 
or over 
1, 

S f f z c t 5 v e  I E f f e c t i v e  
u ,T? Ein 

sizs i n  
thous .  of 
an inch 

Restr ic ted 
range of 

s c r e e 2  s l o t  

.Fossible rase  
of screen slot 

o?er,ings i n  thous. 

Percentaze retained 
o f  an inch 

SO$ 40% 30% 

s i z e  
s quar 8 d : I ' c e t  b a s e i  

Ruls I 
0 3  o9ening i n  

thous. of 
3_n, inch 

! 

I I Monitor Well 14 

_-t 10 j 
a s + 
Q ) .  k 

187' I 1  12 

187' I I 14 : 

16 140 I 187' I ' I  

25 8 

12 

2 8  

9 

33 70 

68 100 

135 187' 

73 187' 

165 187' 

187 187 
+ 

20 47 

104 

25.5 : 
ai 
3 43 

166 26 

27 I 42 
! 

154 

32 ' 17 

35 i 14 
I 

39 ' 72 

i 

20 180 187' , 

144 187' 187' 

187' 187' 187' . 

! 
I I 

-. . - - J  _-___ -...I.-___- -- 



16 IO S I E V E  8 N U M  E3 E R  

0 '  
Pcrcont of sampie not sieved a " o r  over 

O/O 

<<E.,)' , (I 7, / 7 3 100 % 

1 SAMPLE D E P T H  10 F E E T  1 
OPENING 1 RET. ON 1 W%RET. I CUM. % RET. 

I P I  /F /Z  I 72v3 

J 

r I 
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MONITOR WELL 1400 123 - 

Feet 

0- 8 

8-12 

12-14.5 

Log 

S i l t y  sand and g rave l  

Brown washed sand and g rave l  

S i l t y  b l u e  sand and g rave l  waver shu 

End of  Hole 

3ff 

Log i s  same as 1400 1 2 2 .  Five fee t  of  PVC 4-inch I . D .  20 - s lo t  well 

sc reen  set  between 9 f e e t  and 14 fee t .  However, t h e  sc reen  heaved and f i n a l  

s e t t i n g  was between 6 fee t  and 11 fee t .  

between 35 and 40 US gpm. 

inches .  

The well was subsequent ly  pumped 

Drawdown amounted t o  only  8 I n  one h a l f  hour. 

I 
I 
I 
I 
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MONITOR WELL 1400 124 - 

Feet Log 

0- 3 F i l l  

3-10 S i l t y  T i l l  

10-18 Sand and Gravel - brownwater 

18-19 Light  till 

19-22 Sand and g rave l  

22 

22-30 

30-31 

31-35 

Traces of  till 

Sand and g rave l  

T i l l  

Sand and g rave l  

A 10-foot  s e c t i o n  of  PVC 4-inch I.D. No. 20 s l o t  s c reen  was se t  

between 25 and 35 fee t .  

t h e  6-inch s t e e l  cas ing  which was withdrawn t o  25 f ee t  t o  e x p i r e  t h e  well 

s c reen  t h e  well was developed by pumping f o r  1 / 2  hour a t  about 40 gpm. 

A 4-inch PVC p i p e  connected t h i s  t o  s u r f a c e  i n s i d e  
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MONITOR IVELL 1400 125 - 

0- 9 Sand and grave l  

9-2 1 Loose sand and grave l  

21-23 Rusty brown l a y e r  o f  g rave l  

23-36 Loose sand and g rave l ,  brown a t  times 

End o f  ho le  

A 10-foot  s e c t i o n  o f  PVC 4-inch I D  No. 20 s l o t  s c reen  was set  be- 

tween 25 and 35 fee t .  The s t e e l  cas ing  was p u l l e d  back t o  25 fee t  t o  expose 

t h e  screen .  The we l l  was developed by pumping f o r  about one h a l f  hour.  
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Tosslble r a g e  Y i  of 
of sci-csn s l o t  

not 
s i eved  

Ef'f e c t i v e  
s i z e  

R e s t r i c t e d 
range o f  
screcn s l o t (  based 

Rule 1 
0 P* opening in 

thous. of Percentage r e t a ined  
30% Or Over SO$ 40% I m inch 

Monitor Well 14 

9 1  

0 125 

. 13 

I l1 i 
33 

1 7  

25 

19 

2 1  

2 3  

25 

27 
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28 

65 

1 2  

47 

40 

I 31 37 
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1 2  ~ 
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T E S T  WELL 130 

WELL LOG 

WELL D E S I G N  

GRAIN S I Z E  ANALYSES 
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APPENDIX NO. 2 

TABLE NO. 1 

TEST WELL 130 TRANSMITTING CAPACITY OF SCREEN DESIGNED FOR MIDDLE AQUIFER 

Table  No. 1 Appendix 2 Transmi t t ing  

Depth i n  fee t  Design s l o t  
s i ze  i n  
thous.  o f  1 inch  

58-60 

60-62 

62-69 

50 

100 

150 

Capacity of Screen Designed f o r  "Middle Aquifer" Test Well 130 

In t ake  area f o r  T.C. p e r  f t .  T.C. 
s l o t  opening i n  of  s c reen  i n  US gpm 
sq. inches  p e r  f t .  i n  US gpm 

100 31 62 

148 46 92 

347 160 49.6 

T o t a l  T.C. f o r  Screen 501 US gpm 

- 

TEST WELL 130 TRANSMITTING CAPACITY OF SCREEN DESIGNED FOR "LOWER AQUIFER" 

94-104 40 269 - 87 26.9 

T o t a l  T.C. f o r  Screen 269 US gpm 



D m m q D =  

? SIZE AND LENGTH 
I 

; ep th  T'nick- 
ness in 
feet 

Effective 
grain 

size in 
thous, of 
an inch 

Effective Possible range $ of Depth 
size of screen s l o t  sample in 

squared openings in thous.. not feet ' 

of an inch sieved 
-2 in. 1, 

Percentage retained or Over 
50% 40% 30% 

Restricted Multi le 
range of P r e l i m .  
screen slot t- Slot Sc 

Modif. 

10 100 45 62 85 39.6 12 85 85 

161 

101 

70 

79 

62 

83 

125 

126 

20 

22-40 

65-98 

16 1 

10 1 

70 

79 

62 

83 

125 

126 

20 

30 

40 

18 

20 

_ _  

2 

2 

24 2 

22 

1 

7 

8 

8 

5 

11 

15 

6 

484 75 97 126 68.0 30 

1 20 33 54 27.7 3 2  

49 22 40 69 15.8 34  

64 40 65 98 34.8 36 1 

64 20 28 47 63.7 38 

25 28 69 120 5 5 . 1  40 

121 28 32 39 68.3 42 

225 80 1 1 2  150 47.5 44 

36 67 101 136 43.2 46 

. De: 
No c 
ba: 

- 
based 
on 

Rule 1 
opening in 
thous. of. 

C 
Rulf 
2 an inch 1 

I I I I I 

I I I 1 
85 

85 

137 

10 1 

70 

85 

85 

137 

10 1 

70 

- 

- 

1 1 4 1  2 137 1 137 
I 

- 

70 70 

6 1  62 

62 

- 
62 

20 I 400 1 63 1 85 1 125 I 52.2 1 28 83 83 

125 125 

20 20 

( 3 4  1 2 20 20 
~ 

30 30 

23 I 28 28 28 

69 I 69 28 28 

32-39 I 32 32 32 

32 

136 

32 

136 1 136 64 - 



!pth dTnick- 
ness in Prelim. Modif . 

based 

Rule 1 
O i l  

Nod. 
bas 

Rule 
0: 

2 
Percentage retained 
50% 40% 30% 

$5 in. 
or Over 

50 

156 

50  50 

50 50 

7 7 7 

loo+ 

126 

153 

13 13 

loo+ 26 

126 52 

177 

177 

173 

15 3 104 

177 177 

173 173 
1 

125 

139 

119 

141 

31 

150 177 70.6 

15 7 177 55.6 

143 173 86.0 

160 179 80.6 

41 69 57.0 . 60 

25 

73 

3 

40 

50 

62 

~ 

60 66 

25 25 

25 25 

3 3 

3 3 

40 6 

50 1 2  

20 

3 6 .  

3 

30 

32 

36 

25 ' 36 46.7 

73 112 48.0 

4 6 9 .2  

37 47 8 . 4  

42 57 12 .1  

47 62 16.6 

TABL;  I?O. 2 

I 
! SIZE AND L 

Restricted 
range of 
screen s l o t  
opening in 
thous. of 
an inch 

:EN SL( 

Depth 
in 

feet ' 

:NGTH 

Effective Effective 
size 

squared 

Possible range 
of screen slot 

openings in thous+. 
sieved . -  of an inch 

grain 
size in L thous. of 
an inch 

9 0% 

48 I 2 a 81  48 

50 

52 

54 

56 

S R - q A  

32 4 156 

52 i 2  1 1 

7 

7 

49 

9 81 75- 103 

1 2  126 58 

60 

62 

64  

66 

9 81 153 

1 2 62 

64 1 2 

66 j 2 
I 

15 2 25 177 

39 1521,  177 

173 26 676 

676 26 179 68 
2 

70 1 2 

68 179 I 173 1 173 

70 

~~ 

41-69 1 4  196 
~ 

8 64 25 74 " 

75 6 36 73 

3 77 1 2 1 1 77 

1 2  144 92 37-47 

8 64 94 42-57 

7 49 62 96 



= D E = = mP~!miim = = *  TABii i  90. 2 
T L j T  iJk;LL :TO. 130 - DESIGN TABLE FOR SCREEN SL( 

;e?t,h Thick- Effective Effective Possible range $ of Depth 

feet size in squared openings in thous. not feet . 
thous. of of an inch sieved 

;s in. 

ness in grain size of screen s l o t  sample in 

Percentage retained or ov8r an inch 

90% 50% 40% 30% 

98 2 1 4  196 36 42 51  4 . 8  98 

100 2 10 100 34 43 57 6 .8  100 

102 2 8 64 21 26 35 1.1 102 

104 2 7 49 24 31 40 0 104 

105 1 4 16 18 9 10 0 105 

107 2 6 36 9 10 11 0 107 

109 2 6 36 9 10 11 0 109 

111 2 5 25 9 9 10 0 111 

113 2 5 25 9 9 10 0 113 

1 

1 

1 

? SIZE AND LENGTH 
1 

Restricted 
range of 
screen s l o t  
opening in 
thous. of 
an inch i 
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OPEN1 N U  RET. ON WT. RET. Curd. .'A RET. 

b . P  

/ b P  I ,?.I-& 
g7. L 
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4 

. .  
I 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AN3 WATER RESOURCES 

WATER RESOURCES S E 2 V I C E  
VI AT E R IN V ES TI GAT I ON S B F?A N CH 

Gnounzwntsr Section 
S I E V E  A K A L Y S I S  

PROJECT0 ,'=, ;.-. %':' '-- .; 2 

i . i .I 

LCCATIOH' 
- .,: .. . .. I -.,,:-. .. 



0 

2001W 50 40 30 M 16 10 S i E V E  8 NUFR I3 EF? 
b 6 *-- '* 

., . 
S A h t P L E  C E P T H  7 5  F E E T  

a P z H i X s  I RET. ON I WT.RET. I CUM. OA RET. 

Percon! of somile not sieved If2''oi over 

BRITISH COLUMBIA 
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SIEVE A N A L Y S I S  
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S I E V E  O P E N I N G  IN T H O U S A N D T H S  OF A N  INCH 
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SIEVE OPENING IN  T H O U S A N D T H S  OF A N  INCH 
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APPENDIX NO. 3 

OBSERVATION WELL 131 

WELL LOG 

WELL DESIGN 
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l e- - DATE 
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APPENDIX NO. 4 

"LOWER AQUIFER" 

PUMP I NG TESTS 

WELL READINGS 

AND 

GRAPHICAL PLOTS 



APPENDIX IV 

READINGS TAKEN ON WELL NO. 130 D U R I N G  
"STEP DRAlVDOiW' PUMPING TEST #1 (Lower Aquifer)  

I 
I 

Contrac t  #60 
Gfoundwater Research P r o j e c t  
Cowichan River  Aqui fers  - Duncan, B .C .  

I F 
I ~~t~ October 30, 1975 

Timc (t) Depth t o  
s ince water i n  
s t a r t  of  well 
pumping from t o p  
i n  mins. - of 

cas ing  
i n  f e e t *  

l:oo 
: 30 

3 : O O  
: 30 
4::OO 
: 30 

3:oo 1 6:OO 
7: 00 
8: 00 
9:oo 1 1o:oo 
12: 00 

30: 00 
40:OO 

. 1:52:00 
E- 0o:oo 

30; 00 

0 
.5 

1 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 

-- 90 
100 
112 
120 
130 

' 140 ' 150 

4.18 
24.38 
25.09 
24.89 
23.95 

21.55 
20.17 
19.56 
19.45 
19.52 

: 19.68 
19.80 
19.91 
20.01 
20.15 
20.16 
20.17 
20.31 
20.46 
20.48 
20.59 
20.69 
20.76 
20.83 
20.85 
20.89 
20.89 
20.95 
21.03 
21.06 
21.07 
21.03 
21-01 
21.01 
21.03 
21.05 

Drawdown 
i n  well 
i n  fee t  

I 
( s t a t i c  

= 4.18') 

h 

-I-- 
i .  

0 I 20.20 
20,. 9 1 
20.7i 
19.77 

17.37 
15.99 
15.38 
15.27 

* 15.34 
15.50 
15.62. 
15.73 
15.83 
15.97 
15.98 
15.99 
16.13 
16.28 
16.30 
16.41 
16.51 
16.58 
16.65 
16.67 
16.71 
16.71 
16.77 
16.85 
16.88 
16.89 
16.85 
16.83 
16.83 
16.85 
16.87 

. . . . .  - . . . . . . . . . .  

.I REMARKS 

. -  . . . . . .  -- .... -. .. . -  . . . . . . . .  - .. - . . . . . . . . .  -- 

. .  
Flow Meter = ,961510 

400 USGPM ? _ .  

water grey  

i 

. .  water clear 
260 USGPM ? 

Oriface.= 14 1/8"' ' 

250 USGPM ? 

-. 

. ._ , . .  

241 USGPM 
241 USGPM 
241 USGPM 
241 USGPM 
241 USGPM Oriface 13 3/8" 
241 USGPM Approx. 5 USGPM loss f o r  p i p e  leakage 
241 USGPM ll°C water Temp. 
241 USGPM 

241 USGPbl 
241 USGPM ' 

'3 

241 USGPM 

241 USGPM 



APPENDIX IV 

I 
g I 

I 
t 
k i m e  

I 
I 40:OO 

45: 00 

l 
'irnc (t) 
; i n  cc 
; t a r t  o f  
)ump irig 
i n  mins. 

160 
165 ' 

170 
180 

READINGS TAKEN ON WELL NO. - 130 D U R I N G  
"STEP DRAWDOWN" PUMPING TEST #1 (Lower Aquifer) 

Con t rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aqui fers  - Duncan, B.C.  

Depth t o  
water i n  

we1 1 
from t o p  

o f  
cas ing  
i n  f e e t *  

21.81 
21.80 

' .  

lrawdown 
i n  well 
i n  feet  
s t a t i c  
4.18')  

b 

17.63 
17.62 

D~~~ October 30, 1975 

REMARKS 

250 USGPM 
249 USGPM 
Pump s h u t  down ' 

*Note: Water' leire1 read ings  t aken  from a 
p o i n t  0.48' above cas ing .  

T o t a l  g a l s .  pumped - 4'4,780 
# 

Water Q u a l i t y  Analys is  

..- "c Cond. H2S F e  Ph 

10:30 11 80 N i l  0.3 9.3/8.5/7.5+ 
11:30 11 80 N i l  0.22 7.9/9.2/8..5 
12:30 11 80 N i l  0.22 8.0 
15:30 11 80 N i l  0.27 8.0 



Drawdown Curve 
Well 130 
Step  Test #1 
(Lower Aquifer) 

Approx. Pumping Rate Q = 241 
e 

e 

T1= - 2644 = 264 241 = 37,400 GALS/day/ft. 
As 1.70 

T2= - 264Q = 264 241 = 66,275 GALS/day/ft. 
AS .96 

USGPM 

I 1  
1 r 1 -  I 1 

I10 
I I I 1  ' 100 I I I 1  

Time(t) i n  minutes s i n c e  pumping s t a r t e d .  

DEPARTMENT OF LA 

Cowichan River Aqui fers  



I APPENDIX IV 

RECOVERY READINGS I N  WELL NO. 130 AFTER "STEP DRAWDOIVN" PUMPING TEST - -  

I 
I 
l i m e  

I 
1 I -  ober  30, 

i moo"i: l:oo 

I 2;;; 
u 4 2  

1 2::: 
11:: :: 
I:::;; 
I;:; :: 
1:;; :: 
Iio: oo 

i30:00 

I 

: 30 

3: 00 

: 30 

7:OO 
8:OO 

12:oo 

18: 00 

30: 00 
35: 00 

50: 00 
1 0o:oo 

20: 00 

Time ( t )  
s i n c e  
s ta r t  o f  
pumping 
i n  mins. 

,975 

180 
180.5 
181 
181.5 
182 
182.5 
183 
183.5 
184 
184.5 
185 
186 
187 
188 
189 
190 
192 
194 
196 
198 
200 
205 
210 
215 
220 
225 
230 
24 0 
250 
260 
2 70 

#1 (Lower Aquifer)  
Cont rac t  #60 
Groundwater Research P r o j e c t  

\ Cowichan River  Aquifers  - Duncan, B.C. Date October 30, 1975 

Time ( t ' )  
s i n c e  
pump i n  g 
s topped  
( i n  mins.)  

0 
.5 
1 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 

. 45 
50 
60 
70 
80 . 
90 

Value of 
t / t '  

361 
181 
121. 
91 
73 
61 
52.42 
46 
41 
37 
31 
26.71 
23.50 
21.00 
19 
16 
13.85 
12.25 
11 
10 
8.20 
7 
6.14 
5.50 
5 
4.60 
4 
3.57 
3.25 
3 

Depth t o  
water i n  
we1 1 'from 

c a s i n g  
in feet* 

t o p  of  

21.84 
9.20 
8.20 
7.69 
7.51 
7.42 
7.19 
7.05 
6.90 
6.78 
6.63 
6.43 
6.26 
6.01 
5.97 
5.85 
5.59 
5.48 
5.32 
5.13 
5.02 
4.94 

. 4.78 
4.70 
4.62 
4.56 
4.50 
4.38 
4.38 
4.38 

Residual  
d r a d o  wn 
i n  well 
i n  feet  
( s t a t i c  
= 4.18') 

17.66 
5.02 
4.02 
3.51 
3.33 

3.01 
2.87 
2.72 
2.60 
2.45 
2.25 
2.08 
1.83 
1.79 
1.67 
1.41 
1.30 
1.14 
0.95 
0.84 
0.76 
0.60 
0.52 
0.44 
0.38 
0.32 
0.20 
0.20 
0.20 

3.24 

Remarks 

*Note 
All water leve l  readings  
taken  from a p o i n t  0.48' 
above cas ing  datum. 

To ta l  pumping time = J80 m i r  

T o t a l  p r e c i p i t a t i o n  - n i l  



. -  - 
Residual Drawdown Curve 
We11 130 
Step  Test #1 
(Lower Aquifer) 

Approx. Pumping Rate = 241  USgpm 

2644 - ,264  x ' 2 4 1  T= - - 
*. 

A s  2.50 

T= 25,450 g a l s / d a y / f t .  

. .  . .  

I I I .  I I I I ' I10  
1 [ I  

100 Rat io  t / t ,  
a _  

- BRITISH COLUMBIA 
CEPkEiMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
Groundwater Research P r o j e c t  

__ ___ ENGiNEE . WATER INVESTIGATIONS BRANCH Cowichan River Aquifers 



APPENDIX IV 

"STEP DOIVN" PUMPING TEST H 1  (Lower Aquifer) DATA FROM OBSERVATION IYELL NO. - 131 'I - 
e 
I 
I _-- 

I T'ime 

I 
1 4  0; 

1 O : O l  + ' a 2  02 + 
10:03 -8:: + 

a:: % 

% 
0: 05 

-0: 07 

+ 

% 
- -09  g; k: 2 + 

0: 18 

8; 0:30 

0 :  50 

1 :40  , 

I 

rime (t) 
since 
s t a r t  of  
pump iris 
i n  mins. 

0 
1 
1% 
2 .  
2% 
3 
3% 
4 
4% 
5 
6 
6% 
7 

8 
.8% 
9 
9% 

10 
11% 
13% 
16 
18 
22 
25 
30 
35 
40 
45 
50 
60 
73 
80 

90 
100 

7% 

Cont rac t  #60 
Groundwater Research P r o j c c t  
Cowichan River Aquifer - Duncan, B.C.  

Depth t o  
water i n  

from t o p  
o f  cas ing  
i n  feet* 

we1 1 

. .  

7.20 

9.77 
13.21 
13.96 
14.08 
13.86 
13.75 

13.60 
13.67 
13.77 

13.92 
14.03 

14.28 

14.38 

14.48 
14.59 
14.72 
14.83 
14.97 
15.04 
15.15 
15.20 
15.27 
15.30 
15.32 
15.38 
15.39 
15.42 

7.20 
15.47 
15.47 

- 

- 

- 

- 
- 

Date October 30,. ,1975 . . . _ _  . -  

Drawdown 
i n  well 
i n  f e e t  

1 
( s t a t i c  
- - 

ha 

2.57 
6.01 . 
6.76 
6.88 
6.66 
6.55 

6.40 
.6.47 
6.57 

6.72 
6.83 

7.08 

7.18 

7.28 
7.39 
7.52 
7.63 
7.77 
7.84 
7.95 
8.00 
8.07 
8 .10  
8.12 
8.18 
8.19 
8.22 

8.27 
8.27 

Height of 
water i n  
tube  on 

o r i f i c e  

i n  inches  
P i p e  

- - .  

U.S. g a l s  
p e r  min. 
d i scha rge  
from well 

_ . . -  - .  

Remarks 

- .. -- - .  

S t a t i c  water l e v e l  

Pumping s t a r t e d  



I -  

I 
I = -  

I Time 

i 
j:45- : 50 

$y; PM 

i;! 
yi:: 

8':; 

-- 

12:44 

: 50 

I 
I 
I 
I 
I 

I 
1 

-F 

APPENDIX Iv 

"STEP DOWN" PUMPING TEST #l  (Loyer Aquifer)  DATA FROM OBSERVATION WELL NO. - 131 

Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River Aquifer  - Duncan, B.C. 

Date October 3-0,. 1975, 

Time ( t )  
since 
s t a r t  of  
pumping 
i n  mins. 

105 
110 . 
1 2 2  
131 
140 
150 
157 
160 
164 
165 
167 
170 
172 
177 

Depth t o  
water i n  

from t o p  
of  cas ing  
i n  feet* 

we1 1 

15.45 
15.43 
15.46 
15.45 
15.44 
15.49 
15.48 

15.72 
15. 73 
15.75 
15.77 
15.77 
15.77 

- 

\ 

Drawdown 
i n  well 
i n  fee t  

s t a t i c  
1 

h' 

8.25  
8.23 
8: 26 
8.25 
8.24 
8.29 . 

8.28 

8.52 
8.53 
8.55 
8.57 

8.57 
8.57 

Height of 
water i n  
tube  on 

o r i f i c e  

.n inches  
P ipe  

_ _ _ .  - - -  - - 

I 

_. 

. S .  g a l s .  
e r  min. 
i s cha rge  
rom we1 1 

. , , -. - . .. 

. . . . , . - . _. . . 

Remarks 

, 

*Note: 
A l l  water l e v e l  readings  
are  taken  from a. p o i n t  
4.37 fee t  above cas ing  
datum. 



Drawdown Curve 
Observat ion \de11 131 
Step  Test #1 
(Lower Aquifer)  

T = 264q = 264 x 241 
I- 

- 
As . 1.57 

. T = 40,500 ga l s /day / f t  

I I I 1  I10 I I I I I ' 1100 I I I 1  
1 

I 

T ime(t)  i n  minutes s i n c e  s t a r t  o f  pumping . -  
~~ ~ 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
. WATER INVESTIGATIONS BRANCH 

TO ACCOMPANY REPORT .ON 

Contrac t  60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  

DATE 

Dec. 1975 

ENGINEER 

I - - A s  shown 
wo A s  shown 
J . C . Foweraker 

Duncan, B.C.  __ DWG. No. 3 AppeA?ix 



APPENDIX IV 

RECOVFRY READINGS I N  OBSERVATION WELL NO. - 131 AFTER "STEP DRAWDOWN" PUMPING TEST 
I 

~ 

I 

I 

I -  

- 

1 Time 

13:Ol % 

13:03 
:03 % g: 04 

1 :04 $ 

13:06  % 

13:08 
:08 % fl: 09 
:09 % 

: 14 
13: 16 

13:25 

13:40 

I 

Time (t) 
s i n c e  
s t a r t  o f  
pump i n  g 
i n  mins. 

180 
180.5 
181 
181.5 
182 
182.5 
183 
183.5 
184 
184.5 
185 
185.5 
186 
186.5 
187 
187.5 
188 
188.5 
189 
189.5 
190 
192 
194 
196 
198 
200 
205 
210 
215 
220 
230 
240 
250 
257 
260 
270 

Time ( t ' )  
s i n c e  
pumping 
s topped  
( i n  mins.)  

#1 (Lower Aquifer)  
Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifer - Duncan, B.C. 

0 
0.5 
1 .0  
1 . 5  
2.0 
2.5 
3.0 
3.5 
4 .0  
4 .5  
5.0 
5.5 
6.0 
6.5 
7 .0  
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
12.0 
14.0 
16.0 
18 .0  
20.0 
25.0 
30.0 
35.0 
40.0 
50.0 
60.0 
70.0 
77.0 
80.0 
90.0 

Value of 
t / t '  

0 
361.00 
181.00 

91.00 
73.00 
61.00 
52.42 
46.00 
41.00 
37.00 
33.72 
31.00 
28.69 
26.71 
25.00 
23.50 
22.18 
21.00 
19.95 
19.00 
16.00 
13.86 
12.25 
11.00 
10.00 

8.20 
7.00 
6.14 
5.50 
4.60 
4.00 
3.57 
3.34 
3.25 
3.00 

121,oo 

Depth t o  
water i n  
well from 

c a s i n g  
i n  f e e t *  

t o p  o f  

7.20 

14.93 
12.86 
11.42 
10.87 
10.57 
10.42 
10.26 

9.99 

9.83 
9.67 
9.59 
9.46 
9.36 
9.28 
9.17 
9.10 
9.03 
8.96 
8.92 
8.71 
8.50 
8.35 
8.23 
8.15 
7.94. 
7.79 
7.68 
7.60 
7.50 
7.43 
7.41 
7.36 
7.35 
7.34 

- 

Date October 30, 1975 

Rcs idua  1 
draw do \in 
i n  well 
i n  fee t  
( s t a t i c  

1 - - 

7.73 
5.66 
4.22 
3.67 
3.37 
3.32 
3.06 
2.79 

2.63 
2.47 
2.39 
2.26 
2.16 
2.08 
1.97 
1 .90  
1.83 
1.76 
1.72 
1.51 
1.30 
1.15 
1.03 
0.95 
0.74 

' 0.59 
0.48 
0.40 
0.30 
0.23 
0.21 
0.16 
0.15 
0.14. 

Remarks 

S t a t i c  Water Level 

*Note: A l l  water l e v e l  
readings  taken  from 
a p o i n t  4.37 f e e t  
above cas ing  datum 



... 

0 -  

2 -  

4 -  

- 

. .  
\ *  

,\ . 

Residual  Drawdown' Curve 
Observat ion Well 131 
Step  Test #1 
(Lower Aquifer)  

T = - 264Q = 264 x 241 e 

As . 3.0 

T = 21,200 g a l s / d a y / f t  

I 1 I I .  I '  I I r i  ' ' ' I100 10 . 
+ 

Rat io  L / t ,  . _  

Dec. 1975 DEPARTMENT OF LA 

Cowichan River  Aquifers  

- .  .- , . 



I 

I 

L i m e  

I 
- 

l c t o b e r  3 ,: 30; ;; 
l:oo 

. :30 

3:OO 
: 30 

4 : O O  
: 30 

5 :  00 

8: 00 

42: 00 
44: 00 
46:OO 
48: 00 
so: 00 

05: 00 

20: 00 
30: 00 I 40:OO 
45 : 00 

I- 

- 

'ime (t) 
; jnce 
; t a r t  of  
m i p  i 11 g 
in mins. 

1975 

.5 
1 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
75 
80 
85 
90 

A P P E N D I X  IV 

READINGS TAKEN ON IVELL NO. - 130 D U R I N G  
"STEP DRAWDOIVNtt PUMPING TEST #I2 (Lower Aquifer)  

Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aqui fers ,  Duncan, B.C. 

Depth t o  
water i n  
well 

from t o p  
of  

cas ing  
i n  fee t  

4.28 
25.73 
25.88 
26.34 
26.72 
27.05 
27.39 
27.66 
27.89 
28.07 
28.26 
28.58 
28.87 
29.13 
29.43 
29.54 
29.84 
30.03 
30.24 
30.39 
30.51 
30.72 
30.87 
31.00 
31.03 
31.06 
31.07 
'31.09 
31.11 
31.09 
31.10 
31.10 

lrawdown 
i n  well 
i n  feet  

1 
( s t a t i c  

b 

0 
21.45 
21-60. 
22.06 
22.44 
22.77 
23.11 
23.38 
23.61 
23.79 - 23.98 
24.30 
24.59 ' 
24.85 
25.15 
25.26 
25.56 
25.75 
25.96 
26.11 
26.23 
26.44 
26.59 
26.72 
26.75 
26.78 
26.79 
26.81 
26.83 
26.81 
26.82. 
26.82 

D~~~ October 30, 1975 
CZI- 

. -  - . .  . -  

Orig ina l  S t a t i c  Level 

335 USGPM 

366 USGPM 

369 USGPM 
366 USGPM 
366 USGPM 

366 USGPM 

363 USGPM 

363 USGPM 

Water Temp. ll°C 362 USGPM 

Pump shu t  down 



22 

23 

24 

25 

26 

Drawdown Curve 
Well 130 
Step  Test # 2  
(Lower Aquifer)  

pumping r a t e  '335-369 USGPM 

264Q - 264 x 335 - - i2 
T1 = 7-  3.96 

T = - =  264q 264 x 369 - - 24 
2 A s  3.96 

300 USGPM 

600 USGPY 

/ . .*. .  v* 
I I 1 1 1  1 I I I I  

1 10 I100 

T i n e l t )  s i n c e  s t a r t  o f  pumpinz i n  mins. 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

TO ACCOMPANY REPORT ON 

Contrac t  #60  
Ground\jater Research Proj  e c t  
Cowichan River  Aquifers  
Duncan, B.C.  

DATE I Dec. 1975 
SCALE: VERT 

HOR .4s shown 

J..:.&., _.._ ?.okLe.r.ak.er ENGINEER 

5 Appendix 4 FILE No DWG. No .____________ .. 



APPENDIX IV 

RECOVERY READINGS TAKEN ON WELL NO. 130 AFTER "STEP DRAWDOWN" PUMPING TEST - 

-7' 6 i. . 

I 
I 
I 
1 

E 
I ?;; 

I 
I ;;:: 
1 E: 

I ;:%I 

I :El 

1 
I 
b o o :  00 

!tab= 
:oo:oo 

: 30 

2:oo 
: 30 I 3:OO 
: 30 

4:OO 

6: 00 

9: 00 

14: 00 
16:OO 

25:OO 

40: 00 
45:OO 
50: 00 
: 00: 00 
: 00: 00 
: 00: 00 

O c b e r  31 

Time (t) 
since 
s t a r t  o f  
pump i n  g 
( i n  mins. 

1975 

90 
90.5 
91 
91.5 
92 
92.5 
93 
93.5 
94 
94.5 
95 
96 
97 
98 
99 
100 
102 
104 
106 
108 
110 
115 
120 
125 
130 
135 
140 
150 
210 
270 

1975 

(Lower Aquifer) 
Contract  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  - Duncan, B.C. 

Time ( t ' )  
s i n c e  
pump i n  g 
s topped  
( i n  mins.) 

0 
.5 
1 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 

Value o f  
t/t ' 

0 
181 
91 
61 
46 
37 
31 
26.71 
23.50 
21 
19 
16 
13.85 
12.25 
11 
10 
8.50 
7.42 
6.62 
6 
5.50 
4.60 
4 
3.57 
3.25 
3 
2.80 
2.50 

~~ ~ ~ 

Dcpth t o  
water i n  
well  from 

cas i n s  
i n  feet  

t o p  o f  

~~ 

31.10 
10.91 
9.75 
9.15 
8.71 
8.40 
8.17 
7.90 
7.64 
7.51 
7.38 
7.03 
6.78 
6.55 
6.39 
6.24 
5.90 
5.80 
5.55 
5.36 
5.24 
5.03 
4.83 
4.72 
4.64 
4.57 
4.53 
4.51 
4.33 
4.31 

4.32 

Date October 30, 1975 

Residual  
draw doim 
i n  well 
i n  fee t  
(static 
4.28 ) 

26.82 
6,63 
5.47 
4 .'87 
4.43 
4.12 
3.89 
3.62 
3.36 
3.23 
3.10 
2.75 
2.50 
2.27 
2.11 
1.96 
1.62 
1.52 
1.27 
1.08 
0.96 
0.75 
0.55 
0.44 
0.36 
0.29 
0.25 
0.23 

,O. 05 
0.03 

Remarks 

*Note - Water l e v e l  reading: 
are  taken  from a 
p o i n t  .45' above 
cas ing  datum l i n e .  



...... 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

Residual  Draidown Curve 
Yell 130 
S tep  Test # 2  
(Lower Aquifer) 

pumping r a t e  Q = 335-369 USGP3I 

T = 2642 = 264 x 335 = 24,100 g a l s / d a y / f t .  
A s  3.67 

T = 2644 = 264 x 369 = 26,500 g a l s / d a y / f t .  
A s  3.69 

TO ACCOMPANY REPORT ON 

Cont rac t  60 
Groundwater Research P r o j  ect  
Cowichan River Aqui fers  

I 1 I I  I I I l l  I I I 
10 P,atio + 100 

"it I 

SCALE: VERT .... ?S ?!E::* ..................................... 
A s  shoiin 

HOR 

I 

DATE 

Dec. 1975 ........ - 

2 . C .  F w e r a k e r  ENGINEER 

I Duncan, B .C .  I FILE No ................................................. DWG. No ...... 6 .... &.Z.e.nd.:iX .... 4 ......... 



APPENDIX IV 

"STEP DOIVN" PUMPING TEST ft2 (lower a q u i f e r )  DATA FROM OBSERVATION F E L L  NO. - 131 

F 
I 
I ,-- 

I '  
Time 

d t o L  -30 

:30 % 

:31 '5 

:32 % #: 32 

1: 37 

14: 33 

14:34 & 

14: 36 
:36 % 

:37 !5 

14:39 % 

15: 10  

: 55 
1 6 ~ 0 0  * 

I 

i 

1 
I 

rime (t) 
j in ce 
s t a r t  o f  
pump i n  g 
i n  mins. 

1975 

0 
% 
1 
1% 
2 
2% 
3 
3% 
4 
4% 
5 
5% 
6 
6% 
7 
7!5 
8 
8% 
9 
9% 

10 
1 2  
14 
16  
18 
20 
25 
30 
35 
40 
50 
60 
70 
75 
80 
85 
90 

Cont rac t  #60 
Groundwater Research .Pro jec t  
Cowichan R.iver Aquifers  - Duncan, B.C.  

lepth t o  
l a t e r  i n  

well  
:rom'top of 
:asing i n  
:eet* 

7.34 
10.12 
12.70 
14.00 
14.41 
15.00 
15.59 
15.86 
16.10 
16.30 
16.52 
16.70 
16.87 
16.98 
17.24 
17.33 
17.45 
17.65 
17.69 
17.77 
17.88 
18.27 
18.58 
18.72 
18.92 
19.00 
19.12 
19.36 
19.46 
19.51 
19.58 
19.58 
19.59 
19.58 
19.58 
19.57 
19.52 

Drawdown 
i n  well 
i n  fee t  

1 
( s t a t i c  
- - 

h' 

0 
2.78 
5.36 
6'. 66 
7.07 
7.66 
8.25 
8.52 
8.76 

' 9.18 
9.36 
9.53. 
9.64 
9.90 
9.99 

10.11 
10.31 
10.35 
10.43 
10.54 
10.93 
11.24 
11.35 
11.58 
11.66 
11.78 
12.02 
1 2 . 1 2  
12.17 
12.24 
12.24 
12.25 
12.24 
12.24 
12.23 
12.18 

D a t e  October 30, 1975 

[e ight  of 
water i n  
t u b e  on 
r i f  ice  
P ipe  
.n inches  

. ... - - -  - -  -- 

_. 

Pump Shut 

.S. g a l s .  
er  min. 
i s ch a rg  e 
rom well  

. . . . .- 

f 

... . . - -- . 

Remarks 

1--------- . -. --. ' 

New s t a t i c  l e v e l  
Pumping r a t e  = 335-369 

USgpm 

8 

*Note: A l l  water level  
readings  a r e  taken from a 
p o i n t  4.37 fee t  above 
cas ing  datum. 



c, 
e, 
Q) 

rcc 
c 
.rl 

c 
3 
0 a 
3 
td 
k cl 

\*  

. -  - 
Drawdown Curve .. 
Observation Well. 131 
S tep  T e s t  # 2  
(Lower Aqui fer )  

' Pumping Rate Q = 335-369 U,SGPM . 

. .  

. .  

' .  

T = 2644 = 264 x 335 = 19,060 g a l s / d a y / f t .  
As 4.64 v 

T = 2644 = 264 x 369 = 21,000 g a l s / d a y / f t .  
d s 4.64 

. .  
. .  . .  

., . .  . .  . . .  

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
. WATER INVESTIGATIONS BRANCH 

* -  

L ~ I.' f i. - ... . . .  . , .  

a _  

T i m e ( t )  i n  minutes si-ince s t a r t  o f  DumDinP 
DATE 

! S z # & ~ ~  TO ACCOMPANY REPORT ON - A s  shown Dec. 1975- Con t rac t  60 . 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers J . C . Foweraker __ ENGINE1 

Duncan, B.C. fL= b . DWG. No. Appelld_i&4 - 



I 

16:OO 
16:00% 
16: 01 
16:OlQ 
16:02 
16:02% 
16: 03 
16:03$ 
16:  04 
16:04% 
16:05 
16:05% 
16: 06 
16:06% 
16:07. 
16:07$ 
16:08 
16:08% 
16:09 
16:09% 
16:lO 
16:12 
16:14 
16:16 
16:18 
16:20 
16:25 
1-6:30 
16:35 
16:40 
16:45 
16:50 
17:OO 
17:lO 

APPENDIX IV 

90 
90.5 
91 
91.5 
92 
92.5 
93 
93.5 
94 
94.5 
95 
95.5 
96 
96.5 
97 
97.5 
98 
98.5 , 

99 
99.5 

100 
102 
104 
106 
108 
110 
115 
120 
125 
130 
135 
140 
150 
160 

RECOVERY READINGS IN OBSERVATION WELL NO. - 131 AFTER "STEP DRAIJDOIVN" PUMPING TEST Q 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Time ( t )  
s i n c e  
s ta r t  o f  
pumping Time 

i n  mins. I 
OCTOBE 30, 1975 P 

# 2  (lower a q u i f e r )  
Cont rac t  # 60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  - Duncan, B.C 

Date October 30, 1975 

Time ( t ' )  
s i n c e  
pump i n  g 
s topped  
( i n  mins.)  

0 
% 

1 
1% 
2 
2% 
3 
3% 
4 
4% 
5 
5% 
6 
6% 
7 
7% 
8 
8% 
9 
9% 

10 
1 2  
14  
16 , 

18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 

120 
180 

Oct. 31, 1975 @ 1200 h r s .  - I 

Value o f  
t/t ' 

0 
181 
91 
61 
46-  
37 
31 
26.7 
23.5 
21.0 
19.0 
17.36 
16  
14.85 
13.86 
13.00 
12.25 
11.59 
11.00 
10.47 
10.00 

8 .5  
7.43 
6.62 
6.00 
5 -50  
4.60 
4.00 
3.57 
3.25 
3.00 
2.80 
2.50 
2.28 
2 . 1 2  
1.75 
1.50 

Depth t o  
water i n  
well from 

c a s i n g  
i n  feet* 

t o p  of 

19.52 
16.46 
14.04 
13.03 
12.33 
11.90 
11.57 
11.29 
11.10 
10.85 
10.70 
10.60 
10.35 

10.07 
9.94 
9.82 
9.73 
9.63 
9.54 
9.53 
9.14 
8 .91  
8 .68  
8.52 
8.39 
8.12 
7.97 
7.85 
7.79 
7.71 
7.67 
7.59 

- 

7.44 
7.41 
7.47 

Residual  
drawdown 
i n  well 
i n  f ee t  
( s t a t i c )  
= 7.34 ' )  

12.18 
9.12 
6.70 
5.69 
4.99 
4.56 
4.23 
3.95 
3.76 
3.51 
3.36 
3.26 
3.01 

2.73 
2.60 
2.48 
2.39 
2.29 
2.20 
2.19 
1.80 
1 .57  
1.34 
1.18 
1.05 

.81  

.63 

.51 

.45  

.37 

.33 

.25 

- 

.10 

.07 

Remarks 

*Note: 
A l l  water  l e v e l  r ead ings  
taken  from a p o i n t  4.37 
f e e t  above datum p o i n t .  



. -  . 
e 

- . 
Residual Drawdown Curve 
Observation Well 131 
S tep  T e s t  # 2  
(Lower Aqui fer )  

T = 2644 = 264 x 335 = 20,200 g a l s / d a y / f t  
A s  . 4.37 

T = 2644 = 264 x 369 = 22,300 g a l s / d a y / f t .  
As 4.37 

I ’  

I . I 1  
10 

I 1. I I I ’  I 
1100 . ._ Rat io  t ,+ , I “ ‘ I  

TO ACCOMPANY REPORT .ON 

Contrac t  60 
Groundwater Research -P ro jec t  I BRITISH COLUMBIA 

CEPkRTMENT OF LANDS, FORESTS, AND WATER RESOURCES 1 WATER RESOUiZCES SERVICE 
. Cowichan River  I Duncan, B.C.  

. WATER INVESTiGATlONS BRANCH 

DATE 

Dec. 1975 I---- A s  shown 
-vm As shown 

1 J.C. F o w e a e r  - EHClHEEi/ 

8 Appendix 4 7  __ DWG. No.- -- 
_ _  ._ I 



APPENDIX 4 ..- 

I 
I 

Groundwater Research P r o j e c t  
Cowichan River  Aquifers  - Duncan, B.C.  
Constant  Rate 24 h r s .  Test 
(Lower Aquifer)  

PUMP TEST DATA 

LOCATION Cont rac t  60 Well 130 
DRILLER Dri l lwel l  Ent. 
DEPTH OF WELL 104'  
D I A .  OF WELL 8" 
ENGINEER J .  Foweraker 
PUMP USED 20 H P .  

PUMP SETTING in take-88 '  
PUMPING RATE(S) 400 U.S.gpm 
TOTAL TIME PUMPED 1440 mins. 
O R I G I N A L  STATIC LEVEL 3.92 ## 
TOTAL GALS. PUMPED m / a  
TOTAL DRAWDOWN 29.01' 

TOTAL PRECIPITATION n i l  - I 
i Time ( t )  Depth t o  Drawdown 

s i n c e  water i n  i n  well 

pumping from t o p  ( s t a t i c  
i n  mins. o f  = 4.18 ' )  

cas ing  
i n  f e e t *  

Time s ta r t  o f  well i n  fee t  REMARKS 

ovember 4, 1975 

1 2 :  30 i 
1: 00 
: 30 u 2:oo 
: 30 

3:OO I :30 
4: 00 
: 30 

I 2;:: 
7:OO 

40: 00 

48 

1 :: 
,3 :pi: 00 

(- 20 
., 30 r 40 

50 

0 
. 5  

1 
'1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
6 
7 
8 
9 

10 
1 2  
14 
16 
18 
20 
25 
30 
40 
45 
50 
60 
70 
80 

3.92 
26.24 
27.55 
28.08 
28.54 
28.93 
29.19 
29.46 
29.59 
29.82 
29.90 
30.20 
30.58 
30.74 
30.93 
31.11 
31.46 
31.62 
31.82 
32.01 
32.11 
32.31 
32.50 , 

32.58 
32.70 
32.73 
32.81 
32.81 
32.88 
32.88 

0 
22.32  
23.62 
24.16 
24.62 
25.01 ' 

25.27 
25.54 
25.67 
25.90 
25.98 
26.28 
26.66 
26.82 
27.01 
27.19 
27.54 
27.70 
27.90 
28.09 
28.19 
28.39 
28.58 
28.66 
28.78 
28.81 
28.89 
28.89 
28.96 
28.96 

Not as s t a t i c  water l e v e l  
40" ( O r i f i c e )  
a t  9:54 AM was 3.88 fee t .  

40" (Orif  i c e )  

40" (Or i f i  ce)  

39 7/8" (Orif  i c e )  
40" (Orif  i c e )  

40" ( O r i f i c e )  

4: 00: 00 90 



1 

Time ( t )  Depth t o  Drawdown 
s i n c e  water i n  i n  well h i m e  s t a r t  of we1 1 i n  fee t  
pumping from t o p  ( s t a t i c  
i n  mins. ' of = 4.18 ' )  

cas ing  I i n  f e e t *  

REMARKS 

100 
112 

25 115 
140 I,: El: 00 170 

40 190 

November 4, 1975 

1 6 :  40: 00 250 
17:05 275 
17:30 300 

325 
350 

19:lO 400 
450 
500 
550 2 1  : 40 

22:30 600 I 23:20 650 
24: 10 700 

I E: 

(ovember 5 ,  1975 

01 : 00 

I :z: 
I E: 
I ;;;;: 

I 

03 : 30 

06:OO 
06 : 50 

09: 20 
10: 10 6- 11:oo 

750 
800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 

32.88 
32.91 
32.91 
32.93 
32.94 
32.93 
32.94 

32.94 
32.93 
32.94 
32.93 
32.93 
32.94 
32.93 
32.93 
32.89 
32.84 
32.82 
32.89 

32.85 
32.85 
32.86 
32.87 
32.86 
32.86 
32.86 
32.87 
32.87 
32.90 
32.89 
32.89 
32.90 

28.96 
28.99 
28.99 
29.01 
29.02 
29.01 
29.02 

29.02 
29.01 
29.02 
29.01 
29.01 
29.02 
29.01 
29.01 
28.97 
28.92 
28.90 
28.97 

28.93 
28.93 
28.94 
28.95 
28.94 
28.94 
28.94 
28.95 
28.95 
28.98 
28.97 
28.97 
28.98 

40" (Or i f i ce )  

Lab samples taken  
Cond. 80 @ 1 2 O C ,  pH 7.75 
Fe 0.24, H2S = 0 

40" (Or i f i ce )  

Cond. 80 @ 1 2 O C ,  pH 7.75 
F e  0.26, H2S = 0 

.40" (Or i f i ce )  

40" (Or i f i ce )  

40" (Or i f i ce )  



I 
Time ( t )  Depth t o  Drawdown 
s i n c e  water i n  i n  well 

k i m e  s ta r t  of well i n  feet  
pumping from top  ( s t a t i c  
i n  mins. of 

cas ing  
i n  f e e t *  

REMARKS 

1400 32.90 28.98 Lab. samples taken a t  1 2 : O O  Noon 
1440 32.93 29.01 12:30 PM s t o p  pump 

UNote a l l  water  l e v e l  readings  a r e  taken  from a p o i n t  0.65 f e e t  above t h e  cas ing  datum. 

I 
1 
I 
1 
i 
I 
I 
1 
I 

.. 
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BRITISH COLUMBIA 
DEPARTMENT O F  LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH - .. 

. .  

. -  . 

Drawdown Curve 
ifel  1. 130 
Constant Rate Test 
(Lower Aquifer)  

DATE 
- SCALE: V E R T . A s h o ’ J n  -1 Dec. 1975 TO ACCOMPAW REPORT ON - 

As shown HOR .--_.._-I.-- C-ontract 60 . - . 

. . - C;RDC‘:.:DI!~.~TER-RESEARCII-”ROJECT ___.____.- ENGINEER 

- FILE No.--- ~ __--_.I... DWG. N o . 9  Appendix 4 ’  ._ - . .  - . pwi.chan R’ver -Aqui fers  
uncan, B . E .  

Pumping Rate  (1 = 401 USGP1.I 

. .  . .  

c 

. . e . .  e 

I I I I -  1 I I I 1 J I I  I 10 - I 1 0 0  - 1000 



I 

I 
i 
I 
I 
I v  em= 

1:30:00 
: 30 

31: 00 

32:;; 
: 30 

E 

- 

Time 

I ""i; 
g 35% 
I :E; 

I ",",i; 
Y 
i E:: 
L:;:::: 

34:OO 

36: 00 

39: 00 
40: 00 I 42:OO 
44: 00 
46: 00 

55 : 00 
: 00: 00 
05: 00 
10: 00 
15: 00 

40: 00 

10: 00 
4: 20 
14: 35 P 15:oo 

APPENDIX I V  

RECOVERY READINGS AFTER CONSTANT RATE PUMPING TEST ON WELL NO. - 130 

(Lower Aquifer) 
Cont rac t  60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  - Duncan, B.C. Date November 5, 6, 7, 1 0 t h  

Time (t) 
s i n c e  
s t a r t  o f  
pump i n  g 
s t a r t e d .  
i n  mins. 

1975 

1440 
1440.5 
1441 
1441.5 
1442 
1442.5 
1443 
1443.5 
1444 
1444.5 
1445' 
1446 
1447 
1448 
1449 
1450 
1452 
1454 
1456 
14 58 
1460 
1465 
1470 
1475 
1480 
1485 
1490 
1500 
1510 
1520 
1530 
1540 
1560 
1575 
1600 
1625 

T i m e  ( t ' )  
s i n c e  
pump i n  g 
s topped  
i n  mins. 

0 
.5 
1.0 
1.5 
2.0 
2.5 
'3.0 
3.5 
4.0 
4.5 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
60.0 
70.0 
80.0 
90.0 
100.0 
120 
135 
160 
185 

Value of 
t / t '  

- 
2881.00 
1441.00 

721.00 
577.00 
481.00 
412.42 
361.00 
321.00 
289.00 
241.00 
206.71 
181.00 
161.00 
145.00 
121.00 
103.85 
91.00 
81.00 
73.00 
58.60 
49.00 
42.14 
37.00 
33.00 
29.80 
25.00 
21.57 
19.00 
17.00 
15.40 
13.00 
11.66 
10.00 
8.78 

Dcpth t o  
water i n  
well from 

c a s i n g  
i n  feet* 

t o p  of  

- 

32.93 
10.10 
8.91 

8.45 
8.05 
7.80 
7.57 
7.33 
7.11 
6.96 
6.67 
6.38 
6.15 
5.95 
5.79 
5.53 
5.27 
5.12 
4.94 
4.86 
4.63 
4.48 
4.36 
4.20 
4.19 
4.18 
4.10 
4.09 . 
3.97 
4.03 
4.02 
4.01 
3.99 
3.96 
3.96 

Rc s i dua 1 
draw down 
i n  well 
i n  f ee t  
( s t a t i c  
= 3.92') 

29.01 
6.18 
4.99 

4 :53 
4.13 
3.88 
3.65 
3.41 
3.19 
3.04 
2.75 
2.46 
2.23. 
2.03 
1.87 
1.61 
1.35 
1.20 
1.02 
.94 
.61 
.56 
.44 
.28 
.27 
-26 
.18 
.17 
.05 
.ll 
.10 
.09 

. .07 
.04 
.04 

Remarks 

t o t a l  pumping time = 1440 
min. 



I 

I 
I 
I 
I 
1- 
1 E: 
;:% 

Time 

15: 50 

18: 20 

20: 50 

t v e m b e r  6 

08:30 

1 ;E 
12:30 
14: 00 

1 vember 7 

I 16:OO 
November 1 

16:OO 

1 
I 
I 

I 
P .  

APPENDIX IV 

RECOVERY READINGS AFTEK CONSTANT RATE PUMPING TEST ON WELL NO. - 130 

Time ( t )  
s i n c e  
s ta r t  o f  
pump i n  g 
s t a r t e d  
i n  mins. 

1650 
1700 
1750 
1800 
1850 
1900 
1950 

1975 

2640 
2740 
2840 
2880 
2970 

1975 

1975 

(Lower Aquifer)  
Cont rac t  60 
Groundwater Research P r o j e c t  
Cowichan River Aquifers  - Duncan, B.C. 

Datc November 5, 6, 7. 10th  

- 

Time ( t ' )  
s i n c e  
pumping 
s topped  
i n  mins. 

210 
260 
310 
360 
410 
460 
si o 

1200 
1300 
1400 
1440 
1530 

Value of  
t / t '  

7.85 
6.53 
5.64 
5.00 
4.51 
4.13 
3.82 

2.20 
2 . 1 1  
2.02 
2.00 
1.94 

Depth t o  
water i n  
well  from 

casing 
in feet* 

t o p  o f  

3.96 
3.96 
3.96 
3.96 
3.96 
3.96 
3.96 

3.94 
3.91 
3.87 
3.86 
3.85 

2.88 

3.22 

Residual  
drawdown 
i n  well 
i n  f e e t  
( s t a t i c  
= 3.92') 

.04 

.04 

.04 

.04 
: 04 
..04 
.04 

.02 
+.01 
+.os 
+.06 
+.07 

+l. 04 

+.70 

Remarks 

Note:- A l l  water l e v e l  
readings  are taken  
from a p o i n t  0.65 
ft. .  above t h e  cas ing  
datum. 



Residual  Drawdown Curve 
Constant  Rate Pumping Test 
(Lower Aquifer) 
We11 130 

As shown 
mt.- As shown 

.Bumping Rate Q = 40.1 USGPM 

DATE 

Dec. 19’5 

. .  
. .  

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

T= 2644 = 264 401 = 27,700 ga l s /day / f t  . A s  3 . 8 2  

TO ACCOMPANY REPORT ON . 

Contrac t  60 
Groundwater Research P r o j e c t  
Cowichan River Aquifers  
Duncan, G.C. 

I I I I I I l l  I I I I ’ I  
1000 i o  Rat io  t / t ,  . 100 



I 

I 
-+ 
1 
1 

m k  

-. 

:30 % E::: PM 

h: 34 % 

%:35 % 

E::: + 

6: 39 

y;;; 
E:,": 

6;:: 
6. to  

I 

12:31 % 

% 
12:33 

?:33 !5 
: 3 4 .  

12: 33 

: 36 
12:36 $ 

12:38 
:38 % . 

~ 2 ~ 3 9  % 

12:44 

12:50 

13-  30 

: 50 
14:OO I 

i 
1 

'ime (t) 
;in ce 
; t a r t  of  
,ump iiig 
i n  mins. 

0 
% 
1 
1% 
2 
2% 
3 
3% 
4, 
4% 
5 
5% 
6 
6% 
7 
7% 
8 
8% 
9 

10 
11 
12 
14 
16 
18 
20 
25 . 
30 
36 
41 
45 
50 
60 
70 
80 
90 

9% 

APPENDIX IV 

READINGS TAKEN ON OBSERVATION WELL NO. '131 - D U R I N G  
"CONSTANT RATE" PUMPING TEST (Lower Aquifer) 

Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifer - Duncan, B.C. 

lepth t o  
rater i n  
re11 from 

cas ing  
n f e e t *  

op o f  

- .  

6.81 
10.83 

13.88 
14.69 

15.47 
15.82 
16.15 

16.40 

16.76 
16.90 

17.42 
17.54 

17.54 
17.65 
17.76 
17.90 
18.34 
18.30 
18.49 
18.67 
18.82 
1 9 - 0 0  
19.15 
19.32 
19:43 
19.48 
19.53 
19.59 
19.62 
19.64 
19.65 

rawdown 
i well 
i fee t  
s t a t i c  

1 
L 

0 
4.02 

i. 07 
7.88 

8.66 
9.01 
9.34 

' 9.59 

9.95' 
10.09 

10.61 
10.73 

10.73 
10.84 
10.95 
11.09 
11.53 
11.49 
11.68 
11.86 
12.01 
12.19 
12.34 
12.51 
12.62 
12.67 
12.72 
12.78 
12.81 
12.83 
12.84 

Date November 4 & , 5 ,  1975 1 . 

. - .  ~ 

REMARKS -. /' 

@ 9:45 AM S.W.L. = 6.82 

Pumping s t a r t e d  

*Note: 

A l l  water l e v e l  readings  taken  from a 
p o i n t  4.37 f e e t  above datum p o i n t  



I '  
. .  

I 
&;e 

1 
p: 10 
E:; 
&i E 

4: 20 
14:30 

15:30 

16:40 
7: 05 
7:30 i 7: 55 pi 

L I ovember 

&: 10 

I:i ;; 

20: 00 

@z: 

Bi :: 

22: 30 
3:25 . 

01: 00 
1:50 
2:40 9 3: 30 
4: 20 

: 00 

p- 20 
10 

ime (t) 
jnce 
t a r t  o f  
ump i n  g 

mins. 

100 
110 . 
120 
125 
150 
180 
200 
225 
250 
275 
300 
325 
350 
375 
400 
450 
500 
550 

.600 
650 

1975 

700 
720 
750 
800 
550 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1432 

APPENDIX p,~ 

READINGS TAKEN ON OBSERVATION WELL NO. 131 D U R I N G  
"CONSTANT RATE" PUblPING TEST (Lower A z f e r )  

Cont rac t  #60 
Groundwater Research .Proj ect  
Cowichan River Aquifer  - Duncan, B.C. 

lepth t o  
a te r  i n  
ell from 

a s i n g  
n fee t  

op o f  

19.66 
19.66 
19.65 
19.67 
19.67 
19.66 
19.69 
19.69 
19.68 
19.68 
19.69 
19.68 
19.68 

19.67 
19.68 
19.64 
19.58 
19.59 
19.51 

- 

19.58 
19.57 
19.57 
19.57 
19.58 
19.57 
19.56 

19.55 
19.55 
19.55 
19.52 
19.53 
19.52 
19.53 
19.53 

rawdown 
n well 
n f e e t  
s t a t i c  

1 
b 

12.85 
12.85 
12.. 84 
12.86 
12.86 
12.85 . 
12.88 
12.88 
12.87 
12.87 
12.88 
12.87 
1.2. 87 

12.86 
12.87 
12.83 
12.77 
12.78 
12.70 

12.77 
12.76 
12.76 
12.76 
12.77 
12.76 
12.75 

12.74 
12.74 
12.74 
12.71 
12.72 
12.71 
12.72 
12.72 

Date November 4 E 5, ,1975. 

- 

REMARKS 

3 Lab Samples Taken 
F i e l d  Tes t  = Cond. 80 @ 12OC, PH. 7.75 

a' 

Fe. 0.24 [I S=O 2 

. .  
F i e l d  T e s t  = Cond. 80 @ 12oC, PH. 7.75 

. .  Fe. 0.26 M S = n i l  2 

12 h r s .  i n t o  t e s t  - (New Observer) 

Samples taken @ 12:OO hrs .  

Stopped pumping @ 12:30 h r s .  .. 



APPENDIX I V  

RECOVERY READINGS I N  OBSERVATION WELL NO. 131 AFTER "CONSTANT RATE" PUMPING TEST 
I 

- 
I .  

I- 

1: 33 

12:30 PM 
:30 % fl: 31 
:31 4 

12:  32 
:32 % 

12:33 % 

12:35 

!:36 

12:  37 

38 

:35 $ 

:36 % 

12:41 

: 44 
12:45 

13: 05 

: 20 

I 

Time ( t )  
s i n c e  
s ta r t  o f  
pump i n  g 
i n  mins. 

1440 
1440.5 
1441 
1441.5 
1442 
1442.5 
1443 
1443.5 
1444 
1444.5 
1445 
1445.5 
1446 
1446.5 
1447 
1447.5 
1448 
1448.5 
1449 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1458 
1460 
1465 
1470 
1475 
1480 
1485 
1490 
1496 
1501 
1510 

(Lower Aquifer)  
Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  - Duncan, B.C.  

\ 

Time ( t ' )  
since 

s topped  
i n  mins. 

pumping 

0 
% 
1 
1% 
2 /  
24 
3 
3% 
'4 
4% 
5 
5% 
6 
6% 
7 
7% 
8 
8% 
9 

10  
11 
1 2  
13 
14 
15  
16  
18 
20 
25 
30 
35 
40 
45 
50 
56 
61 
70 

Value o f  
t / t '  

0 
2880.00 
1441.00 
960.00 
72.1. 00 
577.00 
481.00 
411.42 
361.00 
321.00 
289.00 
261.91 
241.00 
222.54 
206.71 
193.00 
181.00 
170.41 
161.00 
145.00 
131.91 
121.00 
111.77 
103.85 

97.00 
91.00 
81.00 
73.00 
58.60 
49.00 
42.14 
37.00 
33.00 
29.80 
26.71 
24.61 
21.57 

Depth t o  
water i n  
well from 

c a s i n g  
i n  feet* 

t o p  of 

16.50 

11.25 

11.10 
10.72 
10.50 
10.27 
10.09 

9.88 

9.59 

9.36 
9.20 

9.00 
8.86 
8.70 
8.54 
8.44 
8.31 
8 .23  
8.13 
7.98 
7.83 
7.62 
7.44 
7.33 
7.23 
7.19 
7.13 
7.10 
7.06 
7.03 

Date November 5 E 6 .  1975 

Residua 1 
drawdown 
i n  well 
i n  fee t  

: s ta t ic  
: 6.81') 

9.69 

4.44 

4.29 
3.91 
3.69 
3.46 
3.28 
3.07 ' 

2.78 

2.55 
2.39 

2.19 
2.05 
1.89 
1.73 
1.63 
1.50 
1.42 
1.32 
1.17 
1.02 
0.81 
0.63 
0.52 
0.42 
0.38 
0.32 
0.29 
0.25 
0.22 

Remarks 

O r i g i n a l  S t a t i c  = 6.81' 
Pumping Stopped 



APPENDIX IV 

RECOVERY READINGS IN OBSERVATION WELL NO. - 131 AFTER "CONSTANT RATE" PUMPING TEST 

F (Lower Aquifer)  

I 
I 

Time ( t )  
s i n c e  
s t a r t  o f  
pump i n  g 
i n  mins. 

1520 
1530 
1541 
1552 
1565 
1578 
1590 
1615 
1640 
1690 
1710 
1740 
1790 
1840 
1890 
1940 
2040 

1975 

2140 
2160 
2240 
2340 
2440 
2540 
2640 
2740 
2840 
2880 

Cont rac t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  - Duncan, B.C. 

Date November 5 E 6,  1975 

Time ( t ' )  
s ince 
pump i n  g 
s topped 
i n  mins. 

80 
'90 
101 
112 
125 
138 
150 
175 
200 
250 
270 
300 
350 
400 
450 
500 
600 

700 
720 
800 
900 

1000 
1100 
1200 
1300 
1400 
1440 

Value of 
t /t '  

19.00 
17.00 
15.25 
13.86 
12.52 
11.43 
10.60 

9.23 
8.20 
6.76 
6.33 
5.80 
5.11 
4.60 
4.20 
3.88 
3.40 

3.06 
3.00 
2.80 
2.60 
2.44 
2.31 
2.20 
2 . 1 1  
2.03 
2.00 

Depth t o  
water i n  
well from 

c a s i n g  
i n  f e e t  

t o p  o f  

- 
7.00 
6.98 
6.96 
6.95 
6.94 
6.92 
6.92 
6.91 
6.91 
6.90 
6.90 
6.90 
6.90 
6.89 
6.89 
6.88 
6.88 

6.88 
6.88 
6.88 
6.88 
6.88 
6,. 88 
6.87 
6.84 
6.81 
6.79 

Residual  
drawdown 
i n  well 
i n  fee t  
( s t a t i c  

: 6.81' ) 

0.19 
0.17 
0.15 
0.14 
0.13 
0. ii 
0.11 
0.10 
0.10 
0.09 
0.09 
0.09 
0.09 
0.08 
0.08 
0.07 
0.07 

0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.06 
0.03 
0.00 

Remarks 

*Note: 
All water l eve l  readings  
are taken  from a p o i n t  
4.37 fee t  above cas ing  
datum. 
Or ig ina l  s t a t i c  l e v e l  
24 h r s .  



4 -  

T = - -  - 264Q 264 401 = 22,055 g a l s / d a y / f t  . 
1 A s  4 .8  

DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 
BRIT ISH COLUMBIA 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

264q - 264 401 = 48,120 g a l s / d a y / f t .  T 2 = ~ -  2.2 

I 

DAI t 
SCALE: VERT ..................................................................... A s  shown TO ACCOMPANY REPORT ON I Dec. 1975 

................ 11 Appendix 4 

A s  shown Cont rac t  60 HOR ......................................... 
Groundwater Research P r o  j ect  
Cowichan River  Aquifers  ................................ :!..r.c..t. ..... E.o.w.e.r.8.k.e.r ......................................... ENGINEER 

................................................. .............................. Duncan, B.C. FILE No DWG. No I 

Drawdown Curve 
Constant  Rate Test .  
Observat ion Well 131 
(Lower Aquifer)  

. . . .  . * *  

1 . 1  I I I I I I I  I I I 1 I I I 1 0  ' 100 1000 

Time ( t )  i n  Minutes s i n c e  Pumping S t a r t e d  
I I - 



T = 264Q = 264 x 401 = 
As 2.70 

TO ACCOMPANY REPORT ON SCALE: VERT.&sholJn 
Cont rac t  60 A s  shown MOR .--__._-... '-- 

. .  

DATE 

Dec. 1975 - 

Residual  Drawdown Curve 
Constant Rate Test 
Observat ion We11 131 
(Lower Aquifer) 

Groundwater Research P r o j e c t  
Cowichan River  Aquifer- 
Duncan, B . C .  

I I ' ' 100 I I I I 11000 ' 10 
Rat io  t 

' t l  1 -  

.ENGINEER J,C.FQ&f&eS--.--. 
FILE NO DWG. N o 1 *  Appendix . 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER I NVESTl GAT IONS BRANCH 



Tine  Reccvery Curve 
(Constant Rate) 
Cbserva t ion  Well 131 

(z = 401 USGP?! 

r = 18.25 

T = 2644 = 264 x 401 = 25,950 g a l s / d a y / f t  - 
A s  4.08 

S = .3T t o  = . 3  x 25,950 x . 7 2  = .012 = 1 . 2  x 
rL 18.25’ x 1440 

0 * .  
0. ..................... ..* 

TO ACCOMPANY REPORT ON SCALE: VERT . A.s ~h0.w.n ................................ 
Cont rac t  660 As s h o m  BRITISH COLUMBIA 

DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES HOR 

I I I I I I 1 
f 1 1 0  1.100 ’ I 1000’ 

DATE 

Dec. 1975 ......................................................................... 

I 

Grcundxater Research Proj  e c t  
WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH Cowichan River  Aquifers . 

Duncan, B.C. 
J-,-..,_...!..er....er ENGINEER 

FILE No. ..... DWG. No .... 1.3 ...&p. e.nd.i.x .... 4 ........ 



T = 2644 = 264'~ 369 = 23,800 g a l s / d a y / f t .  
A s  4.10 

S = .3T t o  = . 3  x 21,600 x 1.05 = .014 = 1.4 x 
rL 18.2SL x 1440 

S = .3T to = . 3  x 23,800 x 1.05 = .016 = 1.6 x 
rL 18.2SL x 1440 

Time Recovery Curve 
(Step Test #2)  
Observation We1 1 131 

Q, = 335-369 USGPbl 

r = 18.25 

I 

0 

c 
8 

I 

I l . 5  I 1  ' 5  I 10 '20 ' 50 I I 

SCALE: VERT 

Groundwater Research P r o j e c t  . 
Cowichan River Aqui fers  

DEPARTMENT OF LAN WATER RESOURCES 
WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 



1 
1 
1 
I 
I 
1 
1 
I 
1 
I 
I 
1 
I 
1 
I 

APPENDIX NO. 5 

"MIDDLE AQUIFER" 

PUMPING TESTS 

WELL READINGS 

AND 

GRAPHICAL PLOTS 



10 

15 

20 

25 

30 

35 

TIME SINCE PW-PING STARTED 

December 2, 1975 
Middle Aquifer Pumping Well 

1400130 
Q = 600 US gpm 

Pump Test Prior to 
Redevelopment 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

TO ACCOMPANY REPORT ON 
CONTXACT # 60 

GROUNDWATER RESEARCH PZOJECT 
COWICHAN RIVER AQUIFERS 

DUNCAN, B.C. 

I DATE 
SCALE: VERT As Shown I 

HOR As Shown .................. De c ...... 1-9.75. 
r--.- J. C. Fowersker ENGINEER 

FILE No 0239013 DWG. No ...l!... /,fl,?.cnd.x .... C.... ..... 

I 

* 



.. 

I 

U.S. g a l s ,  
p e r  min. 
d i scha rge  
from we1 1 

51 0 

51 0- 524 

1 
I- 
I Time 

LI_ 

9: 31 
9:31 % 1 9:32 
9:32 % 
9:33 

9: 34 
9:34 ?5 

9: 37 

9: 40 

9: 46 

I '  
1 

I 

10'00 

I 

APPENDIX V '. 
1 \ 
I 
"CONSTANT RATE" PlJFlPING TEST DATA FROEf PIELL NO. 130 ( a f t e r  redeveloping)  ' 

'imc (t) 
i n  ce 
, t a r t  of  
lumping 
.n mins. 

0, 5 . . 

1.0  
1 .5  
2 .0  
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 . 
6.0 
7.0 
8 
9 

10  
1 2  
14 
16  
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 

. 150 
200 
250 
330 
370 
400 

Depth t o  
water i n  
well 
from t o p  
o f  cas ing  
i n  f e e t  

7 :!? 
7.04 
6.95 
7.00 
7.03 
7.10 
7.23 
7.16 
7.29 
7.23 
7.24 
7.24 
7.22 
7.27 
7.22 
7.28 
7.27 
7.25 
7.25 
7.24 
7.30 
7.25 

' 7.26 
7 - 1 9  
7.19 
7.19 
7.21 
7.27 
7.28 
7.29 
7.29 

7.29 
7.36 
7.36 
7.40 
7.45 
7.45 

Cont rac t  6 0 .  
Groundwater Research Pro j  ect 
Cowichan River  Aqui fers  
Duncan, B. C. 

Datc December 10-11, 1975 

Drawdown 
i n  wel l  
t r i  f e e t  
[ s t a t i c  
= 4.29) 

2-85, 
2.75 
2.66 
2.71 
2 :74 
2.81 
2.94 
2.87 
3.00 
2.94 
2.95 
2.95. 

' 2.93 
2.98 
2.93 
2.99 
2.98 
2.96 
2.96 
2.95 
3.01 
2.96 
2.97 
2.90 
2.90 
2.90 
2.92 
2 .98  
2.99 
.3.00 ' 
3.00. 

3.00 
3.07 
3.07 
3.11 
3.16 
3.16 

e i g h t  of 
a t e r  i n  
ube on 
r i f i c e  
i p e  
n inches  

- 

', 
15" 

16" 

7-17.5" 

1.4 5 ' - 1.53' 

1.42'-1.50 

17"-18" 

17"- 18" 

dgs .  by A. Kohut 
rom 0.5 t o  -. 35 minutes 

o r i f a c e ,  6 ' l  p i p e  
5 mins. t o  +- Aqua - flow 

IOTE: - .45  + . I 6  = 0.61' 
adgs. t aken  on base  of  
lump f l a n g e ,  0.61' above 
'op of cas ing .  

Zhange r e a d e r s  . .  
$qua Flow 

rdgs.  by APK 

new obse rve r  W .  Hodge 



i 

/ 
\ APPEND1.X V 

\. 

"CONSTANT RATE" PUMPING TES? DATA FROM WELL NO. 1'30 ( a f t e r  redeveloping)  
l e. 

I 

J.S. g a l s .  
3 r  min. 
i scharge  
rom we1 1 

Hach t e s t  
@ 02:lO 
h r s .  

F. 
1 

--- 
Height of 
rater i n  
.ube on 
Irif ice  
) i p e  
.n inches  
;Ir o r i f a c e  
j" p ipe  - 

17%- 18" 
1 7%- 18" 

\ 
17%- 18"' 

171,"- 18- US 

17%-18% 

1- 
I.' 

Time 
7 
'imc (t) 
; i n  ce 
; t a r t  of  
)umping 
in mins. 

450 
500 
600 
700 
800 
900 
1000 ' 

1100 ' 

1200 
1300 
1400 
1440 

Jater i n  
Jell 
Irom top  
)f cas ing  
tn fee t  

7.45 
7.43 
7.61 
7.48 
7.49 
7.52 
7.58 
7.58 
.7.62 
7.62 
7.65 
7 .'61 

Contrac t  60. 
Groundwater Research P r o j e c t  
Cowichan River Aquifers  
Duncan, B. C .  

Date December 10-11, 1975 

Drawdown 
in  well 
i n  f e e t  
( s t a t i c  
= 4.29) 

3.16 

3.32 
3.19 
3,20 
3.23 
3.29 
3.29 
3.33 
3.33 
3.36 
3.32 

.3.14 . 

. '  

dgs. by A. Kohut 
rom 0.5 t o  - 35 minutes 

o r i f a c e ,  6" p i p e  
5 mins. t o  -t Aqua f'low 

iriface 
lach t e s t  @ ,1945 - .  h r s .  
' p h  = 7.1. 
, Cond. = 70 

Temp. = 43.8F 
i r o n  = neg.. (.1) 

'no sand p r e s e n t  
, 

!4 h r .  . 

I -  

. .  



2 .? 

Drawdown Curve 
?e l l  130 (Af te r  Redevelopment) 
Constant‘ P,ate (24 h r  . ) 
(:!iddl e Aqui f e r )  
Deceaber 10-11, 1975 
Pumying Rate = 510-524 U_’GP:.l 

e 

0 

e T = - =  264:: 264 :; 510 - - 2,200,000 galsldaylft. 
AS .06 

e 

I I I I I I I 1  I I I I I  
1 10 106 l o o @  

Groundwater Resea.rch ? r o j  ect  
WATER INVESTIGATIONS BRANCH 



Time 'I'ilnc (t) Depth t o  Drawdown 
s ince  water i n  i n  well 
s t a r t  of  well from i n  fee t  
pumping t o p  of ( s t a t i c  
i n  mins. ca s ing  = 6.68) 

i n  fee t  

I .  
I h 

.- 

500 7.54 .86 
600 . 7.545 .86 
700 7.56 .. 88 
800 7.57 .89 
900 7.58 .90 

1000 7.59 .91 - 
0350 1100 7.60 .92 

1200 7.61 .93 
1300 7.62 .94 
1400 7 .63  .95 
1440 

g;;: 

gz 
i 9 3 0  : 

i 
I 
I 
I 
I 

I 

110 

0850 

\ 

I -. 

-- 

. - , - -  - 
REMARKS 

IC .----* . ' . -  L 
Y ._. . . 

N e w  obse rve r  B. P a t t e r s o n  

Pumping stopped 

I 



D r  .mdown Curve 
Yell 131 [ a f t e r  redevelopnent 
Constant  Rate 
('li dd 1 e Aquifer)  
Dece:.ber 10-11, 1975 

TO ACCOMPANY REPORT ON SCALE: VERT ....... ks. 
Contract  60 As shown BRITISH COLUMBIA 

HOR n 

130) 

DATE 

Dec. 1375 ............................ - .......... -. 

T=-- 264n- - 264 524 =' 810,000 g a l s / d a y / f t .  
h s . 1 7  

i.? round,i::a t e:- ?e 5 e 2 . ~  c h 
Cowichzn River  Aquifers  

T ;? j e c t DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 
WATER RESOURCES SERVICE 
WATER I NVESTl GAT IONS BRANCH 

r. DuEcan, 3. L .  

. 

~r r .  
~ _ _ _ _  ;.:.ck.e.xL2.k.e.r ENGINEEI 

FILE No. . . . ~ ~ ~ . ~ f l . . < ~ ~  DWG. N 0 . 3 . . . : ~ ~ ~ ! ~ ~ ~ ~ 7 ~ . K  _ _ _ _  4:. 

I 

I I 1 I I I I I  1 I I I 
1 C  1co P 



APPENDIX V 

READINGS TAKEN ON OBSERVATION IVELL NO. FRASER DURING 
"CONSTANT RATE" PUMPING TEST OF MIDDLE AQUIFER - AFTER REDEVELOPblENT OF IVELL 130 

I '  
Contrac t  60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  
Duncan, B. C.  U3tc December lO:ll., 19.7.5. ~ 

I 

ime 'l'imc (t) Depth t o  Drawdown 
since water i n  i n  well 
StaIT of  well from i n  fee t  

( s t a t i c  pumping t o p  of 
i n  mins. cas ing  1 - - I -  

I 
E;: % 

E;; ?2 

gE : 

i n  f e e t  5.25 
C 

0 
% *  5.30 ..OS 
1 5.31 .06 

31 % 1% 5.32 .07 
2 5.33 .08 

32 % 2% 5.33 .68 
0933 3 5.33 .08 

3% 5.33 .08 
5.33 .08 4 

0934 4 4% 5.33 -08  
5 5.33 .08 
6 5.33 .08 
7 5.33 , .08 
8 5.33 .08 
9 5.33 .08 . 

10 5.34 .09 
12  5.34 .09 
14 5.34 .09 
16 5.34 .09 

0948 18 5.34 .09 
20 5.34 .09 
25 5.34 .09 

0960 30 5.34 .09 
35 5.35 -10  
40 5.35 .10 

15  45 5.35 -10  
50 5.35 .10 
60 5.35 .10 
70 5.36 . ll  

1050 80 5.36 . ll  
90 5.36 .ll 

100 5.36 . ll  
1200 .. 150 5.37 . 1 2  

200 5.38 .13 
250 5.39 * .14 
300 5.41 .16 
350 5.41 .16 
400 5.42 .17  
450 5.41 .16 

0931 

E32 

t Z ii; 

g: 

E 

0937 ; 

40 

f- 0 

Measured from t o p  of  2"x4" board ove r  well - 
deduct 1-518" t o  o b t a i n  geode t i c  e l .  

- .. ~- - -  .. 
.-- . ' 

S t a t i c  5.25 a t  09:30 h r s .  

4. 

c 

new Observes - W. Hodge 

J 



APPENDIX V 

READINGS TAKEN ON OBSERVATION WELL NO. FRASER DURING 
"CONSTANT RATE" PUMPING TEST OF MIDDLE AQUIFER - AFTER REDEVELOPbZENT OF WELL 130 

Cont rac t  60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  
Duncan', B. C. h L C .  ,.December- 197s . .  

1 



- .OS 

- .10 

.15 - 

.20 - 

.25 - 

Drawdown Curve 
Frazer !!'ell ( a f t e r  redeveloFyent of  Kell 130) 
Constant Rate 
(".fiddle Aquifer)  
Decenber 10-11, 1975 

i 

I 

T2 = 264:? = 264 'lo = 5,800,000 ga l s /day / f t .  A s  .023 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

Tir:e f t ' )  s i n c e  s t a r t  of nurnninn S.n f 
TO ACCOMPANY REPORT ON 

Contrac t  60 
:?roundwater Research P ro jec t  
Co-.richan River  Aquifers 
Duncan. B . C .  

0 



.1  

. 2  

- 

SCALE: VERT ....... TO ACCOMPANY REPORT ON 

Contract  60 As shcwn 
HOR 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

0 0  

DATE 

Dec. 1975 ._ 

. 
- 

Residual  Drawdown Curve 
' - e l l  130 
( a f t e r  redevelopnent)  
Constant  Rate (24 hrs.) 
Decenber 11, 1975 

4 

Ground.water Research P rc j  ect  
Cow i c h an Rive r A c y  i L' e r s 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

Duncan, B. C .  

r ~ : . @ ~  ENGINEEI 

FILE No. ..Qz.<?...f%?..<.g ._______. DWG. No . ~ ~ ~ ~ ~ ~ . ~ : ~ ! ' ~ ~ ~ ~ ~ ~ . . . ~ ~ .  

r a t i o  t/ t' 



APPENDIX V 
9: 30 7.61' 

RECOVERY RCADINGS I N  \ E L L  NO. 130 AFTER 
"CONSTANT RATE" PUMPING TEST MIDDLE AQUIFER (AFTER REDEVELOPMENT) 

Cont rac t  60 
Groundwater Research P r o j e c t  
Cowichan River: Aquifers  
Duncan, B. C .  

Date December 11, 1975 

Time (t) 
since 
s t a r t  of  
pumping 
i n  mins. 

1440 
1440.5 
1441 
1441.5 
1442 
1442.5 
1443 
1443.5 
1444 
1444.5 
1445 
1446 
1447 
1448 
1449 
1450 
1452 
1454 
1456 
1458 
1460 
1465 
1470 
1475 
1480 
1485 
1490 
1500 
1510 
1520 
1530 

Time ( t ' )  
since 
pump i n  g 
s topped  
i n  mins. 

0.5 
1 . 0  
1 . 5  
2.0 
2 . 5  
3 .0  
3.5 
4.0 
4 .5  
5 
6 
7 
8 
9 

10  
1 2  
14 
16  
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 ' 

Value of 
t /t '  

\ 

- 

2881 
1441 

961 
720 
577 
481 
412 
361 
3 2 1  
289.4 
241 

181 
161 
145 
1 2 1  
103.8 

91 
81 
73 
58.6 
49 
42.1 
37 
33 
29.8 
25 
21.6 
19  
17 

$206.7 

Depth t o  
water i n  
we1 1 -from 
t o p  of  
c a s i n g  
i n  fee t  

- 

4.48 
4.49 
4.46 
4.49 
4.45 
4.48 
4.52 
4.46 
4.45 
4.45 
4.46 
4.46 
4.46 
4-47.> 
4.47 
4.47 
4.47 
4.46 
4.46 
4.45 
4.44 
4.44 
4.44 
4.44 
4.43 
4.44 
4.45 
4.44 
4.44 
4.45 

Residua 1 
drawdown 
i n  well 
( s t a t i c  

4.29) 

.19 

.20 

.17 

.20  

.16 

.19 

.23 

.17 

.16 
- 1 6  
.17 
.17 
.17 
.18 
.18 
-18 
.18 
.17 
.17 
.16 
.15 
.15 
.15 
.15 
.14 
.15 
.16 
.15 
.15  
.16 

~ 

r d g s .  by A. Kohut 

i 



I APPENDIX v 
READINGS TAKEN ON OBSERVATION WELL NO. 131 DURING 

"CONSTANT RA'I'E" PUMPING TES'r OF M I D D L E  AQUIFER - 130 AFTER REDEVELOPMENT OF SCREEN 

% 
1 
1% 
2 
2% 
3 
355 
4 
4% 
5 
6 
7 
8 
9 

10  
1 2  
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 
150 
200 
250 .  
300 
350 
400 
450 

rimc (t) 
;jncc 
start of  
,ump i n  
in  mins. 

Depth t o  
water i n  
well from 

cas ing  
i n  f e e t  

t o p  o f  

. .  

7.36 
7.38 
7.38 
7.38 
7.38 
7.38 
7.42 
7.44 

7.44 
7.45 
7.45 

. 7.45 
7.45 
7.45 
7.45 
7.45 
7.45 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.48 
7.49 
7.50 
7.50 
7.51 
7.52 
7.525 

7.44 

Cont rac t  #60 
Groundwater Research Pro j ect 
Cowichan River Aquifers  
Duncan., B. C. 

-c__ 

)r awdo wn 
.n well 
.n f e e t  
:static 
: 6.68) 

b 

.. 68 
.70 
.70 
.70 

.70 

.74 

.76 

.76 

.76 

.77 
, .77 

.77 

.77 . 

.77 

.77 

., 77 

.77 

.78 
, .78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.80 
.81 
.82 
.82 
.83 
.84 
.84 

. i o  - 

1)31Cs Dec. 10-11. 19.75 . ~. 

REMARKS 

. .  . 

Changed c h a r t s  7.46 s t a t i c  

F e  0.25, Cond. 60 @ 1 1 " C ,  LAB Sample Taken 
Heal th  i n s p e c t o r  took sample 4 

Fe 0.15, Cond. 60 @ l l ° C ,  H2.S N i l  

Fe  0.11 Cond. 60 @ 1 1 ° C .  
pM 7.25 
River  gauge 2.48' (downstr.) Cond. 63 @ 1 1 ° C .  
Fe  0.12 Cond. 60 @ 1 1 ° C .  

N e w  obse rve r  W .  Modge 



\ I -  APPENDIX V 

RE L OVERY READINGS ON OBSERVATION IVELL NO. 131 AFTER 
"CONSTANT RATE" PUMPING TEST ON IVELL NO. 130 - MIDDLE AQUIFER AFTER REDEVELOPMENT OF SCREEN 

C o n t r a i t  #60 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers  
Duncan, B.  C .  

- I 

D -  
D -  
1 E ' 

1 Time 

930 

931 % 
932 

I 9 3 2  % 
933 

1 ; 
935 

1loS0 
1 
I 
I 
I 
1 
1 

1 
c- 

rime ( t )  
s i n c e  
s tar t  of  
pump i n  g 
in mins. 

1440 
1440.5' 
1441 
1441.5 
1442 
1442.5 
1443 
1443.5 
1444 
1444.5 
1445 
1520 

Time ( t ' )  
s i n c e  
pump i n  g 
s topped  
tn mins. 

. 5  
1 . 0  
1 . 5  
2.0 
2.5 
3.0 
3.5 
4 . 0  
4 .5  
5.0 

80.0 

Value of 
t/t ' 

. 

2881 
1441 

961 
7 20 
577 
481 
412 
361 
321 
289.4 

. 19 

Depth t o  
water i n  
w e l l  from 

cas i n s  
i n  fee t  

top of 

6.92 
6.90 
6 . 8 8 .  
6.89 
6.88 
6.88 
6.88 
6.88 
6.88 
6.88 
6.88 

Date December 11. 1975 

Rcsi dua l  
drawdown 
i n  well 
i n  fee t  
: s ta t ic  
: 6.68) 

.24 

.22 

.20 
- 21 
.20 
.2c1 
.20 
.20 
.20  
.20 
.20 

-1 
Remarks 



Residual  Drawdown Curve 
'cel l  131 
( a f t e r  r e d e v e l o y x t  of \'!e11 
Constant Rate ( 2 4  h r s )  
Deceelber 11, 1975 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

130) 

TO ACCOMPANY REPORT ON 
Cont r x  t 60  
;roundwayey n,esearc]l F r o j  a c t  
Cowichan River Aqui fers  

n P 

. .  

I I I I I I I L J  I I I I 1 
DATE .As S h O ! m  

As sl1or:n Dec. 1975 
SCALE: VERT 

HOR .... - ........ 
! 

ra . t i . ?  t/ t' 

T ,- .- I !.. ENGINEER 



a 
APPENDIX v \\ 

RECOVERY READINGS ON OBSERVATION WELL NO. FRASER AFTER 
"CONSTANT RATE" PUMPING TEST ON WELL N O .  130 MIDDLE AQUIFER (AFTER REDEVELOPMENT) 

I . -  

E Contrac t  60 . 
Groundwater Research P r o j e c t  
Cowichan River  Aquifers 

c___ 
I 
I Time 

i -  
I- 
E 3 0  hrs- 

E .  
I 
I 

I 

molo hrs- 

I 

I 

1 9 4 0  h r s .  

r0 hrs. 

1 0 3 5  h r s .  

050 h r s .  
100 h r s .  
'10  h r s .  i & i5 h r s .  

rime (t) 
s i n c e  
s t a r t  o f  
pump i n  g 
.n mins. ' 

1440 ' 

1440.5 
1441 
1441.5 
1442 
1442.5 
1443 
1443.5 
1444 
1444.5 
1445 
1446 
1447 
1448 
1449 
1450 
1452 
1454 
1456 
1453 
1460 
1465 
1470 
1475 
1480 
1485 
1490 
1495 
1500 
1505 
1510 
1520 
1530 
1540 
1605 

riinc ( t ' )  
s ince 
pump i n  g 
s t op 1) e d 
i n  mins. 

0 
% 
1 
1% 
2 
2% 
3 

.34 
4 
4% 
5 
6 
7 
8 
9 

10  
1 2  
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
80 
90 

100 
125 

Duncan, B. C. 

Value of 
t/t' 

\ 

. o  
2881 
1441 

96 i  
720' 
577 
481 
41 2 
361 
321 
289.4 

* 241 
206.7 
181 
161 
145 
1 2 1  
103.8 

91 
81 
73 
58.6 
49 
42.1 
37 . 
33 
29.8 
27.1 
25 
23.1 
21.5 
19 
17 
15.4 
12 .8  

Dcpth t o  
?later i n  
m l l  from 

casing 
i n ,  fee t  ' 

top of  

s. 50 
5.45 
5.44 

5.43 
5.43 
5.43 
5.43 
5.43 
5.43 
5.43 
5.43 
5.43 
5.43 -. 

5.43 
5.43 
5.43 
5.43 
5 .43  
5.43 
5.43 
5.42 
5.42 
5.42 
5.42 
5.42 
5.42 
5.42 
5.42 
5.41 
5.41 
5.41 
5.41 
5.41 
5.41 

5.44 ', 

Date December 11. 1975 

-- 

Res i d ~a 1 
draw d o ivn 
i n  we 11 
s t a t i c  
5.25) 

.25  

.20 

.19 

.19 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.17 

.17 

.17 

.17 

.17 

.17 

.17 ' 

.17 

.16 
-16  

1.16 
.16 
.16 
.16 

Measured from t o p  o f  
2"x4" board over  well - 
deduct 1-5/Sft t o  o b t a i n  
geode t i c  e l .  

S t a t i c  5.50 @ 09:30 h r s .  

Fraser connected t o  well 



..... 

SCALE: VERT .......A .s~...s.~@~~.n.........................-........... TO ACCOMPANY REPORT ON 

AS shown Cont rac t  60 
HOR ~ 

.15 - 

-2'. 

. 25  - 

DATE 
Dec. 1975 
..-.-..-...-.- .... ......... 

Residual Drawdown Curve 
F raze r  We11 
(Af ter  Redevelopment o f  Well 
Constant Rate (24  h r s )  
Dec. 11, 1975 

Groundwater Research P r o i  e c t  

130) 

* 

I 

I 1 I I I I  ' 1 2  ' -41 100 I 1000 
I I I I  

r a t i o  t / t ,  

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 
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APPENDIX NO. 6 

"MIDDLE AQUIFER" 

PUMPING T E S T S  

CORRECTED 

WELL READINGS 

AND 

GRAPHICAL P L O T S  

. 



APPENDIX V I  

1 

1 
I 

"CONSTANT RATE'' P U M P I N G  TEST DATA FROM WELL NO. 130 
AFTER REDEVELOPING 

CONTRACT #60 
GROUNDWATER RESEARCH PROJECT . 

COWICHAN RIVER AQUIFERS - DUNCAN, B .C .  Date : Dec. 10-11. 1975 

me Time ( t )  Since Depth t o  Water Drawdown i n  Well Correc t ion  Corrected 
S t a r t  o f  i n  Well from i n  feet ( s t a t i c  Fac tor  Reading 
Pumping i n  Top of Casing = 4.29) 
Mins . i n  Feet I 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
6.0 
7.0 
8 
9 

10 
12  
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 
150 
2 00 
250 
330 

7.14 
7.04 
6.95 
7.00 
7.03 
7.10 
7.23 
7.16 
7.29 
7.23 
7.24 
7.24 
7.22 
7.27 
7.27 
7.28 
7.27 
7.25 
7.25 
7.24 
7.30 
7.25 
7.26 
7.19 
7.19 
7.19 
7.21 
7.27 
7.28 
7.29 
7.29 
7.29 
7.36 
7.36 
7.40 

2.85 
2.75 
2.66 
2.71 
2.74 
2 . 8 1  
2.94 
2.87 
3.00 
2.94 
2.95 
2.95 
.2.93 
2.98 
2.93 
2.99 
2.98 
2.96 
2.96 
2.95 
3.01 
2.96 
2.97 
2.90 
2.90 
2.90 
2.92 
2.98 
2.99 
3.00 
3.00 
3.00 
3.07 
3.07 
3.11 

-0.01 2.99 
-0.01 3.06 
-0.01 3.05 
-0.01 3.10 



E ' :  

1 

I 

Date: Dec. 10, 1975 

Time Time ( t )  Since Depth t o  Water Drawdown i n  Well Correct ion Corrected 
S t a r t  of i n  Well From i n  Feet ( s t a t i c  Factor  Reading 
Pumping i n  Top of Casing = 4.29) 
Mins. i n  Feet 

16 : 10 400 7.45 3.16 - .03 3.13 
17:OO 45 0 7.45 3.16 - .03 3.13 
17:50 5 00 7.43 

600 7.61 I ;;::: 700 7.48 
2 2  :50 800 7.49 

900 7.52 I O;:;: 1000 7.58 
3:50 1100 7.58 
5 :30 1200 7 . 6 2  I 7:lO 1300 7.62 
8:50 1400 7.65 

7.61 

3.14 
3.32 
3.19 
3.20 
3.23 
3.29 
3.29 
3.33 
3.33 
3.36 
3.32 

- .04 
- .04 
-.OS 
- .06 
- .07 
- .07 
- .08 
- .09 
- .10 -. 11 -. 11 3.21  

'. 

3.10 
3.28 
3.15 
3.14 
3.13 
3.22 
3.21 
3.24 
3.23' 
3.25 

I' 
I 

I 

APPENDIX VI - 

"CONSTANT RATE" PUMPING TEST DATA FROM WELL NO. 130 
PUMP TEST AFTER REDEVELOPING - PAGE 2 

PRODUCTION WELL 



APPENDIX V I  

READINGS TAKEN ON OBSERVATION WELL NO. 131 D U R I N G  
"CONSTANT RATE" PUMPING TEST OF MIDDLE AQUIFER 

130 AFTER REDEVELOPMENT OF SCREEN 

CONTRACT #60 
GROUNDWATER RESEARCH PROJECT 

1 
I COWICHAN RIVER AQUIFERS - DUNCAN, B.C.  

Date: Dec. 10-11, 1975 

Time Time ( t )  S ince  Depth t o  Water Drawdown i n  Correc t ion  Corrected 
S t a r t  of i n  Well from Well i n  f e e t  . Fac to r  Reading 
Pumping i n  Top of Casing ( s t a t i c  = 6.68) I Mins . i n  Feet 

9: 31 
9: 31% I 9:32 
9: 32% 
9: 33 
9:33% 
9: 34 
9: 34% 

I 
I E: 

I ;;:: 
I E! 
I ;:% 

1 E: 
r12:50 
I 

9: 37 

9: 40 
9: 42 

9: 48 

10: 00 

10: 15 
10 : 20 1 10:30 
10: 40 
10: 50 

c- 12:oo 

% 
1 
1% 
2 
2% 
3 
3% 
4 
4% 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 ' 

60 
70 
80 
90 
100 
150 
200 

7.36 
7.38 
7.38 
7.38 
7.38 
7.38 
7.42 
7.44 
7.44 
7.44 
7.4s 
7.45 
7.45 
7.45 
7.45 
7.45 
7.45 
7.45 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.46 
7.48 
7.49 

.68 

.70 

.70 

.70 

.70 

.70 
74 
.76 
.76 
.76 
.77 
.77 
.77 
v 77 
.77 
.77 
.77 
.77 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.80 
.81 

- .01 .79 
- .01 .80 



- 2 -  

Time ( t )  S ince  Depth t o  Water Drawdown i n  Correc t ion  Corrected 
S t a r t  of i n  Well from Well i n  fee t  Fac tor  Reading 
Pumping i n  Top o f  Casing ( s t a t i c  = 6.68) 
Mins . i n  Feet I 

13: 40 250 7.40 $82 - ,02 .80 
14: 30 300 7.50 .82 - .02 .80 
15 : 20 ' 1 16:lO 
17.00 
16:50 

22.50 

03:50 
05 : 30 
07:lO 
08: 50 

350 
400 
450 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 

7.51 
7.52 
7.525 
7.54 
7.545 
7.56 
7.57 
7.58 . 

7.59 
7.60 
7.61 
7.62 
7.63 

.83 

.84 

.84 

.86 

.86 

.88 

.89 

.90 

.91 

.92 

.93  

.94 

.95 

- .03 
- ,03 
- .03 
- .04 
- .04 - * 05 - .06 
- .07 
- .08 
-.08 
- .09 
- 10 -. 11 

.80 

.81 

.81  

.82 

.82 

.83 

.83 

.83 

.83 

.84 

.84 

.84 

.84 
09 : 30 1440 - - -.11 .84 

Pumping Stopped 

I 
f 



Drawdown Curve 
(After River  Stage Cor rec t i cns  Applied) 
!'.:e11 131 ('fiddle Aquifer)  
December 10-11, 1975 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

. 

TO ACCOMPANY REPORT ON 
S o n t  r a c t 6 0 
Grcundwater Resesrch T r s j  e c t  
Cowichan River  AflQife;.S 

Puncan, 3 .  C .  

. . 0 . 0  

0 

T = 2 .8  x l o 6  

ds = .047 

I I I I I  I I I 1 1 1 1  1 I I I  
I 1  1 1 9  11GO 1coc 

T i E e  !t) since S t C ; r t  o f  pu.-y;'.r,.r j.n feet 



A P P E N D I X  V I  

READING TAKEN ON OBSERVATION WELL NO. FRASER DURING 

AFTER REDEVELOPMENT OF WELL 130 
"CONSTANT RATE" PUMPING T E S T  O F  MIDDLE A Q U I F E R  - 

I 
I 
I 

09: 30 
09 : 30% 
09: 31 
09: 31% 
09 : 32 
09: 32% 
09: 33 

09: 34 
09 : 34% 
09: 35 
09: 36 
09: 37 
09: 38 
09: 39 
09 : 40 
09 : 42 
09: 44 
09 : 46 
09 : 48 
09:50 
09 : 55 
09: 60 
10: 05 
10: 10 
10: 15 
10: 20 
10: 30 
10:40 
10:50 
11 : 00 
11:lO 
12 : 00 

09 : 33% 

0 
% 
1 
1% 
2 
2% 
3 
3% 
4 
4% 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 
100 
150 

CONTRACT #60 
GROUNDWATER RESEARCH P R O J E C T  

COWICHAN R I V E R  A Q U I F E R S  - DUNCAN, B.C. 
D a t e :  D e c .  10-11. 1975 

- 
5.30 
5.31 
5.32 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.34 
5.34 
5.34 
5.34 
5.34 
5.34 
5.34 
5.34 
5.35 
5.35 
5.35 
5.35 
5.35 
5.36 
5.36 
5.36 
5.36 
5.37 

T i m e  Time (t) Since D e p t h  t o  Water D r a w d o w n  i n  C o r r e c t i o n  C o r r e c t e d  
S t a r t  o f  i n  Well from Well i n  fee t  Factor R e a d i n g  
P u m p i n g  i n  Top of  C a s i n g  ( s ta t ic  - 5.25) 
Mins . i n  Feet 

- 
1 

.05 

.06 

.07 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

.09 

.09 

.09 

.09 

.09 

.09 
09 
.09 
.10 
.10 
.10 
.10 
.10 
.ll 
.ll 
,ll 
.ll 
.12 - .01 .ll 



Time ( t )  Since Depth t o  Water Drawdown i n  Correc t ion  Corrected 
S t a r t  of i n  Well from Well i n  feet  Factor  Reading 
Pumping i n  Top of  Casing ( s t a t i c  = 5.25) 
M i  n s  . i n  Feet 

f Time 

12  : 50 2 00 5.38 .13 - . O l  . l l  
13:40 250 5.39 .14 - . 02  .12  

300 5.41 .16 - .02 .14 
350 5.41 .16 - .03 .13 
400 5.42 .17 - .03 .14 16: 10 

17: 00 450 5.41 .16 - .03 .13 1 17:50 500 5.47 . 2 2  - .04 .18 
19:30 600 5.48 . 2 3  - .04 .19 
21:  10 700 5.47 .22  i . 0 5  .17 

800 5.46 . 2 1  - .06 .15 
900 5.46 . 2 1  -.07 .14 

02: 10 1000 5.48 .23 - .08 .15 
1100 5.48 .23 - .08 .15 
1200 5.45 .20 - .09 . ll  
1300 5.56 .31 . - . l o  . 2 1  07: 10 

08 : 50 1400 5.58 .33 - . l o  . 2 3  I 09:30 1440 5.50 .25 -.11 .14 

1 ;E 

I 
1 :E 



0 

Drawdown Curve 
[After  River  Stage Correc t ions  
App 1 i edl 
Frazer  .- 'el 1 
('li dd 1 e A p L c i  f e r  1 
December 10-11,  1975 

1 I I I I  I I I I  I I I I  I I I I  
I 1  I I f !  I 1 0 0  1000 

BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

Cant rac t  60 
Groun6t:ater Research P r c . j  e c t  
Cos:!ichan River Acruifers 



APPENDIX - VI 

1 

RECOVERY READINGS I N  WELL NO. 130 AFTER "CONSTANT RATE" PUMPING 
TEST 

MIDDLE AQUIFER AFTER REDEVELOPMENT 

CONTRACT #60 
GROUNDWATER RESEARCH PROJECT 

COWICHAN R I V E R  AQUIFERS - DUNCAN, B.C. 
Dec. 11, 1975 

. Time ( t )  Time ( t l )  Value of  Depth t o  Residual  Correc t ion  Corrected Time 
l- 
I Since  Since t Water i n  Drawdown Fac tor  Reading 

S t a r t  of Pumping / Well From In Well 
t '  Top o f  I n  Feet 

Casing ( s t a t i c  
I n  Feet  = 4.29) 

9:30 1440 
1440.5 
1441 

9:31% 1441.5 
9: 32  1442 1 9:325 1442.5 
9:33 1443 
9:334 1443.5 

1444 :ii:% 1444.5 
9:35 1445 

1446 I z:i; 1447 
9: 38 1448 
9:39 1449 
9:40 1450 
9:42 1452 
9:44 1454 1 9:46 1456 
9:48 1458 
9:50 1460 

1465 
1470 

10 : 05 1475 
1480 
1485 

10 : 20 1490 
1500 
15 10 

10 : 50 1520 

1 

1530 

0.5 
1 .0  
1.5 
2.0 
2.5 
3 . 0  
3.5 
4.0 
4.5 
5 
6 
7 
8 
9 

10 
12 
14  
16 
18 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 

2881 
1441 
901 

. 720 
577 
481 
4 12 
36 1 
32 1 
289.4 
24 1 
206.7 
181 
161 
145 
1 2 1  
103.8 

91  
81 
73 
58.6 
49 
42.1 
37 
33 
29.8 
25 
21.6 
19 
17 

4.48 
4.49 
4.46 
4.49 
4.45 
4.48 
4.52 
4.46 
4.45 
4.45 
4.46 
4.46 
4.46 
4.47 
4.47 
4.47 
4.47 
4.46 
4.46 
4.45 
4.44 
4.44 
4.44 
4.44 
4.43 
4.44 
4.45 
4.44 
4.44 
4.45 .16 -.11 

.19 

.20 

.17 

.20 

.16 

.19 

.23 

.17 

.16 

.16 

.17 

.17 

.17 

.18 

.18 

.18 

.18 

.17 

.17 

.16 

.15 

.15 

.15 

.15 

.14 

.15 

.16 

.15 

.15 

- .ll 
-.11 -. 11 
-.11 -. 11 
-.11 
-. 11 
Y . 1 1  

- .ll 
-. 11 
-.11 
- .ll 
- .ll 
- .ll 
- . ll  
-. 11 
-.11 -. 11 
-.11 
-.11 -. 11 
-.11 
-.11 
-.11 -. 11 
-, 11 
-.11 
-. 11 -. 11 

.08 

.09 

.06 

.09 

.os 

.08 

.12 

.06 

.05 

.os 

.06 

.06 

.06 

.07 

.07 

.07 

.07 

.06 

.06 

.05 

.04 

.04 

.04 

.04 

.03 

.04 

.05 

.04 

.04 

.05 



APPENDIX V I  - 
RECOVERY READING ON OBSERVATION WELL NO. 131 AFTER CONSTANT RATE 

PUMPING TEST ON WELL NO. 130 - MIDDLE AQUIFER AFTER REDEVELOPMENT OF SCREEN 

CONTRACT #60 
GROUNDWATER RESEARCH PROJECT 

I 
COWICHAN R I V E R  AQUIFERS - DUNCAN, B . C .  

Dec. 11. 1975 

Time Time (t) Time ( t ' )  Value of Depth t o  Residual Correc t ion  Correc ted  
S ince  S ince  t Water In  Drawdown Fac to r  Reading 
Pumping Pump i n  g / Well I n  Well 
S t a r t e d  Stopped t '  From Top I n  feet  
I n  Mins. I n  Mins. of ( s ta t ic  I 

Casing = 6.68) 
I n  Feet 

9:30 I y;% 

I ;;::+ 
I 
I 
I 
I 
I 
I 
I 

I 

9:31% 
9 :32 1 9:32% 
9:33 
9 : 33% 

9:35 

6. 

1440 
1440.5 
1441 
1441.5 
1442 
1442.5 
1443 
1443.5 
1444 
1444.5 
1445 
1520 

.5 
1 .o 
1 .5  
2.0 
2.5 
3 .O 
3.5 
4.0 
4.5 
5 .o 

80.0 

2881 
1441 
96 1 
720 
577 
481 
412 
361 
32 1 
289.4 

19 

6.92 
6.90 
6.88 
6.89 
6.88 
6.88 
6.88 
6.88 
6.88 
6.88 
6 .88  

.24 

. 2 2  

.20 

.21 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

-.11 -. 11 
-. 11 
-. 11 
- .ll 
- .  11 -. 11 
- .  11 
-. 11 
- .  11 
-, 11 

.13 

.ll  

.09 

.10 

.09 

.09 

.09 

.09 

.09 

.09 

.09 



APPENDIX V I  - 

I 

1 RECOVERY READINGS ON OBSERVATION WELL N O .  FRASER AFTER CONSTANT 
RATE PUMPING TEST ON WELL NO. 1.30 

MI DDLE AQUI FER AFTER RE DEVE LOPMENT 

CONTRACT #60 
GROW DWATE R RESEARCH PROJECT 

COWICHAN R I V E R  AQUIFERS - DUNCAN, B.C. 
Dec. 11, 1975 

Time Time ( t )  Time ( t ' )  Value of Depth t o  Residual  Correc t ion  Corrected 
Since S ince  t Water In Drawdown Fac tor  Reading 
Pumping Pumping / Well From In Well 
S t a r t  e d Stopped t '  Top of In  Feet 
In  Mins I n  Mins Casing I n  ( s t a t i c  

Feet = 5.25) 

1 

1 9:30 

1 
1 
I 
1 9 :40 

1 1 O : l O  

1 
10 : 35 

11:35 

1 

1440 
1440.5 
1441 
1441.5 
1442 
1442.5 
1443 
1443.5 
1444 
1444.5 
1445 
1446 
1447 
1448 
1449 
1450 
1452 
1454 
1456 
1458 
1460 
1465 
1470 
1475 
1480 
14 85 
1490 
1495 
1500 
1505 
15 10 
1520 
1530 
1540 
1605 

0 
% 
1 
1% 
2 
2% 
3 
3% 
4 
44 
5 
6 
7 
8 
9 

10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
55 
60 
6 5  
70 
80 
90 

100 
125 

0 
2881 
1441 
96 1 
720 
577 
48 1 
412 
36 1 
32 1 
289.4 
241 
206.7 
181 
16 1 
145 
12  1 
103.8 
91 
81 
73 
58.6 
49 
42.1 
37 
33 
29.8 
27 .1  
25 
23.1 
21.5 
19 
17 
15 .4  
12.8 

5.50 
5.45 
5.44 
5.44 
5.43 
5.43 
5 .43  
5.43 
5.43 
5.43 
5.43 
5.43 
5.43 
5 .43  
5.43 
5.43 
5 .43  
5 .43  
5.43 
5.43 
5.43 
5.42 
5.42 
5.42 
5.42 
5.42 
5.42 
5.42 
5.42 
5.41 
5.41 
5 .41  
5.41 
5.41 
5 .41  

.14 

.20 , 

.19 

.19 

.18 

.18 

.18 

.18 

.18 

.18 . 

-18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.16 
.16 
.16 
.16 
.16 
.16 

6 
-.11 
-. 11 -. 11 
-.11 
-.11 
- ,  11 -. 11 
-. 11 -. 11 
-. 11 
-. 11 
-. 11 -. 11 
-. 11 -. 11 
-. 11 
-. 11 -. 11 -. 11 
-. 11 
-. 11 
-. 11 -. 11 -. 11 
-. 11 -. 11 
-. 11 
-. 11 -. 11 
-. 11 
-. 11 -. 11 
-. 11 -. 11 

.09 

.08 

.08 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.06 

.06 

.06 

.06 

.06 

.06 

.06 

.06 

.05 

.05 

.05 

.05 
.05 
.05 



Frazer  

Dis tance  Drawdo;\:n Curve 
(cor rec ted  va lues  ap2 l i ed )  
Pucping Rate Q = 510 

t = 1440 Kin. 

528 "lo 
-305 = 882,885 g a l s / d a y / f t .  T =  

- 3  x T x 1 - - - 3  x 882,885 x 1 
( 1 0 0 0 ) ~  l O O O L  

S =  

= .26 - 
, 

. 8  
I I I I  I I I I  I I I  

I10 1100 I 1000 

Dis tance  i n  f e e t  from pumping v e l 1  
As sho:::n DATE TO ACCOMPANY REPORT ON SCALE: VERT 

Dec. 1975 As shorm DEPARTMENT OF LANDS, FORESTS, AND WAT HOR ............... - - ...... Contrac t  60 

Cowichan River  Aquifers  

BRITISH COLUMBIA 

WATER RESOURCES SERVIC Groundxater Research P r o j e c t  : .TA.~ . .~  ..... r !...@~~.~.?!.k.e.~ ENGl N EER 
WATER INVESTIGATIONS BRANC 

Duncan, B.C. FILE No.Q..2.&?@.!.3 DWG. N o 3 _ . _ ~ ~ ~ . ~ ~ 4 / . r . . E  ..... 
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WATER QUALITY REPORTS 

FOR 

SAMPLES 
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A P P E N D I X  NO. 8 

HYDROGRAPHS FOR MONITOR WELLS COMPARED 

WITH HYDROGRAPH EASED ON CALCULATED 

WATER H E I G H T S  OF THE COWICHAN R I V E R  NEAR 

THE T E S T  WELL S I T E  A T  DUNCAN, B.  C .  
































