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YOUR FlL e ................................ 

As d i r e c t e d  by M r .  Brady, i n  h i s  l e t t e r  of  June 24, 1976 t o  t h e  Town of  
Ladysmith, a review of  ava i l ab le  groundwater information and a l imi ted  f i e l d  
inventory has subsequently been completed of  t h e  Ladysmith area. The area 
examined was wi th in  a t h r e e  mile rad ius  of  t h e  Town (Figure 1) as t h i s  has  
been considered the  approximate economic l i m i t  f o r  a source of water supply 
(pers .  comm:, T. Po l l a rd ,  Chief Engineer, Community Water Supply Div is ion) .  

The inves t iga t ion  included a review of e x i s t i n g  well log da ta ,  updating of 
w e l l  l ogs ,  examining s u r f i c i a l  geology maps and r e p o r t s ,  a i r  photograph. 
ana lys i s  , water sampling of r ep resen ta t ive  wells, f i e l d  checking of l o c a l  
geology and well inventor ies  i n  s p e c i f i c  areas. This repor t  summarizes t h e  
ava i l ab le  groundwater d a t a  and recommends s i tes  where t e s t  d r i l l i n g  i s  warranted 
with an t i c ipa t ed  cos t s  f o r  d r i l l i n g  and aqu i f e r  t e s t i n g  programs. 

* 

GENERAL GEOLOGY 
0 

The Ladysmith area i s  p r imar i ly  under la in  by Upper Cretaceous rocks of t h e  
Nanaimo Group comprised of sha le  , sandstone , conglomerate , arkose and coa l .  
Immediately west of  Ladysmith the  upland region i s  underlain by J u r a s s i c  
i n t r u s i v e  rocks ( I s l and  In t rus ions)  inc luding  g ranod io r i t e ,  quar tz  d i o r i t e ,  
galjbro and g ran i t e  (Rice, 1959; Bostock, 1963; Muller, 1971). S u r f i c i a l  
depos i t s  of g l a c i a l ,  f l u v i a l  and marine o r i g i n  mantle t h e  bedrock over most o f  
t h e  area although thickness  o f  t hese  materials v a r i e s  l o c a l l y .  Bedrock f o r  
example i s  exposed on i s l a n d s  i n  Ladysmith harbour,  over much of  t h e  upland 
west of Ladysmith and l i e s  only under a t h i n  d r i f t  cover no r theas t  o f  Ladysmith 
harbour (Figure 2 ) .  

SURF1 C I  AL DEPOSITS 

The s u r f i c i a l  geology of  t h e  region has been descr ibed by Halstead (1963, 1966) 
and mapped a t  a scale of one-inch t o  one mile. 
s u r f i c i a l  deposts within t h e  area of concern are reviewed here  along with i n f o r -  
mation, obtained on t h e  na ture ,  s t r a t i g r a p h y  and d i s t r i b u t i o n  of  t h e  depos i t s  , 
from an examination of a i r  photographs, well logs and f i e l d  checks. 
depos i t s  are considered the: most favourable f o r  l oca t ing  any la rge  producing 
wells. 

Major f ea tu res  only of t h e  

These 
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Flu J) a1 Sand and Gravel DeDosits 

Terraced f l u v i a l  depos i t s  of grave l ,  sand and l ag  gravel  with cobbles occur 
a t  the  head of  Ladysmith harbour, immediately no r theas t  of Ladysmith town 
along Bush Creek i n  the  area of Ivy Green Provinc ia l  Park and l o c a l l y  along 
creek va l leys  south of  Ladysmith (Figure 2 ) .  The area a t  t h e  head of 
Ladysmith harbour represents  t he  southern extremity of a la rge  low ly ing  
region t o  t h e  nor th  underlain by sands and gravels  l o c a l l y  r e f e r r e d  t o  as 
the  "North Oyster Aquifer". 
harbour a re  not known as most wells a r e  commonly completed within t h e  upper 
20 t o  40 feet of the  deposi ts .  
up t o  170 f e e t  have been repor ted  i n  t e s t  holes  d r i l l e d  f o r  the  Harmac pulp 
mill (Odynsky, 1950). Elsewhere f o r  example i n  t h e  Ivy Green Park a r e a  t h e  
deposi t  is  not  very th i ck  (13 f e e t )  and i s  found t o  over l iec lay .  

Maximum thickness  of  t h e  deposi ts  near  Ladysmith 

Further  nor th ,  thicknesses  of  sand and gravel  

The gravels  are buf f  t o  brown i n  colour ,  somewhat s i l t y ,  cross-bedded l o c a l l y  
and moderately s o r t e d  with well rounded pebbles and cobbles of  varying 
mineralogy inc luding  g r a n i t i c ,  volcanic  and sandstone rock types.  
exposed the  gravels  commonly ove r l i ea  laminated buf f  s i l t  interbedded with 
medium t o  coarse sand. 

Where 

Marine Deposits 

A gravel and sand marine veneer mantle o lde r  ground moraine depos i t s  and/or 
bedrock west of Ladysmith. 
bedrock upland and are mainly found below an e l eva t ion  of  400 f e e t .  
thickness of  t he  depos i t  i s  not known but t he  u n i t  probably va r i e s  from a 
few f e e t  t o  s eve ra l  t ens  of f e e t  l oca l ly .  

The depos i t s  are extensive along the  f lank o f  t h e  
Maximum 

Ground Moraine DeDosits 

Glacial till with lenses o f  grave l ,  sand and s i l t  occurs adjacent t o  t h e  
marine depos i t s  f lanking  t h e  bedrock upland west of  Ladysmith. The u n i t  
probably va r i e s  considerably i n  thickness  throughout t h e  area. Associated 
outwash g l ac io - f luv ia l  depos i t s  o f  sand and gravel  may a l s o  occur with till 
depos i t s  i n  t h e  area immediately west of Ladysmith where the re  i s  some evi -  
dence of  a hummocky, k e t t l e d  topography between e l eva t ions  o f  350 and 450 
feet. 

WELL DATA 

Available w e l l  da t a  f o r  a l imi ted  number of shallow dug and d r i l l e d  wel l s  
(15 t o  30 f e e t  deep) i n  the  region underlain by f l u v i a l  sands and gravels  a t  
the  head of Ladysmith harbour i n d i c a t e  y i e l d s  up t o  30 g p m  may be r e a d i l y  
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obt  a, nable .  Water l eve l s  are genera l ly  i n  t h e  range s i x  t o  f i f t e e n  feet 
below ground su r face  with seasonal  f l u c t u a t i o n s  o f  a few feet an t i c ipa t ed .  
Although no wells have apparent ly  been completed i n  t h e  s u r f i c i a l  sands and 
grave ls  along Bush Creek, a 74-foot 6-inch diameter well  completed i n  
f r ac tu red  sandstone underlying the u n i t  i n  Ivy Green Park w a s  pump t e s t e d  
at  30 U.S.gpm with 19 feet o f  drawdown i n  1959. Maximum y i e l d  o f  t h e  w e l l  
may be seve ra l  t ens  of  ga l lons  pe r  minute. The high capac i ty  of t h e  well 
may be r e l a t e d  t o  proximity of t h e  well t o  adjacent  sand and grave l  depos i t s  
and/or Bush Creek. Elsewhere i n  t h e  region supp l i e s  from ind iv idua l  wells 
are genera l ly  obta inable  f o r  domestic purposes ( 1  t o  5 gpm) throughout t h e  
area underlain by marine depos i t s  and/or from t h e  bedrock. 

Water Qual i ty  

Water samples were co l l ec t ed  from rep resen ta t ive  wells and laboratory analyses  
were conducted f o r  major ions .  No b a c t e r i o l o g i c a l  tes ts  were conducted. 
Results of  t he  analyses are l i s t e d  i n  Table I .  
samples were p l o t t e d  i n  Figure 2 t o  i n d i c a t e  reg iona l ly  the  minera l iza t ion  of 
groundwater i n  t h e  area. 

Conductivity values  of  t h e  

In genera l ,  t h e  q u a l i t y  of  t h e  groundwater appears t o  be very good. 
d i sso lved  s o l i d s  are less than 200 ppm and t o t a l  hardness i s  low. 

Tota l  

There are two exceptions t o  t h e  above s ta tement ,  however. 
showed a high sodium bicarbonate  concentrat ion toge the r  with a h igher  t o t a l  
d i sso lves  s o l i d s  content .  
content .  

Two wells sampled 

One of  t hese  wells a l s o  contained a high n i t rogen  
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REC B E  NDED D R I L L I N G  SITES 

Test d r i l l i n g  i s .  recommended at  sites A, B ,  C and D shown i n  Figure 2 .  The 
b e s t  prospects  a re  at  s i t e  A. Although t h i s  l o c a l i t y  may be a t  the  economic 
limit f o r  a source of supply,  i nd ica t ions  a r e  t h a t  a wel l  capable of y i e ld ing  
seve ra l  hundred gal lons p e r  minute coukd be developed i n  t h e  area. 
remaining si tes should be regarded as exploratory si tes.  
more a t t r a c t i v e  from the  s tandpoint  of  a d i s t r i b u t i o n  system and t h e r e  are 
some prospects  of developing wells capable o f  yiezding seve ra l  t e n s  of gal lons 
p e r  minute i n  these  a reas .  
diameter casing t o  f a c i l i t a t e  adequate pump t e s t i n g  and should be d r i l l e d  by 
the  cable- tool  o r  a i r  r o t a r y  method with casing hammer. Larger diameter 
casing (8-inch) could be considered t o  complete t es t  production wel l s  i n  
which case i t  would be preferab le  t o  i n s t a l l  t he  wel ls  by the  cable- tool  
method t o  obta in  r e l i a b l e  samples f o r  screen ana lys i s  and wel l  design. Test- 
holes  should be completed t o  bedrock at  each of  t h e  s i t e s  o r  up t o  200 feet 
i f  bedrock i s  not  encountered and depending upon the  materials penetrated.  
Anticipated d r i l l i n g  condi t ions and proposed program at each of t h e  s i t e s  a r e  
as follows: 

The 
They are, however, 

A l l  t e s t h o l e s  should be cased with minimum 6-inch 

S i t e  A 

I t  i s  an t i c ipa t ed  t h e  t e s t h o l e  w i l l  encounter a f e w  f e e t  of c lay at the  sur" 
face underlain by 20 t o  30 f e e t  o r  more of gravel .  The gravel  may overly 
s i l t  o r  c lay and d r i l l i n g  should be continued through these  depos i t s  t o  
explore  f o r  sand and gravel at g r e a t e r  depths.  Surface casing should be 
i n s t a l l e d  i n  case a r t e s i a n  condi t ions are encountered at depth. 
should be screened with 5 t o  10 f e e t  of  screen and pump t e s t e d  f o r  at  least 
four  t o  e i g h t  hours and completed as an observation w e l l .  Should condi t ions 
prove favourable an eight- inch diameter production w e l l  should be d r i l l e d  a t  
t h e  s i t e  nor th  of the  observation wel l  and pump t e s t e d  f o r  a minimum of  2 4  
hours. In  t h i s  manner the  observation well could be u t i l i z e d  t o  monitor any 
p o s s i b i l i t i e s  o f  sea water encroachment t h a t  may occur due t o  t h e  proximity 
o f  t h e  s i t e  t o  the  sea. 

The well 

S i t e  B 

I t  is  an t i c ipa t ed  t h e  d r i l l i n g  at S i t e  B w i l l  encounter s u r f i c i a l  sands and 
grave l  overlying c lay  s i l t  and/or till with the  p o s s i b i l i t y  of sand and 
grave l  at  depth r e s t i n g  on bedrock. Bedrock, -however, may a l s o  occur at a 
r e l a t i v e l y  shallow depth a t  t h i s  s i t e .  
case a r t e s i a n  condit5ons are encountered at  depth. Should condi t ions look 
favourable t h e  wel l  should be screened and pump t e s t e d  f o r  a t  least 24  hours 
i f  completed i n  sand and gravel  t o  t es t  f o r  boundary condi t ions and f o r  a 
longer per iod (2 t o  3 days) i f  completed i n  bedrock. 

Surface casing should be i n s t a l l e d  i n  

..... 5 
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D r i l l i n g  i s  a n t i c i p a t e d  t o  encounter g l a c i a l  till and/or sandeand grave l  
at  t h i s  s i te .  If condi t ions are favourable t h e  w e l l  should be screened and 
pump t e s t e d  f o r  24 hours. 

S i t e  D 

S u r f i c i a l  sands and grave ls  are expected t o  occur at  t h i s  s i t e  underlain by 
s i l t  and/or g l a c i a l  till. The hole ,  however, should be continued t o  bedrock 
t o  explore  f o r  grave l  and sand at  depth. 
well should be screened and pump t e s t e d  f o r  24 hours t o  t e s t  f o r  boundary 
condi t ions.  The t e s t h o l e  should be loca ted  as c lose  t o  Holland Creek as 
poss ib l e  nea r  Creek e l eva t ion .  I t  should be noted t h a t  S i t e  D i s  s i t u a t e d  
opposi te  t h e  abandoned Ladysmith garbage dump and provis ion  should be made 
f o r  e s t a b l i s h i n g  water q u a l i t y  moniotr wel l s - i f  a production well i s  contem- 
p l a t e d  at  the  s i t e .  

If condi t ions are favourable t h e  

ESTIMATED COSTS OF D R I L L I N G  AND AOUIFER TESTING 

Cost estimates f o r  d r i l l i n g  and aqu i f e r  t e s t i n g  programs can be based p r imar i ly  
on whether 6-inch o r  8-inch diameter wells are completed as follows: 

(a) 6-inch diameter well 

1. D r i l l  and case 8-inch t o  30 feet at $23/foot.  

2 .  D r i l l  and case 6-inch , to 170 feet at  $14/foot.  

3. 

4. One 8-inch d r ive  shoe 

5.  One 6-inch d r ive  shoe 

6.  40 hours of  hourly work a t  $30/h’our. 

7. 10 feet o f  nominal diameter well sc reen  

8 .  24-hour pump t e s t  

Overlap casing 30 feet at  $10/foot .  

$ 690 

2 ,380 

300 

75 

30 

1,200 

600 

2,000 

To ta l  $ 7,275 

..... 6 



1 c 

- 6 -  

(b) e - inch diameter w e l l  

1. D r i l l  and case 10-inch t o  30 f e e t  a t  $30/foot.  

2.  D r i l l  and case 8-inch t o  170 f e e t  at $23/foot. 

3. Overlap casing 30 f e e t  at $12/foot.  

4. One 10-inch dr ive  shoe 

5 .  One 8-inch d r ive  shoe 

6. 40 hours of  hourly work at  $30/h'our. 

7. 10 f e e t  of nominal diameter wel l  sc reen .  

8. 24 hour pump tes t  

$ 900 

3,910 

360 

15 0 

75 

1,200 

700 

2,000 

Tota l  $ 9,295 

Suggested d r i l l i n g  and t e s t i n g  programs which might be considered t o  assess  
and prove up t h e  groundwater prospects  i n  t h e  Ladysmith area a re  as follows: 

A. Complete one 6-inch diameter t es t  wel l  t o  200 f e e t  northwest of Ladysmith 
harbour i n  Area A as an observation wel l .  If condi t ions a r e  favourable,  
i n s t a l l  an 8-inch diameter well f o r  production purposes. Estimated cos t  
should be a maximum of $16,600. Moreover, it is  not an t i c ipa t ed  t h a t  the  
second w e l l  would be d r i l l e d  necessa r i ly  t o  200 feet s o  cos t s  should re- 
main below t h i s  f igure .  I f  condi t ions are not  favourable t h e  o the r  s i t e s  
should be explored with t o t a l  cos ts  therefore  ranging from $14,600 t o  
$29,100 depending on t h e  number of s i t e s  inves t iga ted .  

B. Complete one 6-inch diameter t es t  w e l l  a t  each o f  t he  four  s i t e s  A, B ,  C 
and D.  
completed t o  200 f e e t  a t  each s i t e .  

Estimated cos t s  should be a maximum of  $29,100 i f  d r i l l i n g  i s  

C. Complete one 8-inch diameter t e s t  production well t o  200 feet i n  Area A 
where conditions are t h e  most favourable and inves t iga t e  t h e  remaining 
sites. Estimated cos t s  w i l l  range from $9,300 t o  $31,000 depending on 
r e s u l t s  at S i t e  A and number of add i t iona l  s i t e s  inves t iga ted .  

O f  the  above, program A i s  p re fe r r ed  s ince  the  prospects  i n  Area A a r e  the  
most favourable f o r  obtaining la rge  amounts o f  water  (100 t o  600 gpm) and 
add i t iona l  explorat ion cos t s  elsewhere may not be necessary.  The a rea  i s ,  
however, f u r t h e s t  o f  t h e  s i t e s  from Ladysmith and it may be worthwhile t o  
inves t iga t e  some of the o ther  si tes which i f  favourable,  would reduce p ipe l ine  
cos ts  . 
The above cos ts  do not  include supervisory cos t s  which may be t e n t a t i v e l y  e s t -  
imated a t  15 percent  of the  d r i l l i n g  cos ts .  
and one technic ian  as required during the  p ro jec t .  

This would include one engineer  
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