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As directed by Mr. Brady, in his letter of June 24, 1976 to the Town of
Ladysmith, a review of available groundwater information and a limited field
inventory has subsequently been completed of the Ladysmith area. The area
examined was within a three mile radius of the Town (Figure 1) as this has
been considered the approximate economic limit for a source of water supply
(pers. icomm.’, T. Pollard, Chief Engineer, Community Water Supply Division).

The investigation included a review of existing well log data, updating of

well logs, examining surficial geology maps and reports, air photograph:-
analysis, water sampling of representative wells, field checking of local
geology and well inventories in specific areas. This report summarizes the
available groundwater data and recommends sites where test drilling is warranted
with anticipated costs for drilling and aquifer testing programs.

¥

GENERAL GEOLOGY

e

The Ladysmith area is primarily underlain by Upper Cretaceous rocks of the
Nanaimo Group comprised of shale, sandstone, conglomerate, arkose and coal.
Immediately west of Ladysmith the upland region is underlain by Jurassic -~
intrusive rocks (Island Intrusions) including granodiorite, quartz diorite,
gabbro and granite (Rice, 1959; Bostock, 1963; Muller, 1971). Surficial
deposits of glacial, fluvial and marine origin mantle the bedrock over most of
the area although thickness of these materials varies locally. Bedrock for
example is exposed on islands in Ladysmith harbour, over much of the upland
west of Ladysmith and lies only under a thin drift cover northeast of Ladysmith
harbour (Figure 2). :

SURFICIAL DEPOSITS

The surficial geology of the region has been described by Halstead (1963, 1966)
and mapped at a scale of one-inch to one mile. Major features only of the
surficial deposts within the area of concern are reviewed here along with infor-
mation, obtained on the nature, stratigraphy and distribution of the deposits,
from an examination of air photographs, well logs and field checks. These
deposits are considered the: most favourable for locating any large producing
wells. ‘
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Fll,'&il ‘Sand ‘and Gravel Deposits-

Terraced fluvial deposits of gravel, sand and lag gravel with cobbles occur
at the head of Ladysmith harbour, immediately northeast of Ladysmith town
along Bush Creek in the area of Ivy Green Provincial Park and locally along
creek valleys south of Ladysmith (Figure 2). The area at the head of
Ladysmith harbour represents the southern extremity of a large low lying
region to the north underlain by sands and gravels locally referred to as

the "North Oyster Aquifer'. Maximum thickness of the deposits near Ladysmith
harbour are not known as most wells are commonly completed within the upper
20 to 40 feet of the deposits. Further north, thicknesses of sand and gravel
up to 170 feet have been reported in test holes drilled for the Harmac pulp
mill (Odynsky, 1950). Elsewhere for example in the Ivy Green Park area the
deposit is not very thick (13 feet) and is found to overlie clay.

The gravels are buff to brown in colour, somewhat silty, cross-bedded locally
and moderately sorted with well roundéd pebbles and cobbles of varying
mineralogy including granitic, volcanic and sandstone rock types. Where
exposed the gravels commonly overliea laminated buff silt interbedded with
medium to coarse sand.

Marine Deposits

A gravel and sand marine veneer mantle older ground moraine deposits and/or
bedrock west of Ladysmith. The deposits are extensive along the flank of the
bedrock upland and are mainly found below an elevation of 400 feet. Maximum
thickness of the deposit is not known but the unit probably varies from a

few feet to several tens of feet locally.

Ground Moraine Deposits

Glacial till with lenses of gravel, sand and silt occurs adjacent to the
marine deposits flanking the bedrock upland west of Ladysmith. The unit
probably varies considerably in thickness throughout the area. Associated
outwash glacio-fluvial deposits of sand and gravel may also occur with till
deposits in the area immediately west of Ladysmith where there is some evi-
dence of a hummocky, kettled topography between elevations of 350 and 450
feet.

WELL DATA

Available well data for a limited number of shallow dug and drilled wells
(15 to 30 feet deep) in the region underlain by fluvial sands and gravels at
the head of Ladysmith harbour indicate yields up to 30 gpm may be readily
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obt’nable. Water levels are generally in the range six.to fifteen feet
below ground surface with seasonal fluctuations of a few feet anticipated.
Although no wells have apparently been completed in the surfiecial sands and
gravels along Bush Creek, a 74-foot 6-inch diameter well completed in
fractured sandstone underlying the unit in Ivy Green Park was pump tested
at 30 U.S.gpm with 19 feet of drawdown in 1959. Maximum yield of the well
may be several tens of gallons per minute. The high capacity of the well
may be related to proximity of the well to adjacent sand and gravel deposits
and/or Bush Creek. Elsewhere in the region supplies from individual wells
are generally obtainable for domestic purposes (1 to 5 gpm) throughout the
area underlain by marine deposits and/or from the bedrock.

Water Quality

Water samples were collected from representative wells and laboratory analyses
were conducted for major ions. No bacteriological tests were conducted.
Results of the analyses are listed in Table I. Conductivity values of the
samples were plotted in Figure 2 to indicate regionally the mineralization of
groundwater in the area.

In general, the quality of the groundwater appears to be very good. Total
dissolved solids are less than 200 ppm and total hardness is low.

There are two exceptions to the above statement, however. Two wells sampled
showed a high sodium bicarbonate concentration together with a higher total
dissolves solids content. One of these wells also contiined a high nitrogen
content.



REC&*IENDED ‘DRILLING SITES

Test drilling is. recommended at sites A, B, C and D shown in Figure 2. The
best prospects are at site A. Although this locality may be at the .economic
limit for a source of supply, indications are that a well capable of yielding
several hundred gallons per minute could be developed in the area. The
remaining sites should be regarded as exploratory sites. They are, however,
more attractive from the standpoint of a distribution system and there are
some prospects of developing wells capable of yiélding several tens of gallons
' per minute in these areas. All testholés should be cased with minimum 6-inch
‘diameter casing to facilitate adequate pump testing and should be drilled by
the cable-tool or air rotary method with casing hammer. Larger diameter
casing (8-inch) could be considered to complete test production wells in
which case it would be preferable to install the wells by the cable-tool
method to obtain reliable samples for screen analysis and well design. Test-
holes should be completed to bedrock at each of the sites or up to 200 feet
if bedrock is not encountered and depending upon the materials- penetrated.
Anticipated drilling conditions and proposed program at each of the sites are
as follows:

Site A

It is anticipated the testhole will encounter a few feet of clay at the sur-
face underlain by 20 to 30 feet or more of gravel. The gravel may overly
silt or clay and drilling should be continued through these deposits to
explore for sand and gravel at greater depths. Surface casing should be
installed in case artesian conditions are encountered at depth. The well
should be screened with 5 to 10 feet of screen and pump tested for at least
four to eight hours and completed as an observation well. Should conditions
prove favourable an eight-inch diameter production well should be drilled at
the site north of the observation well and pump tested for a minimum of 24
hours. In this manner the observation well could be utilized to monitor any
possibilities of sea water encroachment that may occur due to the proximity
of the site to the sea.

Site B

It is anticipated the drilling at Site B will encounter surficial sands and
gravel overlying clay silt and/or till with the possibility of sand and

gravel at depth resting on bedrock. Bedrock,:however, may also occur at a
“relatively shallow depth at this site. Surface casing should be installed in
case artesian conditions are encountered at depth. Should conditions look
favourable the well should be screened and pump tested for at least 24 hours
if completed in sand and gravel to test for boundary conditions and for a
longer period (2 to 3 days) if completed in bedrock.



Drilling is ant1c1pated to encounter glacial till and/or sand-and gravel
at this site. If conditions are favourable the well should be screened and
pump tested for 24 hours.

Site D

Surficial sands and gravels are expected to occur at this site underlain by
silt and/or glacial till. The hole, however, should be continued to bedrock
to explore for gravel and sand at depth. If conditions are favourable the
well should be screened and pump tested for 24 hours to test for boundary
conditions. The testhole should be located as close to Holland Creek as
possible near Creek elevation. It should be noted that Site D is situated
opposite the abandoned Ladysmith garbage dump and provision should be made
for establishing water quality moniotr wells-if a productlon well is contem-
plated at the site.

ESTIMATED COSTS OF DRILLING AND AQUIFER TESTING

Cost estimates for drilling and aquifer testing programs can be based primarily
on whether 6-inch or 8-inch diameter wells are completed as follows:

(a) 6-inch diameter well

1 Drill and case 8-inch to 30 feet at $23/foot. $ 690
2. Drill and case 6-inch .to 170 feet at $14/foot. 2,380
3. Overlap casing 30 feet at $10/foot. 300
4. One 8-inch drive shoe 75
5. One 6-inch drive shoe - 30
6. 40 hours of hourly work at $30/hour. 1,200
7 10 feet of nominal diameter well screen 600
8. 24-hour pump test ' 2,000

Total $ 7,275
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(b)%—inch diameter well
1. Drill and case 10-inch to 30 feet at .$30/foot. $ 900
2 Drill and case 8-inch to 170 feet at $23/foot . 3,910
3. Overlap casing 30 feet at $12/foot. 360
4. One 10-inch drive shoe 150
5. One 8-inch drive shoe 75
6. 40 hours of hourly work at .$30/hour. 1,200
7 10 feet of nominal diameter well screen. 700
8

24 hour pump test ‘ 2,000

Total § 9,295

Suggested drilling and testing programs which might be considered to assess
and prove up the groundwater prospects in the Ladysmith area are as follows:

A. Complete one 6-inch diameter test wéll to 200 feet northwest of Ladysmith
harbour in Area A as an observation well. If conditions are favourable,
install an 8-inch diameter well for production purposes. Estimated cost
should be a maximum of $16,600. Moreover, it is not anticipated that the
second well would be drilled necessarily to 200 feet so costs should re-
main below this figure. If conditions are not favourable the other sites
should be explored with total costs therefore ranging from $14,600 to
$29,100 depending on the number of sites investigated.

B. Complete one 6-inch diameter test well at each of the four sites A, B, C
and D. Estimated costs should be a maximum of $29,100 if drilling is
completed to 200 feet at each site.

C. Complete one 8-inch diameter test production well to 200 feet in Area A
where conditions are the most favourable and investigate the remaining
sites. Estimated costs will range from $9,300 to $31,000 depending on
results at Site A and number of additional sites investigated.

Of the above, program A is preferred since the prospects in Area A are the
most favourable for obtaining large amounts of water (100 to 600 gpm) and
additional exploration costs elsewhere may not be necessary. The area is,
however, furthest of the sites from Ladysmith and it may be worthwhile to
investigate some of the other sites which if favourable, would reduce pipeline
costs. :

The above costs do not include supervisory costs which may be tentatively est-
imated at 15 percent of the drilling costs. This would include one engineer
and one technician as required during the project.
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Chemical Analyses of Water Samvples: Ladysmith Area

P L

# Units in mg/)l except pH (relative units)

Total

ls):n::;ms Laboratory (S:g;gtixgti::vity Filterable o, o4 + .+ 302" _Total Total Phosphorus "12;25?91“3 Total gﬁﬁgfms pH gggggtgvit ggrporature '

Site Location (fost) Analysis # pH (mlcromhos/cm)Residue  Ca™ Mg Na~ K L C17 Iron MangeneseDissolved Iitrate Alkalinity as CaCOB(Field Test)(Field Testj(l“ield Test)
Manana Lodge X2,Y6,#6 L6 26/1/76 - 310 192 21.5 4.8 41.50.9¢ 5.0 5.3 0.2 0.02 - 0.028 - R 8.75 205 17 .‘
2aiber ©X2,Y6,#15 L2 26/71/16 .- 200 138, 21.5 5.2 10.10.8 19.4 12.5 0.2 0.0z  0.007 - <13 s 210 12" _
Fowler X2,Y6,420 200  26/1/16 - 209 e 5.0 . 1.1 uz 20.4 8.7 9.0 0.7 0.02 . 0.006 . . . 7.0 015 200 a9, |-
Gausisto©  XLY7,f4 15 26/7/76 - 66 .7 50 60 13 (K.60.9 ¢ 5.0 3.6 0.4 < .02 "0.007 - - w6 es0 o1 e -
i Weatrerell X1,¥Y7,46 .80 26/1/76 - 110 Seh 618 ’ u.sAo._z < 50 3.270.3 ¢ .0.02" 6.007 e - 1.9 &5 . 1. I - ;.
Tublic Works K1,¥6, # Surface  26/1/76 S M8 . 23.8 7.7 5.70.6. 632101 o2 Qo .. o - el 7.8 200 .. 9 -
Department SR - P S L = . R
Bourgne X1,Y7,#i5 -235 23/1/16¢ 9.3 oo 500 0.80 0.08199.90.3 ¢ 5.0° 13.3 0.1 ¢ 002 . 0.018 . 0.02 Kos.o 233 9.5 756 19"

Aussel X1,¥7,#9 8 23/7776 1.1 102 70 10.9 2.8 L4:50.5 ¢ 5.0 5.1 0.2 < 0.02 -0.007 0.08 m.2  38.7 " 6.78 100" .

Towell X1,¥7,#22 20 23/1/76 6.8 136 T 110 1.0 3.3 5.50.5 ¢ 5.0 20.7 0.1 ¢ 0.02. _ 0.003 0.22 29.9  L8.5 6.0 mo i
vortella  X2,¥5,426 80 © 11/8/76 9.3 967 566 0.97 0.23213.00.5 ¢ 5.0 118 ;_8 8 - . 0.ass ;-<‘ 0.02  308.0 3.37 - .

Covick MW,¥3,# 17 11/8/76 6.9 194 134 236 5 6403 9.1 15.2/0.6 - - - 0.003 0.03 64.8 8.2 - - RS T

Jornson  X2,¥5,#8 56 11/8/76 7.3 219 S 138 36 2.4 6313 ¢ 5.0 5.6 6 .- 0.003 < 0,020 102 %9.8 - - . L
Mar§e1}a' ' : )'CZ.YS.#IB 50 11/8/76 6.6 :'eaé . 168 21.2 5.6 . m.uo’.z_i. 6.2 26.1 _ 0.3 = .00 o 6.7 76'.0 S . =
Hergreaves  Xi,Y3,#3 §o 11/8/76 8.4 _»"‘ze_o B _1z§ . 168 1.5 18,83,; 5.0 37.2. 426 i O‘O(')é ot 65;_5 W6 R : -

Allin x2,Y6,#22 - 90 11/8/76 7.6 6900. 4586 294.0°97.0°1050.03.6  200,.0 2186.0 0.2 . .‘o;oos. o2 158.0 11300 . - ]

‘Scouler xll,Y"i,#lz 20 18/{3{76 7.3 178- - 112 12.00 3.20 17.20.7 5.0 23.9 2. oz h ' ' . o ‘
Westover  X1,Y8,#16 14 ' 18/8/76 7.2 .2, 150 23.7)5.8 8.10.7 _ 1.3 12.5 0. o.05 z\zz Z::j - 21;: :;i Z: :Z: i: .
Tremblay © X¥7.é5 26 18876 67 119 82 Wik 24 T30k 5.0 135 0.2 0,03 0003 0.28 2.2 | 8 6 120 wo
Ken's Auto  x1,Y7,#22 54 18/8/76 6.6 129 108 12,1 3.0 5.70.7 5.0 15.8 0.1 o¢.02 ©0.004 0.15 33.2 | 42.6 5.75 125 Uy

Pevis B x,¥8,47 28 18/8/76 67 166 110 .9 3.9 10.90.8 3 5.6 0k 0.05 .00 0.91 57.0 | 3.3  6.25 165 16 '
| Sehon Tiwber Mvv.fes 19 M 672y 19k 29.8 7.9 M.32.2 109 194 11 o200 gom 0.37 106.0 | 107.0 6.5 280 13 !
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