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INTRODUCTION 

The Nanaim River Basin W ter Ma ment PI nning stud] 
initiated by the Nanaimo Regional office to assess the supply and demand 
of water in the Nanaimo River system for licensed water users and for 
instream fisheries needs. The purpose of this office evaluation is to 
provide Water Management Program with an overview of the 
hydrogeological conditions within the Nanaimo River basin including: 

locations of groundwater reservoirs (aquifers) , 
extent of groundwater use and potential for further development, 
groundwater quality conditions and concerns, 
surface water / groundwater inter-relationship. 

The following report is based on a review and analysis of available 
groundwater reports, water well record data, geologic reports and maps 
on file with the Groundwater Section and information provided by 
MacMillan Bloedel’s Harmac Pulp Division. 

GEOLOGY & PHYSIOGRAPHY 

Figure 1 shows the distribution of surficial geologic materials 
within the basin area, which is predominantly within the East Coast 
Lowland of Vancouver Island. Bedrock is exposed over much of the 
Lowland area and according to Halstead (1 961), consists mainly of 
Cretaceous Nanaimo Group shale, sandstone and conglomerate; whose 
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weaker units have been eroded to form longitudinal valleys, with the more 
resistant units resulting in cuesta-like ridges. Several transverse valleys 
cut these longitudinal valleys; through the largest of these, the Nanaimo 
River flows eastward from the upland, then flows north to Nanaimo 
Harbour, in which it is building a large delta. 

According to Halstead (1961 & 1967), the area has undergone 
glaciation. 
levels were considerably higher than present. Heavily loaded streams 
issuing from valley glaciers in Nanaimo River and Haslam Creek valleys 
deposited sand and gravel as deltas into a sea that was about 500 feet 
higher than present sea level. Marine and glacio-marine deposits were 
laid down in the seas that overlapped the Lowland and left a veneer of 
marine gravel, sand or silty clay with fossil shells. 

During the retreat and wastage of the last major ice, sea 

During the period of lowering of sea level to the present, streams 
deposited gravel and sand and cut terraces in older deposits, and clays and 
silts were continually being deposited in the deeper waters. 
sand and gravel deposits in the Nanaimo River valley are the source of the 
extensive aquifers in the basin. 

The deltaic 

WATER WELL DATA 

Figure 1 shows the locations of approximately 1,500 water wells 
reported to have been constructed in the region which includes the 
Nanaimo River basin. However, this does not represent all wells 
constructed in the area, since there is no mandatory submission of well 
records in this province. Also, there are a number of well records 
collected from water well drillers but not yet processed into the 
groundwater data base system. The accompanying graph (Figure 1 .l) has 
been prepared to show the cummulative number of wells constructed in 
the area over the past 50 years. 

. . . .I3 



- 3 -  

1 
1600 

1400 

1200 

1000 

800  

600 

400 

200 

1950 1960 1970 1980 1990 I 

FIGURE 1.1 : Number of wells constructed, Cassidy Area 

GROUNDWATER POTENTIAL - BEDROCK 

Figure 1 shows the extent of bedrock exposure (bare and shallow 
surficial veneer over bedrock). This map also shows that the majority of 
water wells (approx. 75%) constructed in the area are in bedrock. Wells 
constructed in bedrock generally obtain groundwater from water-filled 
fractures in the rock. Because fractures can be erratic in their extent, 
positions and concentrations, and the open volume only occupies about 1% 
of the rock mass, the amount of groundwater that is available for 
extraction can be limited. Additional groundwater can also be recovered 
from porous bedrock, such as some sandstones. 

Approximately 87% of the wells constructed in bedrock have 
reported yields less than 10 gpm (0.6 Us), but generally sufficient for 
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domestic needs. Approximately 12.5% of the bedrock wells (about 140 
wells) have reported yields between 10 gpm and 49 gpm (3 Us). There are 
only 0.5% of the bedrock wells (6 wells) that have reported yields 
between 50 and 100 gpm ( 6 Us). These higher yields are not confirmed 
by long term pumping tests, but are based on drillers’ short term tests. 
Longer term (up to 72 hours) constant rate pumping tests would be needed 
to assess the long term safe yields of these wells. 

It is difficult to assess the potential for further development of 
water wells in bedrock, due to the lack of pumping test data and the 
uncertain nature of bedrock fractures. Additional wells in bedrock may be 
constructed, however, most yields are expected to be limited to meet only 
domestic needs. 
South Wellington and east of Cassidy, construction of additional wells in 
bedrock may not be advisable due to the potential pumping interference 
effects and the limited amount of groundwater in storage in the fractures 
of the bedrock to sustain additional groundwater withdrawals. 

In areas where there are concentrations of wells, eg. 

GROUNDWATER POTENTIAL - UNCONSOLIDATED DEPOSITS 

Figure 2 shows the general extent of the major unconsolidated 
confined and unconfined groundwater aquifers in the area, generally 
referred to as the Cassidy Aquifer. 
the unconfined aquifer, the first consideration was the location of 
permeable sand and/or gravel deposits as outlined by Halstead (1961). 
The present extent of the Cassidy Aquifer, as shown in Figure 2 was 
subsequently modified by analyzing additional geological information from 
water well drillers’ lithological logs as contained in numerous water well 
records and from interpretation of hydrogeological cross-sections 
(Figures 3 - 9). Analysis of the hydrogeological cross-sections also 
identified the probable extent of a significant confined sand and gravel 
aquifer in the Cassidy area. 

In delineating the areal extent of 

For the purpose of this assessment, the unconfined Cassidy Aquifer 
has been subdivided into 6 discrete areas, (A to F), as shown in Figure 2. 
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The following is an evaluation of each of these aquifer areas. Table 1 
summarizes some pertinent information regarding each of these areas. 

AQUIFER AREA “A” 

There is very limited groundwater information by way of water 
well records, etc. regarding this aquifer area. The area is underlain by 
permeable fluvial and glaciofluvial sand and gravel deposits. The limited 
well record data indicates that the thickness of the unconfined aquifer is 
about 20 feet (6 m). 

Groundwater levels range from about 240 ft. (70 m) elevation in the 
northwest part of the aquifer to about 120 ft. (35 m) elevation in the 
southeast part of the aquifer. 
direction of groundwater flow is in an eastern direction; from the Upland 
area towards the Nanaimo (Cassidy) airport area. 

Figure 2 shows that the predominant 

An evaluation of well record data and interpretation of cross- 
section (Figure 4 ), suggests that part of a confined (or semi-confined) 

I aquifer underlies the southeastern section of Aquifer area “A. 

As indicated in Table 1, the amount of groundwater in storage is 
estimated at about 3.8 X 109 gallons, of which about 3.3 X 109 gallons may 
be available for extraction. 
an estimated 1.3 X 109 gallons of recharge each year from precipitation. 
This is equivalent to continuous pumping at about 2,500 gpm. According 
to Nasmith (1 952), Aquifer Area “A” receives significant additional 
recharge from influent seepage from the Nanaimo River and Haslam Creek. 

The unconfined and confined aquifers receive 

Extraction of groundwater in excess of the annual recharge from 
precipitation may induce additional seepage of Nanaimo River and Haslam 
Creek flows into the aquifer, thereby reducing surface flows to some 
extent. The degree of surface water / groundwater inter-relationship and 
potential conflict with licensed use needs to be further evaluated. 
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As previously indicated, there are at present very few reported 
records of wells for this area. 
to meet domestic needs. There is potential for further groundwater 
development of this aquifer area. 

Extraction of groundwater is likely limited 

AQUIFER AREA “13” 

This aquifer area, although lying outside and adjacent to the 
Nanaimo River basin, is part of the main Cassidy Aquifer. 
Halstead (1961), this area is underlain by terraced fluvial and glacio- 
fluvial sand and gravel deposits. 

According to 

The main source of recharge to this aquifer area is predominantly 
from precipitation. The annual amount of recharge is estimated at 0.4 
X1O9 gallons. The predominant direction of groundwater flow is towards 
the southeast, with eventual discharge into Ladysmith Harbour. 
Assessment of well record data indicates that flowing artesian conditions 
exist in the area, substantiating groundwater discharge into Ladysmith . 
Harbour. 

A review of 35 water well records indicates that most of the wells 
are constructed in unconsolidated sediments; are shallow, less than 60 
feet (18 m) deep; have reported yields up to 20 gpm ( 1.3 Us), and that the 
estimated average thickness of this aquifer is about 10 ft. ( 3 m). Further 
investigation by way of test drilling and geophysical testing would be 
needed to determine the aquifer thickness and depth of the unconsolidated 
deposits in this area. The estimated amount of groundwater use is less 
than 0.01 X 109 gallons per year, based on an assumed average domestic 
and gardening need of 1000 gallons per day. As noted in Table 1, the 
estimated amount of groundwater in storage is 0.55 X 109 gallons, of 
which about 0.48 X 109 gallons can be extracted. This suggests that there 
is further potential for groundwater development from this 
unconsolidated aquifer. 
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AQUIFER AREA “C” 

There is very little groundwater information available for this 
aquifer area. This area was delineated as a potential aquifer based 
primarily on the distribution of terraced sand and gravel fluvial deposits 
as outlined by Halstead (1961). Of the three reported wells constructed 
within this area, one is a shallow flowing well beside Haslam Creek, of 
unknown yield. The other two wells are constructed in unconsolidated 
materials and are 32 ft. (1 0 m) and 48 ft. (1 4.5 m) deep, and have reported 
yields yields of 15 gpm (1 L/s) and 3 gpm ( 0.2 Us), ie. sufficient for 
domestic needs. 

Table 1 shows that the amount of recharge from precipitation is 
estimated at about 0.4 X 109 gallons per year. This is equivalent to 
continuous pumping at about 760 gpm (48 Us). There is also good 
potential for additional recharge to this aquifer area from seepage from 
the Nanaimo River, which flows across this area. Stream flow 
measurements would be needed to quantify the amount of recharge. Based 
on an estimated aquifer thickness of 10 ft. (3 m), the amount of 
groundwater in storage that can be effectively extracted is estimated at 
0.5 X 109 gallons. 
and possibly geophysic investigations would be needed to further define 
the groundwater potential of this under-developed aquifer. 

Further hydrogeological site investigation, test drilling 

AQUIFER AREA “ID” 

This aquifer area contains the most significant groundwater 
reservoirs in terms of aquifer potential and use. It is underlain by two 
major water-bearing sand and gravel deposits, arbitrarily designated as 
the Upper and Lower (Cassidy) Aquifers, as shown in Figures 4, 5, and 9. 
The extent of these aquifers has been defined on the basis of distribution 
of sand and gravel deposits and evaluation of water well record data. 

According to Kohut (1 979), the Upper Aquifer, occurs under water 
table conditions, ranges in thickness from 20 ft. (6 m) to 85 ft. (26 m), 
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and is comprised mainly of terraced fluvial sand and gravel (Halstead, 
1961). 
views, the Upper Aquifer overlies a massive deposit of blue clay (possibly 
glacial till) which ranges from 20 ft. (6 m) to 100 ft. (30 m) in thickness. 
This clay unit overlies the Lower Aquifer which occurs under confined 
conditions and is comprised mainly of compacted sand interbedded with 
cemented gravel and/or yellow clay. 

Based on an evaluation of well record data and cross-sectional 

Kohut (1979) analyzed groundwater level data from well records and 
determined that shallow groundwater in the Upper Aquifer generally 
moves from west to east through the main area of the aquifer. A local 
groundwater mound (divide) occurs north of the airport, as shown in Figure 
. This divide coincides closely to the south boundary of the Nanaimo River 
basin area. From this area, groundwater moves northward towards Haslam 
Creek and Nanaimo River, and southward towards Ladysmith Harbour. 

Recharge to the Upper Aquifer comes from precipitation and influent 
seepage from Haslam Creek and Nanaimo River in the upper reaches of 
these water courses. The amount of precipitation recharging the Upper 
Aquifer is estimated at 0.9 X 109 gallons per year. This is equivalent to 
about 1700 gpm (107 Us) of continuous pumping. As indicated in Table 1, 
the amount of groundwater in storage in the Upper Aquifer is estimated at 
5.1 X 109 gallons, assuming an average aquifer thickness of 25 ft. (7.6 m). 
Assuming a specific yield of 0.88, the estimated amount of extractable 
groundwater is 4.5 X 109 gallons. 

The Upper Aquifer is an important source of water supply for 
domestic, irrigation, community and industrial use. 
approximately 100 known domestic wells in the area. Based on an average 
conservative withdrawal rate of 3 gpm (0.2 L/s), the total amount of 
groundwater use from these wells is about 300 gpm (19 Us). Well record 
data indicates that there are about 9 water wells completed in the Upper 
Aquifer that have potential well yields of between 50 gpm (3.2 Us) and 
100 gpm (6.3 L/s). 
community and development (trailer parks, etc) use and are located in the 

There are 

These wells are utilized for airport, irrigation, 
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south part of the aquifer area. Total withdrawals from these wells is 
estimated at about 500 gpm (32 Us). 

The most significant (major) groundwater wells in terms of use, are 
located in the northern part of the aquifer area, adjacent to the Nanaimo 
River and Haslam Creek. These major users, capable of extracting more 
than 1000 gpm (63 Us) include: 

Harmac Pulp Mill Production Well “ A  : 3200 gpm (202 Us) 
Harmac Pulp Mill Production Well “C” : 1600 gpm (101 Us) 
Harmac Pulp Mill Production Well “D” : 3400 gpm (215 Us) 
Harmac Pulp Mill Production Well “E” : 1200 gpm (76 Us) 
Harmac Pulp Mill Production Well “ F  : 1200 gpm (76 Us) 
Fisheries Canada Hatchery Well 

(formerly Harmac Prod. Well “B” ) : 1000 gpm (63 Us) 
Boat Harbour Development Prod. Well : 1200 gpm (76 Us) 

The above figures represent the actual production capacities of each well, 
with the exception of the Boat Harbour Development well, which has not 
yet been put in production. 

Based on limited pumping test data, it appears that the 
transmissivity of the Upper Aquifer is about 7 X 10-2 m2/s (Foweraker, et 
al, 1985). To obtain more information regarding the hydraulic properties 
of the Upper Aquifer it is recommended that pumping test of selected 
production wells be performed. 

A provincial observation well (No. 228), completed to‘ a depth of 218 
ft. (66.5 m) is located in the south part of Aquifer area D (see Figure 2), in 
the vicinity of the majority of domestic, irrigation and development 
wells. 
Figure 10, and indicates that this well reflects seasonal fluctuations of 
water levels with an annual cycle in response to precipitation. Based on 
the trend of the seasonal low water levels for the period of record, it is 
evident that there is a natural equilibrium between aquifer withdrawals 

Historic hydrograph data for this observation well is shown in 
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and recharge. 
observation well is not being depleted and that there is potential for 
further d eve1 o p m enR. 

This implies that the aquifer in the vicinity of this 

There are no observation wells at present in the area of the major 
production wells in the north part of the aquifer area. Based on 
information from Harmac Pulp Mill, Fisheries Canada and E. Livingston (for 
Boat Harbour Development), the total amount of withdrawal from these 
major wells is estimated at about 11,600 gpm (732 Us), or 6.1 X 109 
gallons per year. 
amount of withdrawal has caused any significant local “mining” or 
depletion of the aquifer. 

At this time there are no reported indications that this 

Personal corrimunicatnons with Harmac Pulp Mill technical staff 
indicate that the well performance in their production wells has 
decreased. Further investigation is required to assess the apparent 
decrease in well performance to determine whether it is a well hydraulic 
problem (ie. encrustation or bridging of screens, etc.) or an aquifer 
depletion concern. An observation well in the vicinity of the major 
production wells is recommended to evaluate water level trends in 
response to major groundwater withdrawals. 

Assuming that the storage capacity of the Upper Aquifer has not 
been diminished, the amount of precipitation recharging the aquifer 
(estimated at 0.9 X 109 gallons) is not sufficient to maintain withdrawal 
rates from the major production wells. Additional recharge to the highly 
permeable unconfined sand and gravel Upper Aquifer, of at least 5.8 X 109 
gallons per year, is most likely being provided from naturally influent and 
induced streamflow seepages from Haslam Creek and Nanaimo River to 
maintain the above major withdrawals. This amount of recharge is 
equivalent to a flow of about 25 cfs. Historical streamflow data to 1986 
for the Nanaimo River at Cassidy (upstream of the major production wells) 
indicates that in Sopt.,l973, a minimum daily discharge of 1.22 mWs or 
about 43 cfs, was reported. 
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It is evident from the above analysis that groundwater extraction 

from the major wells along the Nanaimo River and Haslam Creek, near its 
confluence with the Nanaimo River, may have a significant influence on 
low flow conditions of the Nanaimo River, downstream of the major 
wells. 
to assess the actual amount of streamflow loss to the aquifer and 
production wells. It is uncertain at this time how much additional 
groundwater development and extraction may occur in this area before 
existing production wells are significantly affected. 

Further evaluation by way of streamflow measurements is needed 

In order to mitigate the above concerns, it is recommended that an 
evaluation be considered of the potential for artificially recharging the 
aquifer in the vicinity of the major production wells, as well as the 
potential for recycling industrial water. 

An outline of the probable extent of the Lower Aquifer is shown in 
Figure 2. The Lower Aquifer is comprised mainly of interbedded sand with 
cemented gravel and/or yellow clay, and directly overlies the bedrock. 
The maximum known thickness of the unconsolidated deposits overlying 
bedrock in the Cassidy area is 218 ft. (66 m), occuring in Observation 
Well 228, located soutwest of the airport. Based on depth to bedrock 
contours (after Kohut, 1979), and cross-sectional views (Figure 3, 4, and 
5) there is evidence of a major bedrock trough trending north to south 
along the western side of the airport. It is within this bedrock low that 
the Lower Aquifer occurs. 

Assuming an average aquifer thickness of 40 ft. (12 m), the amount 
of groundwater in storage in the Lower Aquifer is estimated at 3.5 X 1'06 
gallons. The source(s) of recharge to this confined aquifer is not known 
but may in part come from leakage from the overlying aquifer and in part 
from the surrounding bedrock. The Lower Aquifer has not been developed 
to date; consequently, its yield potential is not definitely known. 
According to Kohut (1979), it should be capable of providing several 
hundred gallons per minute (up to 20 L/s) to individual wells. 
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AQUIFER AREA “E” 

Aquifer area “E” occupies an area of approximately 21 X 106 sq. ft. 
or about 483 acres. There are approximately 21 wells constructed in the 
shallow sand and/or gravel deposits to depths of less than 50 ft. (13 m). 

Based on limited lithological and water level data from well 
records, it appears that the unconfined aquifer may have an average 
thickness of 25 ft. (7.6 m). Assuming a porosity of 0.25 for sands and 
gravels, and a specific yield of 0.88, the amount of extractable 
groundwater from storage is estimated at 1 X 109 gallons. Recharge to 
the unconfined aquifer is predominantly from rainfall and is estimated at 
0.3 X 109 gallons per year. 

Water level data from well records indicates that the unconfined 
aquifer has a relatively shallow groundwater table, and groundwater flow 
is from the airport area towards Ladysmith Harbour. 
significant springs (one recorded flowing at 10 gpm (0.6 Us) to 20 gpm 
(1.2 Us) in August 1976), indicative of groundwater discharge from the 
unconfined aquifer occur at the head of Ladysmith Harbour. Kohut (1979) 
indicated that additional groundwater discharge may also occur below sea 
level within Ladysmith Harbour. 

At least two 

The amount of groundwater flow into Ladysmith Harbour was 
estimated by Kohut (1979) to be in the range of 16 gpm (1 Us) to 160 gpm 
(10 L/s), assuming an aquifer permeability of 10-2 cm/sec to 10-3 
cm/sec, an hydraulic gradient of 0.015, and an estimated saturated 
aquifer thickness of 25 ft. (7.6 m), and an aquifer width of 3500 ft. (1067 
m) - 

Estimated potential well yields range from 2 gpm (0.1 Us) to as 
high as 75 gpm (4.7 Us). Well use appears to be predominantly domestic 
and minor irrigation/development. There is good potential for additional 
well development for domestic and minor irrigation/development 
purposes. 
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Kohut (1979) suggests that although there is very little 
stratigraphic data for the region between the airport and Ladysmith 
Harbour, it is probable that the bedrock low, mentioned previously, may 
also extend to Ladysmith Harbour. Within this bedrock low, there is a 
possibility that the Lower Aquifer of aquifer area “D” may extend towards 
Ladysmith harbour. 

There is no data available on the hydraulic gradient and direction of 
flow in the Lower Aquifer, although it would be expected to be from the 
airport area towards Ladysmith Harbour. 
significant artesian flows may be expected from wells drilled into the 
Lower Aquifer. Further groundwater exploration by way of test drilling 
and geophysical testing would be needed to investigate these 
possibilities. 

North of Ladysmith Harbour 

AQUIFER AREA “F” 

Aquifer area “F,  occupying an area of approximately 44 X 106 sq. ft. 
or about 1012 acres, has been delineated as the area from the confluence 
of the Nanaimo River and Haslam Creek to the Nanaimo delta. This narrow 
elongated floodplain aquifer, bounded on each side by predominantly shale 
and sandstone bedrock, is underlain mainly by fluvial sand and gravel with 
some minor silt and clay (tialstead, 1961). The actual thickness of the 
unconsolidated sediments is not known from available well record data; 
however, cross-sections 6 and 7 (Figure 8) indicate that the average 
thickness may be in the order of 50 ft. (15 m). Further evaluation by way 
of geophysical testing and/or test drilling within the floodplain and 
deltaic deposits will be needed to confirm this. 

Based on available well record data and an assumed average aquifer 
thickness of 20 ft. (6 m), the volume of groundwater in storage that can be 
extracted is estimated at about 1.4 X 109 gallons. Recharge to this aquifer 
from precipitation is estimated at 0.6 X 109 gallons per year. The amount 
of additional recharge from the Nanaimo River is not known but may be 
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more significant than precipitation. Further evaluation of streamflow 
data is needed to assess the amount of influent seepage. 

There are about 19 shallow wells constructed in this aquifer area. 
Well depths are typically less than 40 ft. (12 m) deep. The yields from the 
majority of the wells are generally sufficient for domestic use and one 
well in the delta was reportedly rated at 100 gpm (6.3 Us). There are 
five major production wells constructed for the North Cedar Water Works 
District, whose potential yields vary between 200 gpm (12.6 Us) and 510 
gpm (32.2 Us). According to G. U. Proctor (1989), the present production 
from three of its five wells is just over 480 gpm (30 Us). The other two 
production wells were taken out of service due to iron bacteria problems. 

Based on the! volume of extractable groundwater in this area and the 
amount of recharge, this aquifer has a significant capacity for additional 
development of higher capacity production wells. To determine the 
quantitative capacity of this aquifer more detailed hydrogeological 
investigations and assessments are needed including, test drilling, 
pumping tests, geophysical surveys and streamflow measurements. 

GROUNDWATER QUALITY ASSESSMENT 

A review of well record data indicates that there is laboratory 
chemical analysis data for groundwater from only four water wells. 
Figure 2 shows the locations of the water quality test sites and Table 3 
provides a summary of the groundwater quality data. A review of Water 
Quality Check Program chemistry analyses reports indicates that there 
are analyses of groundwater quality for an additional 46 wells. Table 4 
provides a summary of this data, followed by some statistical analyses of 
parameters. The locations of the well (chemistry) sites are not provided 
since they have not been correlated with existing well record data. 
Further investigation and evaluation of this data is needed to match the 
location information provided on the analysis reports with well record 
data from Groundwater Section’s database files. 
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An analysis of the groundwater quality from the above-mentioned 
four wells indicates that the samples were obtained from relatively 
shallow depths (less than 200 ft. (61 m}), within unconsolidated deposits 
and within a relatively shallow groundwater flow system. 
significance of a shallow groundwater flow system is that most natural 
waters will be low in Total Dissolved Solids (TDS), low in Specific 
Conductance and relatively soft to moderately soft in Hardness. 
appears to be the case for groundwaters within the Nanaimo River basin 
area. 

The 

This 

For the parameters tested, most of the groundwaters have chemical 
concentrations within acceptable water quality limits. A high iron 
content (11.1 mg/L Dissolved) was noted in sample site number 3. This 
well (Observion Well 228) has not been used for production purposes for at 
least 40 years and the source of iron content in the water may be from 
corrosion of the well casing. 

Further analysis of the Water Quality Check Program reports is 
needed to evaluate and correlate sampling depths, aquifer types (ie. 
bedrock or unconsolidated), sampling date, etc. 

AQUIFER CONTAMINATION POTENTIAL 

At present there are no known groundwater contaminated sites 
within the basin area. 
susceptible to contamination due to the fact that the aquifer occurs under 
shallow water table conditions (generally less than 25 ft. (7.6 m} below 
ground), and is comprised of highly permeable sediments that are 
susceptible to rapid infiltration of potential contaminants into the 
groundwater system. 

However, the entire Cassidy Aquifer is potentially 

According to Kohut (1 979), apart from individual domestic and low 
density septic disposal systems, any large scale septic disposal schemes 
or sanitary landfill operations whereby large quantities of untreated 
effluent or waste is disposed in a small area, should not be permitted or 
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approved without an adequate hydrogeological investigation and 
monitoring to assess the effects of any proposals on the groundwater 
regime. 
petroleum storage facilities or highway salt storage areas, etc., in areas 
close to communities utilizing the Cassidy Aquifer for water supply. 

Particular precautions should be considered in the siting of any 

It is further recommended that the Cassidy Aquifer be established 
as a Groundwater Management Area to restrict activities which could lead 
to aquifer degradation and to maintain the aquifer for water supply 
purposes. 

GROUNDWATER/SURFACE WATER INTER-RELATIONSHIP 

Early investigations of the groundwater resources in the Cassidy 
area by Odynsky (1952) and Nasmith (1952), revealed that there is an inter- 
relationship between the permeable unconfined sand and gravel (Cassidy) 
aquifer and Nanaimo River and Haslam Creek. These surface waters along 
their courses, naturally draw from and lose water to the groundwater 
system due to the hydraulic continuity between these water courses and 
the Cassidy Aquifer. 

Since the construction of a number of major production wells along 
the Nanaimo River and Haslam Creek during the past 40 years, the 
relationship between groundwater withdrawals and surface water flows 
and the potential for surface watedgroundwater conflicts has not been 
assessed. 

An assessment of the effects of major groundwater withdrawals and 
potential for additional withdrawals on stream flows would require 
among other considerations, a review and analysis of licensed surface 
water use, groundwater inventory and extraction data, groundwater level 
measurements, streamflow measurements, water quality sampling 
(surface and groundwater), pumping tests and possibly test drilling and 
monitor well construction. 
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CONCLUSIONS AND RECOMMENDATIONS 

The above office study of the groundwater resource in the Nanaimo 
River basin has included a review and evaluation of available geologic and 
hydrogeologic data from water well records, groundwater reports and 
various geologic maps. The Nanairno River basin contains a significant and 
highly permeable sand and gravel aquifer, termed the Cassidy Aquifer, 
which provides groundwater for domestic, irrigation, community, fish 
hatchery and industrial uses. The extent of the Cassidy Aquifer has been 
identified and a quantitative assessment of the groundwater use and 
potential for further development has been addressed. 

Limited groundwater quality data has also been identified and water 
quality appears to be generally within drinking water quality guidelines. 
There are no apparent significant groundwater quality or contamination 
concerns. There appears to be a significant groundwater/surface water 
inter-relationship and potential for conflict. 

Recommendations have also been addressed in the report and include: 

1) the establishment of an observation well in the area of the major 
production wells along the Nanaimo River and Haslam Creek, 
- estimated cost for drilling and completing a 100 ft. (30 m), six 
inch diameter well and monitor equipment is $6,000. ; estimated 
time: 1 week (from contract to recorder installation), 

2) additional hydrogeological investigation and pumping tests to 
assess hydraulic aquifer properties (ie. Transmissivity, Storage 
coefficient, well yields, etc.), 
- estimated cost may be in the order of $10,000., and take up to 2 
weeks to complete, 

3) additional groundwater quality testing and evaluation, 
- estimated cost may be in the order of $10,000. for sampling, 
labortory ana.lyses, and data evaluation, 
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4) test drilling and geophysical surveys to assess aquifer thickness, 
extent and potential, 
- estimated costs may be in the order of $25,000. and take up to 4 
weeks to complete, 

5) streamflow measurements and evaluation to assess the surface 
water/groundwater inter-relationship, 
- Estimated costs for field and office assessment is $2,000., and 
may take up to 1 week to complete, 

6) investigation and evaluation of land-use practices to identify and 
analyze the potential for groundwater contamination by man-made 
activit ies. 
- estimated cost is $2,000., and take up to 2 weeks to complete. 

Marc Zubel 
Senior Geological Engineer 
Groundwater Section 
Water Management Division 
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TABLE 1 : SUMMARY OF AQUIFER AREAS 

I Unconf. I Area [ Area IEstimated Average Aquifer Assume Porosity, n = 0.25 1 Assuming specific I Estimated Recharge 

NOTE: Average annual precipitation (Nanaimo Airport) = 1104 mm. = 42.8 in. 

- Based on a conservative Thornwaite water budget analysis, (Table 2) 
amount of moisture available for runoff + ground infiltration = 580mm. = 22.8 in. 

- Based on generally coarse nature of surficial materials, and assuming 90% infiltration (according to B. Turner), 
Estimated Amount of Annual Recharge = 522 mm. = 20.6 in. 



TABLE 2: THORNWAITE WATER BUDGET (Af ter ,  Turner, 1991 ) 

STATION: NANAIMO A 

Water Budget (mm) 

PE 
P 
P-PE 
Accum PWL 
St 
StCh 
AE 
Def 
N 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

6 14 24 44 76 98 117 106 73 42 18 10 628 
178 117 108 58 38 40 23 33 45 101 161 202 1104 
172 103 84 14 -38 -58 -94 -73 -28. 59 143 192 476 

-3% =96 -190 -264 -291 
300 300 300 300 264 217 158 124 113 172 300 300 
0 0 0 0 -36 -47 -59 -34 -11 59 128 0 
6 14 24 44 74 87 82 67 56 42 18 10 524 
0 0 0 0 2 11 35 39 17 -0 0 0 104 

172 103 84 14 0 0 0 0 0 0 15 192 580 

PE = potential evapotranspiration 
P = precipitation 

P-PE = Precipitation minus potential evapotranspiration 

StCh = water added to (+) or withdrawn from ( - )  soil moisture storage 

Acum PWL = accumulated potential water loss 
St = soil moisture storage; maximum value assumed to be 300 mm 

AE = actual evapotranspiration 
Def = moisture deficit, (PE-AE) I 

N = moisture surplus, (P-AE)-StCh 

AK016.20 



TABLE 3: GROUNDWATER SAMPLING SI TE S 

.001.2.3.2#25 

Sample Site 
No. 

Type 1 
Depth 
Sample Date 

"=a; No.(O 
.001.2.3.2#30 .001.2.3.4#16 .001.4.1.4#23 

PH 
Temp. "C 
Spec. Cond. 
um ho/cm 

6.8 

136 

< 0.5 

- 

Alk. (phnl) 
Alk. (tot.) 

6.7 6.7 7.3 
13  - - 

289 123 63.6 

e 0.5 < 0.5 - 

Chloride 
(diss.) 

4 I 3 I 2 1  1 

UNC / 19' I UNC / 218' I UNC / 79' 
UNC 20' I 
76 /07 /22  I 76/08 /16  I 84/09 /26  I 90/11 /21  

29.9 I 106.0 1 55.6 I 17.5 
3.8 

20-7 I lgS4 I 5-5 I 
< 0.02 I 0.37 I 0.22 Nitrogen ( ~ 0 2  

+N03) 



TABLE 4: WATER O U A L I T Y  CHECK PROGRAM CHEMISTRY ANALYSES 

]Parameter:INTS AlNTS BlNTS Cllest Name IRrst Name and Middle init IPhone No. lAddress #1 IAddress #2 







. 



. 



Parameter:INitrogen NO2 Diss (N) IWell Number lLab Form Number 
units: lmg/L I I 

i 1003370 
i 103554W 

0.003 - - 
i 1002203 

0;003 - - 
! 1001256 

Fl 0.003 
0.007 

.............................................. .............................. ....................................... 

.............................................. .............................. ....................................... 

.............................................. .............................. - ....................................... 

.............................................. - .............................. - ....................................... 
I .............................................. .............................. .......... ........... 

i 1001763 
0.003 ; i .!.OOOS58 



I :Nanaimo 1 

Nitrogen NO3 Diss(N) Distribution 

30.00 

a 25.00 

20.00 

15.00 

a 10.00 

5.00 

L 
a, 

3 i 0.00 0.43 - 0.53 3.65 - 4.52 

0.53 - 0.66 

0.66 - 0.81 

H 0.81 - 1.01 

4-52 - 5-60 

1 

hunt: 4 5  
Aean: 0.57 
Aode <= 0.18 
Aedian: 0.03 
A i  ni ma : 0.01 
.ower Quai !: 0.01 
Jpper Quartile: 0.61 
Aaxima: 8.60 
dax. Acceptable Concentration: N/A 
\esthetic Objectives: N /A 
itd: 1.43 
itdev: 1.44 
ikewness: 4.30 
Curtosis: 22.89 

I Filter: None I 



8 

6 

4 

0 l . . . . l . . . . l . . . . , . . . . , . . . . l  

<= 5.7 7.5 - 7.8 

7.2 - 7.5 4 over 

hunt: 4 6  
dean: 7.5 
dode 6.7 - 7.0 
dedian: 7.4 
d i nima : 5.7 
.ower Quai !: 6.9 
Jpper Quartile: 8.0 
daxima: 9.3 
dax. Acceptable Concentration: NIA 
\esthetic Objectives: 6.5-8.5 
itd: 0.8 
itdev: 0.9 
Skewness: 0.22 
(urtosis: 2.32 

I Filter: None I 



I 1 I Res Filterable-0.45~ Distribution I 

r 1 

Res Filterable-0.45~ - mg/L 

<= 53.0 

53.0 - 67.5 

m e 7 5  859 

85.9 - 109.4 

109.4 - 139.2 

177.2 - 225.6 

225.6 - 287.3 

287.3 - 365.7 

365.7 - 465.6 

465.6 - 592.7 

592.7 - 754.6 

754.6 - 960.7 

960.7 - 1223.0 

1223.0 - 1557.0 

1557.0 - 1982.2 

u 1 9 8 2 2  2523.5 

2523.5 - 3212.7 

3212.7 - 4090.0 

over 

Zount: 3 4  
ulean: 503.0 
Ulode 139.2 - 177.2 
Uledian: 246.0 
Ul in ima : 53.0 
-ewer Quartile: 142.0 
Jpper Quartile: 562.0 
Ulaxima: 4090.0 
Ulax. Acceptable Concentration: N/A 
4esthetic Objectives: N/A 
Std: 751.6 
Stdev: 762.9 
; kew ness : 3.38 
(urtosis: 15.33 



Turbidity Distribution 

v) [ a 
3 
Z 

25.0 

20.0 

15.0 

10.0 

5.0 

0.0 

I Turbidity - NTU I 

<= 1.0 

II 1.0 - 1.2 

4.9 - 5.7 

5.7 - 6.7 

1.2 - 1.4 6.7 - 7.9 

1.4 - 1.6 7.9 - 9.2 

1.6 - 1.9 R 9.2 - 10.8 
1 .g 2.2 0 1 1 0 8  1 2 7  

2.2 - 2.6 12.7 - 14.9 

2.6 - 3.0 14.9 - 17.4 

w 3.0 - 3.6 17.4 - 20.4 

3.6 - 4.2 20.4 - 24.0 

4.2 - 4.9 24.0 - 28.1 

w 28.1 - 32.9 

32.9 - 38.6 

38.6 - 45.2 

45.2 - 53.0 

53.0 - 62.1 

62.1 - 72.8 

72.8 - 85.3 

W 85.3 - 100.0 
Over 

Zount: 4 6  
Aean: 7.5 
Aode <= 1.0 
Aed ia n : 1.1 
A i  n ima : 0.0 
.ower Quartile: 0.5 
Jpper Quartile: 3.5 
Aaxima: 100.0 
Aax. Acceptable Concentration: 1 .o 
besthetic Objectives: 5.0 
itd: 18.8 
itdev: 19.0 
i kew ness : 3.68 
Curtosis: 16.26 

I Filter: None I 



25.00 

20.00 

15.00 

10.00 

5.00 

0 .oo 

<= 0.00 1.69 - 1.93 

81 0.00 - 0.24 

0.24 - 0.48 

0.48 - 0.72 H 2.41 - 2.66 

bunt: 4 6  
Aean: 0.1 2 
Aode 0.00 - 0.24 
Aedian: 0.01 
A i n i ma : 0.00 
.ower Quartile: 0.00 
Jpper Quartile: 0.07 
daxima: 3.38 
dax. Acceptable Concentration: 1 .oo 
testhetic Objectives: N/A 
itd: 0.49 
itdev: 0.50 
ikewness: 6.22 
(urtosis: 40.72 

[ Filter: None I 



I :Nanaimo I 

15.00 

10.00 

5.00 

0.00 

<= 0.00 

0.00 - 0.14 

0.14 - 0.28 

0.28 - 0.42 

0.42 - 0.56 

0.56 - 0.70 

0.70 - 0.84 

Sl 0.84 - 0.98 

0.98 - 1.12 

over 

hunt: 4 6  
Vlean: 0.28 
Vlode 0.00 - 0.14 
Vledian: 0.1 0 
VI i ni ma : 0.00 
-ewer Quartile: 0.01 
Jpper Quartile: 0.48 
VIaxima: 1.12 
Max. Acceptable Concentration: 5 .OO 
\esthetic Objectives: NIA 
Std: 0.35 
Stdev: 0.36 
Skewness: 1.10 
Curtosis: 2.70 



I :Nanaimo I 
I 1 

Flouride Dissolved Distribution 

20.0 

10.0 

0 -0 

Flouride Dissolved - mg/L I 

<= 0.0 

0.0 - 0.5 

Q 0.5 1 1 

1.1 - 1.6 

1.6 - 2.2 

2.2 - 2.7 

2.7 - 3.2 

W 3.2 - 3.8 

W 3.8 - 4.3 

over 

bunt: 4 6  
Aean: 0.6 
Aode 0.0 - 0.5 
Aedian: 0.2 
A i ni ma : 0.0 
.ower Quartile: 0.0 
Jpper Quartile: 0.8 
Aaxima: 4.3 
Aax. Acceptable Concentration: 1.5 
\esthetic Objectives: N/A 
itd: 0.9 
itdev: 1 .o 
ikewness : 2.32 
Curtosis: 8.06 

I Filter: None I 



I Coliform - Total Distribution I 

3 5  

3 0  

2 5  

2 0  

1 5  

1 0  

5 

0 

- 8  6 2 0  3 5  4 9  

I Coliform - Total - MPN I 

<= 0 

E O - 7  

0 7  - 14 

14 - 21 

21 - 28 

28 34 

34 - 41 

41 - 48 

48 - 55 

over 
I 

bunt: 
Ilean: 
node 
Iled ia n : 
Il i ni ma : 
.ower Quartile: 
Jpper Quadile: 
Ilaxima: 
Ilax. Acceptable Concentration: 
best het ic 0 bject ives : 
itd: 
itdev: 
ikewness : 
(urtosis: 

4 6  
3 

<= 0 
0 
0 
0 
2 

5 5  
N /A 
N /A 
9 
9 

4.40 
22.88 

I Filter: None I 



Specific Conductance Distribution 

i I 1 

10.0 100.0 1000.0 10000.0 

[Specific Conductance - uS/crn I 

>aunt: 4 6  
dean: 760.6 
Iode 708.9 
Jledian : 420.0 
Jl ini ma : 70 .O 
.ower Quartile: 225.0 
Jpper Quartile: 668.0 
blaxima: 71 80.0 
Ulax. Acceptable Concentration: N/A 
4esthetic Objectives: N/A 
jtd: 1157.2 
jtdev: 1 170.0 
Skewness: 4.04 
Curtosis: 21.1 1 

I Filter: None I 



I i 

Hardness Total Distribution 

- 1  3 3 8  8 8  139 189 

Hardness Total - mg/L 

<= 0 m 1 1 9  - 
no- 12 131 - 
Q 1 2  24 143 - 

24 - 36 155 - 
36 - 48 H 167 - 

60 - 72 191 - 
72 - 84 203 - 

96 - 108 over 

108 - 119 

131 

143 

155 

167 

179 

191 

203 

21 5 

227 

Zount: 4 6  
Pean: 6 2  
ulode 0 - 12 
Pedian: 5 6  
ulinima: 0 
.ower Quartile: 2 3  
Jpper Quartile: 7 6  
Ulaxima: 227 
Ulax. Acceptable Concentration: 80-1  0 0  
4esthetic Objectives: N/A 
Std: 5 5  
Stdev: 5 6  
S kew ness: 1.28 
Curtosis: 4.22 

I Filter: None I 



I Alkaline Total 4.5 Distribution I 

1 0  

8 

6 

4 

2 

0 

I ' 11 

Alkaline Total 4.5 - mg/L 
I 

E 
<= 19.8 

19.8 - 63.1 

63.1 - 106.4 

106.4 - 149.6 

149.6 - 192.9 

192.9 - 236.2 

236.2 - 279.5 

279.5 - 322.7 

322.7 - 366.0 

over 

bunt: 4 6  
lean: 142.7 

median: 132.0 
l i ni ma : 19.8 
.ower Quartile: 70.1 
Jpper Quartile: 204.0 
laxima: 366.0 
lax. Acceptable Concentration: N/A 
\esthetic Objectives: N/A 
itd: 90.1 
itdev: 91.1 
ikewness: 0.58 
Lurtosis: 2.69 

lode 19.8 - 63.1 

I Filter: None I 



Calcium Distribution 

- 3  14.54 32.08 49.62 67.16 

<= 1.6 40.9 - 45.2 

H 45.2 - 49.6 1.6 - 6.0 

19.0 - 23.4 62.7 - 67.0 

23.4 - 27.8 

E 27.8 - 32.1 

H 32.1 - 36.5 

fl 67.0 - 71.4 

36.5 - 40.9 mover  

Zount: 4 6  
dean: 19.4 
dode 14.7 - 19.0 
dedian: 15.2 
dinima: 0.0 
.ower Quartile: 7.9 
Jpper Quartile: 25.4 
daxima: 80.1 
dax. Acceptable Concentration: N/A 
\esthetic Objectives: N/A 
itd: 18.2 
itdev: 18.4 
i kew ness : 1.48 
Curtosis: 4.79 



I :Nanaimo 

Chromium Distribution 

30 .OO 

25.00 

20.00 

15.00 

10.00 

5.00 

0.00 

0 c9v 6 0 0 0 0  s 6 s s  
? 

I Chromium - mg/L I 

<= 0.00 

0.00 - 0.01 

0.01 0.02 

0.02 - 0.03 

0.03 - 0.04 

Over 

bunt: 4 6  
Aean: 0.00 
Aode <= 0.00 
Aedian: 0.00 
A i  ni ma : 0.00 
.ower Quartile: 0.00 
Jpper Quartile: 0.01 
Aaxima: 0.04 
Aax. Acceptable Concentration: 0.05 
\esthetic Objectives: N/A 
itd: 0.01 
itdev: 0.01 
ikewness : 4.26 
Curtosis: 24.1 0 

rFilter: None I 



I Copper Distribution I 

30.00 

25.00 

20.00 

15.00 

10.00 

5.00 

0.00 

( 0 0  e s h ? ,  0 0 0 0  

? 

I Copper - mg/L I 

<= 0.00 

H 0.00 - 0.07 

m o o 7  014 

0.14 - 0.21 

0.21 - 0.29 

0.29 0.36 

0.36 - 0.43 

H 0.43 - 0.50 

0.50 - 0.57 

over 

hunt: 4 6  
ilean: 0.07 
lode 0.00 - 0.07 
ledian: 0.02 
di ni ma : 0.00 
.ower Quartile: 0.01 
Jpper Quartile: 0.09 
laxima: 0.57 
dax. Acceptable Concentration: NIA 
lesthetic Objectives: 1 .oo 
Std: 0.1 1 
Stdev: 0.1 1 
Skewness: 2.98 
(urtosis: 12.88 



I :Nanaimo I 

25.0 i 1 
20.0 

15.0 

10.0 

5.0 

0.0 

0.1 0.3 0.9 2.6 7.8 

2ount: 
ulean: 
Ylode 
Jledian: 
Jl in i ma : 
,ewer Quartile: 
Jpper Quartile: 
Ylaxima: 
Jlax. Acceptable Concentration : 
aesthetic Objectives: 
3td: 
3tdev: 
3 kew ness : 

4 6  
0.9 

<= 0.2 
0.2 
0.0 

0.1 0 
0.5 
16.2 
N/A 
0.3 
2.5 
2.5 

5.08 
(urtosis: 30.23 



I :Nanairno I 
t 1 

Magnesium Distribution 

15.0 

10.0 

5.0 

0.0 

<= 0.0 

w 0.0 - 1.8 

1.8 3.6 

3.6 - 5.4 

5.4 - 7.2 

7.2 - 8.9 

8.9 - 10.7 

10.7 - 12.5 

w 12.5 - 14.3 

over 

bunt: 
lean: 
lode 
ledian: 
tl i ni ma : 

4 6  
3.4 

0.0 - 1.8 
2.6 
0.0 

.ower Quar Ale: 0.9 
Jpper Quartile: 5.6 
tlaxima: 14.3 
tlax. Acceptable Concentration: N/A 
\esthetic Objectives: N /A 
itd: 2.8 
itdev: 2.9 
ikew ness: 1.25 
Curt osis : 5.45 

I Filter: None I 



Manganese Distribution 

40.00 

30.00 

20.00 

10.00 

0.00 

Manganese - mg/L -I 

0.48 - 0.61 61 1.70 - 1.82 

0.61 - 0.73 1-82 - 1.94 

0.73 - 0.85 

0.85 - 0.97 

0.97 - 1.09 over 

hunt: 43  
Ulean: 0.1 2 
Ulode 0.00 - 0.12 
Uledian: 0.02 
Mini ma : 0.00 
-ewer Quartile: 0.01 
Jpper Quartile: 0.09 
Maxima: 2.1 8 
Ulax. Acceptable Concentration: NIA 
4esthetic Objectives: 0.05 
Std: 0.34 
Stdev: 0.35 
Skewness: 5.06 
<u r t osis : 29.59 

I Filter: None 1 



I zinc Distribution I 

E 

40.00 

30.00 

20.00 

10.00 

0.00 

<= 0.00 

0.00 - 0.24 

0.24 0.49 

0.49 - 0.73 

0.73 - 0.98 

0.98 - 1-22 

1.22 - 1.46 

1.46 - 1.71 

1.71 - 1.95 

over 

hunt: 
lean: 
node 
ledian: 
A i  nima : 

4 3  
0.09 

0.00 - 0.24 
0.02 
0.00 

.ower QuarLle: 0.01 
Jpper Quartile: 0.05 
Aaxima: 1.95 
lax. Acceptable Concentration: N/A 
testhetic Objectives: 5.00 
itd: 0.30 
itdev: 0.30 
ikewness: 5.59 
(u rt osis : 34.29 


