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Arsenic 2 (1%) 2 (1%) 

Fluoride 0 3 (1%) 

. Lead 8 (3%) 20 (8%) 

Total Dissolved Solids (TDS) 4 (2%) 6 (2%) 

Chloride 1 (0.4%) 3 (1%) 
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Executive Summary 

In response to public concerns over impacts of land use activities above groundwater 
supply sources (aquifers), a 2-phase evaluation of the groundwater quality in 192 
community wells and 75 selected private wells in the Fraser Valley was completed 
between 1992 and 1993. Well water samples were analysed for a comprehensive suite of 
inorganic and organic constituents including pesticides and volatile organic compounds 
(VOCS) . 

Water Quality Results 

The monitoring results indicate that the overall water quality in the Fraser Valley is good. 
However, the Guidelines for Canadian Drinking Water Quality (GCDWQ) were exceeded 
for the following constituents shown in the table below: 

I Nitrate-N I 23 (10%) I27(1l%) I 

Now with Agra Earth and Environmental, Burnaby, British Columbia 1 

.I 
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Guidelines for nitrate-N, arsenic, fluoride and lead are set based on direct health affects; 
guidelines for the other constituents in the preceding table are based on aesthetic 
objectives. Nitrate-N is the main contaminant of concern. Nearly all of the nitrate-N 
exceedences occurred in 3 heavily developed, highly vulnerable sand and gravel aquifers: 
the Abbotsford/Sumas, Hopington and Langley/Bmkswood aquifers. Elevated nitrate-N 
concentrations reflect groundwater quality degradation due to human activities. 

0.4-1.7 

1.3-1.7 

1.4 

Fluoride and arseNc exceedences are interpreted to be naturally occurring. AlI fluoride 
exceedences (3 wells) occurred in the Grant Hill bedrock aquifer near Mission and are 
associated with high pH and/or elevated TDS values. High levels of TDS, chloride, and 
sodium can appear to be both natural or related to human activities. Regional water 
quality trends were not observed for the other constituents exceeding the GCDWQ 
(arsenic, lead, iron, manganese, copper, and zinc). Lead and copper exceedences are 
likely attributable to water delivery systems. Some of the wells had multiple exceedences. 

20 (WHO) 

200 (USEPA) 

None set 

Three pesticides were detected in 6 private wells (oxamyl, 1, 2-dichloropropane and 
bromacil). None of the pesticides detected exceeded any existing standard. Other organic 
detections include trihalomethanes, freon and other Volatile Organic Compounds (VOCs) 
(m, pxylene, 1, 1, 1-trichloroethane and carbon tetrachloride). As shown in the table 
below, all of the organic compounds were detected at low levels and not at any level of 
health concern. 

Trihalomethanes 

Freon 

Pesticides: 

1,2dichloropropane 

Oxamyl 

Bromaal 

vocs: 
~ ~ ~ 

7 /14  0.2-1 3.8 100 (GCDWQ) 

318 0.2-2 .o None set 

1 ,l ,l-trichloroethane 

Mpxylene 

Carbon tetrachloride 

~ ~ ~- _____ _ _ _ _ ~  

1 t o  0.3 2000 (WHO) 

011 0.3 300 (GCDWQ) 

011 0.5 5 (GCDWQ) 

GCDWQ = Guidelines for Canadian Drinking Water Quality 
USEPA = U.S. Environmental Protection Agency 
WHO = World Health Organization 
None set = No guideline or standard has been set for these constituents 

%. 
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Well Assessments 

Sixty-nine of the total study wells (29%) were identified to be at possible risk of 
contamination based on the following criteria: poor well seal (25 wells), wells that are 
within 30 m of septic fields (34 wells) and abandoned wells identified on properties (24 
properties). Abandoned wells pose a potential pollution threat and should be properly 
decommissioned by the well purveyor/owner following existing guidelines (Ministry of 
Environment, 1982). Proper well maintenance by the purveyor/owner may further 
alleviate risk of contamination. Regulations on well construction and certification of 
water well drillers are needed to reduce the risk of contamination caused by improperly 
constructed or abandoned wells. 

Capture Zones and Well Protection Plans 

Preliminary capture zones (recharge areas) for all community wells have been delineated, 
following USEPA (1993) guidelines, using the arbitrary fixed radius (110 wells), 
calculated fixed radius (39 wells), and analytical equations (29 wells). The large number 
of arbitrary fixed radius capture mnes stems from the fact that lithological, well 
construction, and water use information are unavailable for many of the community wells 
since reporting of this information is not mandatory. In the Abbotsford Upland, Hatzic 
Island, Fort Langley and upland areas of the Grant Hill, Mission, Hopington and 
Langley/Broolawood aquifers, capture mnes collectively occupy significantly large areas. 
In these areas, consideration should be given to designating the whole aquifer as a 
groundwater management area (GWMA) for protection. 

A &step preliminary well protection plan has been outlined to help purveyors begin to 
protect their well supply on a voluntary basis. The 6 steps involve: 1) forming a 
community planning team; 2) finalizing the preliminary capture zone for the well; 3) 
identifying and documenting potential sources of contamination in the capture zone area 
and assessing the risk of contamination; 4) implementing measures to protect the capture 
zone area; 5)  developing a contingency plan for the future; and 6) monitoring, reporting, 
and evaluating the well protection plan on an annual basis. 

Recommendations 

Continued and enhanced management efforts by the various levels of government and well 
purveyors are required to protect well supplies and groundwater resources and to prevent 
further quality degradation, in particular from nitrates, from occurring. To this end, a 
groundwater protection strategy for the Fraser Valley is recommended which includes the 
following elements: 

Continued monitoring of all community wells to protect public health and 
establishment of a minimum provincial network of observaiion wells to monitor the 
ambient water quality of aquifers in the region to detect any degradation at an 
early stage; development of a minimum suite of chemical constituents for analysis 
and annual reporting of the results are also recommended; 

iii 
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Continue to investigate and implement methods to minimize sources of nitrate- 
nitrogen loading over highly vulnerable, unconfined aquifers, especially over the 
Abbotsford/Sumas, Langley/Brookswood and Hopington aquifers where water 
quality degradation is most severe. Where manure is a significant source of 
loading, the Code of Agncdtural Practices for Waste Manugement should be 
followed and enforced; 

Investigate VOC detections to determine possible causes of occurrence, and 
inspection of wells at risk to determine what mitigative measures can be taken to 
reduce pollution risk; 

Community well purveyors and local governments should develop and implement 
customized well protection plans to protect their well supplies; 

All government agencies should consider vulnerability of aquifers and capture 
zones in reviewing applications for waste discharge, land developments and 
resource extraction; 

Develop Provincial guidelines to assist well owners to develop well protection 
plans; 

As a follow-up to this study, archive the water quality results into the MoELP 
water quality database; 

Implement a program of aquifer mapping and assessment to gain information and 
understanding of the groundwater resources in the Fraser Valley; 

Promote greater public awareness for groundwater protection; and 

Enact Provincial legislation for: well construction standards, submission of water 
well data, development of well protection plans and designation of groundwater 
management areas (GWMAs) above high risk aquifers to protect this valuable 
reSOUrCe. 

-a 1v 
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I Introduction 
Groundwater is an unseen resource that is an important supply of drinking water to many 
people in British Columbia. It was estimated in 1981 that annual use of groundwater in 
British Columbia was higher than any other Province or Territory in Canada, except 
Ontario (Hess, 1986). An estimated 22% of the province's population relies on 
groundwater for domestic use. In the Fraser Valley, groundwater use is equally 
significant. Major communities such as Langley (83,004 people in 1991), Abbotsford 
(91,536 people in 1992) and Chilliwack (57,507 people in 1992) and farms, nurseries and 
industries, such as the Fraser Valley Trout Hatchery, rely on groundwater for their water 
supply * 

In the Fraser Valley, public concerns over degradation of groundwater quality have been 
raised due to apprehensions about quality of drinking water and land use activities over 
aquifers and around wells. Federal and provincial agencies have monitored nitrates in 
selected areas in the Fraser Valley, such as Langley, Brookswood, Hopington and 
Abbotsford, over the past 40 years. More recently, selected pesticides have also been 
monitored. Studies have shown that nitrate concentrations in these areas of the Fraser 
Valley are elevated and locally exceed the drinking water guidelines. Low levels of 
several pesticides have also been detected (Szto et al, 1994; Liebscher et al, 1992; 
Gartner Lee Limited, 1992; Kohut et al, 1989; Kwong, 1986). 

Public health concerns, international cross-boundary contamination issues with the 
Abbotsford/Sumas aquifer and detections of nitrate concentrations exceeding the 
Guidelines for Canadian Drinking Water Quality (GCDWQ) led the B.C. Ministry of 
Health in 1991 to initiate a preliminary study. This preliminary study (Gartner Lee 
Limited, 1992) compiled existing water quality data on a regional basis, identified risk 
areas and made recommendations for future monitoring programs. 

As a result of these recommendations, the provincial Ministries of Agriculture, Fisheries 
and Food (MoAFF), Environment, Lands and Parks (MoELP) and Health (MoH) 
collaborated on a 2-year investigation into the groundwater quality of all the community 
wells and select private wells in the Fraser Valley. In the 1992 phase of the Fraser 
Valley Groundwater Monitoring Program (FVGMP) or Phase 1, 169 community wells and 
71 selected private wells were sampled for a variety of organic and inorganic constituents 
and site inspection for each well was carried out to identify any obvious nearby sources of 
contamination (Gartner Lee Limited, 1993). A community well is defined as wells 
supplying any commercial premise sewing the public or serving two or more dwellings. 
In the second year of the FVGMP, the wells were resampled in the Summer of 1993 
(Phase 2-Summer) and a smaller subset of these wells were sampled for organic 
constituents in the Winter of 1993 (Phase 2-Winter). 

This report summarizes the 2-year monitoring program with particular emphasis on the 
1993 sampling round data, presents preliminary well protection plans for all community 
wells in the study and provides recommendations for future consideration. 
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1.1 Scope 

The study area is located just east of Vancouver and is bounded on the north by the Coast 
Mountains and on the south by the U.S.-Canadian border (see Figwe 1.1 and Map Sheet 
1). The study area includes part of Surrey and extends eastward past Chilliwack. There 
are three health units located within the study area: Boundary, Central Fraser Valley' and 
Upper Fraser Valley Health Units. 

The FVGMP was initiated in the Winter of 1992 (Phase 1). Three sampling rounds were 
completed: Winter of 1992 (Phase l), Summer of 1993 (Phase 2-Summer) and Winter of 
1993 (Phase 2-Winter). A report summarizing the results of Phase 1 was released in 
April, 1993 (Gartner Lee Limited, 1993). This report deals mainly with results from 
Phase 2 (Summer and Winter 1993). 

Costs for the study were shared by 3 provincial m i n i s t r k  (MoAFF, MoELP and MoH). 
The costs incurred were approximately $330,000 (Phase 1) and $250,000 (Phase 2). The 
analytical costs for pesticides, volatile organic compounds (VOCs) and inorganic 
constituents were 63-69% of the total budget, depending on the year of the study. The 
remainder of the budget went mostly to sample collection (12%) and Quality 
AssurandQuality Control protocols (10-12%). 

1.2 Objectives 

The three main objectives of the Fraser Valley Groundwater Monitoring Program 
(FVGMP) were to: 

1. generate baseline data valley-wide with an associated high level of confidence on 
inorganic and organic constituents to assess the groundwater quality on a regional 
basis, 

2. conduct site assessments for all the study wells to assist in defining possible 
sources of contamination and identify areas with possible water quality concerns 
and 

3. delineate preliminary capture mnes for all the community wells in the study and 
develop preliminary well protection plans. 

The Central Fraser Valley Health Unit has recently undergone a boundary adjustment and has 
been incorporated into the Boundary, Simon Fraser and Upper Fraser Valley Health Units. 
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Figure 1. I Fraser Va//ey Groundwater Monitoring Study Area. 
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1.3 Project Organization 

The Fraser Valley Groundwater Monitoring Program (FVGMP) was managed by a 
Technical Steering Committee composed of representatives from the 3 provincial 
Ministries involved in this project. The Ministry of Health representatives included B. 
Willoughby, Dr. R. Guasparini, G. Stewart, B. Koberstein, R. Busch and V. Carmichael. 
The Ministry of Environment, Lands and Parks representatives included M. Wei, L. 
Ringham, and B. Vance. The Ministry of Agriculture and Fisheries and Food's 
representative was M. Warhg. B. Whittaker joined the Steering Committee in Phase 2 to 
represent community interests. The project structure is shown in Figure 1.2. The lines 
with arrows indicate the communication pathways. 

Figure 1.2. Project structure. There were 2 hydrogeological 
firms involved with the study: 
in Phase 1, Gartner Lee Limited 
and in Phase 2, Norecol, 
Dames and Moore Inc. The 
primary role of the 
hydrogeological firm(s) was to 
collect well water samples and 
to deliver the samples to the 
analytical laboratories. In 
Phase 1, Gartner Lee Limited 
was also responsible for on site 
well assessment, writing the 
Phase 1 report and conveying 
the water quality analyses 
results to the well owner. 

[Raportl 

MOAFF, MOELP, MOH 

\ f 
Hydrogeological Consultants 

*' 1 '  W Q C  Coordinator 

llhalyucal Laboratories1 

The same analytical laboratories 
were used throughout the study. All inorganic analyses were done by Zenon 
Environmental Laboratories in Burnaby, B.C. The analyses of the volatile organic 
compounds (VOCs) were performed by Analytical Services Laboratory (ASL) in 
Vancouver, B.C. The pesticide samples were analysed by Enviro-Test Laboratory (ETL) 
in Edmonton, Alberta. 

The Quality AssurancdQuality Control (QAIQC) Coordinator prepared external reference 
samples and scrutinized the analytical data for compliance to analysis acceptance criteria 
throughout the study. This service was provide by S. Brynjolfson of the Laboratory 
Services Branch of the Ministry of Environment, Lands and Parks. 

An independent review was done on this report by Allan Freeze of R. Allan Freeze 
Engineering Inc. to ensure scientific technical standards were met. 

. .. -, 
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1.4 Other Groundwater Activities in the Fraser Valley 

In 199211993, there were other research and monitoring activities in the Fraser Valley 
conducted by federal and provincial agencies that directly and indirectly involve 
groundwater quality and quantity. These activities are S~QWII in Table 1.1. 

Table 1.1 is not a complete listing of groundwater related projects in the Fraser Valley. 
Various municipalities and community groups are also investigating groundwater issues in 
their jurisdiction(s). In addition, there are numerous research projects ongoing ranging 
from the development of controlled release fertilizer from poultry manure to developing 
and calibrating a soil nitrogen test for raspberry production. A notable trend in Table 1.1 
is that many of the projects are carried out cooperatively between the various Federal and 
Provincial government agencies. 

Most of the work being done is in the Abbotsford/Sumas aquifer and is agriculturally 
related. Little water quality work is being done on a valley-wide basis. It is felt that the 
FVGMP addresses this data gap. Furthermore, it is felt that the basic understanding of 
the groundwater flow and sustained yield of the aquifers in the Fraser Valley, which is 
vital in managing and protecting the groundwater resources, is still lacking and needs 
further investigation, and this report provides some contributions in that direction. 
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Table 1 .l. Other groundwater activities in the Fraser Valley, 1992-1 993. 

AbbotsfordlSumas 
aquifer 

Brookswood and 
AbbotsfordlSumas i aquifers 

Pesticide studymonitoring for I ,2- 
DCP & 1,2,2-TCP in 60 monitoring 
wells and 24 private wells 

Nitrate-N monitoring-continuous 
sampling with depth at 3 sites as 
well as sampling oncdmonth for 6- 
12 months 

Nitrate-N monitoring-semCmonthly 
sampling of approximately 50 
monitoring wells and private wells 

Survey of nitrate-N in Agassiz area 

Isotopic evaluation and fate of 
nitrate-N-I 17 community and 
private wells sampled to determine 
the source of nitrate-N 

Monthly water level monitoring of 
approx. 36 piezometers 

J 

AbbotsfordlSumas 
aquifer 

AbbotsfordlSumas 
aquifer (U.S. and 
Canada) 

AbbotsfordlSumas 
aquifer 

Fraser Valley 

J 
(0) 

J 

J 

Provincial Observation Well 
Network - on-going monitoring of 
regional groundwater levels in 18 
observation wells 

Aquifer Mapping-delineation and 
characterization of aquifers in the 
Fraser Vallev 

Langley and 
AbbotsfordSumas 
aquifer 

Alderg rovdAb botsf 
ord-Sumas 

AbbotsfordSumas 
aquifer 

Fraser Valley 

J 

J 

/ Vulnerability Mapping- investigate 
methods of aquifer vulnerability 
mapping (FRAP) 

AbbotsfordSumas Aquifer 
Agricultural Information System- 
used to manage, analyse and 
interpret data related to the 
AbbotsfordlSumas aquifer 

Aquifer Classification delineate and 
classify aquifers in the Fraser 
Lowland I 

J 

- 
AbbotsfordlSumas 
aquifer 

Fraser Valley 

Mapping of Abbotsford aquifer-land 
use, contaminant sources and well 
locations 

Ambient Groundwater Quality 
Program -monitoring of nitrate-N in 
groundwater 

Pesticide leachability research on 
breakdown product (MITC) of soil 
fumigant Vapam 

Soil fumigant research-soil column 
work on Telone and Telone II 

contaminated water. 

International Task Force-various J (0) I ?  I. . -- -- . 
provincial & state agencies joined 
together to aadress transboundary 
environmental issues 
(C) = completed at printing 
(0) = ongoing 

AbbotsfordSumas 
aquifer 

- I  

Listing of Acronyms 
NHRI 
EC 
AC . 
GSC '-., 
MoAFF ,, 
MoELP 
MoH 
UBC \\ 

National Hydrology Research Institute 
Environment Canada 
Agriculture and Agri-Food Canada 
Geologic Survey of Canada 
Ministry of Agriculture, Fisheries and Food 
Ministry of Environment, Lands and Parks 
Ministry of Health 
University of British Columbia 

I 

\ 
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a- f h tud Ar a 
This section briefly summarizes the surflcial geology and hydrogeology of the study area. 
Surficial geology strongly influences the occumnce of aquifers and groundwater in the 
Fraser Valley. The landscape of the area has been shaped largely within the glacial and 
post-glacial period. During this time, rivers and glaciers dissected the Coast and Cascade 
Mountains and deposited sediments into what is today the Fraser Valley and Strait of 
Georgia. Unconsolidated sediments, up to 300 m thick, underlie most of the Valley; 
bedrock hills protrude through these deposits at a few places. Most of the sediments were 
deposited within the last 6 2 , W  years, during alternating glacial and non-glacial periods 
(Figure 2.1). Much of the useable groundwater in the Fraser Valley occurs in these 
saturated, permeable unconsolidated sediments which form aquifers that supply 
groundwater to wells. Older sediments are encountered in some deep drill holes but very 
little information is available on these formations. 

2.1 Surficial Geologic Deposits 
The unconsolidated sediments of the last 62,000 years have been grouped (Armstrong, 
198Oa, b and c) into 8 distinct geologic units (Figure 2.1) and corresponding to distinct 
geologic and climatic environments. These units are!, in order of increasing age: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Salish Sediments 
Fraser River Sediments 
Sumas Drift 
Capilano Sediments 
Fort Langley Formation 
Vashon Drift 
Coquitlam Drift 
Cowichan Head Formation 

All 8 formations contain permeable, saturated sand and gravel deposits, which form 
aquifers. Aquifers tapped by the study wells occur in 6 of the above 8 surfcial geologic 
formations. No study wells were in aquifers in Capilano Sediments or Coquitlam Drift 
because these formations generally occur west of the study area. Seven study wells were 
completed into fractured sandstone bedrock and 61 wells had no geologic information for 
them but most are likely completed into surficial deposits not associated with any 
identified major aquifers. 

2.2 Aquifers Tapped by the Study Wells 

The study wells tap 31 of the 54 major aquifers identified in the study area. Appendix 1 
presents a profile of the 31 aquifers including the size of the aquifer, associated geologic 
formations, the aquifer material, depth to water, aquifer productivity, probable sources of 
recharge, aquifer vulnerability, and level and type of groundwater use. Map Sheet 2 
shows the locations of the major aquifers tapped by the study wells. Figure 2.2 shows the 
distribution of the study wells by aquifers. Only 2 are bedrock aquifers, the rest (29) are 
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Figure 2.1 Summary of geologic history, Fraser Valley. 
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sand and gravel aquifers. A brief summary of groundwater conditions for each aquifer is 
found in Appendix 1 to provide interested readers with an aquifer-wide framework for the 
study wells. The other 23 aquifers in the study area not tapped by the study wells will 
not be discussed here but have been described in b y e  and Wei (1994). 

In the study area, 5 aquifers are subjected to particularly heavy use: the 
AbbotsfordISumas aquifer, Langley/Brookswood aquifer, Vedder River Fan aquifer, 
Hopington aquifer and another aquifer south of Hopington (Map Sheet 2). The 

Figure 2.2. Distribution of study wells by aquifer. 
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Abbotsford/Sumas, Langley/Brookswd, and Vedder River Fan aquifers supply 
groundwater to major communities (the cities of Abbotsford, Langley and Chilliwack). 
Water supply for the Fraser Valley Trout Hatchery, a major provincial hatchery, also 
comes from the Abbotsford/Sumas aquifer. 

A significant number of the sand and gravel aquifers (15 of the 29 aquifers) tapped by the 
study wells are unconfined and have a shallow water table. These aquifers are associated 
with sand and gravel deposits of the Fraser River Sediments, Salish Sediments, Sumas 
Drift and Fort Langley Formation. They are highly vulnerable to contamination from 
surface sources because they are not protected by any extensive, overlying low 
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permeability clay or till deposits. High vulnerability aquifers include four of the heavily 
used aquifers (Abbotsford/Sumas, Langley/Brookswood, Vedder River Fan and Hopington 
aquifers). The 2 bedrock aquifers (Grant Hill and Mission) are also considered highly 
vulnerable because they are unconfined (no extensive overlying low permeability 
deposits). 

Twelve of the 31 aquifers are confined above by likely low permeability deposits and have 
generally low vulnerability to contamination. Many of these deeper, confined aquifers are 
located in the west half of the study area south of the Fraser River and underlie the 
shallower, highly vulnerable aquifers (Map Sheet 2). The confined aquifers are associated 
with sand and gravel sediments of deeper, older surfkial geologic deposits such as the 
Fort Langley Formation, Vashon Drift and Cowichan Head Formation. 

Recharge to unconfined aquifers is generally from infiltration of 
the aquifers. Seasonal groundwater level fluctuation patterns measured in the Provincial 
Observation Well Network in the study area correlate with rainfall patterns (Kohut et al, 
1982). Unconfined aquifers that border surface water bodies may also receive recharge 
locally from surface water. Recharge to confined aquifers in the Fraser Valley is not well 
understood. Possible sources of recharge include infiltration of precipitation and leakage 
from other aquifers. 

falling directly on 

Regional groundwater flow directions have been mapped for only a few aquifers in the 
study area (Abbotsford/Sumas, Langley/Brookswood and Columbia Valley aquifers). 
Groundwater flow in many of the other aquifers tapped by the study wells have not been 
mapped although groundwater flow in some of the shallow unconfined aquifers can often 
be inferred from the topographic slope. 

I 
I 
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Study Methodologies 

3.1 Well Selection 

throughout the Fraser Valley. 
The majority of wells are 
located in Langley (27%), 
Abbotsford (13%) and Maple 
Ridge (13 %) . The category 
"other" in Figure 3.1 refers 
to Columbia Valley (6 wells), 
Cultus Lake (5 wells), 
Deroche (2 wells), Dewdney 
(1 well), Fort Langley (3 
wells), Hatzic Lake (8 wells), 
Lake Errwh (3 wells), 
Rosedale (2 wells), Sardis (9 
wells), Surrey (5 wells) and 
WhOMWk (1 well). 

Study wells were located Figure 3.1. Distribution of the study wells by area. 

Chil l ick 5% 

Mission 10% 

All community wells in the 
study area and 75 selected 
private wells were chosen for 
sampling. A listing of 192 I 

Figure 3.2. Distribution of commun-m and private wells by 
risk area. 

community wells was 
obtained from the Health 
Units in the study area. A 
community well is defined as 
a well supplying any 
commercial premise serving 
the public or serving two or 
more dwellings. 

120 
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The private well network was 
biased towards wells located 
in high and medium high risk' 
areas which generally 
coincide with vulnerable 
aquifers. Network density 
was based on a specified 
minimum well density of 1 well per km2 in the preliminary report (Gartner Lee Ltd., 
1992). Wells were also selected in medium risk areas, for control purposes, with an 
arbitrary well density of 1 well per 5 km2. Well selection criteria are found in 

Community Wells Private Wells 

~~ ~ 

For definitions of how risk areas were derived see Section 3.3 1 
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Appendix 2. 

A breakdown of number of wells by risk area is shown in Figure 3.2. Most of the 
community wells were located in low risk areas (60% of the community wells). On the 
other hand, the private wells were biased towards the high risk areas (51 % of the private 
wells). One private well was located in a low risk area just outside a medium-high risk 
area. 

There were 14 private wells and one spring included in the study for which historic water 
quality monitoring data were available. These wells were previously monitored by the 
Ministry of Environment, Lands and Parks (MoELP) under the Ambient Groundwater 
QuaZity Program and before that by Environment Canada. 

Before any sampling took place, the private wells were field inspected by MoELP and 
MoH staff to ensure that the wells were in use. During this field inspection, owners were 
contacted, consent forms signed and arrangements made to access sampling points (see 
Appendix 2). 

Map Sheet 1 shows the locations of the study wells and the delineated risk areas. Wells 
numbered 1 to 192 and 266 were community wells and numbers 193 to 265 were private 
wells. Well 266 was a community well added in Phase 2. 

3.2 Well Assessment 
In Phase 1 all wells sampled had site assessments done by the hydrogeological consultants. 
The following information was noted on the well assessment forms: 

location of the well 
date and type of well construction 
water levels 
pump information 
suitable sampling sites 
water and land use 
any possible nearby sources of contamination (i.e., gas stations, agricultural 
activities, septic fields, etc.) and 
any historical water quality and quantity concerns. 

In most cases where there was more than 1 well on a property, both wells were assessed. 
On the well assessment form a field sketch was made denoting the location of the well in 
relation to nearby buildings, septic systems and nearby land use. An example of a well 
assessment form can be seen in Appendix 3. Detailed information on the study wells can 
be found in Appendix 4. 

12 



I 
I- 

' I  

Fraser Valley Groundwater Monitoring Program - Final Report 

3.3 Well-Aquifer Correlation 
In the preliminary report completed by Gartner Lee Limited (1992) the study area was 
categorized into 4 areas of risk using criteria based on: 

water supply 
aquifer vulnerability to contamination 
land use 
historical water quality 

Although the initial approach was to priorize the study area based on risk areas, it was felt 
that the wells should also be correlated to actual aquifers. This was done for two reasons: 

1. to reinforce the concept that the source of groundwater comes from the aquifer in 
which the well is completed and not from the well itself, and 

2. to emphasize that the water quality is not only affected by the type and intensity of 
human activities at the land surface as implied by the risk area concept but also by 
the aquifer and how vulnerable it is to these activities. 

All the study wells were correlated to delineated aquifers where possible. Of the 54 
aquifers identified in the study area (Kreye and Wei, 1994) 31 of these aquifers are 
correlated to wells in the study (see Map Sheet 2). Wells were correlated to the aquifers 
by examining the lithologic record of the wells and knowing the location and depth of the 
wells and the geologic deposits in which the aquifers occur. A breakdown of the wells in 
each major aquifer is shown in Figure 2.2. Fifty of the wells could not be correlated with 
any aquifers because of the lack of well information andor the fact that the wells are 
completed in minor water-bearing zones; of these, 44 wells were community wells. A 
listing of the wells correlated with the major aquifers is shown in Appendix 4.1. Detailed 
information on the rationale behind the correlation is found in another report (Wei and 
Carmichael, 1995). 

3.4 Sample Collection and Preparation 
Samples were collected as close to the well as possible in order to sample raw 
groundwater before it comes into contact with pressure tanks or treatment systems. 
Discussions with the well owner took place prior to sampling to obtain information about 
the water delivery system, location of the pump, whether or not "bleed taps" or other 
potential sampling points exist and how or where a sample could be collected. 

In order to collect representative groundwater samples, taps were generally allowed to run 
for 5 to 15 minutes to purge the pipes before samples were collected. Samplers utilized 
hoses to guide the purged water away from the wellhead. The conductivity ('IDS tester), 
pH @Hep l), temperature and oxidation reduction potential (OW Tester) were monitored 
in the field. Samples were generally collected when readings were stable. Colour and 
odour of the sample, the sampling location, land use and potential contamination sources 
were also recorded. (see Appendix 3 - Water well sampling information sheet). 
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In some of the sampling locations, purging times varied up to 20 minutes where the 
conductance readings took slightly longer to stabilize (wells 54, 151,155,159). Where the 
well was in continuous use or is a flowing well (wells 63,139,220) or the owner did not 
allow longer purging times (well 49,207) samples were collected immediately or in less 
than 10 minutes. 

Filtration and preservation occurred immediately following sampling. A preservative of 
50% nitric acid was added to the inorganic sample containers for metal analysis. Samples 
for analysis were collected in the first 3 working days of each week in order to avoid 
analysis delays over the weekend. All samples analysed for volatile organic compounds 
(VOCs), pesticides and time sensitive inorganic constituents were delivered to the 
analytical laboratories within 24 hours of sampling. A complete description of sample 
collection protocols for the inorganic constituents, volatile organic compounds and 
pesticides are listed in Appendix 3. 

Due to the high costs involved with the analysis for pesticides, the samples were 
composited in Phase 2 (samples from 2 wells were combined and analysed as 1 sample) in 
order to maintain the scope of the project within budget. Sample collection protocols for 
the composited samples can be found in Appendix 3. Wells with a previous pesticide 
detection were not composited but were analysed as discrete samples. Information as to 
what wells were composited for pesticide analysis may be found in Appendix 5-Well 
Sample Log. 

3.5 Scope of Water Quality Analysis 

Not all study wells were tested for the same chemical constituents. All study wells were 
tested for inorganic constituents (physical parameters, major ions and metals). Only wells 
in high risk areas were sampled for pesticides and Volatile Organic Compounds (VOCs). 
Descriptions of the analytical methodologies used in this study can be found in Appendix 
6. Figure 3.3 shows the 
breakdown of water Figure 3.3. Breakdown of water quality analysis by risk area. 
analysis by risk area for both 
Phases 1 and 2. 

All wells were sampled for 82 
inorganic constituents in the 
Phase 2 sampling rounds (see 
Table 3.1). Only a small 
number of wells were 
sampled in Phase 2 -Winter 
and included: 

wells not sampled in Phase 
1 or - wells not sampled in Phase 
2-Summer or 
- wells retested to confirm 

Phase 1 Phase 2-Summer 

@Is in high risk a r 9  

. 
I norg anics Pesticides 

vocs 
Phase 2-Winter 

@-3 e m u n i t y  wells in high risk a r 3  

1 
lnorganics 

4 
Pesticides 
vocs 
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either lead or high nitrate values. 

There were 33 metals analysed in all sampling rounds. Analysis was done on both the 
total (unfiltered) and dissolved (filtered) components of the well water sample. 

Wells in high and medium high risk areas were sampled for pesticides and volatile organic 
compounds (VOCs) in Phase 2-Summer. Another sampling round for pesticides and 
VOCs was done in Phase 2-Winter which included only community wells in high and 
medium high risk areas. 

In Phase 2 there were several changes made to the list of constituents: 

turbidity and nitrogen kjedahl were removed from the inorganic constituent list, 
3 pesticides (chloroxumn, methamidophos and oxydemeton-methyl) were removed 
from the pesticide list and oxyfluorfen was added to the pesticide constituent list, 
and 
ethylene dibromide (EDB) and 1,2,2-trichloropropane (1,2,2-TCP) were added to 
the Volatile Organic Compound list. 

Turbidity and nitrogen ljedahl analyses were removed from the list of inorganic 
constituents in Phase 2 due to cost constraints. The 3 pesticides eliminated were not 
detected in the first sampling round nor in any other pesticide survey in the Fraser Valley. 
In addition, the usage pattern was not considered to be significant. Oxyfluorfen is a 
pesticide used on raspberries (a predominant berry crop in parts of the study area) and 
was added in order to assess any potential impact on the groundwater. Ethylene 
dibromide or EDB is used in sigNicant quantities south of the border in the 
Abbotsford/Sumas aquifer and has been detected in Whatcom county. 1,2,2- 
trichloropropane is a contaminant that has been recently detected in the soil fumigant 
Telone and Telone II (Szeto et al, 1994). 

None of the study wells were tested for bacteria, Le., total or faecal coliforms. All the 
community wells in the study area are routinely monitored for bacteria and all the private 
well owners were offered this service by the health units when consent was obtained for 
participation in this study. None of the private wells owners responded to this offer. Due 
to a limited budget and the fact that these services were offered it was decided not to 
include bacteria with the chemical constituents for analysis. 
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Table 3.1. Breakdown of chemical constituents analysed in the Phase 2 sampling rounds by 
type of analysis. 

Physical Pamneters 
Alkalinity Phen. 8.3 
Alkalinity Tot. 4.5 
Colour True 
Hardness Dissolved 
Hardness Total 

PH 
Residue Filterable-O.45~ 
Specific Conductance 

Major Ions 
HCO, as CaC03 
Ammonium-N 
Chloride Dissolved 
Fluoride Dissolved 
Nitrate and Nitrite Diss(N) 
Nitrate-N 
Nitrite-N 
Sulfate 

Metals (Total and Dissolved) 
Silver (Total & Dissolved) 
Aluminum (Total & Dissolved) 
Arsenic (Total & Dissolved) 
Boron (Total & Dissolved) 
Barium (Total 8 Dissolved) 
Beryllium (Total & Dissolved) 
Bismuth (Total & Dissolved) 
Calcium (Total & Dissolved) 
Cadmium (Total & Dissolved) 
Cobalt (Total 8 Dissolved) 
Chromium (Total & Dissolved) 
Copper (Total & Dissolved) 
Iron (Total & Dissolved) 
Potassium (Total 8 Dissolved) 
Magnesium (Total & Dissolved) 
Manganese (Total & Dissolved) 
Molybdenum (Total & Dissolved 
Sodium (Total & Dissolved) 
Nickel (Total & Dissolved) 
Phosphorus (Total & Dissolved) 
Sulfur (Total and Dissolved) 
Antimony (Total and Dissolved) 
Selenium (Total and Dissolved) 
Silicon (Total and Dissolved) 
Tin (Total and Dissolved) 
Strontium (Total and Dissolved) 
Tellerium (Total and Diiokod) 
Tiinium (Total and Dissolved) 
Thallium (Total and Dissolved) 
Vanadium (Total and Dissolved) 
Zinc (Total and Dissolved) 
Zirconium (Total and Dissolved) 

Halogenated Volatilea 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Dibromochloromethane 
1,2-DichIorobenzene 
1,3-Dichlorobenzene 
1,4-DichoIorobenzene 
1 ,I-Dichloroethane 
1,2-DichIoroethane 
trans-l,2-Dichloroethylene 
1,l-Dichloroethylene 
I ,ZDichloropropane 
1,3-Dichloropropane 
cis-l,3-Dichloropropylene 
trans-I ,3-Dichloropropylene 
Ethylene Dibromide 
lI1,2,2-Tetrachloroethane 
Tetrachloroethylene 
I ,l ,I-Trichloroethane 
I ,1,2-Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 
1,2,2-TrichIoropropane 
Vinyl Chloride 

Non-halogenated Volatiles 
Benzene 
Ethylbenzene 
Styrene 
Toluene 
meta- 8 para-Xylene 
ortho-Xylene 

Organochlorines (by ECD) 
Alachlor 
Alpha Chlordane 
Captan 
C hlorothalonil 
Dicofol 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Gamma Chlordane 
Heptachlor 
Heptachlor Epoxide 
Naled 
opDDE 
opDDT 

PPDDE 
PPDDT 

Neutrals and Acids (GCMS) 
EPTC 
Butylate 
Chlorpropham 
C hlorpyrifos 
Diazinon 
Dimethoate 
Fensulfothion 
lprodione 
Malathion 
Metalaxyl 
Metolachlor 
Metribuzin 
Napropamide 
Oxyfluorfen 
Parathion 

Acids (by GCMS) 
2,3,4,6-Tetrachlorophenol 
2,4,6-TrichlorophenoI 
2,4-D 
2,4-Dichlorophenol 
Dicamba 
Dinoseb 
MCPA 
Pentachlorophenol 
Neulrals (by HPLWS) 
Aldicarb Sutfoxide 
Atrazine 
kriiicphos-methyl 
Carbaryl 
Carbofuran 
Linuron 
Methomyl 
Oxamyl 
Simazine 

, \ 
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3.6 Quality AssurancelQuality Control (QAIQC) 

Quality Assurance/Quality Control (QA/QC) is a system of procedures, checks, audits and 
corrective actions that assist in ensuring the data generated is of the highest achievable 
quality. QA/QC should be an integral part of any environmental monitoring program. 

A commitment was made at the onset of the study to dedicate 10-1596 of the budget to 
QA/QC. There were 2 types of laboratory QA/QC requirements in t h i s  study: external 
and internal QA/QC. Internal QA/QC consists of routine procedures the laboratory 
performs on a daily and/or "batch" (a group of samples analysed at the same time) basis. 
The external QA/QC component of this study consisted of "blind" samples submitted to 
the laboratory for the analysis. The external or blind QC samples included: 

Blanks: 

Field Duplicates: 

sample containing "pure" water and used to assess any potential 
contamination during sampling or analysis 
2 samples are collected sequentially from the same sampling site and 
are used to determine the laboratory's analytical precision and/or the 
sampling variability 

Reference Samples: prqared samples using known amounts of a chemical constituent(s) 
and used to determine the laboratory's analytical accuracy 

The blind QA/QC samples were submitted to the lab as "real" samples with fictitious well 
numbers. Approximately 15-2096 of the samples submitted for analysis were blind 
QA/QC samples. A complete description of the study's QA/QC program can be found in 
Appendix 7 and in Carmichael et al(1994). 

Stringent data acceptability criteria were established with the analytical laboratories prior 
to analysis and these criteria were adhered to throughout the study (see Appendix 7). A 
QA/QC coordinator was retained to oversee the QA/QC components of the study. The 
QA/QC coordinator scrutinized the data for adherence to analytical acceptance criteria and 
prepared blind reference samples. In addition to the laboratory QA/QC, a Quality 
Assurance audit was done on the sampler's collection techniques in Phase 2. 

3.7 Data Archiving 

Storage or archiving of the data generated from a large scale environmental monitoring 
program is essential. Prior to any data analysis, the data must be in a standardized format 
and must be thoroughly checked for errors. Errors can occur in transferring the data 
from the analyst to the laboratory's computerized information system and also from the 
laboratory to the client. All data from this study was thoroughly checked prior to data 
analysis. 

To ensure that the data can be accessed by other agencies for comparative or research 
purposes, the data will be transferred into the Ministry of Environment, Lands and Parks 
database SEAM and also in Environment Canada's database Envirodat. 

17 
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Assign circular area of 
fixed radius (300 m) 
around well 

Calculate equivalent 
cylindrical volume of 
aquifer supplying 
water to the well for a 
given Q and time 
period (of 5 years) 

Calculate capture 
zone dimensions 
using analytical 
equations accounting 
for uniform ambient 
flow 

Map capture zone 
from measured 
groundwater levels 
and geomorphic, 
geologic, topographic 
and hydrologic 
features 

Delineate capture 
zone using numerical 
flow modelling 
incorporating actual 
hydrogeological 
information 

3.8 Delineating Preliminary Capture Zones for Community 
Wells 

- homogeneous, 
isotropic aquifer - no ambient flow 

- homogeneous, 
isotropic aquifer - no ambient flow - steady-state - screen length 
saquifer thickness 

- homogeneous, 
isotropic aquifer 
- 2-D steady-state flow 
- uniform ambient flow 
- groundwater divides 
are constant head 
boundaries 

- groundwater flow 
direction same as 
topographic slope 

- depends on the 
model 

A major objective of the study was to delineate preliminary capture zones for all 
community wells in order to define areas where groundwater protection measures could be 
implemented to safeguard the well supplies. There are 5 general methods for delineating 
capture zones outlined by USEPA (1993; 1987): 1) Arbitrary Fixed Radius (AFR), 2) 
Calculated Fixed Radius (CFR), 3) Analytical Equations, 4) Hydrogeologic Mapping, and 
5)  Numerical Modelling. The first 3 methods (AFR, CFR, and analytical equations) were 
used to delineate preliminary capture mnes for the FVGMP community wells. A brief 
description of each method and their assumptions are summarized in Table 3.2. The 
complexity, data requirements, and cost increase from the AFR method to numerical 
modelling. A discussion of the methods is presented below. 

Table 3.2 Summary of capture zone delineation methods. 

Arbitrary Fixed Radius 

Calculated Fixed 
Radius 

Analytical Equations 

Hydrogeologic 
Mapping 

Numerical Modelling 

! = pumping rate 
i = ambient hydraulic gradient 
T = transmissivity 

No information on 
hydrogeology or Q; 
where CFR AFR 

Q is known, i is low 
and screen length (or 
aquifer thickness) can 
be estimated 

T and Q are known 
and a uniform i can be 
approximated 

To refine capture 
zones delineated by 
AFR, CFR and 
Analytical Equations 

Not used in the 
FVGMP study 
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Fixed Radius Methods 

Both the AFR and CFR are fixed radius methods that involve delineating a circular area 
around a well as the capture zone. The size of the circular area can be arbitrary (AFR) or 
calculated (CFR). The 
concept of the circular area 
is based On the idealized 
shape of the water level 

Figure 3.4. Capture zone for community well in aquifer with no 
ambient groundwater flow (adapted from US. EPA, 1993). 

drawdown cone around a 
pumping well in a 
homogeneous, isotropic 
aquifer with no ambient 
groundwater flow (Figure 
3.4). Although reality in 
the study area differs from 
this ideal, the methods are 
applicable for wells in 
relatively uniform sand and 
gravel aquifers where the 
water table slope or 
hydraulic head gradient is 
relatively flat. 

pumpine ter ' I 
Level 9 ,---+ y 4 - - q  I 

Arbitrary Fixed Radius 
(AFR) 

The simplest method of delineating a capture zone is to identify a circular area with an 
arbitrary fixed radius around a well, commonly from several tens of metres to several 
hundreds of metres. This method is inexpensive, simple and useful for wells where 
hydrogeological and water use data are limited. The main short-coming with the AFR 
method is that site-specific physical conditions such as the pumping rate, aquifer 
transmissivity, and groundwater flow direction are not taken into account. Thus, the area 
delineated for protection may not reflect the physical reality at the site and consequently, 
may be difficult to defend technically. 

For this study, professional judgement was applied by doing some simple calculations to 
designate a reasonable choice for a radius. A 300 m distance was used as the AFR for 
community wells in the study area. The radius of 300 m gives an area that extends 
beyond the immediate vicinity of the well but is not so excessively large that 
implementation of protection measures within the capture zone area would be too onerous. 
An AFR of 300 m seems reasonable for all except those wells that are pumping at high 
rates relative to the aquifer's productivity, where the drawdown can be significant even at 
the 300 m boundary. The AFR was used for those community wells that had no user 
information for calculating a pumping rate nor information on the aquifer. 
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Calculated Fixed Radius (CFR) or Volumetric Equation 

The circular CFR capture zone area is determined by calculating the cylindrical volume of 
water pumped by a well over a specified time period e.g., 5 years. The time period is 
associated with the time it takes for a contaminant to travel from the protection zone 
boundary to the well at a given pumping rate; this is also the time available to clean up 
the contamination before it reaches the well. The equation for calculating the CFR of a 
pumping well is shown below: 

r = (10038 * Q * t / (n * H))'.' 

where: 
r = calculated radius around the pumping well (m) 
Q = pumping rate of the well (Ws) 
t = allowed travel time to the pumping well (years) 
n = porosity of the aquifer (-) 
H = screenlength(m) 

The above equation indicates that, for a given aquifer and screen length, the circular 
capture zone area increases with increasing pumping rate and longer specified times of 
travel. Figure 3.5 shows how the CFR increases with the number of users or number of 
connections for a sand and 
gravel aquifer with a porosity 
of 0.30 and a standard well 

Figure 3.5. Capture Zones - Calculated Fixed Radius as a 
function of aroundwater use. 

screen length of 1.2 m for 1, 
5 ,  and 10-year time periods. 
For example, if a community 
well supplies 20 connections 
(60 people), the CFR would 
be about 250 m for a time of 
travel (TOT) of 5 years. 
Water use per connection is 
assumed to be 2271 Uday 
(500 Igpd). 

Unlike the AFR method, the 
CFR method takes into 
account some site-specific 
information such as pumping 
rate, screen length, and 
porosity of the aquifer (even 

1 
10 100 lo00 lorn0 

Capture Zone Radius (m) 

if this information has to be estimated). The CFR method assumes that the aquifer is 
homogeneous and isotropic and that conditions are at steady-state (do not change with 
time). The use of the screen length, H, in the equation implies that the entire thickness of 

20 
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the aquifer is screened, which is not usually the case. Typically, only a fraction of the 
aquifer thickness is screened, especially where maximum quantities of water are not 
required. Thus, the CFR method may give excessively large circular areas for high 
pumping wells with short screens, relative to aquifer thickness. 

dimensions of the capture 
zone is defined by the 
distance of the capture zone 
boundary (X) down-gradient 
of the pumping well and the 
width (2Y) of the zone up- 

For this study, the time period specified was 5 years. This time period was chosen as a 
reasonable response time to address any contamination that would threaten the well supply 
and for finalizing the preliminary capture zone. A ten-year time of travel limit would be 
preferred for more permanent delineations. Porosities were assigned for aquifer materials 
(sand - 0.35; gravel - 0.35; sand and gravel - 0.30). Screen lengths were taken from well 
records, the reconnaissance survey forms, or, for sandpoints, assumed to be 1.2 m. 
Where the CFR is < 300 m, the AFR is used to delineate a larger, more conservative 
capture zone area. The CFR method could not be used for fractured bedrock wells, open 
bottom wells or dug wells because the screen length, H, is not defined for these types of 
wells. 

f-lb -pi 2Y - --A - - - _  
* x t  

Analytical Equations 

Where the water table slope or hydraulic head gradient is not relatively flat (ie. there is 
obvious ambient groundwater flow), the fixed radius methods may not be appropriate 
because the shape of the 
drawdown "cone" around a 

Figure 3.6. Ci 
groundwater riow \aaapraa irurn u.3. Lrm, I aaq. is no longer 

circular but parabolic (en. I 

Figure 3.6).- Recharge 
derived preferentially from 
the up-gradient direction. 

apture zone for a community well with ambient 
. I I  _._. # - A - - A - A c - - I I ~  CDA ann*\ 
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Y = Q / ( 2 0 0 0 * T * i )  
X = Y / 3.1416 

where: 
Y = half the width of the capture zone (m) 
X = down-gradient extension of the capture zone (m) 
Q = pumping rate (L/s) 
T = transmissivity of the aquifer (m2/s) 
i = hydraulic gradient (-) 

The above equations indicate that the greater the pumping rate (relative to the ambient 
flow), the larger the capture zone dimensions. The analytical equations assume the 
aquifer is homogeneous and isotropic with steady-state, essentially uniform, horizontal 
ambient flow. 

halyrical equations incorporate more site-specific information than the fixed radius 
methods and consequently require more data and hydrogeological expertise to apply. Two 
critical pieces of data which are not always available are the aquifer transmissivity and the 
hydraulic gradient near the subject well. In this study, transmissivity was typically 
estimated from specific capacity data (Driscoll, 1986) from the well records, constant rate 
pumping tests, or referenced from Halstead (1986) and various consultant reports for a 
particular community well (or a nearby community well, where this information is 
available). The more difficult piece of information to obtain is the hydraulic gradient 
because it does not appear on any well records. Hydraulic gradient was typically 
estimated from the topographic slope where this is deemed reasonable or from regional 
groundwater level maps (Le., the Abbotsford/Sumas aquifer). Hydraulic gradients 
estimated from the topographic slope may generally be greater than the actual hydraulic 
gradient, resulting in smaller capture zone dimensions. 

Capture zones were delineated upgradient, along the assumed flow direction or 
topographic slope. For the study, capture zones delineated by analytical equations were 
truncated up-gradient of the well -at regional groundwater divides, where this information 
was available (for the Aldergrove and Abbotsford/Sumas aquifers) or, for community 
wells in unconfined aquifers, to local topographic divides which were assumed to coincide 
with groundwater divides. Truncation of capture zones at groundwater divides implies the 
divides are recharge (constant head) boundaries. 

In this study, analytical equations were used for wells where there was sufficient 
information available (Q, T, and i). If wells are in close proximity to each other and are 
completed into the same aquifer, these wells were treated as if they were a single well 
pumping at the combined pumping rate and the capture zone was delineated for the 
wellfield. The geometric mean of the transmissivity was used in calculating the capture 
zone for the wellfield. 

It is common to determine the 1-, 5, 10-year time of travel of a generic contaminant to a 
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community well for capture zones delineated by analytical equations based on the 
following calculation: 

d = (t * K * i) / n 

where: 
d = distance the contaminant travels to the community well (m) 
t = specified time of travel (1, 5 ,  10 years) 
K = hydraulic conductivity of the aquifer (m/yr) 
i = ambient hydraulic gradient (-) 
n = porosity of the aquifer (-) 

I 

However, this was not done here because it was felt that there were too many 
uncertainties associated with this calculation. The calculation assumes that the pumping 
well has no affect on the gradient and that the gradient and hydraulic conductivity are 
constant, which are not true. Thus, the capture zones delineated using analytical 
equations cover the entire area that recharges the well, regardless of the time-distance 
away from the well and are therefore not directly comparable to capture zone areas 
delineated by the CFR method (where a 5-year time period was specified). In future 
review of the preliminary capture zones delineated by analytical equations, it would be 
desirable to delineate the 5-year time of travel where this is possible, so that capture zones 
delineated from the CFR and analytical methods can be more directly compared between 
community wells. 

A word of caution: results generated by analytical equations may not be any more "real" 
that the futed radius methods. If the data used in the calculations are not representative, 
then large errors may result. There is temptation to place more stock in solutions 
determined by more complicated methods, without checking to see if the results are 
reasonable or realistic. 

c'7 

Hydrogeological Mapping 

All methods of capture zone delineation involve a degree of hydrogeological mapping. 
However, in some cases this mapping forms most of the rationale supporting the 
delineation. Hydrogeological mapping involves field work to define and map the 
groundwater flow system. Geological information (including geomorphic, structural, and 
topographical information) is extremely important in hydrogeologic mapping because 
geology greatly influences the occurrence and flow of groundwater. Aquifer 
characteristics are determined from drilling wells, analysing well logs, and performing 
pumping tests. Groundwater flow directions can be mapped by interpreting water level 
elevations in wells. In some cases special techniques such as tracer dye tests or isotope 
age dating are used to determine flow direction and velocities. The physical data is then 
combined to plot groundwater flow boundaries, flow paths and directions as well as 
aquifer thickness and extent to map out the capture zone area for the well. 

23 
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Hydrogeological mapping is best used for shallow aquifers where the groundwater flow 
direction can be inferred from topography and surficial geology or soils mapping can be 
used to help delineate aquifer boundaries. This method can also be useful for delineating 
capture zones in fractured bedrock or karstic limestone aquifers where field mapping of 
fractures or solution channels are required to predict groundwater flow directions. 
Hydrogeological mapping requires considerable hydrogeological expertise, data, and time. 
Decisions on flow boundaries, aquifer extent and thickness, and flow directions must be 
made. If gaps in the data exist, a drilling program or geophysical survey may be 
necessary, which adds to the cost. This method is also less accurate for large or deep 
aquifers where aquifer characteristics and groundwater flow can not be readily inferred 
from the land surface. 

In this study, hydrogeological mapping was used only to refhe the capture zones 
delineated using the AFR, CFR and analytical equations methods; hydrogeological 
mapping was not used as the main method to delineate capture zones. Local physical 
features such as surface water bodies, topography and topographic divides, and 
information on aquifers were taken into consideration when delineating capture zones. 
For example, community wells were correlated (where ever possible) to aquifers identified 
by Kreye and Wei (1994) to provide an aquifer framework to the capture zones. The 
watershed uphill of the wells were delineated as capture zones if groundwater flow 
directions can be reasonably approximated by the topographic slopes. 

Numerical Modelling 

Numerical and analytical models are similar in that they solve well hydraulic and flow 
equations to delineate capture zones of wells. The difference is that analytical equations 
are limited to only situations that can be represented by very simple hydrogeologic and 
hydraulic conditions (eg. usually the aquifer can be approximated as homogeneous, the 
pumping rate constant, the ambient flow rate and direction uniform, and flow is 
essentially horizontal). Significant pumping of neighbouring wells are not accounted for 
with the AFR, CFR, and analytical equations methods. Pumping of neighbouring wells 
can drastically change the shape and size of the capture zone from the idealized circular 
and parabolic areas given by these simpler methods (see for example, D e b  and 
Almendinger, 1993). Numerical models can incorporate the physical and hydraulic 
complexities that analytical equations can not, to delineate more reasonable capture zone 
areas. 

Numerical models are used to calculate changes in hydraulic head, drawdown, rate and 
direction of groundwater flow, travel times, and movement of soluble constituents in 
groundwater. Problems are solved by gridding the aquifer into an array of grid cells, 
specifying the aquifer and hydraulic characteristics for each cell and boundary conditions 
for the model area, and running the model. Some typical hydrogeologic data that need to 
be specified for each cell include: transmissivity, storativity, porosity, recharge rates, and 
pumping rates. Given the specified information for the array of cells and boundary 
conditions, the model then calculates iteratively the groundwater level and flow rate (and 
flow velocity) at each cell. Once the water levels and flow directions are calculated, the 
area that contributes water to the pumping well (the capture zone) can be readily 
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delineated and time of travel calculated. 

The data requirements, however, also require specialised expertise in numerical modelling 
as well as hydrogeology to achieve reasonable results. Specification of grid spacing, 
aquifer and hydraulic characterktics, and boundary conditions or even the type of 
numerical model, for example, may affect model results considerably (see Delin and 
Almendinger, 1993; Springer and Bair, 1992; Bair and Roadcap, 1992). For this Teason 
post-audit of models (verifymg whether the model predictions are realized) is an essential 
component of the modelling effort (Anderson and Woessner, 1992), and this is time 
consuming and difficult. Numerical modelling can be the most expensive method of 
capture zone delineation especially if additional field data is needed. An additional 
drawback is the acceptance of computer generated solutions as outlined earlier. The high 
number of community wells and preliminary nature of the capture zones precluded use of 
numerical modelling method in this report. 

Recording Water Use and Correlating Community Wells to Aquifers 

To better facilitate capture zone delineations, the Ministry of Health’s community well 
listing for the study area was linked to water well records in the Ministry of Environment, 
Lands and Parks’ water well database. The community wells were then correlated to 
aquifers. Water use information was also recorded from community well purveyors in the 
initial site assessment. Linking databases and obtaining water use information allowed a 
more reasonable estimate of aquifer transmissivity and pumping rate so more physically 
based delineation methods (CFR and analytical equations) could be used. Correlating 
wells to aquifers provided an aquifer framework for better capture zone delineation. 

Determining Pumping Rates of Community We/ls 

Knowledge of the pumping rate of a community well is required to delineate the capture 
zone using the CFR and analytical equations. As the use of groundwater is not licensed 
in this province, information on water use and pumping rates are not reported. Pumping 
rates were normally estimated from the number of users and/or pumping rate reported in 
the well reconnaissance forms. The steady-state pumping rate was estimated from the 
number of users by assuming 3 persondconnection and 2271 L/day/connection (500 
Igpdkonnection). The reasonableness of the pumping rate estimate could also be checked 
against the reported pump size in the r e ~ ~ ~ a i ~ ~ a n ~ e  form and well capacity on the well 
record. Where water use information was not recorded, the reported well capacity from 
the water well record was used as the pumping rate. The reported well capacity was also 
used for many of the large municipal production wells where several wells supply the 
community. If no information was available from either sources, the AFR was used to 
delineate the preliminary capture zone for the well. 
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4 Studv Results and Discussion 

4.1 Profile of the Study Wells 

At the onset of the FVGMP, there were 192 community wells and 75 private wells in the 
monitoring network. After Phase 1, it was determined that for the community wells: 

4 "wells" were actually surface water supplies (wells 15,39,52,75) 
1 well was a duplicate well (well 53) 
1 well was not a community well (well 185) and 
10 wells were unused (wells 40,41,57,69,101,144,145,152,172,173). 

These wells were not sampled during the study. 

After Phase a-Summer, an additional 4 community wells were found to be unused (wells 
27,84a1,130,142) and 4 new community wells were added to the study (wells 
84b, 137b, 192b, 266). 

Figure 4.1 shows the breakdown of the wells sampled. In Phase 1, 91 % of the targeted 
wells were sampled; in Phase 2-Summer, 95% of the targeted wells were sampled. 
There were several reasons why wells were not sampled: 

wells were abandoned (see above) or winterized 

uncooperative well owners and/or inadequate information. 
pumps were not in working order 

Detailed study well 
information can be seen in 
Appendix 4 and 
explanations for why a 
particular study well was 
not sampled is given in 
Appendix 5. In Phase 2- 
Summer, 171 community 
wells and 67 private wells 
were sampled for inorganic 
constituents. In Phase 2- 
Winter, 7 wells (wells 4, 
78, 82, 91, 175, 186, 228) 
were sampled for inorganic 
constituents. One well 
(well 4) had not been 
sampled in any previous 
rounds. Three wells (wells 

Fiaure 4.1. Breakdown of wells samnled in the study. 

200 

Phase 1 Phase 2 - Summer Phase 2 - Winter 

175, 186, 228) were not sampled in the Phase 2- Summer sampling round and 2 wells 

' Wells with decimal points represent sites where different wells we= sampled in Phase 1 and 
Phase 2. For example, well 84.a was a 9 metre dug well sampled in Phase 1. This well was abandoned and 
well 84.b (a 72 metre drilled well) replaced 84.a. In Phase 2, well 84.b was sampled. 
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were resampled (wells 78, 91) to confirm high Ntrate-N values detected in the Phase 2- 
Summer sampling round. 

Figure 4.2 summarizes the 
sampling rounds completed in 
this study by chemical 
analysis. In Phase 2-Winter, 
only the community wells in 
the high and medium-high 
risk areas were sampled for 
pesticides and VOCs. 

Age and Construction 
of Study Wells 

For the study wells where a 
date of well construction was 
available (222 wells), the age 
of the wells ranged from 2 to 
54 years old. 

There were 255 wells in the 
study with construction 
information available. The 
most common type of well 
construction for the study 
wells was drilled (80% of the 
study wells) followed by dug 
(14%) and sandpoint (6%). 
There was 1 spring included 
in the monitoring network. A 
breakdown of the study wells 
by age and construction type 
is shown in Figure 4.3 (the 1 
spring that was sampled is not 
included). 

Well Depth 

Figure 4.2. Summary of sampling rounds by chemical 
analysis. 

Type of Analysis 

m Inorganics 
Pesticides 
vocs 

/ 

Phase 1 Phase 2 - Summer Phase 2 - Winter I 
I 

Figure 4.3. Study wells by age and type of construction. 
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Well depths were available for 246 of the study wells. Well depths ranged from 1.5 to 
165.2 metres. Most wells were shallow-65% of the wells were less than 30 metres deep 
and suggests that development of the groundwater resources in the study area is focussed 
in shallow aquifers to minimize drilling costs. Many of these shallow aquifers are also 
unconfined and highly vulnerable to contamination. A breakdown of study wells by type 
of construction and depth is illustrated in Figure 4.4. All the dug and sandpoint wells 
were under 30 metres in depth and the deeper wells (> 30 metres) were all drilled. Map 
Sheet 2 shows all the study wells with corresponding depths and construction type (where 
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available). 

Many of the deeper wells 
(wells greater than 30 m 
deep) are completed into 
confined and semi-confined 
aquifers. However, about 
one-third of the wells over 
30 m in depth are 
completed in unconfined, 
highly vulnerable aquifers 
such as the 
Abbotsford/Sumas or 
Langley/Brookswood 
aquifers. Half of these 
wells are high production 
community wells that are 
constructed to the bottom of 
the aquifer to take 

Figure 4.4. Depth and type of construction of study wells. 

Type of Construction 

G O  30-60 6090 90-120 120-150150-180 
Depth of well (metres) 

advanitage of the greater 
saturated thickness of the aquifer for pumping out larger volumes. 

4.2 Water Quality Results and Discussion 
A complete listing of all the results from the Phase 2-Summer and Winter can be found in 
Appendix 8. Phase 1 results are presented in Gartner Lee Limited (1993). Phase 2- 
Summer results for nitrate-N, selected inorganic constituents (fluoride, arsenic, iron and 
manganese) and organic constituents are presented on Map Sheets 3, 4 and 5, 
respectively. 

Inorganic Constituent Results - Phase 2-Summer and Winter 

The Phase 2 results for inorganic constituents were very similar to the Phase 1 results. A 
breakdown of all the inorganic constituents that exceeded the Guidelines for Canadian 
Drinking Water Quality (GCDWQ) (Health and Welfare Canada, 1993) in Phase 2 is 
shown in Figure 4.5 and box plots for these constituents are shown in Figure 4.6. 

The results from Phase 2-Summer and Winter have been combined as there were only 7 
wells sampled in Phase 2-Winter. Summary statistics for Phase 2 are listed in Table 4.1. 
In the calculating the means or averages, nondetectable values (N.D.) were assigned 
values of 0.667 x Method Detection Concentration (Horung and Reed, 1990). In 
addition to the descriptive statistics, the number samples with non-detectable values for 
each constituent is included in Table 4.1. 
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Figure 4.5. Breakdown of inorganic constituents that exceeded the Guidelines for Canadian 
Drinking Water Quality (GCDWQ) in Phase ?Summer. 
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Figure 4.6. Box plots for inorganic constituents with GCDWQ exceedences in Phase 2- 
Summer. 
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Table 4.1. Descriptive statistics for inorganic constituents tested for in Phase 2. 
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0.028 0.W 
0.017 0.m 
N.D. N.D 
N.D. N.D 
30.40 43.11 
N.D. N.D 
N.D. N.D 
N.D. N.D 
0.014 0.06! 
0.038 0.181 
1.9 3.3 
7.39 9.Q: 

0.044 0.13: 
N.D. N.D 

11 .00 385 
N.D. N.D 
0.07 0.3 
N.D. 0.00: 
5.01 8.51 
N.D. N.D 
N.D. N.D 
10.60 12s 
N.D. N.D 
0.133 0 . z  
N.D. N.D 
N.D. N.D 
N.D. N.D 
N.D. N.D 
0.007 0.01: 
N.D. 

MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Drinking Water Qualm 

Results will be discussed in terms of constituents considered to be related with direct 
health affects (nitrate-N, fluoride, arsenic and lead) and those that affect the aesthetic 
quality of the water @H, chloride, residue filterable-0.45p, sodium, true colour, 
manganese, iron, copper and zinc). There are other constituents with a GCDWQ, 
however, there were no wells with detections exceeding the set Guideline values (sulphate, 
boron, barium, cadmium, chromium and selenium). These constituents will not be 
discussed any further. A breakdown of the number of wells that exceeded a GCDWQ is 
shown in Table 4.2. For metals, the total concentrations were used to represent 
exceedences. 
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Table 4.2. Inorganic constituents that exceeded the Guidelines for Canadian Drinking Water 
Quality. 

MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Drinking Water Quality 

= 2 community wells had exceedences in both Phase 2Summer and Winter 

Study results have also been analysed on an aquifer specific basis where spatial trends 
were evident. There were 4 unconfined aquifers with a sufficient number of wells (10 
wells or greater) to perform a meaningful analysis-Abbotsford/Sumas aquifer (55 wells), 
Langley/Brookswood aquifer (12 wells), Hopington aquifer (20 wells) and the Nicomen 
Slough (11 wells). These highly vulnerable aquifers are shown in Figure 4.7. 
Unfortunately there were not enough wells in the confined aquifers to be included in this 
analysis. 
Figure 4.7. Map of the study area showing highly vulnerable aquifers tapped by the study wells 
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There were 2 full sampling rounds for inorganic constituents in the study (Phase 1 and 
Phase 2-Summer). These results were used for a preliminary investigation into seasonal 
trends, Le., summer V.S. winter for all the constituents discussed. 

? 

60 , 

Inorganic Constituents with Direct Health Affects 

so I 

Ni trate-N 

51 -q ......... .......... .......... 

All nitrate values in this report will be expressed as Ntrate-N (N03-N). 

Statistics 

The distribution of the nitrate-N results for Phase 2 is shown in Figure 4.8. Nitrak-N 
ranged from not detected (N.D.) to 72.70 mg/L. The mean nitrate-N value for the entire 
study area in Phase 2 was 3.29 mg/L, however the median was 0.59 mg/L (see Table 
4.1): This is similar to the 
mean of 3.16 mg/L, median 
of 0.58 mg/L and range of 
N.D. to 83.30 mg/L for 
Phase 1. 

The mean nitrite-N value 
was not detected and the 
ammonium median was 
0.008 mg/L. In Phase 1, 
the organic nitrogen median 
was 0.04 mg/L. All these 
values are very low, 
confirming that nitrate-N is 
the predominant form of 
nitrogen present in the 
water. 

The elevated nitrate-N values 
(> 10 mg/L) occurred in 3 
heavily utilized, highly 
vulnerable aquifers -Hopington, Langley/Brookswood and Abbotsford/Sumas aquifers (see 
Map Sheet 3 and Figure 4.7). Figure 4.9 shows box plots of nitrate-N concentrations for 
wells in these aquifers in relation to the entire study area. As shown, the wells completed 
in the Abbotsford/Sumas aquifer have a consistently high mean and median for nitrate-N 
and the 75th percentile (1 1.55 mg/L) is above the Guideline value of 10.0 mg/L. The 
Langley/Brookswood aquifer wells have the highest mean, however this is biased by 2 
shallow wells (193 & 194) with nitrate-N values of 72.7 and 36.2 mg/L, respectively. 
Most of the study wells tapping this aquifer are deeper community wells which had lower 
nitrate-N concentrations than the shallower wells. There were no nitrate-N exceedences in 
the Nicomen Slough aquifer and the corresponding mean and median nitrate-N values 
were relatively low (2.01 and 1.63 mg/L respectively). 
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Figure 4.9 also shows that the mean is consistently higher than the median. This is 
probably because anomalously high nitrate-N values have a greater affect on the mean 
than the median. The median value is a more representative indicator of the "average" 
value of nitrate-N in the study area and in the 4 individual aquifers. 

Figure 4.9. Box plots of the nitrate4 values for the study area and individual aquifers in Phase 
2Summer. 
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High nitrate-N values were also expected in the Chilliwack-Rosedale and Vedder River 
fan aquifers (see Map Sheet 3), 2 highly vulnerable aquifers in areas of intensive 
agriculture activities. Study results do not confirm this as the highest nitrate-N value 
reptnted for wells completed into either of these 2 aquifers was 1.82 mg/L. The 
relatively low nitrate-N values may be due to the fact that the sampled wells were located 
in areas upgradient from intensive human and agricultural activities. 

Nitrate-N Levels and UnconfinecVConfined Aquifers 

Human influences on nitrate-N values are often conservatively associated with values 
greater than 3 mg/L. Twenty-five percent of the wells (64 wells) sampled in Phase 2 had 
nitrate-N values that exceeded 3 mg/L (compared to 23% in Phase 1). Of all the wells 
with nitrate-N greater than 3 mg/L that could be correlated to an identified aquifer (6 
wells could not be correlated): 

84% of the wells were completed in highly vulnerable unconfined or semi-confined 
aquifers (Abbotsford/Sumas, Langley/Brookswood, Hopington, Chilliwack River, 
Nicomen Slough, Mt. Lehman, Glen Valley and the Fort Langley aquifers) and 
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only 2 wells were completed in low vulnerability unconfined to confined aquifer 
(Aldergrove aquifer) located in agricultural land use areas. 

The percentage of wells with nitrate-N greater than 3 mg/L in the Abbotsford/Sumas 
aquifer was 69%, in Hopington-40%, in Langley/Brookswood-33% and in the Nicomen 
Slough-18%. These results indicate the impact of water quality from human activities 
above the aquifers. 

It is also suspected that the 6 shallow wells with nitrate-N values > 3 mg/L and not 
associated with any identified aquifers are also likely to be completed in unconfined 
aquifers, vulnerable to surface activities. 

There were 31 study wells that were completed into confined aquifers. All these wells 
had very low nitrate-N concentrations ranging from nondetected values to 1.81 mg/L. 
This result demonstrates that confined aquifers offer more protection and are less 
vulnerable to land use activities. 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for nitrate is 45.0 mg/L. This is equivalent to and more commonly denoted 
as 10.0 mg/L nitrate as nitrogen or nitrate-N. This Maximum Allowable Concentration 
(MAC) is based on a risk of health effects from acute or short term exposure. Acute 
exposure to high levels of nitrates can cause infant methae!moglobinaemia. 

In Phase 2, there were a total of 25 wells with nitrate-N values in exceedence of 10 mg/L 
(see Map Sheet 3). Two community wells (78 and 91) that were retested in Phase 2- 
Winter that had repeated high nitrate-N values which brings the total number of 
exceedences to 27 (11% of the wells tested). This is similar to Phase 1 where 10% of the 
wells tested exceeded 10 mg/L nitrate-N (23 wells). 

Most of the wells with nitrate-N over 10 mg/L were private wells (21 wells or 31% of the 
private wells tested), however, 4 wells were community water supplies (2% of the 
community wells tested). This also compares with Phase 2-Winter where 2% of the 
community wells and 28% of the private wells exceeded 10 mg/L of nitrate-N. The 
higher number of exceedences for private wells is likely due to the fact that the private 
wells are biased towards the high risk areas and many of them are located in rural areas 
where agriculture is more intensive and residents rely on septic systems (i.e., 
Abbotsford/Sumas, Hopington and Langley Brookswood aquifers). 
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The majority of Ntrate-N 
exceedences occurred in 3 
heavily utilized, highly 
vulnerable aquifers - 
Hopington (3 wells), 
Langley/Brookswood (3 
wells) and -Abbotsford/Sumas 
(18 wells) aquifers. Figure 
4.10 shows the percentage of 
wells with nitrate-N 
exceedences for the entire 
study region and for the 3 
aquifers with exceedences- 
Langley/Brcmkswood, 
Hopington and 
Abbotsford/Sumas. Wells 
completed into the Nicomen 
Slough aquifer did not exceed 
the GCDWQ for nitrate-N. 
Nitrate-N results from this 

Figure 4.10. Wells with nitrate4 exceeding the Guidelines 
for Canadian Drinking Water Quality for nitrate4 in Phase 2- 
.bteakdown by specific aquifers. 
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study on the AbbotsfordlSumas, Hopington and bngley/Bmkswood aquifers confirm 
previous monitoring work done by Environment Canada and the Ministry of Environment, 
Lands and Parks (MoELP). Figure 4.11 shows historic nitrate-N concentrations for 5 

Figure 4.11. Nitrate4 values for wells sampled under the Ambient GrounctWaZer QuallZy 
Program. 
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representative private wells. These wells are part of the 14 wells sampled under the 
Arnbienr Groundwater Quality Program by MoELP. Historically elevated concentrations of 
nitrate-N occur in all 3 aquifers. Nitrate-N levels appear to fluctuate from year-to-year 
with apparent increasing trends in some wells (wells 208 and 252) and decreasing trends 
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in other wells (wells 207 and 236). 

It is apparent from Figures 4.9 and 4.10 that the highest percentage of wells with Ntrate- 
N in excess of 10 mg/L are completed into the AbbotsfordlSumas aquifer. However, both 
the Langley/Brookswood and ~e Hopington aquifers are also contaminated with nitrate-N. 
All 3 aquifers are considered highly vulnerable to contamination (Kreye and Wei, 1994) 
and are located in areas where human activities at the land surface are intensive. 

One of the wells with a nitrate-N exceedence (community well 65) was not associated with 
any major aquifer. This shallow (3.05 metres deep), dug well is located in a steep gully 
and is most likely completed in a unconfined shallow aquifer. This well was not in an 
agricultural area. However, in 1991 the well owner made reference to bacterial problems 
in the well and a septic tile field is located 50 metres uphill from the well. 

Relationship between Nitrate-N and Well Depth and Well Construction 

Nitrate-N, where present, occu~~ed in wells generally less than 60 metres deep (see Figure 
4.12). Wells deeper than 60 metres are generally low in nitrak-N values. However, 1 
deep well (well 242 - 90.8 
metres deep) had a nitrate-N 
level of 10.5 mg/L. This is a 
high volume production well 1 

Figure 4.12. Relationship of nitrate4 and well depth for the 
study wells sampled in Phase 2Summer. 

in -the Abbo&ford/Sumas 
aquifer. Although there is no 
land use activity adjacent to 
the well that may be 
contributing to the high 
nitrate-N levels, the volume 
of pumped water may be 
affected by land use activities 
from a distance away from 
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the well. This trend of 
nitrate-N with depth indicates 
that the source of nitrate-N is 
related to activities at the land 
surface. This trend has been 
reported locally for the 
Abbotsford/Sumas aquifer (Roth, 1994 and Kohut et al, 1989). A similar trend was 
observed in the aquifer at Grand Forks in British Columbia (Wei et al, 1993). 

Nitrate-N (mg/L) 

Figure 4.13 examines the relationship between the type of well construction and the 
nitrate-N values. None of the sandpoint wells had nitrate-N values in exceedence of 10.0 
mg/L. This is likely due to the fact that many of the sandpoint wells are completed into 
the Nicomen Slough and Hatzic Prairie aquifers where agricultural activities appear less 
intensive. However, 18% of the dug wells and 11 % of the drilled wells had exceedences. 
When looking at nitrate-N values less than 3 mg/L (an indication of human activity at the 
land surface), only 52 % of the dug wells met this criteria whereas 87 % of the sandpoint 
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and 77% of the drilled wells had nitrate-N less than 3 mglL. These results could be due 
to the fact that all the dug wells were under 30 metres in depth and 11 of the 17 dug wells 
correlated to aquifers are 
completed intothe 
Abbotsford/Sumas, 
LangleylBrookswood and 

Figure 4.13. Relationship between nitrate* values and type 
of well construction for Phase 2. 

Hopngton aquifers. Analysis 
done on the age of the well in 
relationship to the nitrate-N 
values showed no clear 
relationships. 

Seasonal Trends 

Although there were only 2 
full sampling rounds in the 
study, 1 was in the winter and 
the other in the summer 
which allows a preliminary 
investigation into seasonal 
trends. Differences between 
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nitrate-N between sampling rounds (Summer minus Winter) related to the depth of well is 
shown in Figure 4.14. Points plotted on the right half of the graph represent wells that 
had a higher nitrate-N level in Phase 2-Summer than Phase 1-Winter. Points plotted on 
the left half of the graph represent wells with higher nitrate-N levels in Phase 1-Winter 
than Phase 2-Summer. 

seasonal variations in 

clear trend: 46% of the wells 

Figure 4.14. Relationship between seasonal nitrate4 
did not follow a fluctuations and well deDth. 

increased in nitrate-N 
concentrations and 33% 
decreased. Most of the 
fluctuation between sampling 
rounds occurred in the 
shallower wells (< 60 
metres). There were 12 wells 
in which the nitrate-N values 
differed by more than 5.0 
mg/L. Most of these wells 
are completed in the 
Abbotsford/Sumas aquifer, 
the other wells were located 
in the Hopington (wells 209, 
211) and the 
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Langley/Brookswood (well 193) aquifers. Half of these wells had previous nitrate-N 
values in exceedence of 10.0 mg/L. 
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septic field distances were 
estimated by the samplers in 
the field. Distance from the 
septic field to the well in 
comparison to nitrate-N 
values from the Phase 2- 
Summer sampling round are 
shown in Figure 4.15. Lines 
are marked on the graph 

fields 30 metres from the well 
(the minimum distance 
specified by the Ministry of 
Health) and also with nitrate- 

denoting wells with septic 

Two of the 3 wells with previous detections under 3 m g L  (wells 241, 242) in Phase 1 
had nitrate-N values that exceeded 10.0 mg/L in Phase 2-Summer. There were 3 wells in 
which the nitrate-N value changed by more than 10.0 mg/L. Two of these wells were 
shallow dug wells and the other a drilled well (18 metres in depth). The land use 
activities around this drilled well were predominantly agricultural. 
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Figure 4.14 suggests that shallower wells (less than 60 metres in depth) are more 
influenced by surface activities than the deeper wells. Most of the deeper wells had little 
fluctuation between sampling rounds. The one deep drilled well (well 242) that had a 
large fluctuation in nitrate-N value is a high volume production well completed into the 
Abbotsford/Sumas aquifer and land use activities from a distance could be influencing the 
nitrate-N concentrations. 

Septic Fields 

On-site sewage disposal, particularly in areas overlying unconfined aquifers, may be a 
potential contributing source of nitrate-N to groundwater. If on-site sewage systems are 
not properly installed or inadequately maintained, there may be potential contamination of 
the groundwater in the form of nitrate-N and/or microbes. In addition, most on-site 
sewage systems are not equipped to treat non-biological wastes such as organic chemicals. 



Fraser Valley Groundwater Monitoring Program - Final Report 

Environmental Considerations 

The source of nitrate contamination in the study area has been linked in other studies with 
manure stockpiling and over-spreading of manure and fertilizers on agricultural lands 
(Wassenaar, 1994; Liebscher et al, 1992; Kohut et al, 1989). Nitrate contamination from 
septic fields may also be significant, especially in high density residential areas. 

Nitrate-N is the main form in which nitrogen occurs in groundwater, however, dissolved 
nitrogen also occurs in the forms of ammonium (NH.,), ammonia m), nitrite (NQ-), 
nitrous oxide (N20), and organic nitrogen. Nitrate-N can enter groundwater from manure 
or fertilizers applied to the land or from the conversion of organic nitrogen or ammonium 
which occur naturally or are introduced by human activity (Freeze and Cherry, 1979). 
Nitrate is very mobile and is not generally adsorbed onto the soil particles. Any nitrate-N 
not taken up by plant growth is subject to leaching into the groundwater in the winter 
months when recharge to aquifers generally occurs. 

Health Considerations 

Bottle fed infants under 6 months of age are particularly at risk of developing 
methaemoglobinaemia (blue baby syndrome) after drinking water with high nitrate-N 
levels. Infants are more susceptible due to the fact that they transform 100% of the 
ingested nitrates to nitrites. Nitrites act as oxidants in the blood and reduce the blood’s 
oxygen carrying ability. Only one case of methaemoglobenaemia has been reported in the 
Fraser Valley. Mild cases can be treated and result in full recovery. In extreme cases, 
death may result. 

Fluoride 

Statistics 

Fluoride values ranged from not detected to 2.60 mg/L in Phase 2 and not detected to 
1.11 mg/L in Phase 1. The mean and median values for fluoride for the entire study area 
were 0.10 mg/L and N.D. (not-detected), respectively, in Phase 2 (see Table 4.1). In 
Phase 1 the mean and median fluoride values were 0.14 and 0.1 mg/L, respectively. 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for fluoride is 1.5 mg/L. There were 3 wells (wells 48, 54 and 61) 
exceeding 1.5 mg/L in Phase 2-Summer (see Table 4.1 and Map Sheet 4); no wells 
exceeded 1.5 mg/L in Phase 1. 

All the wells in Phase 2 with exceedences of 1.5 mg/L (wells 48, 54 and 61) were 
completed into the Grant Hill bedrock aquifer (Map Sheet 4) and were deep (110-130 
metres), drilled wells. High fluoride concentrations have previously been reported in this 
area (Halstead, 1986). 
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Winter and summer sampling 
rounds (27 wells decreased 
and 29 wells increased in 
fluoride concentrations). 
Figure 4.16 shows the 
relationship between the Phase 
2 and Phase 1 fluoride results. 
As shown, most of the wells 
in the study did not change in 
fluoride concentrations (169 
wells). However, there were 
four wells (wells 49, 54, 61 
and 189) where the fluoride 
value changed by more than 
0.10 mg/L. 

Seasonal Trends 
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Occurrence of elevated fluoride with high pH and TDS values 

Elevated fluoride concentrations have been found in other parts of the province, including 
a number of localities in the 6ulf Islands off the astern coast of Vancouver Island (Kohut 
and Hodge, 1986). In the Gulf Islands, for groundwater flowing through sedimentary 
bedrock, high fluoride levels (up to 13.4 mg/L) are often associated with a moderately 
high pH and Total Dissolved Solids ('IDS) or Residue Filterable values (in the range of 
250-1800 mg/L) and negligible sulphate values (< 10 mg/L). These associations seem to 
apply to the Grant Hill aquifer: * 

Wells 48 and 61 both had high pH values (9.6 and 8.7, respectively) in Phase 2. The pH 
value for well 61 changed considerably (6.7 to 8.7) from winter to summer (well 48 was 
only sampled in the summer) with a corresponding increase in fluoride from 0.18 mg/L to 
2.58 mg/L. 

The high fluoride result for well 54 appears to be related to the high Total Dissolved 
Solids (TDS) as the pH is not unusually high. The TDS changed substantially from 439 
to 2310 mg/L with a corresponding increase in fluoride from 1.10 mg/L to 1.75 mg/L. 

The most likely source of fluoride in the groundwater in the Grant Hill aquifer may be 
from naturally occurring fluoride minerals in the aquifer such as fluorite (or fluorapatite) 
as speculated by Kohut and Hodge (1986) for the Gulf Islands. The Grant Hill aquifer, 
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like the Gulf Island aquifers, comprises sedimentary rocks. 

Health Considerations 

Fluoride has been found to prevent tooth decay but concentrations of fluoride in water 
greater than 1.5 mg/L carry an increasing risk of dental fluorosis and much higher 
concentrations lead to skeletal fluorosis. Levels of daily exposure to fluorine depends on 
diet, geographical location, and other factors. If diets contain fish and tea, exposure to 
fluoride via foal may be high. None the levels found in this study would lead to skeletal 
flourosis. The highest levels found may lead to dental fluorosis, considered by many to 
be a cosmetic effect on tooth enamel. 

Statistics 

The mean and median total arsenic values for the entire study area in Phase 2 were 0.003 
mg/L and N.D. (not detected), respectively (see Table 4.1). These results were 
comparable to the Phase 1 results (0.003 mg/L and 0.001 mg/L, respectively). The range 
of arsenic values for Phase 2 was not detected to 0,110 mg/L. 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for arsenic is 0.025 mg/L. This Maximum Acceptable Concentration 
(MAC) was recently revised from a previous Maximum Acceptable Concentration (MAC) 
of 0.05 mg/L (Health and Welfare Canada, 1993). There were 2 community wells (wells 
29 and 123) that exceeded the MAC in both Phase 1 and 2 (see Map Sheet 4). 

Well 29 is a deep (106.4 metres) well completed into a confined sand and gravel layer in 
the Maple Ridge area (Map Sheet 4). This well was not correlated to any aquifer. The 
fact that arsenic was detected in both Phase 1 and 2 and that the total and dissolved values 
were the same suggests the arsenic may be ~ t u r a l l y  occurring. A possible origin of 
arsenic may be from minerals (arsenopyrite, arsenic in ores) derived from the diorite 
bedrock underlying the area (Roddick, 1964). 

Well 123 is 20.4 metres in depth and is completed into the sands and gravels of McMillan 
Island aquifer (Map Sheet 4). The source of arsenic is not obvious. Local inspection and 
addition& sampling of nearby wells and sediments may be required to investigate the 
occurrence of arsenic in this area. 

Total V.S. Dissolved Arsenic 

As with all the metals analysed in this study, both the total arsenic component of the well 
water (not field filtered prior to analysis) and the dissolved component (field filtered prior 
to analysis) were analysed. The data shown in Figure 4.17 is from Phase 1 of the study. 
In Phase 2, the Method Detection Concentration (MDC) for total arsenic (MDC=O.OOl 
mg/L) was different than the MDC for dissolved arsenic (MDC=O.O4 mg/L), therefore 
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total and dissolved arsenic concentrations were not comparable. Figure 4.17 shows the 
relationship between the total and dissolved arsenic values in the well water sampled. If 
the total and dissolved components were more or less equal, within the laboratory's 
precision, the data would plot on the straight line shown on the graph. This was indeed 
the case and indicates that the arsenic detected in the wells sampled was not due to 
particulate matter containing 
arsenic in the water but Figure 4.17. Relationship between total and dissolved 
rather to dissolved arsenic in arsenic for Phase 1. 
the groundwater. 

Seasonal Trends 

There is little variation 
between results from the two 
sampling rounds (Phase 1 and 
Phase 2). There appears to be 
no apparent seasonal 
variation (29 wells increased 
in total arsenic and 26 wells 
decreased). The majority of 
the wells did not show any 
fluctuation in arsenic values 
from Phase 1 to Phase 2 (161 
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wells). Four wells changed in I 
arsenic concentration by 
more than 0.01 mg/L (wells 29,49,133 and 251). Unlike the fluoride results, there does 
not appear to be any clear relationship between these wells and the aquifers into which 
they are completed. 

Environmental Considerations 

Arsenic is present naturally as the result from weathering and erosion of rock and soil and 
is the 20th most abundant element in the earth's crust. Arsenic is a component of more 
than 245 minerals, mostly ores (Pontius et al, 1994). 

Arsenic and its compounds are mobile in the environment. Weathering of rocks converts 
arsenic sulfides to arsenic trioxide, which, after further oxidation, is readily soluble in 
water. This oxidation is relatively slow but can be accelerated by chemical oxidizing 
agents such as manganese and iron oxyhydroxides (Oscarson et al, 1981; De Vitre et al., 
1991). In both wells where the arsenic values were > 0.025 mg/L, there were associated 
high manganese and iron values. Once liberated from the rocks, the arsenic cycles among 
land, air and water. Water is the primary means of arsenic transport in the environment. 

Health Considerations 

Humans are exposed to arsenic through food, air (negligible source in non-industrial 
areas) and water. Food may be a significant source of arsenic as some foods have 
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relatively high arsenic contents, i.e., seafood. Acute arsenic exposure (high concentrations 
ingested over a short time period) can cause a variety of adverse effects such as 
gastrointestinal irritation, however, the severity depends on the level of exposure and the 
solubility of the arsenic. There is an increased risk of developing skin cancer from long 
term exposure to elevated concentrations of arsenic. 

Adverse health effects from arsenic exposure have not been observed in every 
epidemiologic study. The difference in various studies is thought to be associated with 
differences in socidernographic characteristics and dietary intakes (Pontius et al, 1994). 

None of the arsenic levels found in this study would lead to acute arsenic poisoning, 
however, chronic exposure to the water from the wells with elevated arsenic levels could 
potentially produce dermal changes. 

- Lead 

Statistics 

The mean and median lead values for Phase 2 were 0.005 and 0.002 mg/L, respectively, 
similar to the Phase 1 results (0.006 and 0.001 mg/L). Lead (total) values ranged from 
not detected to 0.174 mg/L in Phase 2 (see Table 4.1). No significant regional trends 
were observed. 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for lead is 0.01 mg/L. There were 20 wells (16 community and 4 private) 
that had lead results greater than 0.01 mg/L. This number is over twice as many as in 
Phase 1 (8 wells-5 community and 3 private). There was no apparent relationship between 
wells with exceedences and the aquifers in which they were completed. In addition, there 
does not appear to be any 

between the Figure 4.18. Relationship between total and dissolved lead for 
lead results and age of well, wells sampled in Phase PSummer. 
construction type, or depth of 
well. 

Total V.S. Dissolved 

Figure 4.18 shows the 
relationship between the total 
and dissolved components in 
the well water for the Phase 
2 sampling rounds. The 
lead (total) values are 
consistently higher than the 
dissolved lead and plot above 
the straight line. This may be 
attributed to lead particulate 
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matter in the water. The source of particulate could be from the water delivery system 
i.e., lead solder in pipes or type and from older pumps. In assessing the risks from lead, 
the use of dissolved lead rather than total lead may cause a significant under estimation of 
chronic lead exposure. 

Retesting of Wells 

Because of the health concerns over ingestion of lead, selected wells with total lead values 
of greater than 0.0.1 mg/L were retested after Phase 2-Summer (and also Phase 1). Figure 
4.19 shows the initial and retest results for total lead for the sampling done in Phase 2- 
Summer. The detailed retest results are in Appendix 9. 

Different flushing Or purl& 
techniques were tried in the 

Figure 4.19. The initial and retest results for total lead for the 
samdina done in Phase 2Summer. 

Phase 2 retesting. For 
example, 2 samples were 
collected from wells 104,119 
and 125 - one at a 5 minute 
purge time and another at 10 
minutes. This was done to 
see if the high lead values 
were an artifact of the 
collection technique. In 
addition, a tap as close to the 
wellhead was sought in each 
case. Longer purge times 
resulted in a slightly lower 
lead concentration in most 
cases. 
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As shown in Figure 4.19, the 
results varied widely from well to well and appeared independent of the sampling 
technique. Except for wells 79 and 132, the lead total values decreased on retesting. This 
was similar to the results from the Phase 1 retesting where 7 wells were retested for lead 
and all decreased in lead values. All wells, except for wells 79 and 132 (and one well in 
the Phase 1 retest) had retest values of less than 0.01 mg/L. None of the wells with 
exceedences in Phase 2-Summer had exceedences in the Phase 1 round and vice versa. 

Environmental Considerations 

Lead is likely present in tapwater primarily from the corrosion of household plumbing 
systems containing lead in pipes, solder, fittings, or the service connections to the home 
(WHO, 1993). The amount of lead dissolved from the plumbing depends on pH, 
temperature, water hardness and standing time of the water. 

As a piping material, lead corrodes easily and accumulates in concentrations higher than 
the GCDWQ, particularly in still water (lack of continuous water consumption) (DeZuane, 
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1990). Some possible solutions to lowering the lead concentration at the tap are: 

raising the pH of the water to reduce comsitivity 
eliminating lead-soldered joints and/or 
eliminating street service lead lines. 

These solutions require much time and money. Simplier practical measures such as 
flushing the system before use can also be valuable. 

Health Considerations 

Lead is a general toxicant that accumulates in the skeleton. All people are susceptible to 
the risk of lead contamination but the fetus, infannts and young children are particularly 
vulnerable. Children are more sensitive because they absorb and retain more lead than 
adults for example, young children absorb 4-5 times as much lead as adults (WHO, 1993; 
USEPA, 1984). Even at previously considered relatively low levels of lead exposure, 
children can experience reduced I.Q. levels, impaired learning and language skills, loss of 
hearing and reduced attention spans. Some of the high levels of lead detected in this 
study could be a significant source of lead exposure, particularly to children. 

Drinking water contributions to blood lead burdens are typically C 20% but have been 
reported as high as 4096, depending on the amount contributed from other sources 
(Swistock et aI, 1993). Lead can be transferred via the placenta as early as the 12th week 
of gestation (WHO, 1993) and continues through development. It is unclear as to what 
extent the high lead levels in this study are actually contributing to lead exposure, but, the 
potential for exposure does exist. The responsible authority should consider appropriate 
followup to this finding. 

Summary 

The lead results from this study indicate that, depending on the water delivery system, 
lead can enter the water stream in the form of particulate matter. The appearance of lead 
particulate or total lead in the water seems to be randomly occurring as indicated by the 
fact that none of the lead results were reproducible on retesting. Proper daily purging can 
reduce the probability of lead particulate in the water, however, even after a 10 minute 
purge, lead particulate was still found in some of the water sampled. All well owners 
were advised of the retest results and advised on the need to properly purge the well daily 
before use. 

Inorganic Constituents with Aesthetic Water Quality Concerns 

Aesthetic objectives apply to characteristics of drinking water that can affect its acceptance 
by consumers or interfere with water treatment (Health and Welfare Canada, 1993). When 
a constituent only has a Aesthetic Objective (AO) set, these values are below those 
considered to constitute a health risk. However, if a concentration in drinking water is 
well above an A 0  there is a possibility of a health risk. 
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DH 
pH is a measure of the acidity of water. Acidic waters have a pH of < 7 and basic waters 
have a pH of >7. Neutral waters have a pH of around 7. 

rounds. The apparent seasonal 
trend indicates more wells 
have an increased tendency to 
more basic (higher pH) in the 

wells decreased in pH and 

general increase in pH in the 
Phase 2-Summer sampling 
round may be reflecting more 

summer than in the winter (58 

135 wells increased). The 

basic groundwater conditions 
during periods of seasonally 

(wells 49, 61, 67, 129, 140 
and 189) that changed in pH 
by more than 1 pH unit. Two 

low flow. There were 6 wells 
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Difference in pH values (Phase 2-Phase 1) 

The overall study mean and median values for pH for Phase 2 were 7.4 and 7.5, 
respectively (see Table 4.1) and in Phase 1, 7.3 and 7.2, respectively. The range of pH 
values was 5.9 to 9.6 in Phase 2 and 5.6 to 9.4 in Phase 1. pH values higher than 7 are 
normally expected in groundwater in the study area due to the presence of carbonates and 
bicarbonates (contact with calcium carbonate minerals in host sediments and rocks). 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The Aesthetic Objective range for pH values is 6.5 to 8.5. There were 31 wells (13% of 
all wells tested) that exceeded this Guideline value (20 community and 11 private wells). 
There were 21 wells with pH values less than 6.5 and 10 wells with pH higher than 8.5. 
This is comparable to Phase 1 where 30 wells (13%) exceeded the Guideline. 

Seasonal Trends 

Environmental Considerations 

pH can be a controlling factor on the occurrence of naturally occurring constituents in 
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groundwater that have direct health effects such as fluoride and arsenic in groundwater. 
Under certain natural pH conditions, these constituents become mobilized from the host 
sediments or rocks and are dissolved into the groundwater. In addition, low pH promotes 
corrosive conditions in water distribution systems, contributing to elevated metal 
constituents in the water such as lead. Scaling or encrustation of metal pipes may also 
occur at high pH values. 

Health Considerations 

The Guideline set for pH is an Aesthetic Objective in relation to its importance as an 
operational water quality parameter. Eye irritation and exacerbation of skin disorders 
have been associated with pH values greater than 11 (WHO, 1993). None of the wells 
sampled were close to a pH value of 11. 

Chloride 

Statistics 

The overall study mean and median for chloride values in Phase 2 were 15.7 and 4.4 
mg/L, respectively (see Table 4.1) and in Phase 1 - 10.1 and 4.2 mg/L, respectively. 
Chloride values ranged from not detected to 797 mg/L in Phase 2 and not detected to 308 
mg/L in Phase 1. A frequency distribution for the chloride results for Phase 2 is shown 
in Figure 4.21. 

Wells 50 and 54 have the 
highest chloride 
concentrations. Well 54 is 
completed into the Grant Hill 
aquifer. Well 50 is listed as 
being completed into the 
Grant Hill or 
Kanaka/Whonnock aquifers 
(well depth is unknown). 
The high chloride value for 
well 50 suggests this well 
may also be completed into 
the Grant Hill aquifer. 

Exceedences of the 
Guidelines for Canadian 
Drinking Water Quality 

Figure 4.21. Frequency distribution for the chloride results for 
Phase 2. 
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The GCDWQ for chloride is an Aesthetic Objective of 
I 250 mg/L. In Phase 2 there were 3 community w d s  (wells 50, 54 and 135) that 
exceeded this Guideline. In Phase 1 only one community well (well 135) exceeded 250 
mg/L. 
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The community well (well 135) that had chloride in exceedence of 250 mg/L in both 
Phases of this study is completed into the Nicomekl-Serpentine aquifer and is a deep (147 
metres) drilled well. Highly mineralized groundwater has been documented in this area 
of the Nicomekl-Serpentine aquifer (Halstead, 1978; Halstead, 1986). Wells 140 and 158 
are also completed into this aquifer. Well 140 has elevated chloride concentrations (87.8 
mg/L). However, well 158 has a low chloride value (7.7 mg/L) because it is located in 
the recharge area of the aquifer where fresher, less mineralized groundwater is found. 

Relationship between Chloride and Well Depth 

Figure 4.22 is a graph of chloride values versus well depth. There appears to be no trend 
at first glance. However, the graph shows that a number of shallower wells have chloride 
levels above background and 
a handful of deeper wells with 
high chloride levels. The 
high chloride levels in 3 of 
the deep wells (54, 135 and 
140) are from the Nicomekl- 
Serpentine and Grant Hill 
aquifers. Chloride in the 
Nicomekl-Serpentine aquifer 
is naturally occurring; 
chloride in the Grant Hill 
aquifer may also be naturally 
occurring. Conversely, 
chloride levels in at least 
some of the shallower wells 
are likely from leaching of 
chloride from pollution 
sources related to human 
activities, Le., well 193 and 
194. 

Figure 4.22. Relationship between chloride (dissolved) and 
well depth for wells sampled in Phase 2Summer. 
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Seasonal Trends 

Figure 4.23 shows the differences in chloride values from Phase 2 to Phase 1. Most of 
the variations in values occurred in the shallower (less than 30 metres deep) wells. There 
were 5 wells that differed in chloride values by more than 50 mglL (wells 54, 57, 72, 96 
and 141). One well (54) differed by 572 mg/L. This well is completed into a the Grant 
Hill aquifer and the large increase in salinity of the water (chloride and TDS) has been 
associated with increases in fluoride. 

There does not appear to be a significant seasonal variation between sampling rounds (108 
wells increased and 98 wells decreased). 
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Health Considerations 

Chlorides by themselves have 
limit& significance from a 

Figure 4.23. Difference in chloride (dissolved) values from 
Phase 2 to Phase 1. 

public health viewpoint. The 
limit of 250 mg/L established 
by health authorities is not 
related to disease. Taste is a 
consideration as 
concentrations above 500 
mg/L are detectable as a salty 
taste. The main source of 
human exposure to chloride 
is in the addition of salt to 
food, and the intake from this 
source is usually in excess of 
that from drinking water 
(WHO, 1993). Ahigh 
chloride content may harm 
metallic pipes as well as 
growing plants. 
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Residue Filterable or Total Dissolved Solids ITDS) 

The amount of residue filterable or total dissolved solids ('IDS) is a measure of the 
amount of total mineralization in the water. Mineralization is derived mostly from 
dissolution of minerals in the sediments and/or rocks through which groundwater flows 
and to a much lesser degree from leaching of wastes such as landfill wastes, agricultural 
chemicals and manure. Contributory ions to TDS are mainly bicarbonate, chloride, 
sulphate, calcium, magnesium, sodium, potassium and nitrate. 

Statistics 

The overall study area mean and median values for residue filterable or total dissolved 
solids (TDS) were 165 mg/L and 140 mg/L, respectively, for Phase 2 (see Table 4.1) and 
143 mg/L and 121 mg/L for Phase 1, respectively. TDS ranged in value from 9 to 2310 
mg/L in Phase 2 and 16 to 838 mg/L in Phase 1. I 

I 
3 
I 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for residue filterable or TDS is an Aesthetic Objective of 1500 mg/L. 
There were 6 wells (5 community-wells 50, 54, 96, 98, 135 and 1 private well-193) that 
exceeded this Guideline value in Phase 2. In Phase 1, 4 wells exceeded the Guideline (3 
community wells - 96, 98 and 135 and 1 private well - 193). 

Wells 96, 98, 135 and 193 had exceedences both in Phase 1 and 2. Well 135 is 
completed into the Nicomekl-Serpentine aquifer in a region that historically has had 
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groundwater (Halstead, 1978; 
Halstead, 1986). Wells96 
and 98 appear to be 
completed into the 
Aldergrove aquifer. Elevated 
levels of TDS (as well as 
chloride, sulfate and sodium) 
have been measured in the 
past (Pacific Hydrology 
Consultants Ltd., 1986). 
The reason for the high TDS 
in wells 96 and 98 is 
unclear. The high TDS 
value in well 193 is a result 
of the occurrence of highly 
mineralized contaminated 
water (this well has also the 
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Difference in TDS values (Phase 2-Pha-1) 

highest nitrate-N value of all the study wells). 

High TDS in well 54 (completed into the Grant Hill aquifer) was evident in the chemistry 
results on the original well record. Well 54 also had exceedences in fluoride and 
chloride. Well 50 was not sampled in Phase 1. It is either completed into the Grant Hill 
aquifer or the Kanaka/Whonnock Creek aquifer. The high TDS in well 50 suggests it 
might be completed into the Grant Hill aquifer also. The origins of high TDS and 
chloride in the Grant Hill aquifer has not been explained but is probably naturally 
occurring. 

Seasonal Trends 

Both chloride and TDS show 
seasonal fluctuations at 
shallower depths similar to 
the pattern observed for 
nitrate-N in Figure 4.14. 
Figure 4.24 shows the 
difference between TDS 
from Phase 2 to Phase 1. 
One well (well 54) had a 
significant difference 
between sampling rounds 
O S  increased by 1812 
mg/L inPhase2). This 
well is discussed in both the 
fluoride and chloride 
sections. There appears to 

Figure 4.25. Relationship between nitrate4 and residue 
filterable or TDS for wells sampled in Phase 2Summer. 
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be no apparent seasonal variation between sampling rounds (97 wells decreased in value 
and 120 wells increased). 

Relationship between TDS and Nitrate-N 

Both chloride and TDS levels appear to be governed not only by hydrogeological factors 
but also human activities. Figure 4.25 is a plot of nitrate-N versus residue filterable or 
TDS for the Phase 2 results. This plot shows that the TDS values for some wells appear 
to be independent of the nitrate-N value (the points along the horizontal axis). TDS in 
these wells is governed by dissolution of naturally-occurring minerals (low in nitrogen) in 
the rocks and sediments through which groundwater flows. For other wells, the ' I D S  
appears to increase with increasing nitrate-N. Mineralization in the groundwater in these 
wells appears to be from chemicals related to human activities in addition to naturally 
occurring minerals. 

Environmental Considerations 

In dninking water, total dissolved solids are made up primarily of inorganic salts with 
small concentrations of organic matter. Major contribution to total dissolved solids in 
water is the natural contact with rocks and soil with minor contribution from pollution 
(DeZuane, 1990). The presence of high levels of total dissolved solids may be objectional 
to consumers owing to excessive scaling in water pipes, heaters, boilers, and household 
appliances. 

Health Considerations 

There is no health-based guideline for total dissolved solids. The Aesthetic Objective set 
for total dissolved solids is related to the important effect on the taste of drinking water. 

Statistics 

The overall study area mean and median values for sodium were 16.9 mg/L and 6.3 
mg/L, respectively, for Phase 2 (see Table 4.1) and 14.2 mg/L and 6.1 mg/L for Phase 1, 
respectively. Sodium ranged in value from 1.0 to 334.0 mg/L in Phase 2 and 0.7 to 
269.0 mg/L in Phase 1. 

Exceedences for the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for sodium is an Aesthetic Objective of 200 mg/L. There were 4 
community wells (wells 54, 96, 98 and 135) that exceeded this Guideline. In Phase 1 
only 1 community well (well 135) exceeded the Guideline value for sodium. 

Well 135 is located in the Nicomekl-Serpentine aquifer and is discussed in the chloride 
and residue filterable sections. Wells 96 and 98 are completed into the Aldergrove 
aquifer and well 54 is completed into the Grant Hill aquifer. 
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Seasonal Trends 

Figure 4.26 shows the 
relationship between total 
sodium from Phase 2 to 1. 
There does not appear to be 
an obvious trend as 127 wells 
had sodium values higher in 
the summer and 96 wells had 
values higher in the winter. 
However, for well 54, the 
sodium value increased by 
225 mg/L in Phase 2- 
Summer. This deep well is 
completed into the Grant Hill 
aquifer and similar water 
quality results were seen in 
the previous sections for 
chloride and TDS. 

Figure 4.26. Difference between sodium (total) values from 
Phase 1 to Phase 2. 
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Environmental Considerations 

Sodium is the most abundant of the alkali elements and constitutes 26 g/kg of the earth's 
crust. Sodium levels in groundwater vary widely but normally range between 6 and 139 
mg/L (WHO, 1984). Sewage, industrial effluents, seawakr intrusion in coastal areas, road 
deicing and use of sodium compounds for corrosion control and water softening processes 
all contribute to sodium concentrations in groundwater. 

Health Considerations 

Sodium is an essential element and is found in almost all foods. Prolonged dietary excess 
of sodium may lead to hypertension and high blood pressure. No firm conclusion can be 
made concerning the possible association between sodium in drinking water and the 
Occurrence of hypertension (WHO, 1993). However, sodium levels detected in the 
groundwater this study would not contribute significantly to the overall dietary intake of 
sodium. 

True Colour 

Colour is measured as "true colour" with the turbidity removed. 

Statistics 

The overall study mean and median values for true colour were 5 true d o u r  units (TCU) 
and not detected, respectively for Phase 2 and 8.8 and 5.0 TCU, respectively, for Phase 
1. The range of true colour values was not detected to 90 TCU in Phase 2 (see Table 
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4.1) and not detected to 200 TCU in Phase 1. 

Exceedences for the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for true colour is an Aesthetic Objective of 15 TCU. There were 14 wells 
(6% of the wells sampled) that exceeded this Guideline (12 community and 2 private 
wells). This is comparable to the Phase 1 results where 16 wells (13 community and 3 
private wells) exceeded the Guideline value of 15 colour units. 

Seasonal Trends 

Figure 4.27 shows the difference in true colour values between Phase 2 and 1. Most of 
the wells decreased in true colour (96 wells) or stayed the same (1 19 wells). There were 
6 wells that changed in 
colour by more than 20 
colour units: well 225 
decreased in colour by 110 

Figure 4.27. Difference in true colour values between Phase 2 
and Phase 1. 

colour units, and wells 2 and 
32 decreased by more than 
40 units. There does not 
appear to be any relationship 
between the depth of the well 
and change in colour. The 
generally higher colour 
during the Phase I-Winter 
sampling round may reflect 
the greater turbidity during 
that time of the year. 

Environmental 
Considerations 
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Difference in True Colour (Phase 2 - Phase 1) 

Unusually high intensity of 
colour at the source is caused 
by the presence of iron or manganese, humus and peat materials, plankton and weeds. If 
these causes do not exist at present or historically, industrial wastes may be a possible 
Cause. 

Health Considerations 

No health based guideline is set for true colour. Colours above the Aesthetic Objective of 
15 TCU can be detected in a glass of water by most people. Colours below are generally 
accepted by consumers, however, acceptability may vary according to local 
circumstances. 
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Manaanese 

Statistics 

The mean and median values for total manganese for the entire study area in Phase 2 were 
0.081 mg/L and 0.006 mg/L, respectively (see Table 4.1), which is comparable to 0.077 
mg/L and 0.008 mg/L in Phase 1. Total manganese ranged in values from not detected to 
5.80 mg/L in Phase 2 and not detected to 4.04 mg/L in Phase 1. 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for manganese is an Aesthetic Objective (AO) of S0.05 mg/L. In Phase 2, 
there were 59 study wells (24% of the wells sampled) that exceeded the Guideline (46 
community and 13 private wells). This is comparable with the Phase 1 results (23% 
exceedences-54 wells). 

Wells with manganese exceedences in Phase.2 are shown on Map Sheet 4. Occurrence of 
manganese is not limited to any one area, nor, on inspection of well records, any 
particular aquifers in the Fraser Valley. There does not appear to be any link between 
wells with high manganese values and depth, construction type or the aquifer into which 

<we well is completed. 

Seasonal Trends 

Figure 4.28 shows the relationship between the manganese (total) results between the 2 
sampling rounds. There is not much variation between the sampling rounds (61 wells did 
not change in manganese 
value). There were 5 wells 
in which the differences 
between sampling rounds 

Figure 4.28. The difference between the manganese (total) 
values from Phase 1 to Phase 2. 

exceeded 0.5 mg/L. There 
does not appear to be a clear 
trend with regards to 
seasonal variation (82 wells 
decreased and 85 increased 
in manganese value). 

J -2 4 0 1 2 

Difference in Maganese (T) (Phase 2-Phase 1) 
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Total V.S. Dissolved Manganese 

Figure 4.29 shows the 
relationship between total and 
dissolved manganese. As the 
graph shows, the total 
manganese is more or less 
equal to the dissolved 
manganese which would 
suggest manganese occurs in 
dissolved form. 

Environmental 
Considerations 

Manganese is one of the 
more abundant metals in the 
earth’s crust and usually 
occurs together with iron. 
Dissolved manganese 

Figure 419. Relationship between total and dissolved 
manganese for wells sampled in Phase 2Summer. 

n 
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concentrations in groundwater poor in oxygen can reach elevated levels. On exposure to 
oxygen, manganese reactions can result in undesirable deposits and colour problems in 
distribution systems (DeZuane, 1990). 

Health Considera tions 

Manganese is an essential trace element with an estimated daily nutritional requirement of 
30-50 pg/kg of body weight (WHO, 1993). Absorption of manganese can vary however, 
and very high absorption rates have been observed in infants and young animals (WHO, 
1993). 

Intake of manganese can be as high as 20 mg/day without apparent ill effects (WHO, 
1993). It is unlikely that a health hazard will be caused by manganese in the typical 
concentration in groundwater. 

- Iron 

Statistics 

The mean and median iron (total) values for the entire study area were 0.34 mg/L and 
N.D., respectively (see Table 4.1). These values were lower than those found in Phase 1 
(0.52 mg/L and 0.05 mg/L, respectively). Total iron ranged in values from 0.01 to 15.20 
mg/L in Phase 2 which is comparable to the Phase 1 range of not detected to 18.5 mg/L. 

ficeedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for iron is an Aesthetic Objective of I 0.3 mg/L. There were 31 wells 
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(13% of wells sampled) in Phase 2 that exceeded this Guideline. Of these wells, 25 were 
community wells and 6 were private wells. These results are comparable with Phase 1 
where 16% of the wells sampled exceeded the Guidelines (30 community wells and 8 
private wells). 

Map Sheet 4 shows the areal distribution of the iron exceedences. The occurrence of iron 
does not appear to be limited to any particular area but almost half of the wells completed 
into the Nicomen Slough and the Kanaka/Whonnock Creek aquifers had iron values > 
0.3 mg/L. 

There was no clear pattern between high iron values and depth of well. Most of the wells 
with iron values > 0.3 mg/L were drilled wells but there were also sandpoint (3 wells) 
and dug (5 wells) with exceedences. There was also no apparent relationship between 
wells with exceedences or age of well or aquifer into which the well was completed. 

Seasonal Trends 

Figure 4.30 shows the difference between the total iron values from Phase 1 to Phase 2. 
It appears that most of the variations in iron values occur in wells less than 30 metres in 
depth. There were 11 wells 
where the iron total values 
changed by more than 2 
mg/L. One well (well 2) 
decreased in total iron by 
17.41 mg/L. In Phase 1 it 
was noted that the sample for 
well 2 was cloudy and the 
filterwasstained. In 
addition, in Phase 1 the water 
from well 2 was purged for 5 
minutes, as opposed to a 10 
minute purge in Phase 2. 

Iron values tended to increase 
in the summer sampling round 
(130 wells) compared to those 
that decreasedin value (82 
wells). This results could be 
an artifact of particulate 
matter in the sampled well 
water. 

Figure 4.30. The difference between the iron (total) values 
from Phase 1 to Phase 2. 

30 metres 
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Total V.S. Dissolved Iron 

Figure 4.31 shows the relationship between total and dissolved iron. At higher 
concentrations, the total and dissolved iron are more or less equal in value. However, at 
lower iron concentrations, the total component is greater than the dissolved which would 
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infer that iron particulate matter could be present in the sampled water at lower 
concentrations. 

Figure 4.31. Relationship between total and dissolved iron for 
wells sampled in Phase 2Summer. 

Iron and Manganese 

In Phase 2 there were a total 
of 17 wells with both iron 
and manganese exceedences 
of the GCDWQ and in Phase 
1, 18 wells. Most of these 
wells were the same (12 
wells) but there were no 
obvious trends in these wells 
with regards to construction 
type, depth of well, or 
aquifer. 

The relationship between 
iron and manganese is shown 
in Figure 4.32. On a 
regional basis iron and 
manganese are not strongly 

100 A 
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comekited (r = 0.35 (Phase 
2) and r = 0.26 (Phase 1)). 

Figure 4.32. Relationship between total manganese and iron 
for wells sampled in Phase 2Summer. 

Almost half of the iron 
exceedences occurred in the 
Nicomen Slough and 
Kanaka/Whonnock Creek 
aquifers. No correlation was 
apparent for the 
Kanaka/Whonnock Creek 
aquifer. The relationship 
between iron and manganese 
for wells in the Nicomen 
Slough aquifer is shown in 
Figure 4.33. There is a 
weak relationship that 
suggests their occurrence 
may be linked for this 
aquifer. 

Manganese (T) = Iron (T) 
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The oxidation state (and pH) 
of the groundwater exerts an 
important influence on iron 
and manganese 
concentrations. Oxidation 
and pH conditions will 
gradually evolve along 
groundwater flow paths. 
Generally, oxygen becomes 
limited and pH rises as water 
is shut off from the 
atmosphere and exposed to 
the host sediments and rocks. 
At sufficiently reduced 
conditions, iron and 
manganese in the host 
sediments will dissolve into 
groundwater and become 
mobilized. When and where 

Figure 4.33. Relationship between total manganese and iron 
for wells sampled in the Nicomen Slough aquifer. 
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this occurs depends, among other factors, on the hydrauiics and geology of the system. 
Every aquifer has unique flow patterns and geology, and an explanation based on trends 
of occurrence of iron and manganese regionally in the Fraser Valley is difficult. 

Environmental Considerations 

Iron is one of the most abundant metals in the earth's crust. It is found naturally in fresh 
waters at levels ranging from 0.5 to 50 mg/L. Iron may also be present in drinking water 
as a result of the use of iron coagulants or the corrosion of steel and cast iron pipes, but 
this is unlikely in most groundwater supply sources. 

Health Considerations 

Iron is an essential element in human nutrition and minimum daily requirements can range 
from 10 to 50 mg/day depending on a number of factors (Le., age sex, physiological 
status and bioavailability). 

The main objection to iron in water distribution systems is not due to health reasons but 
rather to staining of laundry and plumbing fixtures and appearance. Taste and odour 
problems may be caused by organisms that utilize iron compounds (iron bacteria) and 
result in "red water". 

Comer 

Statistics 

The overall study area mean and median values for copper were 0.053 and 0.009 mg/L 
for Phase 2, respectively (see Table 4.1) and 0.098 and 0.007 mg/L for Phase 1, 
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dissolved copper in the study 
wells sampled in Phase 2. 
Generally, the wells follow a 
linear relationship (total and 

equal). However, there are a 
considerable number of wells 
in which the total copper is 

dissolved, which would infer 

dissolved values being 

higher in value than the 

that some of the total copper 
could be in particulate form 
and could be contributed by 
the water delivery system. 

respectively. The range of copper values was not detected to 1.74 mg/L in Phase 2 and 
not detected to 8.34 mg/L in Phase 1. 

10 
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Exceedences of the Guidelines for Canadian Drinking Water Quality 

S 1.0 mg/L. There was 1 
community well (well 125) 
and 1 private well (well 193) 
in Phase 2 that exceeded this 
value. In Phase 1 there were 
2 community wells (wells 2 
and 36) and 3 private wells 
(wells 193, 246 and 258) with 
total copper exceedences. 

Seasonal Trends a 4 4 -2 0 2 -10 

Difference in Copper Total values (Phase 2 - Phase 1) 
Figure 4.34 shows the 
relationship between total 
copper values from Phase 2 to 
Phase 1. There were 5 wells 
that changed in total copper 
by more than 1 mg/L. These changes are probably due to particulate matter. The source 
of the particulate matter could possibly be from the copper pipes that deliver the water. 

Total V.S. Dissolved Copper 
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Environmental Considerations 

Copper is very commonly found in the earth’s crust as sulfides, oxides and rarely as a 
metal. It may be detected at higher values from the consumer’s tap as a corrosion product 
of brass and copper pipes. S W g  of laundry and sanitky‘ware occurs at copper 
concentrations above 1 mg/L. At levels above 5 mg/L, copper also imparts a colour and 
an undesirable bitter taste to water ( WHO, 1993). 

Health Considerations 

Copper is considered an essential element for human nutrition and the daily requirement 
has been estimated at 2 mg. The Aesthetic Objective set for copper is mainly related to 
the taste. The presence of copper in a water supply may interfere with the intended 
domestic uses of the water. 

- Zinc 

Statistics 

The overall study mean and median values for zinc (total) were 0.08 and 0.02 mg/L, 
respectively (see Table 4.1), for Phase 2 and 0.09 and 0.01 mg/L, respectively, for Phase 
1. Zinc ranged in concentration from not detected to 6.55 mg/L in Phase 2 and not 
detected to 4.33 mg/L in Phase 1. 

Exceedences of the Guidelines for Canadian Drinking Water Quality 

The GCDWQ for zinc is an Aesthetic Objective of 15.0 mg/L. There was 1 community 
well (well 84.b) that had a total zinc value of 6.93 mg/L. There were no wells in Phase 1 
that exceeded 5.0 mg/L. 

In Phase 2, a total of 4 wells 
had zinc in excess of 1.0 

Figure 4.36. Relationship between total and dissolved zinc 
for wells sampled in Phase 2Summer. 

mg/L (wells 26, 63, 84.2 and 
232). Two of these wells also 
had lead in excess of 0.01 
mg/L. Only 1 well (26) had a 
repeated high zinc value in 
Phase 1. There does not 
appear to be any relationship 
between the elevated zinc 
values and aquifers the wells 
are completed into. All wells 
with these elevated levels in 
both Phase 1 and 2 were 
drilled wells varying in depth 
from 13 to 71 metres. 

GCDWQ (Zinc) = 5.0 mg/L 
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Total V.S. Dissolved Zinc 

Figure 4.36 shows the relationship between total and dissolved zinc in the wells sampled 
in Phase 2. The total zinc values at the lower concentrations appear to be higher than the 
dissolved. This could be due to particulate matter in the water contributed by the water 
delivery system. 

Zinc and Lead 

Both lead and zinc are components of solder used in water delivery systems. However, 
there does not appear to be a strong relationship between lead and zinc (r = 0.15) in the 
wells sampled in Phase 2. 

Environmental Considerations 

Zinc levels in groundwater do not nonnally exceed 0.05 mgL. Higher concentrations in 
tap water may be the result of dissolution of zinc from pipes (WHO, 1993). 

Health Considerations 

Zinc is an essential trace element found in virtually all food and water in the form of salts 
or organic complexes. Diet is the principal source of zinc. Zinc has an Aesthetic 
Objective set based on the undesirable astringent taste that higher concentrations (20 to 30 
mg/L) can impart to water. Tests indicate a taste threshold of 4 mg/L. Water containing 
zinc in concentrations 3 to 5 mg/L may appear opalescent (milky appearance) and develop 
a greasy film on boiling. It has been concluded by the National Academy of Science that 
the likelihood of detrimental health effects generated by zinc in drinking water is 
extremely remote (DeZuane, 1990). 
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Pesticide Results and Discussion 

Residents in certain areas of the Fraser Valley have raised concerns over potential 
contamination of the groundwater by pesticides. Determum ' ' g whether and to what extent 
pesticides may be contaminating groundwater was a primary objective of this study. 
Results from the pesticide analysis are in Appendix 8. It should be noted that 1,2- 
dichloropropane (1,2-DCP) was analysed as a volatile organic compound but is considered 
a pesticide and will be reported in this section. 

Only wells in high and medium high risk areas (Gartner Lee Ltd., 1992) were sampled 
for pesticide analysis. In Phase 2-Summer, 81 wells were sampled for pesticides and 
VOCs and in Phase 2-Winter, 32 wells were sampled for both pesticides and VOCs. In 
Phase 1, a total of 71 wells were sampled for pesticides and 103 wells were sampled for 
vocs.  

Altogether in both Phase 1 and Phase 2, there were a total of 6 different wells with 
pesticide detections (wells 208, 209, 234, 236, 237 and 238) as shown in Table 4.3. 
Three of these wells (wells 209, 234 and 237) had detections of 1,2-DCP in both sampling 
rounds. In the case of 2 of the 3 pesticides detected (oxamyl and bromad), resampling 
of the wells with pesticide detections indicated that the pesticides did not persist. Oxamyl, 
detected in Phase 1, was not detected again in Phase 2 and bromad, detected in Phase 2- 
Summer, was not detected on resampling in the Phase 2-Winter round. 

Figure 4.37 shows the percentage of wells with pesticide detections for the entire study. 
All wells with pesticide detections were private wells. Results in this graph are reported 
in terms of type of analysis. 
There were no Desticide 
detections in piase 2-winm. Figure 4.37. Percentage of wells with pesticide detections 

for both Phase 1 andor Phase 2. 
b This could be due to the 

selection of wells, i.e., 
community wells as opposed 
to private wells. The 
majority of the community 
wells sampled in Phase 2- 
Winter were deeper drilled 
wells as opposed to shallower 
dug wells. 

Pestiade 

B 

- 
E 
8 4% 
00 - - 
's 
a? 

2% 

0% 
Phase 1 Phase 2-Summer Phase 2-Winter I 



Fraser Valley Groundwater Monitoring Program - Final Report 

Table 4.3 presents the pesticide detections for both Phase 1 and Phase 2-Summer of this 
study. None of the pesticides detected exceeded any established Guideline and/or 
Standard and no pesticides were detected in any of the community wells sampled. There 
are no GCDWQ set for the pesticides detected in this study. 

2 

1l2 

Table 4.3. Study wells in Phase 1 and 2 with positive pesticide detections. 

1.2-DCP Hopington 0.5 20 14.0 
ww5 
(EPA) 

5 (EPA) 
1 ,ZDCP Hopington 1.110.0 20 (WHO)/ lQ.6 

208 

209 

234 

236 

237 

237 

238 

1 

112 

1 

2 

oxamyl AbbotsfordSurnab 1.7 200 (EPA) 14.4 

1,2-DCP AbboMordSumab O.WO.5 20 (WHO)/ 21.1 

oxamyl AbboMordlSumas 1.3 200 (EPA) 21 .l 

bromadl AbboMordlSumas 1.4 none set 11.7 

(Phase 1) 

5 (EPA 

112 I 1,2-DCP I AbboMordSumas 

1 42.7 
I 

, 21.6 

13.1 

6.0 

21.1 

WHO = World Health Organization 
EPA - U.S. Environmental Protection Agency 
Phase 2 = Phase 2-Summer 

All detections of pesticides in the study were in wells completed into the 
Abbotsford/Sumas and Hopington aquifers (see Map Sheet 5). All 6 wells are located in 
agricultural areas (farms and nurseries) and have nitrate-N concentrations of exceeding 10 
mg/L. Most detections also occurred in relatively shallow wells (< 22 metres). There 
does not appear to be any patterns with respect to well construction. Wells 208, 209, 234 
and 236 are drilled wells and, except for well 234, all have good seals. 

1.2-dichloro~ro~ane f1 .P-DCP) 

1,2-dichloropropane (1,2-DCP) is an active ingredient of a nematicide with a trade name 
of Telone. In this study, 1,2-DCP was detected in 3 private wells in Phase l(wells 209, 
234 and 237) and 4 private wells in Phase 2 (wells 208, 209, 234 and 237). All but one 
of the wells with a previous pesticide detection, well 208, had repeated detections of 1,2- 
DCP in Phase 2-Summer (Map Sheet 5). 

The mean and median values for 1,2-DCP detections in Phase 2-Summer were 0.6 and 
0.5 pg/L, respectively, and 0.7 and 0.6 pg/L, respectively for Phase 1. 1,2-DCP 
detections ranged in value from 0.4 to 0.9 pg/L in Phase 2 and 0.5 to 1.1 pg/L in Phase 
1. In the wells with previous detections, the concentrations of 1,ZDCP were marginally 
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decreased in Phase 2. 

Environmental Considerations 

Soil fumigation to control nematodes is a routine procedure done prior to planting 
raspberry and strawberry crops. Fumigation can only be performed when a field is 
rejuvenated (once every 5-15 years). The most common active ingredients in soil 
fumigants were a mixture of 1,2-dichloropropane and 1,3dichloropropene (Telone), 1,3- 
dichloropropene (Telone II) or 1,2-dibromoethane (Bromofume). Recently, a study has 
identified a new groundwater contaminant associated with the use of Telone and Telone 11- 
1,2,2-trichloropropane (Szeto et al, 1994). All of these above mentioned active 
ingredients were analysed in this study (1,2,2-trichloropropane was analysed only in Phase 
2). Only 1,ZDCP was detected. 

1,2-dichloropropane is a very persistent chemical that does not biodegrade or readily 
hydrolyse. In Canada, registrations of fumigants containing 1,2-dichloropropane were 
discontinued in 1985. However, remaining stocks were still used up until depleted in 
approximately 1990. 

The manufacturer of products containing 1,3-dichloropropene (DowElanco) are currently 
not selling any products containing 1,3-DCP in British Columbia until an investigation is 
completed into characterizing the hydrogeology in British Columbia in areas where Telone 
II and Vorlex (products containing 1,3-DCP) may be used (McCully, 1994). In addition, 
the label for the above mentioned products warns users not to use the product in areas 
where soils are highly permeable and groundwater is near the surface as well as areas 
where aquifers are present. 

Detections of 1,2-DCP in groundwater are not isolated to this study. Groundwater 
monitoring studies done in the Abbotsford aquifer have repeatedly detected 1,2-DCP and, 
more recently, 1,2,2-trichloropropane. (Liebscher et al, 1992; Szeto et al, 1994). 

Health Considerations 

All 1,2-DCP detections were well below any level of health concern, as shown through a 
comparison to the World Health Organization Guideline for Drinking Water Quality and 
the Environmental Protection Agency Maximum Contaminant Level. 

A recent health risk assessment study indicated that no adverse health effects would be 
expected to occur from the consumption of water containing 1,2-dichloropropane at 
concentrations of < 4.0 pg/L (CanTox Inc., 1992). 

Bromacil 

Bromacil is a non-selective industrial use herbicide that was detected in 1 private well 
(238) in Phase 2-Summer at a concentration of 1.4 pg/L (Map Sheet 5). This well is 
located in the Abbotsford/Sumas aquifer and is a drilled well 31 metres in depth. Nitrate- 
N levels in this well were elevated (9.88 mg/L in Phase 1 and 11.7 mg/L in Phase 2). 
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Because bromacil was detected in Phase 2-Summer, this well was retested for pesticides in 
the Phase 2-Winter sampling round. Results from this repeat sampling indicated no 
detection of bromacil. 

Environmental Considerations 

Bromacil has been identified as having a high leaching potential, (McRae, 1991) into 
groundwater (Vandvoort et al., 1980). Studies have indicated that degradation in water 
can occur with the presence of natural photosensitizers (Acher and Saltzman, 1980). 

Health Considerations 

There are no Guidelines or Standards set for bromacil in water. Bromacil is not 
considered to be carcinogenic by IARC (International Agency for Research on 
Carcinogens). The limited health information available on bromad indicates that in 
animal studies at extremely elevated levels, gastrointestinal and nervous systems disorder 
can occur. The level of bromacil detected in this study does not approach a level of 
health concern. 

Oxamvl 

There were no wells with oxamyl detections in the Phase 2 sampling rounds. Low levels 
of oxamyl were detected in 2 wells in Phase 1 (wells 236 and 237). The levels of oxamyl 
detected (see Table 4.3) were more than 20 times below the EPA standard of 200 @L. 
Well 236 was not resampled in Phase 2. Well237 was resampled in Phase 2-Summer 
and had a nondetect value for oxamyl. Both wells with oxamyl detections were shallow 
wells (well 236 -6 metres deep and well 237-16 metres deep) located in the 
Abbotsford/Sumas aquifer and both had nitrate-N detections greater than 10 mg/L (Map 
Sheets 3 and 5).  

Environmental Considerations 

Oxamyl (tradename - Vydate) is a restricted use broad spectrum (controls a wide range of 
pests) insecticide and nematicide that has been registered for use on raspberries, apples 
and potatoes in Canada since 1984. When used on raspberries, Vydate is applied in one 
application in the fall as a soil drench. 

Oxamyl rapidly degrades into arbon dioxide in soil. In sand and silt soils, it is estimated 
that the half life for oxamyl is 6 to 13 days. It is surprising that oxamyl was detected 
given the above mentioned physical characteristics of the chemical. 

Health Considerations 

The World Health Organization has set an AD1 (Acceptable Daily Intake) for oxamyl of 
0.03 mg/kg/day. Even excessive consumption of water from the wells with oxamyl 
detections would not result in intakes above this ADI. 
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Volatile Organic Compound (VOC) Results and Discussion 

Many volatile organic compounds or VOCs are commonly used as industrial solvents and 
degreasers or as household cleaning solvents. Some VOCs are also components of 
gasoline (the xylenes) and pesticides (1,2-DCP). 
Results for the VOC 
detections will be discussed in Figure 4.38. Breakdown of detections for THM, freon and 

other voc detections. 
terms of trihalomethanes 
(THMs) or disinfection by- 
products (DBPs), Freons, and 
other VOCs. Map Sheet 5 
shows the VOC results in 
terms of these categories. 
Figure 4.38 shows the 
breakdown of detections for 
each of the above mentioned 
groups. 

There were a total of 3 
different THMs (chloroform, 
dibromochloromethane and 
bromodichloromethane) 
detected in 11 different wells- 
5 community wells and 6 
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private wells. Two wells (wells 116 and 142) had more than one THM detected and 4 
wells (wells 90, 116, 209 and 245) had detections in Phase 1 and Phase 2. A fieon, 
trichlorofluoromethane, was detected in 9 different wells-2 community and 7 private. 
Two private wells (wells 193 and 194) had repeated detections in both Phase 1 and 2. 
Three other VOCs were detected in 3 different wells (wells 112, 116 and 254). 

There were considerably more VOC detections in Phase 2-Summer than there were in 
Phase 1, especially THMs and freons. None of the VOCs detected exceeded any existing 
Guideline or Standard. 

Only wells in high and medium high risk areas (Gartner Lee Ltd. 1992) were selected for 
VOC sampling and analysis in both Phases of the study. The VOC results are shown in 
Appendix 8. In Phase 2-Summer, 81 wells were sampled and in Phase 2-Winter, 32 wells 
were sampled. In Phase 1, 103 wells were sampled and analysed for VOCs. The results 
for 1,2-dichloropropane have been discussed in the Pesticide Results and Discussion 
section. 

Trihalomethanes (THMs) 

Trihalomethanes ( T H M s )  or Disinfection By-Products (DBPs) are chemical compounds 
that form in drinking water when organic matter in untreated water supplies is chlorinated 
to kill disease-causing microorganisms. The most common THMs are chloroform, 
bromodichloromethane, dibromochloromethane and bromoform. 
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142 1 chloroform 13.8 

207 2-Summer chloroform 0.3 

209 112-Summer chloroform 0.810.6 

232 2-Summer chloroform 0.3 

233 2-Summer chloroform 0.4 

A breakdown of the trihalomethane detections for the study is as follows: 
7 THM detects (5 wells or 5% of the wells sampled) in Phase 1 (Winter) 
11 detects (10 wells of 12% of the wells sampled) in Phase 2-Summer and 
3 detects (2 wells or 6% of the wells sampled) in Phase 2-Winter. 

LangleylBrookswood 

Hopington 

Hopington 

AbbotsfodSumas 

AbbotsfordISumas 

None of the THMs detected exceeded the revised Guideline for Canadian Drinking Water 
Quality for T H M s  (100 pg/L). There were twice as many wells with THM detections in 
Phase 2-Summer than those in either winter sampling round. In winter, there may be 
reduced concentrations of materials that promote THM production and also reduced 
chlorine usage. 

240 

245 

Chloroform was the most common THM found in this study (16 detections), followed by 
bromodichloromethane (4 detects) and then dibromochloromethane (2 detects). Table 4.4 
shows all the trihalomethane 0 detections for both Phase 1 and 2. Two wells (wells 
90 and 116) had detections of THMs in all 3 sampling rounds and 2 wells (wells 209 and 
245) had THM detections in 2 sampling rounds. All THM detections, except for well 
116, occurred in wells completed into highly vulnerable, unconfined aquifers - 
Abbotsford/Sumas, Hopington and Langley/Brookswood. 

2-Summer chloroform 0.2 AbbotsfordIS u mas 

11 2-Summer chloroform 0.511 2 AbbotsfordSumas 

Well 116 had numerous THM detections in Phase 2-Winter. This well had previously 
been on a boil water advisory and was probably disinfected with chlorine close to the time 
of sampling. 
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Environmental Considerations 

Both the location and the time of disinfection of the well water can affect the level of 
THMs. The rate and degree of "HM formation increases as a function of the chlorine 
and humic acid concentration, temperature, pH and bromide ion concentration (Amy et al, 
1987; Stevens et al., 1976). 

Reduction of THMs can be easily done by aerating the water in a blender, boiling it or 
storing it in the refrigerator for 24 hours. Water treatment devices containing activated 
carbon can also remove THMs. 

Health Considerations 

The Interim Maximum Acceptable Concentration (IMAC) for trihalomethanes ( T H M s )  in 
drinking water has recently been changed from 350 to 100 pgL. The IMAC for 
trihalomethanes is based on the risk associated with chloroform, the THM most often 
present and generally found in the greatest concentration in drinking water. 

Studies have shown that some trihalomethanes, such as chloroform, cause cancer in 
laboratory animals. In addition, some epidemiological studies have shown evidence of 
higher cancer rates in people who drink chlorinated water. However, evaluation by the 
International Agency for Research on Cancer (IARC) indicates that the degree of evidence 
for this association is inadequate. Chloroform is classified by IARC as Group IIB 
possibly carcinogenic to humans. 

The benefits of disinfecting our drinking water are much greater than the risks of health 
effects from THMs. The introduction of water treatment, particularly chlorination at the 
turn of the century, dramatically reduced the incidence of water-borne diseases such as 
typhoid. 

None of the T H M s  detections in this study approached the recently established IMAC of 
100 pg/L and therefore do not present a health concern. 

Freons 

A surprising finding was the detection of a chlorofluorocarbon or freon in several of the 
wells sampled. Trichlorofluoromethane (TCFM) is a freon associated With refrigeration 
units and ozone depletion in the earth's atmosphere. It is an extremely volatile 
(evaporates readily) which makes its persistence in the aquatic environment unlikely. 

Table 4.5 shows the trichlorofluoromethane (TCFM) detections for Phase 1 and Phase 2- 
Summer of the study as well as the aquifers the wells were completed into. There were 
no detections of trichlorofluoromethane in the Phase 2-Winter sampling round. All freon 
detections O C C U K ~ ~  in wells completed into highly vulnerable, unconfined aquifers - 
Abbotsford/Sumas, Langley/Brookswd, Hopington and Brmkswood. There were 
repeated detections of TCFM in 2 private wells (Wells 193 and 194). These wells are 
located downhill from a fish processing plant. 
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Table 4.5. The trichlorofluorornethane (TCFM) detections for Phase 1 and 2Surnmetr. 

Abbotsford/Surnas 

In Phase 1, 3% of the wells sampled for VOCs had freon detections, in comparison with 
Phase 2-Summer where 10% of the wells sampled had a freon detection. The increased 
incidence of detections in the Phase 2-Summer sampling round could be attributed to 
increased use of refrigeration units for berry and poultry farms. Wells with detections in 
the Abbotsford/Sumas aquifer were all within a 3 kilometre radius of one another and 
most wells were adjacent to either a berry or poultry farm. 

En vimnmen tal Considerations 

Freons or chlorofluorocarbons (CFCs) are human-made chemicals developed in the 1930s 
to replace more harmful refrigerants. Trichlorofluoromethane (TFCM), a freon detected 
in this study, is one of the most harmful of the refrigerant gases in terms of its ozone 
depletion potential. 

Volatilization is the major transport process of removal of trichlorofluoromethane from 
aquatic systems. In the atmosphere, trichlorofluoromethane remains stable but it is 
eventually carried back to earth during the precipitation process. It is surprising that this 
freon was detected in groundwater and indicates that owners of refkigeration units over 
highly vulnerable aquifers should maintain their units on a regular basis. 

Health Considerations 

There is no existing Guideline or Standard for trichlorofluoromethane. It is considered to 
be of extremely low toxicity. Most human toxicity studies are inhalation studies. 
Volunteers exposed to high concentrations (lo00 ppm) of trichlorofluoromethane by 
inhalation for up to 8 hours did not show any adverse health effects (Patty's Industrial 
Hygiene and Toxicity, 1981-2). 
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Other Volatile Oraanic ComDounds 

There were 3 other VOCs detected in Phase 1 and 2: l,l,l-trichloroethane (Phase 1- 
community well 112), m,p-xylene (Phase 2-Summer - well 254) and carbon tetrachloride 
(Phase 2-Summer - community well 116). None of these other VOCs detected exceeded 
any existing Guideline or Standard. 

M, p-xylene is a component of gasoline and detection of this compound is often associated 
with underground storage tanks. Mpxylene was detected in a private well (well 254) 
where the well water is not used for drinking purposes. This well is surrounded by a 
concrete plant and is completed into the AbbotsfordlSumas aquifer. The GCDWQ sets an 
Aesthetic Objective of S0.3 mg/L or 1300 pg/L for the xylenes which is 100 times 
higher than the level of 0.3 pg/L detected in Phase 2-Summer. 

The xylenes are used extensively as solvents and gasoline additives. Xylene and other 
alkyl benzenes are recognized primarily as atmospheric pollutants due to their high 
volatility, but small amounts may enter aqmtic systems (leaks from underground storage 
tanks) where they are known to exist in groundwater for several years where 
concentrations are high. 

1, 1,l-trichloroethane is a chemical associated with solvents, degreasers and dry cleaning 
agents and was commercially introduced in 1954 as a substitute for carbon tetrachloride. 
This compound was detected in 1 community well (well 112) completed into the 
Hopington aquifer in Phase 1. This well was not resampled in Phase 2. 

Carbon tetrachloride is a chemical solvent and is also used for the fumigation of s t o d  
grain. Catbon tetrachloride was detected in one community well (well 116) in Phase 2- 
Winter at a level of 0.5 pg/L. This well also had many THM detections in both Phase 1 
and 2-Summer. Well 116 is not associated with any aquifer and is a shallow dug well 
(3.05 metres deep). The GCDWQ have set a Maximum Allowable Concentration of 5 
pg/L for carbon tetrachloride. This concentration is 10 times greater than the level 
detected in Phase 2-Winter. 

Health Considerations 

The majority of health information available on the chronic toxicity of xylenes relates to 
the inhalation route. Existing data available on ingestion of xylenes conclude that the 
compound is rapidly absorbed and readily excreted. Taste and odour of xylenes can be 
detected from 20-1800 pg/L (WHO, 1993). 

The World Health Organization sets a Guideline value of 2.0 mg/L or 200 pg/L for 
1 , 1 , 1-trichloroethane. Workers exposed to 1, 1,l-trichloroethane showed no consistent 
dose-related adverse health effects (USEPA, 1982). There are also no reported human 
data or animal studies that have demonstrated evidence of carcinogenicity. 



Fraser Valley Groundwater Monitoring Program - Final Report 

4.3 Quality Assurance/Quality Control Results and 
Discussion 

Detailed information on the QA/QC component of the study and results from the 
laboratory’s internal QA/QC program can be found in Appendix 7. This section 
summarizes the results from the external or blind QA/QC component of the study. 

External Inorganic QNQC 

The number and type of external inorganic QA/QC samples submitted for analysis in 
Phase 2 is shown in Figure 4.39. In Phase 2-Summer, 237 well water samples and 25 
blind QC samples (7 
duplicates, 15 reference 
sampla and blanks) were submitted for analysis in Phase 2. submitted for analysis (25 of 

Figure 4.39. Summary of external W Q C  inorganic samples 

1 
262 samples - 9.5% of the 
total samples) and in Phase 
2-Winter, 7 well water 
samples and 3 blind QC 
samples (1 duplicate, 1 
reference sample and 1 
blank) were submitted (3 of 
10 samples - 30%). 

The inorganic QA/QC 
results indicate that the 

control and generated a high 
level of confidence in the 
reported results. 

analytical data was in good 

I 2o 

0 

Reference Samples 

The blind or external reference samples provided an accuracy check on 66% of the 82 
inorganic constituents in the study. 

The results from the blind inorganic reference samples were extremely good. There were 
approximately 810 data reference values in Phase 2-Summer and only 1 % of these values 
failed to meet the acceptance criteria for percent recovery of 100% f 15%: 1 silicon 
(dissolved), 1 lead (total), 1 lead (dissolved), 2 zinc (total), 2 chloride and 1 sulfur (total). 
Corrective actions and detailed results can be found in Appendix 7. 

Dudicate SamDles 

The external inorganic duplicate results were also very good. There were 7 wells sampled 
in duplicate in Phase 2-Summer ,which generated 574 data pairs to be used for 
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comparison. There were 15 data pairs (3% of the total data pairs) that had a deviation 
greater than the acceptance criteria. In most instances, reanalysis confirmed the original 
results which would infer that the problem constituents were whole sample related and 
may be attributable to variations caused by the water delivery systems Le., lead, zinc and 
copper from galvanized pipes and solder. In Phase 2-Winter, there were no flagged data 
pairs in the field duplicate submitied for analysis. 

Blank SamDles 

Dissolved zinc was the only constituent detected at greater than 2 times the MDC in the 3 
field blanks submitted for analysis. This was an artifact of the filters used by the 
samplers in the early stage of Phase 2-Summer (see Appendix 3.3.8). 

External PesfWde QNQC 

The number and type of extemal pesticide QA/QC samples submitted for analysis in 
Phase 2 is shown in Figure 
4.40. 

In Phase 2-Summer, there 
were 36 composited and 9 
discrete well water samples 
and 7 blind QC samples (1 
duplicate, 5 reference 
samples and 1 blank) 
submitted (7 of 52 samples 
13% of the total samples 
submitted) and in Phase 2- 
Winter, 14 composited and 
4 discrete well water 
samples and 3 blind QC 
samples (1 duplicate and 2 

Figure 4.40. Summary of extemal pesticide W Q C  samples 
submitted for analysis in Phase 2. 
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reference samples) were 

All the external QC samples 
were analysed for the full 
range of pesticide constituents. 

submitted (3 of 21 - 14%). 

Reference SamDles 

The initial review of the Phase 2-Summer results indicated that, of the 42 spiked 
pesticides in 5 reference samples, 22 failed to meet the acceptance criteria (one constituent 
was a marginal failure and 6 were spiked pesticides not reported;false negatives). In 
addition, 9 non-spiked pesticides were reported as detections (false positives). 

The first action taken was to exchange the reference stock solutions used for spiking with 
the laboratory to confirm spiking concentrations. The results from this exchange and a 
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laboratory investigation into stability of certain pesticides are found in Appendix 7. The 
exchange resulted in only 28 of the initial 42 spiked pesticides having ‘reliable” reported 
values and 12 of the 28 constituents failing to meet the acceptance criteria. Nine of the 
12 constituents had high percent fecoveries which may be attributed to GC matrix 
enhancement by unknown coextractives and the remaining 3 constituents were attributed 
to laboratory instrumentation problems. 

Of the 9 non-spiked pesticides or suspected false positives, only 1 was due to a laboratory 
instrumentation problem, the rest were a result of contamination problems with the 
reference stock solutions used to spike the reference samples. 

There were 6 spiked constituents with reported non-detectable values (false negatives): 
captan (twice), endosulfan I and II, dicofol, oxamyl and parathion. The laboratory’s 
investigation indicated stability problems with captan and oxamyl, instrumentation and 
interpretation problems with Endosulfan I & 11 and dicofol and the fact that parathion was 
initially incorrectly named in the reference sample. 

In Phase 2-Winter, 18 pesticide constituents were spiked into the 2 reference samples 
submitted. There were 2 constituents that failed to meet the acceptance criteria, 1 
marginal failure and 2 other non-spiked pesticide detections. However, taking into 
account the results from the reference stock solution exchange, 14 of the 18 pesticide 
constituents were considered ‘reliable” and of these none had a flagged value. The 2 
other pesticides detected were contaminants in the reference stock solutions used for 
spiking the reference samples. 

The pesticide reference sample results are not as easily summarized as the inorganic 
results. There are many confounding factors that need to be considered: practical 
constraints in the preparation of the reference samples, the use of Standard Reference 
Materials instead of Certified Reference Materials, degmhtion/contamination of the 
reference stock solutions, etc. All of the above mentioned factors lead to a less reliable 
external assessment of the laboratory’s analytical performance and therefore make internal 
QA/QC important. As shown in Appendix 7, the internal QA/QC results for the pesticide 
analysis had a very high degree of compliance and impart confidence in the pesticide data 
generated. 

DuDlicate Samoles 

In Phase 2-Summer and Winter, there were no flagged data pairs in the field duplicate 
submitted for analysis. 

There were no pesticide constituents detected in the blank sample submitted in Phase 2- 
Summer. 
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External Volatile Organic Compound (VOC) QNQC 

Figure 4.41 shows the 
breakdown of the external 
QNQC samples submitted in 
Phase 2 of the study. In Phase 
2-Summer there were a total 
of 81 well water samples 
submitted for analysis and in 
Phase 2-Winter, 32 samples. 
There were a total of 11 blind 
QNQC external samples (4 
duplicates, 6 reference 
samples and 1 blank) 
submitted for analysis in 
Phase 2-Summer (1 1 of 92 
samples - 12% of the total 
samples submitted) and 5 
external samples (1 duplicate 
and 4 reference samples) in 
Phase 2-Winter (5 of 37 
samples - 14%). 

Figure 4.41. Summary of external QAlQC VOC samples for 
Phase 2. 

fi 

Phase 2-Wint.r 

Reference Samples 

In Phase 2-Summer, 11 1 VOC constituents were spiked in 6 blind reference samples and 
in Phase 2-Winter, 61 constituents were spiked in 4 reference samples. In Phase 2- 
Summer, there were 4 VOC constituents that failed to meet the acceptance criteria or 4% 
of the VOCs spiked (2 were marginal) and 3 non-spiked VOC detections or false 
positives. In Phase 2-Winter, there was 2 marginal flags (3%) and 2 non-spiked VOC 
detections. 

The level of acceptable recovery data for the blind reference samples was good and the 
acceptance criteria was met for 97% of the spiked constituents. The 5 non-spiked VOC 
detections or false positives reported were most likely the result of contamination during 
the blind reference sample preparation or a contaminant in the spiking material. 

Duplicate Samples 

All of the blind duplicate samples submitted for analysis in Phase 2-Summer and Phase 2- 
Winter met the acceptance criteria. 

Blank Sample 

There was only one blind blank sample submitted for analysis in Phase 2-Summer. 
Chloroform was detected in this blind blank (2.4 pg/L). Analysis of the transport blank 
showed no laboratory contamination. Chloroform is a common solvent and it was accepted 
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that its presence was due to contamination during prepration of the blind blank. 

4.4 Well Assessments 
The FVGMP wells were assessed to identify wells that may be at risk from contamination 
from activities in the immediate well head area and to recommend possible corrective 
measures. Information on well completion, distance from septic field, and other unused 
wells on the property recorded on the well reconnaissance form were used for the 
assessment. The following factors were considered to pose a water quality risk to wells: 

1. 

2. 

3. 

poorly sealed wells (not covered at the top or have Openings along the side of the 
casing) that could allow polluted mn-off to seep directly down the well, 
wells that are located less than 30 m from septic fields (wells completed into 
aquifers deemed low Vulnerability were not included), and 
existence of other unused wells on the property which may provide a direct conduit 
for contaminants to the aquifer. 

Sixty-nine wells (33 community wells) have been identified to be at risk because of the 
above factors. Well assessment information is shown in Appendix 4.2. Wells deemed at a 
high risk are bolded and the risk of concern is shaded. Twenty-five wells have 
documented poor well seals; 8 of these (wells 38, 65, 124, 125, 126, 192a, 193, and 235) 
have documented history of bacteria or nitrate. By far the most common well seal 
problem is that the well head is simply left uncovered. This can easily be remedied by 
properly fitting the well with a commercially available well cap ($45 for a 150 mm 
diameter well cap), or if it is a dug well, securing a cover on the well to prevent organic 
matter and any contaminants from entering the well through the well head. One well 
(well 3) is flowing artesian and the leak around the outside of the casing should be 
plugged off to prevent water from flowing to waste. 

Thirty-four wells are reportedly located within 30 m from septic fields, the minimum 
separation distance required by Ministry of Health. However, 3 wells (26, 139, and 199) 
are completed into low vulnerability aquifers protected at the surface by confining layers 
and as such were not considered at immediate risk. Five of the wells (wells 126, 194, 
202, 222 and 240) have documented history of bacteria or nitrates. Monitoring bacteria 
in the water supply is a practical way of assessing any impact. 

Unused wells were documented on properties of 24 wells. These unused wells pose a 
threat to the groundwater because contaminants can migrate down the well directly into 
the aquifer. Unused wells should be properly decommissioned in accordance with the 
Ministry of Environment (1982) guidelines. 

Finally, although shallow dug wells and sandpoints were not specifically identified at risk 
due to poor well seals, proximity to septic fields, or existence of nearby unused wells, 
they are generally regarded as more susceptible to local contamination than deeper, drilled 
wells. In the future, when these wells are to be replaced, consideration should be given 
to having the replacement well drilled deeper into the aquifer, if possible, to reduce the 
risk of contamination from nearby human activities. Future wells should also be 
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completed with a sanitary well seal to prevent any contaminated runoff from seeping down 
the side of the casing into the well. 

4.5 Preliminary Capture Zone Results and Discussion 

Preliminary capture zones were delineated for al l  the community wells sampled during 
this study; capture zones were not delineated for the private wells (wells 193-265). In 
total, 179 capture zones were 
delineated using the Arbitrary 
Fixed Radius (AFR), 
Calculated Fixed Radius 
(CFR), and Analytical 
Equations (Figure 4.42) and 
have been plotted on 
1:20,000 scale maps 
(Appendix 10.2). Capture 
zone information for each 
well has also been 
summarized in Appendix 
10.1. Given the large 
number of wells and the 
preliminary nature of the 
capture zones, more 
complicated methods, such as 
detailed hydrogeological 
mapping and numerical 
modelling, were not used. It 

Figure 4.42. Summary of Capture Zone Methods used for the 
community wells. 
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must be stressed again that the capture zones delineated here are preliminary in nature and 
more detailed work is required to properly protect each well. Capture zone results are 
presented and discussed below. 

Arbitrary Fixed Radius 

Although this method is not tech;lically rigorous, it was used to delineate capture zones 
for 11 1 (62%) of the community wells (Figure 4.42). Lack of information for many 
community wells necessitated using the AFR method. An arbitrary radius of 300 metres 
was used. This distance gives an area that is not excessively large to try and manage, yet 
still provides a manageable area of protection until a more in-depth assessment can be 
done. The AFR method was used: 

1. where there was no hydrogeological information nor information on water use 

2. where more sophisticated methods (CFR and analytical equations) yielded capture 
zones smaller than the preset limit of 300 m or 

3. for bedrock wells and many dug wells where hydrogeological information was 
limited. 
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Forty community wells (22%) had neither lithological information nor information on 
water quantity use and the AFR was the only available method; 64 (36%) of the 
community wells had no lithological information but had information on water use. 
Twenty-eight (25%) of the AFR capture zone areas were modified by delineating the 
watershed uphill of the wells. This was done by delineating a 300 m circular area 
downhill of the well and extending the capture zone boundary uphill to include the 
watershed area for wells in steeper terrains (see, for example, the capture zone area for 
wells 182 and 186 in Appendix 10.2.35). For well 18 (Appendix 10.2.6), the watershed 
on both sides of the valley was delineated because the groundwater flow direction could 
not be determined. 

Capture zones delineated by the AFR method should be treated as temporary; 
hydrogeological and user information should be obtained so that a more rigorous and 
detailed assessment can be made for all the AFR delineated wells as soon as possible. 
Although preliminary capture zones were not done for private wells, a temporary AFR 
capture zone could also be assigned to the private wells to delineate an area of protection 
for the private well owner. 

Calculated Fixed Radius 

Capture zones for 39 community wells (22%) were delineated using the CFR method 
(Figure 4.42). The CFR method was typically used: 

1. for wells that only have information on water use or pumping rate but are 
correlated to an identified aquifer and are screened (CFR was not applicable for 
wells with open bottom holes, dug wells, and open hole fractured bedrock wells 
for which the screen length can not be defined), 

2. for wells completed into the deeper, confined aquifers for which groundwater flow 
direction and hydraulic gradient can not be reliably estimated, not even from 
topography, and 

3. in flat terrain such as floodplains and plateaus where the hydraulic gradient is 
likely to be low and often difficult to determine. 

CFR capture zones could also be delineated for 36 other wells. However, the calculated 
radii for these wells were less than 300 m and were replaced by AFR. For some high 
capacity community wells (pumping at tens of Us) with relatively short screens, the CFR 
may be excessively large. More reasonable CFR capture zone areas may be delineated 
for these wells in the future if the screen length was replaced by the aquifer thickness 
(which can be estimated from cross-sections in Halstead, 1986). This may also allow the 
CFR method to be used for open bottom and dug wells for which screen length can not be 
defined. 

There were several community wells completed in deep, confined aquifers near the edge 
of the known extent of the aquifer boundaries (eg. wells 96, 100, 122, 133, 137a and 
137b, and 159 in Aldergrove and Langley - see Appendix 10.2). The CFR capture zone 
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areas for these wells were left openended at the boundaries. It is uncertain at this time 
whether the aquifers extend beyond the present known boundaries near these community 
wells. The CFR capture zone areas for wells 156 and 157 in Aldergrove (Appendix 
10.2.25) were truncated to the south at a mapped groundwater divide @akin and Tiplady, 
1991) which is assumed to be a source of recharge. The CFR may have some limitations 
for capture zone delineation in deep confined aquifers. CFR does, however, provide an 
initial area with which to begin well protection strategies. 

Analytical Equations Method 

Analytical equations were used to calculate capture zones for 29 (16%) community wells 
(Figure 4.42). The method was generally used for high capacity community wells 
completed into shallow, unconfined aquifers where the local groundwater flow direction 
and hydraulic gradient could be reasonably estimated from topography AND where 
information on pumping rate and aquifer transmissivity were available. Capture zones 
delineated for wells with low pumping rates were usually impractically small (capture 
dimensions of several metres) and were replaced with AFR or CFR capture zones. 

Analytical equations were also used to delineate capture zones for wells completed into 2 
deep, confined aquifers (Aldergrove aquifer and Whonnock Creek-Kanaka Creek aquifer) 
and a well completed in bedrock (well 189 - Appendix 10.2.37) where the hydraulic 
gradient could be reasonable estimated from topography. Most capture zones delineated 
by this method were all truncated at groundwater or topographic divides or known 
recharge boundaries. Capture zones for wells 44, 45, 46, 47, and 58 (Whonnock Creek- 
Kanaka Creek aquifer) were left open-ended as the up-gradient aquifer boundary is 
uncertain (Appendix 10.2.9). 

There were several cases where there were wells in close proximity to each other, 
completed into the same aquifer. In these cases, the capture zone was determined by 
combining the wells and treating them as if they were a single well. There were 8 such 
wellfields: wells 44, 45, 46 (Whonnock Creek-Kanaka Creek aquifer), wells 76 and 77, 
wells 78, 79, and 80, wells 81 and 82, wells 87, 88, and 89, wells 90 and 91 (all in the 
Abbotsford/Sumas aquifer), wells l08a and 108b (Langley/Brookswood aquifer), and 
wells 161 and 162 (Vedder River Fan aquifer). Wells 44, 45, and 46 have different well 
purveyors and cooperation would be needed among them to implement protection 
measures in that capture zone area. The rest of the other wellfields have single purveyor 
ownership. 

General Analysis of Capture Zone Results 

Many of the capture zone areas for individual community wells overlap indicating that 
although neighbouring purveyors have their own individual well, they share common 
recharge areas (capture zones). This is so even if the wells are completed into different 
aquifers at depth. There are 2 implications with overlapping capture zone areas: 

1. The possibility exists for individual purveyors to work cooperatively and pool their 
energy and resources together to protect their well supplies. Collectively, 
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community well purveyors may be more effective in convincing local and 
provincial governments in providing assistance and/or implementing local 
regulatory measures to protect their supply. Consider, for example, the situation 
on Hatzic Island (Appendix 10.2.4) where there are 7 community wells on the 
northern half of the Island, all owned by different purveyors. Capture zones 
delineated for these wells overlap. It would make sense for the purveyors to 
cooperatively protect the entire north half of the Island instead of just their 
individual capture zone areas. 

Where capture zones collectively occupy significant land areas above aquifers, 
consideration should be given to designating the entire area above the aquifer for 
quality protection. The Abbotsford Upland bounded by Fishtrap Creek to the west 
and Sumas Prairie to the east, HatZic Island, the upland areas of the Grant HiU, 
Mission, and Langley-Brookswood aquifers, the floodplain overlying the Fort 
Langley aquifer, and the headwaters of the Salmon River above the Hopington 
aquifer are examples of such areas (Appendix 10.2.4, .7, .8, . 1 1, .16, .17, .19, 
.20, .22, .28, .29 and .30). 

2. 

Capture zones for some community wells cross land jurisdictional boundaries of local 
governments (eg. wells 9, 35, 107, 142, 143, 157, 175, 181, 183, 190) or are very close 
to them (eg. wells 13, 62, 64, 66, 154 and 156). Cooperation between local 
governments in these areas would be essential in implementing any protection measures 
for these community wells. 

The methods used here to delineate capture zones for community wells are limited by the 
fact that they do not consider the effects of pumping at other high capacity, non- 
community wells nearby nor the complexity of the hydrogeology. Studies by the USGS 
(eg. Delin and Almendinger, 1993) have demonstrated that significant differences in the 
size and shape of capture zone areas can result where nearby high rates of pumping 
and/or the complex hydrogeological conditions are not taken into account. An example of 
where nearby high pumping rates should be considered would be in the Abbotsford 
Upland where the Fraser Valley Trout Hatchery wells, the Sumas production wells in 
Washington State, and nearby irrigation wells are pumping significant volumes of 
groundwater. 

Most of the recharge to community wells completed into the deep, confined aquifers in 
Langley, for example, may not be derived from around the well, as assumed by the 
circular AFR and CFR capture zones, but from much greater distances away through 
leakage from shallower aquifers or via recharge zones. The fixed radius methods can not 
account for this physical reality and caution must be exercised when interpreting fixed 
radius capture zones for wells completed into confined aquifers. For those specific cases 
it should be recognized that recharge to the pumping well could ultimately be derived 
from areas outside of the delineated futed radius area. In these cases, detailed 
hydrogeological mapping possibly coupled with numerical modelling would be the 
preferred approach. However, given the preliminary nature of the delineations carried out 
for this report, the AFR and CFR methods used serve as first approximations. 
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Numerical modelling, encompassing larger areas (at least a portion of entire aquifers), 
would allow the pumping and hydrogeological complexities to be understood and 
accounted for in more accurately delineating the capture zones. Given the large number 
of wells in this study, however, the delineated capture zones appear reasonable and offer 
an initial area for which to focus efforts to protect the community well supplies. 

1 

4.6 General Strategies for Protection of Community Well 
Supplies 

Once capture zones for community wells have been delineated, protection strategies can 
then be implemented in the capture zone area. There is currently no legislation in British 
Columbia mandating development of community well protection plans-or wellheud 
protection plans as they are commonly referred to in the U. S. A. This can only be done 
on a voluntary basis by the community well purveyors (individually or collectively). 
Specific guidelines for well protection plans also do not yet exist on a national or 
provincial level. Hence, general strategies presented here have been adopted from 
USEPA (1993) and Washington State Department of Health (1993) guidelines. Table 4.6 
presents the 6 general steps to well protection planning. 

Table 4.6. Summary of general strategies for protection of community wells. 

1. Form a community planning 
team 

2. Finalize capture zone for 
community well 

3. Document potential sources of 
contamination in the capture 
zone area 

4. Protect the capture zone area 

5. Contingency planning for the 
future 

6. Monitoring, reporting and 
evaluation of well protection 
program 

form a team on basis of geographic or local government land 
areas 
ensure diverse community representation and commitment 
define objectives, tasks and strategies 

review preliminary capture zone and finalize 
determine vulnerability of the aquifer within the capture zone 

area 

document present and historical land use practices in the 
capture zone area 
identify potential sources and types of contamination 
assess risk of potential contamination sources and risk of 

contamination to the aquifer 

identify appropriate protective measures 
develop strategies and implement protection measures- 

pollution prevention and risk reduction 

investigate alternate source(s) of water supply in case well 
supply is ever contaminated 
develop spill emergency response plans 

. annual review of plan 
monitoring effectiveness of protection measures and water 

quality of well supply 
regular reporting of results to inform the community 

The overall objective of the well protection plan is to delineate the capture zone area for 
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the community well, develop a management plan to control high-risk human activities in 
the capture zone area (reduce risk), and protect the well from unexpected contamination 
spills (pollution prevention). Much of this involves control of land use and land use 
practices in the capture zone area. The 6 steps, which are discussed below, are designed 
with this in mind. For a more comprehensive discussion of the wellhead protection 
program and the steps involved, the reader should refer to USEPA (1993) guidelines. 

Step I-Fonning a Communig Planning Team. A community planning team is essential in 
implementing a well protection plan because a community well purveyor, alone, often has 
limited jurisdictional and regulatory authority to effectively implement many of the 
available protection measures. The community planning team should include the well 
purveyor, representatives from local, provincial (and where necessary, the federal) 
governments, local community and business groups, and citizens. A diverse planning 
team brings together the commitment of the major interested parties. 

The role of the planning team is to facilitate implementation of the well protection plan on 
an overall as well as day-to-day basis. Although the overall goal may be similar for one 
community well to the next, the day-to-day tasks may be different. For example, a 
municipality purveyor will generally have more resources and land use regulatory 
authority than an individual purveyor and this will influence how and to what degree 
protection measures are implemented. Each planning team would review their own 
situation and tailor-build a program that is practical for them. 

Wherever capture zone areas for different community wells overlap, it may be 
advantageous to develop partnerships between purveyors to pool resources, increase 
efficiency, and avoid duplication. Given the large number of community well purveyors 
in the study area (120) and the many overlapping capture zone areas, it may be more 
practical to form community planning teams on the basis of geographical areas or regional 
districts (eg. Hatzic Valley, Columbia Valley) rather than on a purveyor-by-purveyor 
basis. If a planning team covers too large an area, however, there may be too many 
issues to resolve in a timely manner. 

Step 2-Delineate the Capture Zone Area for the Community Well. Although preliminary 
capture zones have been delineated for all community wells in the study area, they should 
be reviewed by the planning team and consensus reached about their boundaries. For 
large capacity municipal wells, more detailed delineation methods such as numerical 
modelling, taking into account the hydrogeologic complexity of the aquifer and significant 
pumping from nearby non-community wells would be justified. Additional information 
may exist from the purveyor, local driller, and consultant which could allow more 
physically-based delineation methods to be used for some of the community wells. 
Boundaries for time of travel (TOT) of contaminants within a capture zone may be needed 
to prioritize the capture zone area. Quantifying the uncertainty of capture zones may also 
be important in any assessment of the level of confidence of the capture zone areas which 
were delineated based on limited data. Temporary AFR capture zones need to be 
finatized. 

The vulnerability of the aquifer@) associated with the community wells within a planning 
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team’s area should also be considered during this step because it may influence the level 
of protection required. The level of protection required may be greater in a capture zone 
for a community well tapping a highly vulnerable aquifer than for a well that is tapping a 
deeper, confined aquifer of low vulnerability. Vulnerability of the aquifer will be used to 
assess the risk of contamination in Step 3. 

Overall vulnerability of the major aquifers in the study area have been subjectively 
determined by Kreye and Wei (1994); vulnerability of other aquifers tapped by some of 
the community wells need to be determined (43 wells in total). Well construction should 
also be reviewed to identify if faulty construction could contribute to quality degradation 
and what action may be required to correct this. Appendix 4.2 presents the list of 
community wells deemed vulnerable due to faulty well construction or completion and 
distance with respect to nearby septic systems. 

Step 3-IdenticfL and Docwnent Potential Sources of Contamination in the Capture Zone 
Area. Mapping and documenting present and historical land use and land use practices 
allow possible sources of contamination in the capture zone area to be identified and 
inventoried. Land use surveys can readily be done by local community and volunteer 
groups with some technical training and supervision. A comprehensive list of potential 
contaminant sources is presented in USEPA (1993). 

Once potential sources of contaminants have been identified and mapped, an assessment of 
the degree of threat of each source is then done. This is a 2-step assessment of the threat 
of the source itself and the risk of contamination of the aquifer. For example, the threat 
of nitrate contamination would be greater in a farming area than in a nature park. For a 
given potential contaminant source at the land surface, the risk of contamination would be 
greater for a shallow, unconfined aquifer than a deep, confined aquifer. The risk 
assessment prioritizes areas for protection and also the level and type of protection 
required. ~ 

Assessment of potential contaminant sources should also include identifying which 
government agency or party has jurisdiction over those contaminants or activities because 
protection measures would be implemented through these agencies. For example, the type 
of land use within a capture zone area is specified by the local government through land 
use zoning while daily activities within private lands are largely controlled by the land 
owner. Some of these activities could be enforced by existing provincial legislation Le., 
Pesticide Control Act and Code of Agricultural Practice for Waste Management. 
Provincial government agencies are also responsible for granting permits for waste 
discharges and gravel mining which may impact groundwater quality. The inventory of 
land use and potential contaminant sources should be up-dated regularly so that knowledge 
of the threats to the well supply is kept up-to-date. 

Step 4- Protect the Capture Zone Area. Once the potential contaminant sources have been 
identified and the threat of each has been evaluated, protection measures can be chosen 
and implemented. Protection measures are broadly categorized into measures that address 
immediate threats to the well supply (risk reduction) and measures that prevent future 
contamination (pollution prevention). 
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Some regulatory and non-regulatory protection measures are shown in Table 4.7 along 
with how effective each are likely to be and likely to cost. The columns in the table lists 
some typical quantity and quality problems experienced by community wells in the study 
area. The rows list the various protection “toolsn available to address the problems. The 
problems and tools listed in Table 4.7 are generic; experience and local knowledge are 
needed to select, from this set of tools, the most appropriate ones for a specific problem. 
The type and level of protection will be dictated by cost, effort involved (resources 
available), and policy. It is evident from Table 4.7 that, for any particular problem, 
several tools are available or may be necessary to solve that problem. Within the study 
area, protection measures can range from properly sealing uncovered wells and properly 
abandoning unused wells to adopting best land use practices in manure storage and 
handling and fertilizer/pesticide use. They can include having provincial and local 
government agencies consider impacts on the groundwater resource in their referral 
system for permitting waste discharges and land development activities. 

Timely coordination between different jurisdictions in implementing protection measures is 
also vital. If the capture zone for a community wedl straddles 2 regional districts, 
protection measures such as land use zoning or approvals, for example, within the capture 
zone area should be coordinated between the 2 jurisdictions. More detailed discussion of 
implementation of protection measures can be found in USEPA (1993) and Washington 
State DOH (1994) wellhead protection guidelines. In British Columbia, general 
regulatory and non-regulatory methods of groundwater protection, many of which are 
applicable in the study area are presented in Golder (1995) and B. C. Lands (in draft). 

Step 5-Contingency Planning for the Funrre. This step is designed to minimize future 
disasters by anticipating future problems and developing solutions for them now, 
developing a contingency plan for alternate sources of water supplies in case the present 
supply is ever contaminated, and developing an emergency response plan to deal with 
accidental spills. Planning for the future may be very cost effective. Future development 
should consider impacts on the groundwater supply. For example, it may be desirable to 
identify sensitive recharge areas and protect these areas through proper land use zoning 
and education of the local community. A short- and long-term water supply plan should 
be developed in case the existing well supply is contaminated. Some long-term plans may 
include conducting studies on expected future water demands, assessing water supply 
capacity of the current system, and identifying favourable areas for future drilling and 
water resource development to augment existing supply. 

Step 6- Monitoring, Reporting, and Evaluation of Well protection Plan. Annual review of 
the well protection plan is recommended to monitor progress and water quality conditions 
and to provide feedback on whether the protection measures implemented are indeed 
working. The plan can then be revised, as necessary, to adapt to changing conditions. 
Regular reporting of water quality and progress is also vital to keep the agencies 
represented on the community planning team and the public informed. Reporting also 
brings accountability and public participation into the planning process. 
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5 Conclusions 

5.1 Water Quality Results 

In the study area, 192 community wells and 75 selected private wells were monitored 
from 1992 to 1993 for a comprehensive suite of inorganics (physical, metals and major 
and minor ions), pesticides and VOCs. The MoH's community well and MoELP's CGDS 
(Computerized Groundwater Database System) database were linked and all wells were 
correlated to identified major aquifers. This was vital in interpreting the water quality 
results and delineating the capture zones for the community wells. 

Inorganic Constituents wifh Direct Health Implications 

Nitrate-N 

Occurrence of Nitrate-N appears to be related to human activities Le., nitrate-N 
concentration decreases with depth from the land surface. Elevated levels of nitrate-N 
occur mostly in highly vulnerable, unconfined aquifers in areas of intense human 
activities. There were 25 wells with nitrate-N exceeding the Guidelines for Canadian 
Drinking Water Quality (GCDWQ) level of 10 mg/L and 62 wells with nitrate-N values 
greater than 3 mg/L indicating degradation of groundwater from human activities. Almost 
all of the nitrate-N exceedences and all of the pesticide detections occurred in private 
wells tapping highly vulnerable, unconfined aquifers. A major source of nitrate-N in the 
Abbotsford/Sumas aquifer is from agricultural sources. 

Arsenic 

Wells with arsenic exceeding the Guidelines for Canadian Drinking Water Quality 
(GCDWQ) occurred in only 2 wells (wells 29 and 123). The relationship between total 
and dissolved arsenic suggests that the source is naturally occurring. There are no 
apparent spatial trends of arsenic occurrence with respect to aquifers. 

Fluoride 

All 3 wells with fluoride levels exceeding the GCDWQ were completed into the Grant 
Hill aquifer located between Mission and Haney. Occurrence of fluoride appears to be 
related to water chemistry (high pH and Total Dissolved Solids (TDS)) and is subject to 
seasonal variations. The occurrence of fluoride is speculated to be from fluoride minerals 
in the sedimentary bedrock of the aquifer through which the groundwater flows. 

Lead 

Eight wells in Phase 1 and 20 wells in Phase 2-Summer (not the same wells in each 
Phase) had lead values that exceeded GCDWQ. Most of these exceedences occurred in 
community wells. The occurrence of lead is interpreted to be from the water distribution 
systems. 
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Inorganic Consfifuents with Aesfhefic Effects 

Most of the aesthetic inorganic constituents that exceeded Guideline values occurred in 
community wells. 

Chloride, Sodium, Total Dissolved Solids fTDS) 

Occurrence of TDS appears to be governed by both human activities and geology. 
Elevated levels of TDS and chloride were found in wells with elevated nitmte-N values, 
indicating that they are derived from the same sources. However, elevated TDS, chloride 
and sodium also occur naturally in deeper confined aquifers with locally saline 
groundwater, such as Nicomekl-Serpentine aquifer west of Langley (wells 135, 140 and 
158), the Aldergrove aquifer (wells 96 and 98 - sodium only) and the Grant Hill bedrock 
aquifer where elevated TDS were associated with fluoride exceedences (wells 48, 54 and 
61). 

Iron and Manaanese 

A large number of wells exceeded the Guideline values for iron (31 wells) and manganese 
(59 wells). There were 18 wells with both iron and manganese exceedences. The total 
and dissolved values for manganese were more or less equal which would indicate 
manganese is occurring in a dissolved form. At lower levels, iron was mainly in the 
particulate form. On a study-wide basis the occurrence of iron and manganese are not 
strongly correlated and no spatial trends were evident. 

Other Aesthetic Exceedences 

The Guidelines for Canadian Drinking Water Quality were exceeded in some wells for pH 
(31 wells), colour (14 wells), copper (2 wells) and zinc (4 wells). Turbidity was only 
analysed for in Phase 1 and 21 wells exceeded the Guideline value for turbidity. Zinc and 
copper are likely contributed from the water distribution system. No spatial trends were 
observed for any of the above mentioned parameters. 

Organic Constituents 

All but 1 organic detection occurred in highly vulnerable aquifers, (Le., 
Abbotsford/Sumas, Langley Brookswood, Hopington and Chilliwack aquifers). 
Furthermore, pesticide detections are often associated with high Ntrate-N. Nitrate-N may 
be a good indicator for the presence of pesticides. 

Pesticides 

Three pesticides (bromacil, oxamyl (Phase 1 only) and 1,2dichloropropane) were detected 
at low concentrations in 6 private wells. Pesticide concentrations were well below 
existing Guidelines or Standards. All pesticide detections occurred in 2 highly vulnerable 
aquifers - Abbotsford/Sumas and Hopington. All pesticide detections, except for 
bromacil, were pesticides that are mobile and/or volatile soil fumigants and nematicide. 
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This result has been seen in other studies (Halberg 1989). 

Volatile Oraanic ComDounds (VOCs) 

Trihalomethanes (THMs) 

There were 3 THMs detected - chloroform( 1 1 wells), dibromochloromethane (1 well) and 
bromodichloromethane (1 well in Phase 1 and 1 well in Phase 2). These are commonly 
occurring THMs resulting primarily from disinfecting wells with chlorine. All were 
detected at low concentrations below GCDWQ. 

Trichloro fluoromethane or Freon 

There were over twice the number of detections of trichlorofluoromethane (freon) in 
Phase 2 (8 wells) than in Phase 1 (3 wells). In Phase 2 there appeared to be a clustering 
of wells with freon detections in the Abbotsford Upland. The increased incidence of 
detections in the Phase 2-Summer sampling round could be attributed to the increased use 
of refigeration units for berry and poultry farms. 

Other VOCs 

Other VOCs detected included l,l,l-trichloroethylene (well 112 - Phase 1 only), xylene 
(well 254) and carbon tetrachloride (well 116). 

Water Quality Summary 

Although, at present, the regional groundwater quality in the Fraser Valley is generally 
good, areas of water quality degradation have been identified in unconfined, highly 
vulnerable aquifers especially in areas of intense human activity. Highly vulnerable 
aquifers are a source of supply to 50% of the community wells in the study area. This 
study identified 3 aquifers (Abbotsford/Sumas, Langley/Brookswood and Hopington) 
where degradation with nitrate-N is apparent and action is needed now to restore the water 
quality. Actions could include nutrient management and well protection strategies. 

Though monitoring community wells is fundamental for ensuring safe drinking water 
supplies, that by itself is not sufficient in terms of monitoring the quality of the water of 
the aquifer. For instance, areas of localized groundwater contamination may not have 
been detected based on this type of regional study. From an environmental standpoint, 
additional monitoring of strategic private wells and/or monitoring wells is required to 
complement community well monitoring for assessing the water quality of an aquifer. 

5.2 W Q C  Results 

The inorganic external QA/QC results indicate that the analytical data was in good control 
and generated a high level of confidence in the reported results. 
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Applying external QA/QC to the organic component of this study, especially the external 
reference samples, was difficult. A number of factors affect the external assessment of 
the laboratory’s organic analytical performance and therefore make internal QA/QC more 
important. The internal QA/QC results for both the pesticide and VOC analysis had a very 
high degree of compliance and impart a high level of confidence to the organic data 
generated. 

An important conclusion from the QA/QC component of this study is that collaboration 
and cooperation between the laboratories and the project team is essential. When 
anomalous QA/QC results fail to meet acceptance criteria, it is important that the 
approach taken is non-confrontational and open-minded and that the professionalism of the 
participants is considered. 

5.3 Data Management 
An unseen component of a large scale monitoring program is data management. It is 
extremely important that the integrity of the data is maintained from the laboratory to 
archiving. There were 3 different laboratories involved in this study and each lab had a 
different data format. An inordinate amount of time was spent transforming and checking 
the analytical data prior to data analysis. In future studies of this type, it is essential to 
establish data exchange criteria with the laboratory prior to the data exchange. 

5.4 Protection of Community Well Systems 

Well Assessments 

A significant number of the study wells (- 29 %) in the study area are at risk due to 
improper well construction/completion or are improperly sited. For example, there were 
69 wells (33 community wells) identified with poor wells seals or located too close (< 30 
metres) to a septic field or near an unused well on the property. These factors pose a 
water quality risk to the well supply and to the aquifer from the impact of human activity 
in the immediate wellhead area. The lack of enforceable provincial standards for well 
construction, completion and well abandonment has contributed to the large number of 
wells at risk. Some of these risks can be reduced by properly capping uncovered wells 
and decommissioning unused wells. 

Capture Zones and’wedl Protection Plans 

Preliminary capture zones were delineated for all community wells sampled in the study 
(178 wells). Capture zones for 110 community wells (62%) were delineated by arbitrarily 
specifying a 300 metre radius around the well. These arbitrary fixed radius capture zones 
are temporary and more information is needed to refine the capture zone of the well. 
Capture zones for 39 wells (22%) were delineated by Calculated Fix Radius (CFR) 
method and 29 wells (16%) were calculated to using analytical equations. Numerical 
modelling was not used because of the large number of capture zones and the preliminary 
nature of the capture zone delineation and because of data limitations. 
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Although preliminary capture zones have not been done for private wells, an Arbitrary 
Fixed Radius (AFR) of 300 metres could be set so that private well owners can protect 
their well supplies. 

One serious drawback in delineating capture zones and in interpreting results was that a 
large number of community wells (35%) did not have any lithological or water use data, 
as there is no legislation mandating the submission of this information. 

Many of the capture zone areas for individual community wells overlap, indicating that 
although neighbouring purveyors have their own individual well@), they share common 
recharge areas. Overlapping capture zones provide an opportunity for purveyors to work 
cooperatively to protect their well supplies. Where capture zones collectively occupy 
significant land areas above aquifers, consideration should be given to designating the 
entire area above the aquifer for water quality protection. 

There is currently no legislation in British Columbia mandating development of 
community well protection plans. This can only be done on a voluntary basis by the 
community well purveyors (individually or collectively) at this time. A &step strategy 
has been outlined in this report for managing activities within the capture zone area to 
protect the community water supplies. The steps (adopted from the USEPA (1993) and 
Washington State Department of Health (1993) guidelines) include: 

1. 

2. 
3. 

4. 

Forming a community planning team to develop and implement the well protection 
plan. 
Finalizing capture zones for community wells. 
Identifying potential.sources of contamination and assessing the risk of 
contamination in the capture zone area. 
Choosing and implementing protection measures to address immediate threats to 
the well supply (risk reduction) and to prevent future contamination (pollution 
prevention). Some regulatory and non-regulatory protection measures available 
have been presented in this report. 
Developing a contingency plan such as identifymg alternate sources of water 
supplies and developing emergency response plans to deal with accidental spills. 
Monitoring, reporting and evaluation on an annual basis to ensure that the plan is 
working effectively and to bring accountability and public participation in the 
planning process. 

5 .  

6. 

5.5 Project Summary 
This study provides a baseline of groundwater quality data for a broad range of pesticides, 
VOCs, and inorganic constituents which will be valuable for future monitoring and health 
risk assessment purposes. The comprehensive sampling network of both community and 
private wells in the study area provided an overview of groundwater conditions in the 
Fraser Valley and has identified both local areas and aquifers that are susceptible to 
contamination from land use activities. In addition, many areas throughout the study afea 
have been identified to have naturally occurring high levels of metals such as iron and 
manganese. Organic compounds such as 1,2-DCP, trihalomethanes, and freons were 
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detected at low levels in highly vulnerable, unconfined aquifers, but well below any level 
of health concern. On the whole, the groundwater quality in the study area overall is 
good. 

In addition to the monitoring component, this study identified and improved the weak data 
linkages between the database of the Ministry of Health and that of the Ministry of 
Environment, Lands and Parks. Linking the two data systems and correlating the study 
wells to major aquifers in the study area was essential in the interpretation and evaluation 
of the water quality results. 

Studies of this nature cannot be done in isolation. Regional and central office 
collaboration and cooperation between all the Provincial Ministries involved is essential 
and was achieved throughout the study. Results from the monitoring component of the 
study were shared with Washington state and Canadian federal government officials to 
foster inter-governmentauinternational cooperation. 
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6 Recommendations 
Although the study results show that the quality of the groundwater is generally good in 
the Fraser Valley, water quality degradation from human activities is occurring in some 
areas. For example, approximately 10% of the wells sampled exceed the Guidelines for 
Canadian Drinking Water Quality (GCDWQ) for nitrate-N. Degradation is evident in 
25% of the wells sampled, as indicated by nitrate-N concentrations of > 3 mg/L and has 
mainly occurred in 3 aquifers: the Abbotsford/Sumas, Hopington and 
Langley/Brookswood aquifers. Furthermore, nearly half of the community wells sampled 
are completed into aquifers that are considered highly vulnerable to contamination from 
the land surface. 

To improve water quality in the 3 aquifers that have undergone degradation and to 
maintain drinking water quality in the rest of the study area, a groundwater protection 
strategy is recommended for the Fraser Valley which includes the following elements: 

1) Continue monitoring at a minimum level to detect any degradation at an early stage 
and to assess effectiveness of any remedial actions; 

2) Minimize sources of contamination, including excessive loading of nitrate-N on the 
Abbotsford/Sumas, Hopington and Langley/Brookswood and other vulnerable 
aquifers; 

3) Implement well protection plans for community wells to focus efforts to protect 
public well supplies; 

4) Obtain better information to assist in making better decisions for protecting the 
drinking water supply and the groundwater resource; 

5 )  Promote greater public awareness for groundwater protection; and 

6) Enact groundwater legislation / regulations to enable groundwater protection. 

These recommendations for a groundwater protection strategy may have some financial 
implications. However, these costs are considered minimal for protecting the good 
groundwater quality in the Fraser Valley and to prevent its degradation. The following 
subsections discuss the elements of the groundwater protection strategy in more detail. 

6.1 Continue and Expand Groundwater Monitoring 
Networks 
Degradation and vulnerability of some well supplies mean that continued monitoring of 
the groundwater quality is vital to detect any degradation at an early stage and to assess 
the effectiveness of any remedial action(s). It is recommended that all groundwater 
sources for community wells continue to be monitored on a regular basis to protect public 
health. However, monitoring of community groundwater sources alone is inadequate in 
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assessing the ambient state of groundwater quality in aquifers. In addition, monitoring 
ambient water quality through a network of observation and private wells is also 
recommended. 

Continued Monitoring of Groundwater Sources for Community 
Water Works 

Community wells in the Fraser Valley are routinely monitored for total and faecal 
coliforms by the Ministry of Health (MoH). The frequency and extent of other 
groundwater quality monitoring are determined by the Medical Health Officer (MHO) of 
each Health Unit. However, monitoring programs should be customized for each well 
and, whenever possible, be incorporated as a part of the protection plan for the 
community wells. 

A minimum list of constituents should be considered which includes: total and faecal 
coliforms, nitrate-nitrogen, pH, major ions, fluoride, Total Dissolved Solids (TDS), and 
metals. Monitoring should also be customized on a site-by-site basis with respect to the 
actual list of constituents and to the sampling frequency. For example, community wells 
with Volatile Organic Compounds (VOCs) detections should also have VOCs added to the 
minimum list of constituents. Pesticide analysis for community wells in the Fraser Valley 
is only recommended on an as-required basis for now as there were no pesticides detected 
in any of the community wells. 

Annual estimated laboratory analytical cost per well is estimated at $250/sample/year for 
the minimum list of constituents. Total analytical costs for sampling 192 community 
wells and 10% for QNQC samples are estimated at $53K. Addition of VOC constituents 
would increase the total cost of analysis to $400/sample. 

Ambient Groundwater Quality Network 

Sampling of community groundwater sources is not enough to monitor the ambient 
groundwater quality of the whole aquifer; wells in strategic locations are also required. 
The Ministry of Environment, Lands and Parks’ (MoELP) existing network of 15 Ambient 
Groundwater Monitoring Program wells, which have a 10+ years history of water quality 
data and which were also part of the private well network in this study, should be 
expanded to 50 wells to monitor the ambient water quality of aquifers in the Fraser 
Valley. The existing network of 15 wells is only designed to monitor parts of the 
Abbotsford/Sumas, Langley/Brookswood, and Hopington aquifers. The Agassiz area, 
which was not part of this study, should also be covered by the ambient water quality 
monitoring network. 

The minimum list of constituents for community wells should also be used here. Volatile 
organic compounds (including 1, 2-DCP in the Abbotsford/Sumas and Hopington aquifers) 
should also be analysed, but only in wells completed in heavily developed, highly 
vulnerable aquifers. Annual cost for laboratory analysis only is estimated at $16K, based 
on $250/sample/year for 40 wells and $4OO/sample/year for 10 wells (VOC analysis 
included) and 10% for QA/QC samples. 
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Sampling Protocols, QNQC, Well Tagging, and Annual Reporting of 
Monitoring Results 

When water quality studies or surveys are conducted, including those done by Ministry 
staff, strong consideration should be given to adopting the sampling and QAIQC protocols 
used in this study. This will assist in ensuring data quality and consistency and allow data 
collected by different agencies to be analysed together, thereby reducing duplication 
efforts and costs. 

Community wells and the network of Ambient Groundwater Monitoring Program wells 
should be tagged in the field with unique identifier number keyed to the MoELP’s well 
water database, so that sampling points can be identified with certainty and to ensure 
continuity of sampling points with time. Cost for well tags is approximate1y $5/well. 

There has been a historic tendency to collect data in other monitoring programs with only 
sporadic, irregular analysis and reporting and sharing of results. Ministries and agencies 
involved in groundwater work need to continue to enhance their ongoing relationships and 
sharing of groundwater information. To ensure the cost-effectiveness of the monitoring 
recommended above, annual reporting should be required to make results available, 
explain changes and trends in water quality, and assess effectiveness of any remedial 
measures implemented. 

Finally, the MoELP’s Water Management Program in the Lower Mainland Regional 
Headquarters in Surrey does not currently have groundwater staff which makes 
implementation of any groundwater protection strategy difficult. Adequate resources in 
the region are needed to implement a groundwater protection strategy in the Fraser 
Valley. 

6.2 Investigate and Minimize Sources of Contamination 

Minimize Nitrate Loading on the Shallow, Highly Vulnerable 
Aquifers 

If nitrate contamination in the Abbotsford/Sumas, Langley/Brookswood, and Hopington 
aquifers is ever to be remediated, the nitrate loading to those aquifers must be reduced. 
Best land use practices for handling and disposal of manure need to be done in accordance 
with the Code of Agriculture Practices for Waste Management. 

Best land use practices for applying fertilizers also should be followed to minimize 
leaching of nitrate and other related chemicals (eg. chloride, sulfate) below the root mne 
and into the aquifer. Studies on best land use practices conducted by Federal and 
Provincial agricultural ministries as well as producer groups, need to continue. Best land 
use practices should also be adopted by farmers and animal producers in other areas of the 
Fraser Valley underlain by highly vulnerable aquifers. Many of these aquifers are 
existing and viable future sources of water supply to the growing population of the Valley. 
Green Plan funding for agriculture, which currently supports best land use practices ends 
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in March 1997. 

As residential development continues to increase in the Fraser Valley, septic systems may 
become a more important source of nitrate contamination. Where septic systems are 
considered to be contributing significantly to nitrate-N loadings, for example in areas over 
highly vulnerable, unconfined aquifers, improved on-site sewage system technology should 
be investigated for up-grading existing systems and new systems. Once feasible 
technology is identified and proven, more stringent septic system standards should be 
considered for new developments over highly vulnerable aquifers. 

Best Management Practices for Pesticides 

Although most farmers require training and certification to use pesticides, establishing 
acceptable guidelines or best management practices for use of pesticides should increase 
applicator awareness of groundwater protection and thus help minimize the potential of 
contamination of groundwater. Acceptable pesticide use practices aimed at minimizing the 
potential of contamination of groundwater by pesticides should be compiled and 
established as normal farm practices or best management practices for the use of 
pesticides. These guidelines need to blend techniques for use of pesticides and safety 
precautions with integrated pest management (PM). 

Site lnspection of Organic Contamination and Wells Deemed at Risk 

The VOC detections, other than the Disinfection By-products or THMs, should be 
investigated as to their source and cause in order to prevent further contamination. If 
sources can be identified then corrective measures may be implemented. In cases where a 
health hazard is deemed to exist, steps should be taken by MoH staff to assist purveyors 
in determining appropriate disinfection practices. 

Site visits should be made by EHO and/or Water Management staf€ to review the 34 
community wells that are deemed at risk (poor well seal, too close to septic systems, or 
abandoned well(s) on the property) so that purveyors can be advised if remedial action is 
needed to reduce or eliminate the risk. For example, open wells should be properly fitted 
with a well seal or cover. Abandoned wells on the property, which may provide a short- 
circuit pathway for any contaminants, should be properly decommissioned by the 
purveyodowner following MoELP’s guidelines (1982). In addition, community wells 
with elevated lead levels should be investigated by MoH staff. 

6.3 Develop and Implement Well Protection Plans by 
Individual Well Purveyors 
At this time, well protection plans can only be considered and implemented by the 
purveyor on a voluntary basis due to lack of Provincial legislation. Results of the 
preliminary capture zones and well protection plans should be made available to and 
discussed with all community well purveyors and local governments in the study area to 
explain the study results and to explore the possibility and interest of initiating well 
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protection plans. Where there is interest, advisory assistance from Provincial and local 
governments should be provided. 

Well protection plans may be developed and implemented inexpensively in many cases, 
especially in areas where land development is not intensive and water quality degradation 
has not yet occumed. Monitoring of community wells as recommended in Section 6.1 can 
be integrated as part of the overall well protection plan. Many of the other strategies, 
such as minimizing sources of contamination and promoting public awareness should be 
specifically included in the community water work system’s protection plan. 

Capture zone areas for community wells should be considered in land use planning by 
local governments. Provincial government agencies should also consider capture zone 
areas in their system of referral for applications for waste discharges, land developments, 
and resource extraction. 

Where capture zones for community wells overlap, purveyors should work together in 
implementing well protection plans to save costs and reduce duplication. In particular, the 
Abbotsford/Sumas aquifer should be designated as a groundwater management area 
(GWMA) for the following reasons: 1) it is a “sole-source” water supply for many users 
in the area (e.g. Fraser Valley Trout Hatchery and the City of Sumas, Washington), 2) 
widespread groundwater quality degradation has occurred, and 3) community well capture 
zones occupy a significant area of the aquifer. 

Provincial guidelines for well protection planning need to be developed jointly by MoELP 
and MoH so that groundwater purveyors in other areas of the Province can begin 
protecting their supplies. Cost for developing such a guidance document under contract 
could be in the order of $40K. 

6.4 Data and Information 

Archiving of Study Results 

Water quality results from this study need to be archived in the Ministry of Environment, 
Lands and Park’ SEAM database so that it is readily accessible. The preliminary capture 
zones for the community wells should be digitized by MoELP so that they are available in 
digital form and can be easily revised in the future when capture zones are finalized. 

Linking of MoH and MoELP Databases 

A major limitation identified in this study was that the MoH listing of community wells 
and the MoELP’s water well databases were not initially linked. However, linking the 
two Ministry databases for the community wells in the study area greatly enhanced our 
ability to interpret the water quality results and delineate capture zones. It is 
recommended that the MoH’s community well listing and MoELP’s water well databases 
be linked on a province-wide basis to: enable more comprehensive interpretation of water 
quality results, promote better decision making regarding health protection, assist 
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purveyors in better managing their water supplies and enable better management of the 
groundwater resource in British Columbia. Cost of linking these 2 databases is estimated 
at $50K. 

The study also shows that 1/3 of the all the community wells had no well record 
information. Groundwater quantity use is also not reported for many community wells, as 
this is not mandatory. This lack of well and water use information severely limits 
assessment and management of these community sources. Provincial legislation is 
required for: 1) mandatory submission of water well records so that this information is not 
lost and can be used in managing of the groundwater resource and protecting the well 
supplies; and 2) licencing of high capacity wells so that major water withdrawals can be 
recorded. 

Mapping and Assessing Major Developed Aquifers 

It is evident from the study that there still remains a lack of knowledge about the major 
developed aquifers in the Fraser Valley (and in the Province), especially the deep confined 
aquifers and fractured bedrock aquifers, where there are less data (65% of the study wells 
are < 30m deep). For example, flow directions have been mapped for only a handful of 
aquifers (eg. Abbotsford/Sumas, Langley/Bmkswd, Columbia Valley aquifers). Few 
estimates of sustained capacities are available for any of the major developed aquifers. 
Without adequate understanding of these aquifers, managing and protecting the 
groundwater resources is much more difficult and uncertain. Insufficient knowledge 
means that most of the public will remain unaware of this valuable but hidden resource. 
It also severely limits the concept of local water stewardship. 

A comprehensive program of aquifer mapping and assessment is recommended to gain 
information and understanding of major developed aquifers in the Fraser Valley and the 
rest of the Province. Aquifer maps showing, for example, aquifer boundaries, flow 
directions, depth to water, sensitive recharge and discharge areas, sustainable capacities, 
and water quality, should be disseminated to the public, other government agencies, and 
industry for use in integrated resources planning, developing future groundwater supplies 
and guiding land use to minimize impacts on water quality (and costs for future clean-up). 
The Hydrology Branch, Ministry of Environment, Lands and Parks is currently 
developing a discussion paper on aquifer mapping and assessment. 

6.5 Promoting Public Awareness and Local Stewardship of 
Groundwater 

To promote public awareness and participation in protecting groundwater resources, water 
quality monitoring results need to be made available to the public, explaining any trends 
and causes. Brochures and educational materials also need to be made available to the 
public on proper disposal of household chemical wastes, including hydrocarbon waste and 
on proper well siting and maintenance. 
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Local public input is required in developing and implementing well protection plans. 
Some examples of where the public can become involved in well protection plans would 
be on planning committees, documenting land use (historic and present) in capture zone 
areas, and producing educational materials. As part of the well protection plan, signs 
should be erected along roads to let the public know that they are enterhg the recharge or 
source area for a community groundwater supply. 

Signs and roadside displays should also be erected to let the public know the they are 
entering a sensitive groundwater area, to raise the public’s awareness of the potential 
impact of their activities over the aquifer. The first signs should be erected above the 
Abbotsford/Sumas aquifer. 

MoELP has developed a system for classifying aquifers according to their level of use and 
vulnerability to contamination (Kreye and Wei, 1994). This mapbased classification 
system is designed to guide in-house groundwater management activities within Water 
Management. However, the resultant maps of aquifers can also be used as an effective 
educational tool in showing the aquifer as the s o w  of the groundwater, and not the well, 
as commonly believed. Aquifer classification maps for the study area and for the Fraser 
Valley as a whole are available and should be produced by M o m ’ s  Hydrology Branch 
in digital format and disseminated to the local governments, industry, and the public to 
raise awareness about the resource. 

6.6 Need for Groundwater Legislation / Regulations 
Since much of the groundwater quality degradation in the Fraser Valley is affected by 
land use activities, land use zoning and regulations are significant factors in the protection 
strategy. It is recommended that regional governments consider protection of the 
groundwater resources in their land use zoning by-laws for developments and in any 
growth management plans. 

It is evident from the above discussions and recommendations that much of what can be 
done to manage and protect our groundwater resources, such as submission of well 
records and groundwater use information, drilling practices and driller certification, and 
groundwater protection planning, can only be achieved currently on a voluntary basis. No 
other major natural resource is managed and protected in this way (on a voluntary basis) 
in the Province. Provincial groundwater legislation is necessary to ensure that valuable 
groundwater information is not lost, wells are properly constructed and decommissioned 
by certified drillers, and well protection plans are implemented to protect all community 
groundwater supplies. Legislation would also be required to enable designation of 
Groundwater Management Areas (GWMAs) in specific problem areas such as the 
Abbotsford/Sumas aquifer. 
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Appendix 1.2 Groundwater Conditions for Aquifers in the 
FVGM Study Area 

Appendix 1.2 provides a general, cursory summary of the groundwater conditions of 
aquifers in the study area. The summary for groundwater conditions typically includes 
the location, flow directions, productivity of the aquifer, type and level of groundwater 
use, and vulnerability of the aquifer to contamination. Aquifers that comprise similar 
surficial deposits with similar hydrogeologic and water use characteristics are discussed 
together. For more comprehensive hydrogeological descriptions, refer to the references 
for the individual aquifers. 

Chilliwack River Aquifer 

The Chilliwack River aquifer (Salish Sediments and Sumas Drift) is situated in the 
narrow Chilliwack River valley between Sleese Park and Cultus Lake (Map Sheet 2). 
Groundwater flow is likely in a westerly direction towards Vedder Crossing (same as the 
river); flow in the western part of the aquifer near Cultus Lake is likely to the northeast, 
also towards Vedder Crossing. Wells have reported yields of 0.6-6+ L/s. Groundwater 
development is concentrated in residential areas on the north side of the Vedder River 
and near Cultus Lake. The Chilliwack River aquifer is highly vulnerable to 
contamination from the land surface because it is unconfined and has a moderately 
shallow water table (15-30 m). 

Vedder River Fan Aquifer 

The Vedder River Fan aquifer consists of permeable sands and gravels (Salish Sediments) 
deposited by the Chilliwack River where it enters the Fraser River floodplain at Vedder 
Crossing (Map Sheet 2). Groundwater flow in the aquifer is from Vedder Crossing 
radially to the north and northwest. The aquifer is capable of supplying >200 Us to 
production wells. The Municipality of Chilliwack wells tap into this aquifer. Wells are 
concentrated at Vedder Crossing and along Keith Wilson Road. The Vedder aquifer is 
considered highly vulnerable to contamination because of its shallow water table (< 15 m) 
and unconfined nature. 

Chilliwack-Rosedale, Nicomen Slough, Mission Floodplain, East Pitt River, and 
McMillan Island Aquifers 

Aquifers at Chilliwack-Rosedale, Nicomen Slough, Mission Floodplain, East Pitt River, 
and McMillan Island are discussed together because they all comprise sand, silt, clay, 
and some gravel deposited by the Fraser River (Fraser River Sediments). The extent of 
these aquifers is shown in Map Sheet 2. Groundwater flow in the Mission Floodplain 
and McMillan Island aquifers are assumed to be subparallel to the flow of the Fraser 
River. Meaningful flow directions can not, at this time, be inferred for the other 4 
aquifers; more groundwater level data would be required. Reported well yields range 
from about 0.1- > 50 Us. Groundwater use is low in these aquifers except l d y  in the 
Hatzic Lake area and east of Rosedale. The Chilliwack-Rosedale, Nicomen Slough, 
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Mission Floodplain, East Pitt River, and McMillan Island aquifers are considered highly 
vulnerable to contamination because of their shallow water table (< 10 m) and unconfined 
nature. 

Columbia Valley Aquifer 

The Columbia Valley aquifer (Sumas Drift and Salish Sediments) extends from Cultus 
Lake southwest to the Canada-U.S.A. border and beyond (Map Sheet 2). Groundwater 
flow in the aquifer appears to converge in the central part of Columbia Valley and then 
along the valley northeastward towards Cultus Lake (Wei, 1983). Wells yields range up 
to 3 Us. Wells are concentrated at the northeast end near Cultus Lake; well density in 
the rest of the aquifer appears to be moderately low. Although the aquifer is unconfined, 
the moderately deep water table (up to 50 m deep) suggests the Columbia Valley aquifer 
is moderately vulnerable to contamination from surface sources. Water well records 
indicate historic contamination in 2 wells in the valley but the nature of contamination is 
not reported, however. 

Lake Erroch/Deroche Creek Aquifer 

This aquifer (Sumas Drift and Salish Sediments) occupies the lower southeast-facing 
hillslope (between 350 m and 15 m elevation) from Lake Erroch to Deroche Creek (Map 
Sheet 2). Groundwater flow directions have not been mapped but are inferred to be in 
the Same general direction as the topographic slope. Reported well yields range up to 
5.7 Us. Groundwater use appears light with only a handful of reported wells located 
near Lake Erroch. The aquifer is considered highly vulnerable due to its unconfined 
nature, shallow water table (< 10 m), and permeable materials. 

Norrish Creek Fan Aquifer 

The Nomsh Creek Fan aquifer (SaIish Sediments) is an alluvial fan deposit at the mouth 
of Norrish Creek, northeast of Dewdney (Map Sheet 2). Groundwater flow is likely 
towards the south, in the Same general flow direction as Nomsh Creek. Well capacities 
of 140 Us have been reported. The aquifer is considered highly vulnerable to 
contamination from any surface sources because it is unconfined, permeable, and the 
water table is shallow( < 10 m). 

Hatzic Prairie and Miracle Valley Aquifers 

These 2 aquifers are located in Hatzic Prairie valley next to each other. The Hatzic 
Prairie aquifer (Fraser River Sediments and Salish Sediments) occupies the southern half 
of the valley and the Miracle Valley aquifer (Fort Langley Formation or Vashon Drift) 
occupies the northern half (Map Sheet 2). The Hatzic Prairie aquifer is unconfined; depth 
to water table in the aquifer is generally < 10 m. The Miracle Valley aquifer is confined 
above by up to 100 m of clay and till. Groundwater flow direction is likely towards the 
south, down the valley. Groundwater use is light; most wells are located along Stave 
Lake Rd., south of the community of Miracle Valley. 
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The Hatzic Valley aquifer is highly vulnerable to contamination from surface sources 
because of its unconfined nature and shallow water table but the Miracle Valley aquifer is 
not as vulnerable to contamination because it is confined above by clays. 

Mission and Grant Hill Bedrock Aquifers 

These 2 sandstone bedrock aquifers are located on the north side of the Fraser River 
(Map Sheet 2). The extent of these aquifers have been defined by wells in the area; 
actual aquifer area may be larger. Groundwater flow is inferred to be from upland areas 
to lowland areas. The difference between bedrock aquifers and sand and gravel aquifers 
is that groundwater flow occurs through discrete fractures in the rack as opposed to inter- 
connected pores in sand and gravel sediments. The typically lower bedrock porosity 
promotes more rapid movement of any dissolved contaminants. Bedrock is generally 
very close to ground surface above 150 m elevation but may be overlain by clay, till, and 
sand and gravel materials at lower elevations. The aquifers are unconfined in most areas. 
Depth to the water table in the Mission aquifer ranges up to >25 m and up to 150 m in 
the Grant Hill aquifer. 

Reported yields for bedrock wells in the Grant Hill aquifer are approximately 0.7-3 Us; 
yields for the Mission aquifer are generally <0.4 Us (Halstead, 1986). Groundwater 
use in both aquifers is relatively heavy because there is a moderately large number of 
wells withdrawing water from aquifers of limited productivity. Elevated chloride and 
fluoride have been documented in groundwater in the area (Halstead, 1986). Both the 
Mission and Grant Hill aquifers are considered highly vulnerable to contamination 
because they are unconfined, the likely low fracture porosity of the bedrock promotes 
rapid movement of any contaminants and limits the capacity for attenuating con taminants. 

Kanakwhonnock Creek Aquifer 

The Kanaka/whonnock Creek aquifer (Vashon Drift) is Situated we& and south of 
Whonnock Lake, between Whonnock and Kanaka Creeks (Map Sheet 2). The entire 
extent of the aquifer has not been determined; only the area where wells exist has been 
delineated. Groundwater flow direction is likely towards the south, same as the regional 
topographic slope. Well yields range up to 6 Us. Groundwater use is moderate; wells 
are located throughout the aquifer area. The aquifer has a low vulnerability to 
contamination from surface sources because it is confined by likely low permeability 
clays and tills. 

AbbotsfordlSumas Aquifer 

The Abbotsford/Sumas aquifer (Sumas Drift) covers 200 km2, extending south into 
Washington State (Map Sheet 2). The aquifer is bounded to the north by upland hills and 
to the east, south, and west by Sumas River, Nooksack River, and Bertrand Creek, 
respectively. Regional groundwater flow is generally towards the south, from the 
uplands towards Sumas and Nooksack Rivers. 

Appendix 1.2 Groundwater Conditions for Aquifers in the Study Area P-3 



Groundwater also flows locally, discharging into Pepin and Fishtrap Creeks and towards 
the large capacity production wells located along the eastern boundary of the aquifer. 

Well yields of up to 125 Us and aquifer transmissivity values of 0.022 m2/s have been 
reported (Kohut, 1987). Groundwater use is heavy. Large capacity (50-100 Us) 
production wells belonging to District of Abbotsford and Fraser Valley Trout Hatchery 
are located near the eastern boundary of the aquifer; moderately large capacity (5-10 Us) 
irrigation wells exist throughout the aquifer on the Canadian side. This is one of the 
most important aquifers in the province because of its productivity, size, and heavy and 
varied use. The aquifer is highly vulnerable to contamination from any surface sources. 
Historic groundwater sampling by Environment Canada and Ministry of Environment, 
Lands and Parks indicate occurrence of elevated levels of nitrate and trace levels of 
pesticides in the aquifer (Liebscher et al, 1992; Kohut et al, 1989; Kwong, 1986). 

Mt. Lehman Aquifer 

The Mt. Lehman aquifer (Sumas Drift) is situated in the upland area near the community 
of the same name (Map Sheet 2). Groundwater flow directions are inferred from 
topography to be toward the east. The Mt. Lehman aquifer appears to overly part of the 
Aldergrove aquifer but the hydraulic connection between the 2 aquifers is unknown. A 
limited number of domestic wells exist in this aquifer. The aquifer is highly vulnerable 
to contamination because it is unconfined, permeable, and the water table is shallow 
(5-20 m). 

Glen Valley Aquifer 

The Glen Valley aquifer (Fraser River Sediments and Salish Sediments) is situated on the 
Fraser River floodplain at the mouth of Nathan Creek (Map Sheet 2). The aquifer is 
bounded to the north by the Fraser River and to the south by clay uplands. The aquifer 
is a sand and gravel layer located at a depth of 5 m to 30 m which supplies water to 
shallow wells in the area. The aquifer is confined in places by an overlying layer of 
finer sand, silt, and clay. A deeper confined flowing artesian sand and gravel aquifer 
also exists but the hydraulic relationship between the Glen Valley aquifer and deeper 
confined aquifer is unknown. Groundwater use is light based on the limited number of 
reported wells. Other deeper wells (120 m-180 m deep) exist in the floodplain area 
tapping the deeper confined aquifer. The upper confining layer offers some protection to 
the aquifer from contamination from any surface sources. 

Aldergrove Aquifer 

The Aldergrove aquifer (Fort Langley Formation) underlies the clay upland northwest of 
the Abbotsford/Sumas aquifer (Map Sheet 2). Groundwater flow directions have not been 
extensively mapped @akin and Tiplady, 1991). The Aldergrove aquifer overlies part of 
the Beaver River aquifer and confined aquifers west and south of Aldergrove; hydraulic 
connection between the Aldergrove aquifer and underlying aquifers is not known. 
Reported well yields typically range up to 6 Us. Groundwater use is moderate; wells 
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exist throughout the aquifer. The clay and stony clay unit overlying the aquifer offers 
protection from surface sources of contamination. 

Hopington Aquifer 

The Hopington aquifer (Fort Langley Formation) occupies the upland area at the 
headwaters of the Salmon River (Map Sheet 2). Groundwater flow is towards discharge 
areas in the upper Nicomekl River valley and tributaries of Salmon River, Beaver River, 
and Nathan Creek (€3. C. Environment, 1994). The Hopington aquifer overlies part of 
the confined aquifers west of Aldergrove, Beaver River, and South of Hopington; 
hydraulic connection between the Hopington aquifer and underlying aquifers is unknown. 
This aquifer has the highest well density in the study area with over 85 weUs/km2 near 
the community of Hopington (Gartner Lee Ltd., 1992). The unconfined nature and 
generally shallow water table (0-25 m) make this aquifer highly vulnerable to 
contamination. Historical sampling indicates occurrence of elevated levels of nitrate-N in 
the aquifer (Wei, 1991; Kwong, 1986). 

LangleylBrookswood Aquifer 

The Langley/Bmkswd aquifer (Sumas Drift) is Situated just south of the Town of 
Langley (Map Sheet 2). Regional groundwater flow is generally in a westerly direction 
(B. C. Environment, 1994; Gartner Lee Ltd., 1992). The Langley/Brookswood aquifer 
overlies the Langley Upland Intertill aquifer, Hazelmere Vdley aquifer, and Grandview 
aquifer; hydraulic connection between the Langley/Brookswood aquifer and underlying 
aquifers is unknown, The aquifer is capable of supplying tens of litres per second to 
production wells. The Township of Langley production wells tap into this aquifer. The 
unconfined nature, shallow water table conditions (< 10 m), and permeable sand and 
gravel make the Langley/Brookswood aquifer highly vulnerable to contamination from 
surface sources. Historic sampling indicates that elevated nitrate-N levels occur in the 
aquifer (Kwong, 1986; Piteau Associates, 1983). 

Beaver River, South of Murrayville, Grandview, and Clayton Upland (Lower) 
Aquifers 

These 4 aquifers are all deep, comprising mostly marine silt, fine sand, and clay 
deposited before the last ice age (Cowichan Head Formation). Coarser water-bearing 
sand and some gravel occur within the marine sediments forming the aquifers. The 
extent of these aquifers have been defined by the area where wells exist (Map Sheet 2). 
All four aquifers are confined by tens of metres of unconsolidated materials. Flow 
directions in these aquifers have not been mapped. Since water service and groundwater 
from shallower aquifers are available in some the areas, groundwater use from these 
aquifers is probably moderate to low. The Beaver River, South of Murrayville, 
Grandview, and Clayton Upland (Lower) aquifers are not very vulnerable to 
contamination from surface wurces because they are confined. 
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Nicomekl-Serpentine Aquifer 

The Nicomekl-Serpentine aquifer (Cowkhan Head Formation) occurs at depth in the 
Nicomekl-Serpentine basin, covering more than 100 km2 (Map Sheet 2). Water bearing 
sand and some gravel occur within the marine sediments forming the aquifer. The 
aquifer is confined by thick sequences of stony clay and exists under flowing artesian 
conditions in many places in the Nicomekl-Serpentine river valley. Groundwater flow 
directions, based on water chemistry, are inferred to originate at recharge areas in the 
surrounding uplands and trend toward the basin and in a generally westerly direction 
towards Mud Bay (Halstead, 1978). Groundwater use is contingent on water quality. 
Local areas of highly mineralized water exist, notably southwest of Cloverdale, west of 
Port Kells, and northeast of Langley, where wells tap older, slower moving groundwater 
associated with regional flow systems (Halstead, 1978). The Nicomekl-Serpentine aquifer 
is not considered very vulnerable to contamination from surface activities because it is 
confined. 

West of Aldergrove 

This aquifer (Fort Langley Formation or Vashon Drift) partly underlies the Aldergrove 
and Hopington aquifers (Map Sheet 2). Well yields range up to 2.5 Us. Generally, the 
vulnerability to contamination from surface sources to this aquifer is considered low 
because it is confined. 

South of Hopington 

This aquifer (Fort Langley Formation) lies directly south of the Hophgton aquifer (Map 
Sheet 2). Groundwater flow direction is not known precisely because water levels in the 
aquifer have not been mapped. Reported typical well yields range between 0.1 Us and 
1.3 Us. Groundwater use is considered heavy; a moderately high number of wells tap 
this aquifer of limited productivity. Vulnerability to contamination is considered low 
because the aquifer is confined by 30-60 m of stony clays. 

Clayton Upland (Upper) Aquifer 

The Clayton Upland (Upper) aquifer (Vashon Drift) underlies the upland ridge directly 
north and northwest of Langley (Map Sheet 2). Groundwater flow in the aquifer has not 
been mapped but is assumed to be from the central part of the upland ridge towards the 
surrounding low-lying areas. The Clayton Upland (Upper) aquifer overlies the Clayton 
Upland (Lower) aquifer and the Nicomekl-Serpentine aquifer. Groundwater from this 
aquifer is thought to recharge the deeper aquifers (Halstead, 1978). Wells appear to be 
uniformly distributed throughout the aquifer area, however, many of the wells may not be 
in use as municipal water services the area. Vulnerability of the aquifer to contamination 
from any surface sources is deemed low because of the presence of a confining clay and 
silt layer and the deep water level. 
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Langley Upland Inter-Till Aquifer 

This aquifer (Fort Langley Formation) occurs at a depth of 30 m to >90 m below 
ground, southeast of Bmkswood (Map Sheet 2). Groundwater flow direction in this 
aquifer has not been mapped. The aquifer is considered to be of low vulnerability 
because it is confined. 
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Appendix 2.1 Criteria for Selecting Private Wells for the FVGM 
Program 

Program Objective: Regional monitoring of 75 private wells to ensure more complete 
coverage of the region’s major aquifers. These wells will serve as baseline and early warning 
indicators of groundwater quality and as a measure of the magnitude and extent of any 
quality degradation resulting from land use practices. 

Task Objective: Select 75 sites for monitoring water quality of private wells. Each site 
should have a list of candidate private wells, one of which will be selected after a field check 
by MoH and MoELP staff. 

Criteria for Site Selection: 
1. Most of the well sites should be selected in high risk and medium-high risk areas. About 
10-15 of the 75 (- 15%) sites should be in medium areas, low risk areas, and unspecified 
areas for control (baseline). 

2. Some of the 10-15 sites in medium and low risk areas and unspecified areas should be 
located north of the Fraser River for strategic locations. 

3. For high risk and medium-high risk areas, estimate the number of total well sites required 
(Community wells and private wells) based on a well site density of 1 site/km2. The number 
of private well sites is approximately the total well sites required minus the number of 
community wells to be sampled. 

4. Select sites in high well-density areas (refer to MoELP well location mapping). 

5. Select wells in areas (or depths) not covered by the Community well network. 

6. In the high risk and medium-high risk areas, select sites in both the recharge and 
discharge areas, if possible (refer to Gartner-Lee maps). 

7. Select sites in representative land use areas, if air photos are readily available. If not, 
local land use around candidate wells should be checked in the field. 

8. Select wells with representative completion depths, yield, use, and construction as other 
private wells in the area (refer to MoELP well record data base-CDGS). However, may also 
want to select some shallow wells in agricultural areas. 

9. Select wells that have good well records (on CGDS) and drilled by good drillers (refer to 
MoELP well log data base). 

10. Select wells that have a sampling history, if possible (refer to MoELP well log database). 

11. Select active wells. Well status should be confirmed in the field Visit. 

12. Review and incorporate suitable existing private wells being sampled by MoELP under 
the Ambient Groundwater Quality Monitoring and Assessment Program. 
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Appendix 2.2 Well Owner Consent Form 

TO: Province of British Columbia 
Ministry of Health 
Public Health Protection 

Re: (Well Owner's name inserted here) 

I am/We are the owner(s) of the Property. 

I/We consent to a person authorized by the Ministry of Health entering the 
Property at any reasonable hour during a period of two years from the date of 
this Consent in order to assess the underground water in and around the well. 
The visit may include taking samples, performing tests, taking photographs 
and making recordings. 

In signing this Consent I/We understand that: 
1. the purpose of the visit is to test for a variety of inorganic and organic 

chemicals, if any, in the underground water; 

2. the Ministry of Health will give mdus any information obtained from 
the visit, including the results of any tests performed; 

3. under the pending Freedom of Information Act, the Ministry of Health 
may be required to disclose to the public information obtained from the 
visit, including the results of any tests performed; and 

4. if YWe sell the Property during the period of two years from the date of 
this Consent, YWe will advise the Ministry of Health so that the new 
owner may be contacted for the purposes of obtaining consent. 

Owner's Signature Wwss  (a to both signatures) 

Rint Nmnc of Witness Owner's Signature 

Address A&eSs 

Telephone: Work 

Home: 
Date 

Date 
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WATER WELL RECONNAISSANCE SURVEY S h e t a t -  

I I DATE T I E  INTERVIEUED BY 

-’. OWNER OF WELL: . 

Naa:. ............................................ .Telephone (8u~. 1.. ............ 
Address: .......................... ...-....---.(incl. Area Code) (Home) ........... 

4’ OCCUPANT OF .HOUSE SERVED BY M L L  ( I f  other than owner) : 
............................................ ............. Name:. .fel ephone (8~s. ). 

...................................... ........... Address : ( i nc I . Area Code) (Home) 
. WELL LOCATION: Lot ................. Concession.,...... ..... Township. ................ pic- 

UELL CONSTRUCTION DETAILS: 
Date constructed. ............. Plsc... .............. Contractor............-......-- 
Type (drilled or dug). ....-......-......-....Dia~ter.....-.....Well Depth.. ..... 
Is we11 accessible for direct saDlpting. ................. or buried................ 

We1 1 completed into Bedrock.. ......... .m. 

Screen: Yes .... No.... If yes. length ............ m. Depth to top of screen.....m 

Overburden................ ..... m 

WELL WATER LEVELS: 

(Indicate whether measured from ground level. or from top of easing) 
Original water level depth........... -..-.-.--..-..-m. 

Subsequent water level measurements (give depths in m and dates) ................. 
................................................................................. 

PUHPIHG EQUIPHENT: 
pump ~ype: Suction-iift....or Positive-submergence.. ..pumping iapaci ty... ..Age. .. 
How is your pump lubricated?.. .............. =..................-.....-......-.-.-- 
Depth of inrake setting ....... m (original) ........ m (present) Pumping rate.. ..us 

Storage tank: Type ........................... Capacity ........................... 
DO you have a: 

Chlorinator ...... Water Softener.-..-.-,Uater Filter ........ f i l t e r  Type ............. 
Water use: Domestic No... Yes... No. of persons using water from well ............. 

Livestock No...Yes... No. of livestock watered from w e l l  ............... 
Lawn watering No...Yes... Other.............. knounf.............. .......... 

Indoor plumbing (e.9. shower, automatic washer. e t c . ) .  .................. * 
Equipment: 

.................................................................................... 
Prlvate w a s t e  and water disposal: Type (septic unk, erc-) .......................... 

Distance to u l l  ............. 



: -  

PREVIOUS PROBLEHS : 

... 

How long have you osrnec. operated or llved on thl property7 ....................... 
Have you ever experienced any previous problems with your well?....... ............. 
I f  so. when? ...................................................................... 
What was the cause of the previous problem: Drought ... Pump Failure ... Plugging ...... 

If problem was contamination, what water qual i ty changes w r e  apparcntf ............. 
......... ................... increased Usage ............. Interference Contamination 

(Note any differences in taste. dour. colour or clarity) 

................................................................................... 
What action was taken to overcome this problua? .................................... 

Vhat were the effects of this actiocl?.... .......................................... 
Did you ever have your well deepened,.. ..-.-.-,, or cleaned.., ....... or a new vel1 

constructed,,,.,,t.. If so. uhy7 ................................................... 

................................................................................... 
# 

.................................................................................... 
Outline briefly any preitious.tepain or changes in pumping equipcsnt. and dates.... 
................ ;,...,.-,,-*----....--.----.-...---..-..-.-.-..----.--.-.-.--.- 
Sample taken No..... Yes.. -. . Field Analysis 

Saw 1 e Number. - - - . Hardness.-.......... C~Iori~e..-.-,-.--.-.--. 
Humber of Bottles....,, Iron ............ Conductivity ........,..--.-.- 

pH ............ 

LOCATION SKETCH 

NOT TO SCALE 

I 
I 
I 

Gertner Lee Limited 



WATER WELL SAMPLING INFORMATION SHEET 
FRASER VALLEY GROUNDWATER MONITORING PROJECT 

(Date (MDY) I 24 h Time. Arr Sampler I 
Depart Car km I 

 SITE ID I I UTME I IUTMN I 1 

\LOCATION OF SAMPLING POINT 

IlS LOCATION SAME AS GARTNER LEE? 

OWNER DATA ("SAME" IF AS LAST SAMPLING) 

Tap on Well Head 
Upstream of Surge Tank 
Downstream of Surge Tank 
Describe I 

RESIDENT OWNER COMMENTS 
NAME 
ADDRESS , 
PRE-SAMPLING DATA 

I DESCRIBE NEARBY CONTAMINATION 

 DESCRIBE NEARBY LAND USE 

PURGE AND FINAL DATA 

SAMPLE INFORMATION 

Sample Types Collected 
Time Collected Time Preser'd 

I voc 
Pesticide 
Unfiltered 
UnfiltereWreserved 
Filtered/Preserved 

OTHER COMMENTS, INCLUDING DOCUMENTATION OF DIFFICULTIES 

NORECOL, DAMES MOORE, INC. 
AUGUST 1993 



SAMPLE TRACKING SHEET 

NORECOL, DAMES MOORE, INC. 
AUGUST 1993 



Appendix 3.3 Sampling Protocols 

3.3.1 Overview of Sample Collection 

The hydrogeological firm(s) was responsible for the samples from collection to delivery 
to the analytical laboratories. ]Because the analytical techniques can achieve detections at 
the pg/L concentrations, every effort was made to maintain a high level of cleanliness for 
bottles, preservatives and filtering equipment. The samplers were responsible for assuring 
that the water samples were representative of the water quality at the time of sampling. 

The hydrogeological firm was supplied with a list of community and private water wells 
including: well identification numbers, a corresponding SEAM site number, name of 
contact or owner, and the address of the well. Signed Consent Forms and pre-existing 
sampling sheet information from Phase 1 were also made available in order that samples 
were taken from the same location (eg. kitchen taps, outside taps, well head) as the 
previous sampling round, and also so that information could be verified. Samples were 
collected from the Same location as in the previous sampling round, unless a sampling 
point closer to the well head was available. In this case the point closest to the well head 
was used. 

3.3.2 Training 

On the first day of sampling, in both phases of the study, a training session was held for the 
samplers. A representative fiom the VOC laboratory, ASL, instructed the samplers in the 
VOC sample collection protocol. The samplers were also instructed in the filtering process 
for the inorganic samples. Public relation protocols were also reviewed at this time with the 
samplers. This training session enabled the samplers to become W a r  with the equipment 
and the sampling protocols prior to f u U  scale sample collection. 

3.3.3 Safety Protocols 

Appropriate health and safety protocols were established prior to sampling, Le., 
preservation of samples were done in well ventilated places. The hydrogeological f m  
prepared a safety plan prior to sampling which included Material Safety Data Sheets 
(MSDS) on the preservatives used, recommendations for safety gear and mapdroutes to 
clinics and hospitals in the study area. 

3.3.4 Sample Collection Protocol 

Sample bottles, shipping containers and preservatives were inspected for completeness at 
the lab by the samplers prior to sampling. The same procedure was jointly carried out by 
the hydrogeological firm and laboratory staff to ensure that the samples were delivered in 
good order and the requisition number and sample container number corresponded. 
Sample bottles were labelled with the appropriate information (project name, requisition 
number, site identifier, preservation codes, date and time of sampling and sampler’s 
initials) prior to sampling and/or before leaving each well site. 

Every effort was made to collect samples as close to the well as possible to avoid 
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contamination from delivery systems or water treatment systems. Discussion with the 
well owner prior to sampling was crucial in obtaining sample collection information Le., 
location of the pump and potential sampling points). All wells were purged for 5 to 15 
minutes prior to sample collection (Le., low yielding wells and wells in operation prior to 
sampling required a shorter purging time). Samplers were advised to carry garden hoses 
in order to conduct purged water away from the well head, out of pumphouses, for use 
on pressure tanks (if unavoidable), and into drains or sinks. Samplers wore latex gloves 
during the collection process in order to reduce the risk of inadvertent contamination. 

250 mL 

250mL 

250mL 

Filtration and preservation occurred immediately following sampling. After the 
preservative was added to the appropriate inorganic samples, the sample bottle was 
recapped and inverted several times to mix the contents. In order to reduce contamination 
problems, the inner portion of the bottle and cap were not touched. 

square nonefiltered fluoride, chloride, sulfate, NO,, NO, 8 

round nitric acid'filtered dissolved metals and hardness 

round nitric acid'hone total metals 

ammonia 

Field measurements of temperature (+/- OS'C), pH (+/-0.1) and specific conductance 
(+/-lo uS/cm) were recorded during purging. Notable physical characteristics (odour, 
discolouration) were also recorded. 

3.3.5 Bottle Requirements 

There were 3 different laboratories performing different forms of chemical analysis. Each 
required a different sample containers are shown below: 

Pesticide sample bottle requirements (Phase 2) 

1 - 4 L amber glass bottle @re-marked to the 2 L mark) for composite samples 
1 - 1 L amber glass bottle for discretehackup samples 

Inorganic sample bottle requirements 

I 1 1 L 
1 square I none(no acid wash either)/none pH, conductivity, alkalinity, bicarbonate 8 I colour 

Volatile Organic Compound sample bottle requirements 

7 - 40 mL glass purge and trap vials with Teflon septa 
4 vials used to collect water samples 
1 vial used as a transport blank 
2 vials used as field blanks 
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The field blank consisted of distilled water being transferred from one of the field blank 
vials to the other at the sample sik to simulate exposure of the real sample to any 
potential atmospheric contamination. 

3.3.6 Sampling Audits 

Sample collection was periodically audited by a Ministry representative, in the field, to 
ensure that the specified collection protocols were followed. These consisted of the 
auditor accompanying the sample collector for one day and making observations on 
whether the sampling protocol was followed. A checklist was developed for the sample 
auditor to use when observing samplers collecting samples for the study. These 
observations were passed on to the sampler's supervisor for corrective action, when 
necessary. 

3.3.7 Pesticide Sample Collection Protocols 

Due to the high analytical costs for pesticides and the low number of detections in Phase 
1, it was decided to composite samples (two samples analysed as one) in order to 
maintain the scope of the project within a reduced budget in Phase 2. Composite samples 
are collected by mixing equal volumes of discrete samples, i.e., equal volumes were 
collected from 2 different wells in one sample bottle. Wells with a previous pesticide 
detection (either trace levels or levels above the MDC) were not composited (discrete 
samples). 

Pesticide samples were collected in 4 litre bottles. Each bottle was pre-marked to the 2 
litre level for composite sampling (2 litres to be collected from each well). In addition, 
discrete 1 L samples were collected from each well to be used in the event of a positive 
detection from a composited sample. The 4 L sample bottle was labelled with "C" to 
denote a composited sample and the 1 L "NC" for not composited. The 1 L samples were 
preserved with dichloromethane and archived at Analytical Services Laboratory (ASL). 
In the case of a positive pesticide detection from a composited sample, the lab was 
required to notify the Project Manager within 3 days of confirmation and arrangements to 
ship the preserved 1 L discrete samples for analysis from the corresponding wells to the 
pesticide laboratory were made. 

3.3.8 Sample Filtration 

One of the sampling objectives was to determine the concentration of the dissolved 
component of the well water in the inorganic analysis. The sample was filtered through a 
non-metallic 0.45 pm membrane immediately after collection. Filtration, using disposable 
filters, and preservation took place immediately following (or during) sampling. 
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Sample Filtration Unit Check 

There were no problems experienced with the disposable filters used in Phase 1 of the 
study. However, in Phase 2, after approximately 50 wells were sampled the laboratory 
reported that: 

1. the zinc values in the filtered samples were consistently higher than those in the 
unfiltered and 

2. the zinc concentrations in the filtered double deionized water samples exceeded the 
concentration in the unfiltered samples. 

In order to resolve this problem, a controlled laboratory test using deionized water and 
the batch of filtration units that the samplers were using was conducted to resolve this 
problem before further sampling took place. 

The deionized water (both field and laboratory bottles) was first re-analysed without 
filtration. In addition, a series of water washes were passed through the filters in question 
and also a lab supplied filter and then analysed. Other potential sources of contamination 
such as preservatives, bottles and sampler's latex gloves, were also considered but were 
eliminated based on the results. As shown in Table 1, the sampler filters consistently 
contributed zinc to the water being analysed, whereas the lab supplied filter yielded a 
solution of < 0.002 mg/L (the Method Detection Concentration). Repeated rinsing did 
not prove to be beneficial. 

Another filter was obtained and tested. Zinc concentrations were below or at the Method 
Detection Concentrations for the filtered sample using the new filters. This filter was 
used to complete the project. This experience demonstrates the importance of pre-testing 
the batch of disposable filters prior to sample collection. Manufacturer specifications are 
not always reliable. 

All samples submitted for analysis using the batch of "contaminated filters" were retested 
for dissolved zinc. A subsample from the unpreserved unfiltered 1L sample bottle was 
filtered and analysed. These retest results have been entered into the inorganic results 
seen in Appendix 9. 

3.3.9 Record of Sample CollectionlScheduling 

Accurate coding or recording of the sample site and collection data is essential when 
action needs to be taken on a detected value. 

A daily field schedule was developed prior to sampling. Each sampling site was assigned 
a permanent site identification number. Samples were assigned a sequential requisition 
number based on the order in which the samples were collected. A chain of custody form 
was completed at the time of sampling and maintained throughout collection, transport 
and delivery. The sample collection supervisor was responsible for checking daily that the 
sample bottles, requisition forms and labelling and external QNQC sample submissions 
were complete. The sampling crew was responsible for checking their sites from the 
maps and requisition numbers against the bottles collected. 
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1 Deionized Water 0.004 
2 Deionized Water e0.002 
3 Deionized Water c0.002 

- 
- 
- 

eo.01 
eo.01 
eo.01 
GO.01 
GO.01 
co.01 
eo.01 
co.01 
GO.01 
0.060 
0.020 
0.030 
eo.01 
eo.01 

BU005 
BU006 
BU007 
BU008 
BUOO9 
BUOlO 
BUOll 
BU012 
BUOl3 
BU014 
RB006 
RB007 
TRIP BLANK 
BU020 

0.01 3 
0.01 3 
0.014 
0.029 
0.01 9 
0.024 
0.021 
0.018 
0.021 
0.062 
0.050 
0.040 

G0.002 
0.007 

Well Sample 
Well Sample 
Deionized Water 
Well Sample 
Well Sample 
Well Sample 
Well Sample 
Well Sample 
Deionized Water 
Well Sample 
Well Sample 
Well Sample 
Deionized Water 
Well Sample 

CONTROLLED LAB TESTS USING AQUAPREP (Except Lab Deionized water) 
I I I 

Deionized Water 
Deionized Water 
Deionized Water 
Deionized Water 
Deionized Water 
Deionized Water 
Deionized Water 
Deionized Water 
Deionized Water 
Deionized Water 
Nalgene Filtered Water 

FIELD BOTTLE 
LAB BOTTLE 
TRIAL A 
TRIAL B - FLUSH 1 
TRIAL B - FLUSH 2 
TRIAL B - FLUSH 3 

TRIAL D - FLUSH 1 
TRIAL D - FLUSH 2 
TRIAL D - FLUSH 3 

TRIAL C 

LAB BOTTLE 

eo.01 
GO.01 

0.014 
0.01 8 
0.01 9 
0.01 3 
0.01 1 
0.01 1 
0.01 5 
0.01 3 
e0.002 

Labelling Requirements 

All samples were clearly labelled before leaving the sampling site and included the 
following information: 

1. 
2. Requisition Number 
3. Site Identification 
4. 

5. 
6. Sampler’s Initials 

Identifier: Fraser Valley Groundwater Monitoring Program (FVGMP) 

Preservation Codes: Filtered or Non-filtered (F or NF) and Preserved or 
Unpreserved (P or UP) 
Date and Time of Sampling 
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3.3.10 Field Documentation of Sampling Sites 

Documentation of sample site visits was kept by the samplers. This information included 
well owners name, legal description and street address of property, B.C. Environment 
well record number (if available), well site number, well water level (where possible), 
well in operation or not, site plan, sample collection point, and sampling protocol or 
procedure followed. This information is shown in Appendix 4. 

Location of the well, contamination sources if present, and land use information was 
compared with the Phase 1 well information collected and any changes were noted in 
detail. 

3.3.1 1 Shipping Requirements 

All sample bottles were securely tightened for shipment. Samples were placed in 
individual zip lock bags, and packed with ice packs in insulated containers. All samples 
were maintained at 4°C from time of collection until delivery to the laboratories. The 
internal temperature of the shipping containers on arrival to the laboratory was recorded. 
Shipping containers were covered and not exposed to direct sunlight in the summer 
sampling rounds to avoid heating. 

Samples were coIlected on the first 3 working days of each week (Monday, Tuesday and 
Wednesday) to avoid analyses delays over the weekend. During weeks containing a public 
holiday, sample collection occurred on the first two working days of the week. All 
samples for volatile organic compound and pesticide analyses were delivered within 24 
hours. Samples were shipped to the laboratories or a shipping point on a daily basis to 
ensure certain inorganic constituents (alkalinity, pH, specific conductance, dissolved 
silver, turbidity and various nitrogen compounds) met the criteria for time sensitive 
analyses (see Appendix 6). A representative from the hydrogeological consultant fum and 
laboratory staff jointly inspected the containers to ensure the samples arrived in good 
order. The hydrogeological f m  was responsible for recollecting any samples deemed 
unacceptable following these inspections. 

As pesticide analysis was done in Edmonton, Alberta, EnviroTest Laboratories (ETL) 
had to ensure that the samples were shipped from ASL in Vancouver within 12 hours of 
receipt of the samples. Sample temperature was maintained at 4°C and shipped by air. A 
chain of custody and requisition forms accompanied all samples. 
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Appendix 4 

Study Well Information 

1 



N/A = Not associated Appendbc 4.1 Summary of Well lnformablon P. 1 
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123 72 E218048 0920.018.3.1.3#135 92GR 10 531100 5446700 Drilled 1985 0.20 20.42 5.33 yes 
124 NIA E218049 092G.008.2.1.3#13 92 GR 10 537300 5429400 Drilled 1970 0.15 15.85 11.58 no 
125 15 E218050 092G.008.2.3.1#22 92 GI1 10 537500 5430300 Dug 1970 0.91 3.05 0.61 no 
126 35 E218051 092G.018.1.2.3#28 92GR 10 533800 5440400 Dug 1970 1 .oo 9.90 7.60 no 
1 27 35 E218052 092G.008.3.3.2#31 92 GR 10 530900 5437100 Drilled 1974 0.15 22.25 9.14 no 
128 41 E218053 0926.007.4.1.2#113 92GR 10 524300 5433600 Dug 0.80 6.40 5.00 no 
129 32 E218054 0920.018.2.1.3#58 92 GI1 10 537200 5440500 Drilled 1992 0.15 75.60 
130 35 E218055 0926.008.3.3.1#57 92 GR 10 529900 5436900 Drined 22.86 no 
131 24 E218056 092G.O18.2.3.3#5 92011 10 537000 5443900 Dug 1992 1.22 6.10 0.00 no 
132 33 E218057 0926.008.3.4.2#14 92GR 10 535600 5436700 Dnied 1991 0.15 63.55 27.13 Yes 
133 50 E218058 0920.007.2.4.2#43 92GR 10 529200 5430500 Drilled 45.72 no 
134 35 E218059 092G.008.1.3.4#28 92 GR 10 532100 5432500 Drilled 1960 0.18 60.96 44.20 Yea , 

135 58 E218060 092G.017.2.4.M 92GR 10 529500 5443000 Drilled 1975 0.25 147.52 0.00 Yes 
136 NIA E218061 092G.027.2.2.m 92GR 10 527500 5450100 Drilled 1986 11.58 5.18 no 
137a 27,35,NIA? E218062 092G.O18.1.4.2#39 92 GR 10 535000 5442200 Drilled 1982 0.25 19.81 0.00 no 
137b 27,35,NIA? E219650- 092G.O18.1.4.2#40 92 GR 10 535000 5442540 Drilled 1982 0.30 17.68 1.53 
138 35 E218063 0920.008.3.3.3#33 92GR 10 530700 5437200 Drilled 1986 0.20 32.00 5.49 no 
139 59 E218064 0920.017.2.3.2#8 92GQ 10 525500 5441300 Drilled 1973 0.15 39.32 22.25 no 
140 58 E218065 092G.018.3.1.3#106 92GQ 10 529600 5445500 Drilled 1976 0.30 132.28 9.14 

--- 

N/A = N d  assodaed Appendb 4.1 Summary of Well Information P. 4 
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NIA = Nol assQdated Appendb 4.1 Summary of Well Information P. 6 
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16 
17 
18 

19 

20 
21 

22 
23 

Mission low 50/200 Downhill residentiaVrecreationa1 coliforms good D weekends) 
Mission low >500 Uphill residential good D 30 2 unknown 
Mission lOW residential 26+ 

Mission 
12 (not used 

medium residential fair D for drinking) 

Mission low 30 Uphill School historical coliform problems good D 150 

Mission low Unknown Same School taste D 12 
Mission low 50 Same School D 220 

Mission low Unknown Same School good D 165 
poor water pressure, poor 



24 
25 

26 
27 
28 

29 
30 

'Note: The number of users in some cases has been estimated (3 IndMduats/lmme). 
D = domestk USB 

high levels of coliform when 
water level low (fluctuates a 

Mission low 50 Downhill School lot) fair D 120 
Mission medium 50 Same School good D 275 

Mission low 25 Same Hall good D week 
Mission medium 

30-70 once a 

Mission low 30 Uphill residential fair D 2 
500 (peak 

Mission lOW 300 Downhill Golf Course good D season) 
Dewdney low 50 Same residentiaurestaurant good D 

high iron level, next to field 

L = livestock 
U.S.T. = underground Storage tank Appendix 4.2 Well Assessment Information 



leaves on top of crib, 

'Note: The number of users in soma cases has been estimated (3 indivldualslhome). 
D=domesticW 
L = livestock 
U.S.T. = underground storage tank Appendix 4.2 Well Assessment Information P. 3 



summer and 
74 Maple Ridge low 200 Same Ranch good D 10 inwinter) 1 drilled 
75 Maple Ridge low 

sucking air, moderate to 

sucking air, moderate to 

well surrounded by a cattle 
field and berry field, high 

well surrounded by a cattle 
field and berry field, high 

moderately corrosive, berry 

76 Abbotsford high heavy corrosive potential D 1 drilled 

77 Abbotsford high heavy corrosive potential good D 1 drilled 

78 Abbotsford high agriculturalhesidential iron and manganese good D 2 drilled 

79 Abbotsford high agriculturalhesidential iron and manganese good D/L 2 drilled wells 

BO Abbotsford high agriculturalhesidential fields nearby good D/L 
B l  Abbotsford medium Industrial ' moderately corrosive good D& 

1963: 12" casing cement 
grouted to correct a pollution 

82 Abbotsford medium problem good - 

'Nate: Tha number of users In some cases has been astimated (3 IndMduaIdhom). 
D = domesk use 
L = livestock 
U.S.T. = underground 8torage tank Appendix 4.2 Well Assessment Information P- 4 



97 

98 

'Note: The number of users in soma cases has been estimated (3 lndividualslhome). 
D = domestic use 
L = lhrestock 
U.S.T. = undergrwnd stofage tank Appendix 4.2 Well Assessment Information 

Abbotsford med. high 30 Same residential fair D 18 - 35 
water used for RV sanitation 

dump good D Abbotsford low 110 Same residential 
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99 

100 
101 

102 

103 
104 

105 

106 

107 

108a 

108b 

109 

'Note: The number of wrers in some cases has been estimated (3 indhridualslhome). 
D = domestic USB 

Langley medium , , 25 Uphill Schoollagricultural problems good D 250 

Langley med. high 100 Same Schoollagricultural screen peeling off good D 270 
Langley high good D 

plugging problems -well 

contamination problem, 

total and faecal coliforms, 
horses and berry fields 

unknown Langley medium 100 Same Schoo Wresidential hardness good D 200 2 

Langley high 75 Same Schoo llresidential nearby good D 460 
Langley low Unknown Same Schoollagricultural D 120 

Langley high 100 Same Schoo Wresidential nearby good D 1100 

Langley medium 30 Downhill Park landfill nearby D 1 to50 

strawberry and berry farm 

high manganese and iron, 

Langley med. high 230 Same residential poultry and fur farms nearby good D 270 1 drilled 

Langley Same commercial fur farms nearby D 175 1 drilled 

Langley med. high 300 Same commercial fur farms nearby D 175 1 drilled 

iron problems, poultry and 

iron problems, poultry and 

_Langley med. high 120 Same resort poultry and fur farms nearby fair D 

. L=lhttock 
U.S.T. = underground aorage tank 

113 

114 
115 

Appendix 4.2 Well Assessment Information 

after system flushed with 50 

fuel storage tank across 
Langley high 50 Same ppm chloride good D 100 

Langley medium poultry nearby good D 25 
Langley medium road good D 



118 

E 122 

133 

135 

angley 75 I Same I residentiallagricultural 
I I I I 

angley low game farm 
angley medium >200 Downhill Golf 
angley I medium I 60 I Downhill I commercial 
angley I medium I 75 I Same I residentiallcommercial 

:attle and sheep farms, and 
manure piles nearby good D/L 2 to 7 

up to 
drilledldug history of coliforms good 0 200,00O/year 2 

good D 30 

poultry farms nearby I 7 I I I 

aesthetic - high sodium, 
poultry farm and berry field 

nearby good D 150 
poultry farm nearby good D 160 

livestock nearby good D 350 
system plugged with silt, 

low fecal coliform count in 
past good D 2000 

'Note: The number of usem In 801118 cases has been estimated (3 individuals/home). 
D=domesticUSe 
L = livestock 
U.S.T. = underground storage tank Appendix 4.2 Well Assessment Information P. 7 



'Note: The number of usefa in some cases hes been astimated (3 lndhrlduals/home). 
D=domesticuse 
L = livestock 
U.S.T. = undergrwnd stofage tank Appendix 4.2 Well Assessment Information 
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D=domestkuse 
L = livestock 
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187 IChilliwack 120 I Same 
I I I I 

192a Llndeli Beach low 90 Downhill 
192b Lindel Beach low >200? 

commercial 

residential 

residential 
residential 

residentiaVcommercia1 

commerclallPark 
commercia Wark 

residential 

resldentlallagrlcultural 
residential 

resldentlalIagrlcultural 
residential 
residential 
residential 
residential 

residential 

'Note: The number of users In ciome wses has been agtlmated (3 lndhrldualdhome). 
D=domestkuse 
L = lhrestack 

I gas pumping station and 
iawmill nearby, waste water 

lagoon good D 
calcium level slightly high, 

I reservoir is open screened - 
possible airborne 

contamination I good I D 
sulfur smell - lndlvldual I I 
home owners have own 

treatment. good D 
good D 
aood D 

contrlbuted to NO3 
problems but has been 
shut down 3 years, flsh 
canning plant nearby good D 

DIL 
previous problems with 
chicken farm (no longer 

there) D 
good D 
good D l l  

_ _  

Iron problems I poor i DIL 
sheep farm I I D  

bacterla 

- .. . . - . . . . . 

U.S.T. = underground storage tank Appendix 4.2 Well Assessment Information 

500 2 drilled 

432 

20 
1 duglold 

65 (150 at 
peak) 
130 

5 I I I 

18 
1 1 drylunused 

p. 10 
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218 Aldergrove high 30 Same residential 
219 Aldergrove high 40 Same residential 
220 Aldergrove high 55 Same resldentlallagricultural 

223 Matsqui med. high 45 Same residentiallagricultural 
224 Matsqui medium 40 Uphill residential 

227 Matsqui high 35 Same residentiaVagricultural 

228 Matsqui high 40 Same residentiallagricultural 

229 Matsqui high 35 Same residentiaVagricultura1 

copper coioured water, filter, 
put in filter and purifier-have 

to change purifier every 

mink farm good 
some iron in drinking water 
well (iron staining), livestock 

farm good 

chloroform detected 
before-bad rmell-posslble 
contamlnatlon from the 
horse paddock runoff 
house is surrounded by 

farms (fertilizer) good 
I good 

berry fields adjacent to I 
property were plowed 

turkey farm adjacent to 

2 fuel tanks near well- well 
surrounded by grape fields 

chicken barns close to well 
manure is trucked away but 
there is 7 acres of berries 

adjacent where weed contro 
sprays are used, poultry 

farm 

good 

good 

good 

6 I 1  

7 '  I 

3 

6 

'Note: The number of usem In soma cases has been estimated (3 indhrklueklhome). 
D=dOfWSUCUSe 
L = livestock 
U.S.T. = underground storage tank Appendix 4.2 Well Assessment Information 

irrigation 

drv 



232 Matsqul 

233 Matsqul 

234 Matsqul 

235 Abbotsford 

241 Abbotsford 

242 

246 Alder rove I+- 247 Matsaui 

. . . . . . . . . . 

high 
high 
high 

high 

high 

hlgh 

high 
high 

high 

ned. hlgt 

high 
high 

high 
ned. hlgt 
ned. high 
ned. high 

ned. high 
ned. high 

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

Same 

30 Same 

I problems with iron in the I drilled well, shallow well I I  I I  
residentiallagricultural goes dry fair D 7 1 irrigationldug hole 

residential berry farms nearby good D 8 

I adJacent farms, poultry 1 

I well-auto repair body shop 
close to well-nitrates have 
tested high, berry fields 

residentiallagricultural high nitrates, fertilizers used fair D 3 1 dug 
chickens and grape fields i i i j iE i i i i ~ .~~~~  . , . , . . . , , . . , . . . . . . . . , . . . . . . . . . . . . . . . . 

residentiallagricultural cattle DA 4 1 drilled 

residentiaVcommerciaI good DA 20 3 production wells 
residentiallagricultural I I I D 1  1 I 1 1  dug 
residentiallagricultural I poultry farm I good I DlL I 9 1 1  animal use 
residentiallagricultural poultry farm good L 

berry fields adjacent to the 
tile well 

residentiallagricultural good D 6 1 irrigation 
residentiallagricultural well D 3 1 

-. . 

. .. 

.. 

.I.& 

,! ? 

.... . 

'Note: The number of users in soma cases has been estimated (3 krdividuals/home). 
Drdomesticuse 
Lrlhrestock 
U.S.T. = underground storage tank Appendix 4.2 Well Assessment Information p. 13 



ibbotsford Imed. high1 37 I Uphill I residential 
Lbbotsford Imed. hiahl 37 I Same I residentiallaarlcultural 
rldegrove Imed. high1 37 I Same I residential/agricuttural 
.angley I med. high1 105 I Uphill I Park 
latsqui I med. high1 2 5 1  Same I resldentlallagrlcultural 
latsqul Imed. high1 ' 24 I I residentlaUagricultural 

~ ~~~~ 

rbbotsford I med. high1 90 I Same I commercial 
latsqui Imed. high1 25 I Same I residential 

~ ~~ 

:ultus Lake medium 34 Same residential 

iardis medium 61 Uphill residential 

iardis medium 45 Same residential 
iardis medium 45 Same residentiaVagricultura1 
:olumbia Valley medium 36 Same residential 

:olumbia Valley medium 35 Uphill residential 
Vhonnock med. high 46 Uphill residential 

lission medium 36 Uphill residential 

)eroche medium 122 Same residential 

beroche medium 36 Downhill residential 
Lbbotsford high agricultural 

grape field 
berm field 

cattle in field close to well 
landfill nearby 

poultry farm nearby 
fertilizers used for crops 

Concrete plant 
berm field 

somewhat hard water 
possible road salt 

contamination 

U.S.T., cattle field 

fertilizers and pesticides 
spread nearby 

horse field nearby 
treatment for sulfur, iron, 

manganese, filter for 
sediment, softener, oxidizing 

filter-weli adjacent to a 
Christmas tree farm- 

fertilizers 

fertilizer used in green houst 

good 

poor 
good 

good 

good 

good 

good 

good 
good 

good 
good 

good 

good 

D 2 
D 3 1 dug 

D/L 4 
D 5 - 

DIL I 7 I 1 1  unused 
I I 

D 25 
DIL 2 
n 

2 I I 
I 

'Nde: The number of users in borne cases has been estimated (3 i n d M d u a w ) .  
D=domesticuSe 
L = Ihrestock 
U.S.T. = undarground storege tank Appendix 4.2 Well Assessment Information p. 14 
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33 
34 
35 
36 
37 
38 

39 

40 
41 + 
42 
43 
44 
45 
46 
47 

48 + 
49 
50 
51 

52 + 
53 + 
54 
55 
56 

57 + 
58 
59 
60 
61 
62 
63 

X" = Analyzed for lead only 
+ = Well not assessed 
Comp. wells = Cornposited samples Appendix 5 Well Sample Log P. 2 



I 7 5 +  

82 

84.1 

~ 

92 

X X 
X X 
X X 
X X 
X X 

X X 
X X 
X X 
X X X.. 
X 

X X X X X 90 X 79 
X X Xb X X 80 X 78 
X X X X 79 90 
X X 
X X X 

X 

X I  1 I I I I I 
I 

X I  X I  I I I I 
X I  X I  

I I I I I I 

Not in operation - site 
abandoned 

Surface water supply 
Pump not working 

X I  X I  X I  
X I  X I  X I  I 
X I  X I  I 

I I I 
I I I 

]Not in production at time of I 
sampling 
No longer in use as of 1993. 
See 84b. 
New well being used (see 84a). 
Chlorinated In Julv. 

X* = Analyzed for lead only 
+ = Well not assessed 
Comp. wells = Composited samples Appendix 5 Well Sample Log P- 3 



94 
95 X I  X I  

98 
99 
100 X 

111.1 I x I x I 
111.2 

X" = Analyzed for lead only 
+ = Well not assessed 
Comp. wells = Composited samples 

X X 222 X 228 

X X 105 X 103 

~~ ~ 

X I  X I Discrete I X I 100 
I I I I 

X I  X I 100 I X I Discrete 

X I  X I 262 1 X I  108 
X I  X I  109 I X I  107 

X 
X X 138 109 

X X 220 X 110 

X X X 

Not in use - replaced by 
munici al water supply 

X I  X I  X I  
I I I I 

Same as well 251 in Phase 1 

X X 

Joins with 11 l a  Suction pump 
broken 
Unable to contact m e r  X 

X X 

X X X 

~~ ~~ 

I I INo contact made in Phase 1 I 
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E- 
137.2 

I 142 
143 

X I  X I  
X+ 

X I  X I  

X I  X I  

X X 
X X X + *  
X X 
X X 
X X 
X X 
X X 

I X I  
X I  X I  

--ti- - 
I I 

X I  X I  
X I  X I  

X 127 
X I  X I 211 I X I  126 
X I  X I 197 I X I  138 

I I I I 

I I I 

X I  X I  lDay care facility abandoned 
I I I 

X X X 
X X X 
X X X 

I I I 

(Shut down 8 usina cihr water I 

I I I I . -  

Same property as 137b 
Added to study In Phase 2 (on 
same lot) 

X X 113 X 128 X X X 

This well has the same tap as 
141. Both wells were purged 
separately 8 so each well could 
be sampled. 

I I I I I I I I 

I I I I IPump shut down-not In use I 
X since Phase 1 
X X X 

I 
X X 147 X 147 X X X 
X X 146 X 146 X X X 
X X 21 0 X 143 X X X 
X X 150 X 150 X X X 

Xn = Analyzed for lead only 
+ = Well not assessed 
Cornp. wells = Cornposited samples Appendix 5 Well Sample Log P. 5 



X" = Analyzed for lead only 
+ = Well not assessed 
Comp. wells = Composited samples Appendix 5 Well Sample Log P. 6 



198 X 
199 X I  X 

205 
206 

I 200 I 

X I  I 
X I  X I  

I 207 1 x 1  X I  1 
21 1 

1 212 1 x 1  X I  

207 
208 
209 
210 
21 1 
212 

X X 
X X 
X X 
X 
X X 
X X 

X 
X 
X 
X 

Appendix 5 Well Sample Log P- 7 

X Discrete X X 

X 127 X X 
X 214 X X 

X Test taken in greenhouse 



Number 
21 3 
214 
215 
216 
217 
21 8 
21 9 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 

l+ 
244 
245 

I 246 

I I 
X X 
X Samplers omission 
X 

X X 
X X 
X 
X X 
X X 
X 
X I  X I  I I 
X X 

X X No contact made with owner 
X X 

Winterized 

I I X [Water table below pump 
X I  X I  I 
X X 
X X 
X X 
X X 
x i  IHouse abandoned I 
X I  X I I 
X X X 
X X 
X X 
X X 
X X 

X X 
X X 
X X 

X* = Analyzed for lead only 
+ = Well not assessed 
Comp. wells = Composited samples Appendix 5 Well Sample Log P- 8 
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266 

X I 
X I  X 

X I 
X I  X I  

X I 
X I  X 

X 
X I  X I 

X I  X I 

X" = Analyzed for lead only 
+ = Well not assessed 
Comp. wells = Composked samples 

I X I 245 I I 
I X 124082391 I 

X 
X 246 

242 

X 2% I 

X I  X I 107 I I 
I 1 I 

x Discrete 

X X 
Spring sampled directly in 
Phase 2. In Phase I, well 251 is 

X X the same as well 106. 
X X 
X X 
X X 
X X 
X 

- ., 

I I 
X I  
X 
X 
X X 

X I  I I 
I X I  ~ N M  community well I 
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Appendix 6 Analytical Methodologies 

6.1 Inorganic Methodologies 

Constituent Selection 
Inorganic constituents in this study were selected to include metals, major ions and 
physical parameters. 

Constituent Changes from Phase 1 to Phase 2 
In Phase 2 of the study, two constituents were deleted: turbidity and nitrogen kjeldalh. 

Hold Times for Samples 
The holding time is the time elapsed between sample collection and constituent analysis. 
Analysis within the established hold time is essential for the generation of high quality 
data. All samples were stored at 4°C until analyses were completed and results verified. 
Hold times have been established by the U.S. Environmental Protection Agency and 
many provincial regulatory agencies and have been adopted here (Table 1) and were met 
throughout the study for the following inorganic constituents: 

Table 1. Hold times for constituents analyzed in the study 

Note: turbidity, nitrogen organic total, nitrogen kjeldahl total and nitrogen total were only 
analyzed in Phase 1 of the study. 

Methodologies 
Methods used by the laboratory are based on those found in "Standard Methods for the 
Examination of Water and Wastewater", 18th Edition, published by the American Public 
Health Association, 1015 Fifteenth Street Washington, DC 2005 or on U.S. EPA 



protocols found in the "Test Methods for Evaluating Solid Waste, PhysicalKhemical 
Methods, SW846", 3rd Edition. Other procedures are based on methodologies accepted 
by the B.C. Ministry of Environment, Lands and Parks. These methods are specifically 
described below: 

Physical Parameters 

Alkalinity (SM2320 B): the sample is titrated with dilute sulphuric acid to a pH of 4.5 
to determine the total alkalinity. The acid neutralizing capacity of the sample is expressed 
as a concentration of calcium carbonate. If the pH of the sample is greater than 8.3 the 
sample is titrated to the phenolphthalein endpoint @H 8.3) and then the pH 4.5 endpoint 
allowing for calculation of the bicarbonate concentration. A Metrohm autotitrator Model 
636 coupled to a Metrohm Model E503 Autosampler is used to perform analysis. 

Bicarbonate (SM18 2320 B): based on the phenolphthalein and total allcalinity titration 
calculations are performed based on the stoichiometric relationships of the three principal 
forms of alkalinity present in waters. Bicarbonate is present when the phenolphthalein 
alkalinity is zero or less than half the total atkalinity. Calculations are also checked using 
SM 4500-C02 that allows for the calculation of carbon dioxide and other forms of 
auralinity based on pH, temperature, total alkalinity and total mineral content. 

Colour (SM18 2120 B): the colour in the sample is determined by visual comparison 
with known concentration of chloroplatinate solutions that are sealed in glass discs 
(Colour Comparator). One unit of colour is defined as that produced by 1 mg/L platinum, 
in the form of chloroplatinate ion. A Hellige Aqua Tester is used to make the comparison 
of the sample to the chloroplatinate solutions. 

pH (SM18 4500-H B): pH is measured with a standard pH electrode that has been 
calibrated against externally prepared and validated buffer solutions. Measurement is 
performed prior to alkalinity titration using the Metrohm Model 660 autotitrator or 
separately using a Horiba pH Meter F-12. 

Residue Filterable (SM18 2540 C): a measured aliquot of the homogenized sample is 
vacuum filtered through a Whatman@ Glass Microfibre Filter 934-AH. A known amount 
of the filtrate is then evaporated on a steam bath in a conditioned and preweighed 
platinum crucible, and further dried at 180'C to constant weight. The residue remaining 
is expressed as the residue filterable or total dissolved solids. Steam baths are custom 
fabricated and the analytical balance is a Mettler AE163. 

Conductivity (SM18 2510 B): specific conductance is a measure of the ability of an 
aqueous solution to conduct an electric current and is related to the total concentration of 
ionic species and temperature. A homogenized portion of the sample is equilibrated at 
25°C for 90 minutes in a water bath. The conductivity is measured using a calibrated 
Metrohm Model 660 Conductometer. Calibration is performed using standard reference 
solution having a conductance of 1413 phmodcm. 
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Nutrients and Anions 
P r  

Chloride (SM18 4500-CR E): the chloride in the sample displaces thiocyanate ion from 
mercuric thiocyanate by the formation of a soluble mercuric chloride. The liberated 
thiocyanate ion reacts with the ferric ion to produce the red ferric thiocyanate complex 
which is measured colourimetridy at 480 nm. Intensity of the red complex is measured 
at 480 nm against external standards using a Technicon Autoanalyzer" II continuous flow 
instrument. 

Fluoride (SM18 4500 C): the fluoride is determined potentiometrically using a specific 
ion fluoride electrode in conjunction with a silver/silver chloride double junction 
reference electrode. The electrical potential developed across the two electrodes is 
measured and calibrated against known standard concentrations of fluoride. A total ionic 
strength adjuster (TISAB) is added to all samples and standards to control matrix 
interferences. The method is completely autbmated using a Technicon" Autoanalyzer"' 
II continuous flow instrument. 

Nitrogen, Ammonia (SM18 4500-NH3 C): this automated procedure utilizes the 
krthelot Reaction, in which the blue coloured compound, indophenol, is produced when 
a solution of an ammonium salt is added to sodium phenoxide, and then reacted with 
sodium hypochlorite. EDTA is introduced to prevent the precipitation of metal 
hydroxides Sodium nitroprusside is added to intensify the blue colour. This complex is 
measured at 630 nm using a Technicon@ TRAACS 800" continuous flow instrument. 

Nitrogen, Nitrate-Nitrite (SM18 4500-N03-F): samples are analyzed using an 
automated colourimetric method (Technicon" TRAACS $00" continuous flow instrument) 
in which nitrate is reduced to nitrite at pH 7.5 in a copper-cadmium reductor cell. The 
nitrite reacts under acidic conditions with sulfanilamide to form a diazo compound. This 
compound is then coupled with N-(l-naphthyl)-ethylenediamine dihydrochloride to form a 
reddish-purple azo dye that is measured at 520 nm. To determine the nitrate 
concentration, the reduction step is bypassed and the resulting nitrite value obtained is 
subtracted from the total nitrite value obtained using the reduction procedure. 

Sulfate (SM18 45O0-SO42- F ): sulfate ion reacts with an acidic solution of barium 
chloride and methylthymol blue to form barium sulfate. At high pH, via the addition of 
NaOH, excess barium reacts with methylthymol blue to form a blue chelate. The 
unreacted methylthymol blue is a grey complex and is proportional to the sulfate 
concentration. The intensity of the grey complex is measured at 460 nm against external 
standards using a Technicon" Autoanalyzerm 11 continuous flow instrument. 

Total Hardness (SM 2340 B): this is a calculation based on the concentration of calcium 
and magnesium determined from the dissolved metals analysis using SM 3 120 B. Hardness 
is defined by the following equation: 

Hardness, mg equivalent CaC0,L 
= 2.497{Ca, mg/L} + 4.118{Mg, mg/L} 
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Metals 

Metals by Inductively Coupled Argon Plasma Atomic Emission Spectroscopy 
(ICAP) (SM18 3030B/D and 3120 B): for total metals samples are first subjected to a 
nitric acid digestion to dissolve suspended solids and remove organics by oxidation and 
volatilization. There is no pretreatment of samples requiring dissolved metals and filtered 
samples are analyzed as received unless they are highly coloured, and are digested with nitric 
acid to remove any possible organic contamination. The sample is aspirated into an 
inductively coupled argon plasma for excitation of the atoms and subsequent emission of 
electromagnetic radiation. The amount of radiation emitted is proportional to the analyte 
concentration. The Thermo Jarrell Ash ICAP 61E is a fblly automated spectrometer that 
measures simultaneously the concentrations of 32 elements. 

Lead (SM18 B/D and 31 13 B): for total lead samples are first subjected to a nitric acid 
digestion to dissolve suspended solids and remove organics by oxidation and volatilization. 
Digestates are then introduced into a graphite fbrnace where drying, charring, and 
atomization takes place. The atomic absorption of lead is measured at 283.3 nm and 
compared to that of external standards. For dissolved lead (SM 3030 B) the digestion step is 
eliminated and filtered samples are analyzed as received. A Varian Spectra AA-400 graphite 
fbrnace is coupled to a Varian Zeeman Graphite Tube Atomizer and a Varian Atomic 
Absorption Spectrometer to complete the analysis. 

Selenium (SM3500-SE B 4% 3114C): both dissolved and total samples are digested with a 
mixture of hydrochloric acid and potassium persulfate. Digested samples are reduced with 
sodium borohydride to form the metal hydrides. The selenium hydride is separated from the 
liquid phase separator and are swept into an inductively coupled argon plasma for excitation 
and subsequent measurement of the emission signal by simultaneous ICAP 
spectrophotometry. The emission signal of selenium is quantified against digested standards 
of selenium. The hydride generator is completely automated and is interfaced to a Thermo 
Jarrell Ash ICAP 61E simultaneous spectrometer. 

Method Detection Concentrations (MDCs) 

When the study was initiated, the laboratory chosen to perform the inorganic analysis was in 
the middle of re-evaluating the total metals Method Detection Concentrations (MDCs). The 
MDC adjustments shown in Table 2 were made in January 1993. Changes were made 
because there was no differentiation made between the dissolved and total MDC's, i.e., 
MDC's were based on spiked blanks and not blanks that were spiked, digested and analyzed 
(Heier, 1994). Thus the MDC's did not take into account background level contaminants 
common in the lab. Analysis of QNQC samples (mainly blanks and duplicates) indicated 
that for certain parameters (total metals) the stated Method Detection Concentrations 
(MDCs) could not be obtained on a consistent basis. 

The minimum detectable concentration for total selenium was changed on Dec. 6, 1993 to 
0.002 mg/L from 0.005 m a .  This change of the MDC did not reflect a modification of the 
analytical procedure that increased the precision of the method but rather was a re-evaluation 
of the existing method to prove that the MDC actually was 0.002 not 0.005 (Heier, 1994). 
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Table 2. Adjustments made to the Method Detection Concentrations (MDC) 

6.2 Volatile Organic Compound Methodologies 

Constituent Selection 
The Volatile Organic Compounds (VOCs) were selected fiom a U.S. Environmental 
Protection Agency (EPA) standard listing (EPA 624). In addition, there were several other 
VOCs added: 

0 

0 

pesticides 1 ,2-dichloropropane (1,2-DCP) and 1,3-dichloropropene (1,3-DCP) 

industrial chemicals (styrene and dichlorobenzene) 
0 chemical constituents of gasoline (m,p & o-xylene) 

The 2 pesticides were added due to past detections in groundwater in the Fraser Valley 
(Liebscher et al, 1992). The other chemicals were added due to their potential for 
contamination of groundwater and their use in the study area. 

Constituent Changes from Phase 1 to Phase 2 
In Phase 2, there were 2 additional VOCs added to the list of constituents: 1,2,2- 
trichloropropane ( 1,2,2-TCP) and ethylene dibromide. Ethylene dibromide or EDB is used in 
significant quantities south of the .border in the Abbotsford/Sumas aquifer (Whatcorn 
county). 1,2,2-trichloropropane is a contaminant that has been detected in the soil fbmigant 
Telone (Szeto et al, 1994). 

Hold Times 
On arrival at the laboratory, samples were inspected, sample condition and temperature 
recorded on the chain of custody forms and requisition numbers and sample container labels 
verified. Samples were transferred immediately to a dedicated refiigerator isolated fiom any 
potential organic vapours. 

Samples were stored in the dark at 4OC for a maximum holding time of seven days from 
sampling. Duplicate and unused samples were stored for one month. When reanalysis of 
samples older than 7 days was required, resampling took place. 

Appendix 6 Analytical Methodologies P. 5 



Analytical Methodologies 
Samples for this project were prepared and analyzed independently from work of other ASL 
clients to minimize any chance of contamination. Water samples were analyzed for VOCs in 
accordance with EPA method 624 (purgeables), by purge and trap concentration followed by 
gas chromatographic separation and mass spectrometric detection and quantitation ( G U M S ) .  
The purge and trap instrumentation used consisted of: 

Tekmar LCS 2000 sample concentrator (purge and trap unit) combined with a 
Tekmar ALS 2016 automated liquid sampler 

0 automated sample heater system 
0 moisture control module 
0 cryogenic capillary interface system 

Prior to analysis, samples were transferred to a dedicated organic-vapour-fiee volatiles 
preparation area. A representative 20.0 mL aliquot of the sample was poured into a clean 25 
mL, gas-tight syringe fitted with a luer-lock valve. A 20.0 mL sample volume offers an 
increased sensitivity fiom the standard 5 mL sample size. A surrogate and internal standard 
mixture in methanol were added by micro-syringe to the sample aliquots before transferral to 
sparge tubes, which were precleaned and oven-baked at 150°C for a minimum of 12 hours. 

Ultra-pure helium is bubbled through aqueous samples for 12 minutes, causing purgeable 
compounds to be transferred to the vapour phase and carried along with the helium flow to a 
specially designed high temperature stable hydrophobic 4 component absorbent trap, 
maintained at 35°C. This trap incorporates 2 graphitized carbons (Carbopack B&C) and 2 
molecular sieves (Carboxen 1000 and 1001). Mer  sample purging the purge gas bypasses 
the sample and dry purges the trap for 4 minutes to remove the majority of adsorbed water 
vapour. The trap is then rapidly heated to 230°C while back-flushing with GC carrier gas, 
helium. The volatile organic compounds are desorbed fkom the trap and swept towards the 
GC column through a heated &sed-silica transfer line and are then re-focused cryogenically 
at -170°C at the head of the analytical column. 

Directly interfaced to the purge and trap system is a Hewlett-Packard 5890 Series 11 gas 
chromatograph interfaced to a VG TRIO 1 S quadrupole mass spectrometer used for VOC 
separation, detection and quantitation. The column used was a 30 meter J&W DB-624 with 
an internal diameter of 0.32 mm and film thickness of 1.8 pm designed specifically for VOC 
analysis. 

GCMS analysis begins with rapid heating of the cryogenic interface to 200°C which initiates 
chromatographic separation. The GC oven is held isothermally at 35°C for 8 minutes before 
a slow ramping of 7°C per minute until all target analytes have eluted, followed by a 6 
minute column bakeout at 200OC. Throughout the GC run, the mass spectrometer stores 
70eV electron impact &ll scanning mode data which it acquires over a mass range of 35-260 
a.m.u. at a rate of 2.5 scans per second. The mass spectrometer relies on a high capacity 240 
litre per second turbo-molecular pump to provide a vacuum. This permits the high flows 
required for VOC analysis and reduces problems caused by excessive moisture in the trap. 
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vinyl chloride I 0.5 DDb I I 
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6.3 Pesticide Methodologies II 
Constituent Selection 
The Fraser Valley is a region in the province where many vegetables, fruit and berry 
crops are grown and pesticides are used. As the list of pesticides available for use is 
extensive, it was necessary to prioritize pesticides for analysis in this study. 

Reports on pesticide usage in the Fraser Valley, pesticide leachability and previous 
pesticide detections were criteria utilized in the selection process (McRae, 1991; Moody, 
1989 and Leibscher et al, 1992). The initial list of 43 pesticides was circulated to 
individuals with expertise in provincial pesticide usage for review and feedback. Results 
of this review increased the initial list to 61 pesticides. 

The next phase of the selection process involved a review of the selected pesticides by 
individuals from federal agencies with extensive expertise in pesticide analysis. Their 
comments and suggestions facilitated an understanding of the analytical methodologies 
required to generate a high level of confidence in the analytical results. As a result, 15 
pesticides were eliminated from the list. In addition, it was decided to compile a list of 
"required pesticides" (those pesticides that would generate a high level of confidence in 
the results) and "optional pesticides" (those pesticides that required separate analysis or 
those with complex methodologies). 

The last phase of the selection process involved reviewing health concerns and physical 
characteristics of those pesticides not included on the above mentioned required and 
optional lists. Health concerns were assessed by examining: 

-1ARC (International Agency for Research on Cancer) ratings 
-Guidelines for Canadian Drinking Water Quality (GCDWQ) 

-results from animal and/or human studies. 

-water solubility 
-volatility and 
-persistence in soil and water. 

-LDS$ and 

Physical characteristics scrutinized included: 

In addition, provincial production guides were used to determine current pesticide usage. 
Due to the costs of analysis and the projected confidence in the analysis data, only the 
required pesticides were analysed (see Table 4). 

Constituent Changes from Phase 1 to Phase 2 
In Phase 2, 6 pesticides and metabolites were removed from the analysis list 
(chloroxuron, methamidophos and oxydemeton-methyl). One pesticide, oxyfluorofen, was 
added as it is a pesticide used on raspberry crops-a predominant berry crop in the study 
area. 

Hold Times 
Pesticide samples were stored at 4'C and extracted within one to seven days from the 
receipt of the sample. Extracts were held at -2O'C and extracts were analyzed within 2 
weeks (depending on the constituent). 
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Analytical Methodologies 
Analysis of pesticide samples using approved methodologies was required. Full in-house 
validation packages for all constituents was provided by the laboratories prior to analysis. 
Approval for use of alternate methodologies and provision of full in-house validation 
packages was required prior to analysis. 

All pesticides that were analyzed in this study were categorized into five separate 
subgroups according to their chemical class and ability to be m-extracted and co- 
analyzed. The analytical method used for each subgroup was designed to maximize 
extraction efficiencies and detectability for pesticides in that group. 

Group 1 - Neutrals 

Prior to extraction, the surrogates were added to the water samples. Two litres of the 
water sample were partitioned three times with dichloromethane (DCM)/acetone (9:1), 
and dried through purified sodium sulfate (Na2S04). The extracts were carefully reduced 
to a 1 mL final volume. This extract was split and diluted to the appropriate final volume 
which was used for analysis of organochlorines, neutral GC/MS compounds and neutral 
LC/MS compounds. 

Acids 

One litre of the water sample was acidified and partitioned three times with DCWacetone 
(9:l). After drying through acidified Na,S04 and concentration, the extracts were 
derivatized with diazomethane. The extracts were then reduced to a 1.0 mL final volume 
and analyzed by GC/MSD (mass selective detector). 

Parameters analyzed: 

Group 2 - Organochlorines 

The extracts were exchanged into hexane, brought to a final volume of 10 mL and 

organochlorines were detected above 0.5 ppb, the extracts, cleanup were confirmed using 
GC/MSD. This procedure is a modification of the Government of Canada (Health and 
Welfare) and Agriculture Canada methods. 

analyzed by high performan~e capillary CO~UIIUI (DB-1301) GC/ECD. If any 

Group 3 - Neutrals by GCMS 

These extracts were exchanged into ethyl acetate and were analyzed by GC/NPD using 
high performance capillary columns (DB-1701). Any levels greater than 1 ppb were 
confirmed by GUMS using Selected Ion Monitoring (SIM) where 3 ions were monitored 
and ion ratios confirmed positive values. 

The extraction and concentration steps are based on Health and Welfare Canada methods 
as in group 1. 
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Group 4 (AciddChlorophenols) 

The extracts are analyzed by GC/MS using SIM techniques which will again give very 
good confirmation due to the selectivity of the MSD. 

Gmup 5 (LCAWS neutrals) 

A 200 pL aliquot of the extract was exchanged into acetonitrile/water (1:3) and brought 
to a 2.5 mL final volume prior to analysis by LC/MS using the Finnigan 710 SSQ system 
and a thermospray interface (TSP-1). This provides confirmation and a level of 
confidence of positive detections that would be much higher than by post-column or 
direct HLPC using W detection. The methodology is based on Agriculture Canada and 
Health and Welfare Canada methods for extraction and concentration with modification 
made using LC/MS detection. Direct analysis by LC/MS will give good confirmation of 
any positive detection. 

. 

Method Detection Concentrations 
For the organic constituents analysed in this study, a general rule was followed for setting 
the detection concentration requirements. For those constituents with a Guideline for 
Canadian Drinking Water Quality (GCDWQ), the MDC was one-tenth the GCDWQ. 
Where no GCDWQ existed an arbitrary value of 1.0 pg/L was chosen as a target MDC. 
However, in most cases, the analytical laboratory’s achievable Method Detection 
Concentration was less than the proposed MDC. The MDCs for this study are shown in 
Table 4. 
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7 Quality Assurance/Quality Control 

7.1 Quality AssurancelQuality Control (QAIQC) Protocols 

In this study the laboratories met 2 types of Quality Assurance/Quality Control (QNQC) 
analytical requirements: external and internal QNQC. 

External quality control (QC): 
Blind (not known to the laboratory) or external QC samples were submitted by the 
samplers to the laboratories for analysis. External (or blind) QC samples consisted of 
blanks (field and lab prepared), field duplicates and reference samples labelled and 
submitted to the laboratory as "real" or study samples. The hydrogeological firm was 
responsible for labelling and inserting blind or external QC samples in with well water 
samples and shipping the samples to the laboratory for analysis. 

A QA/QC coordinator prepared the external reference samples and scrutinized the data 
for adherence to the acceptance criteria. Criteria was established for data acceptability 
(see section 7.2 below) based on the analytical results from the blind or external QC 
samples submitted. No action(s) were taken if the deviation or recovery was marginal or 
if the theoretical (for reference samples) or reported (for duplicates) values were less than 
5 times the Method Detection Concentration (MDC). Batches of data which contained 
flagged values (values that did not meet the acceptance criteria) were reviewed and, in 
some cases, reanalysed. The first step in the data review process was for the laboratory 
to check for data entry errors. If no errors were found, the laboratory retested the sample 
for the parameter of concern. Detailed explanations of action(s) taken are provided with 
the QA/QC reports at the end of this Appendix. 

Ideally, in every batch of 20 samples submitted, 17 samples were collected with 1 field 
duplicate and 2 QC samples were inserted (either a field blank or a reference sample). 
The position of the duplicates and the external QC samples varied randomly for each 
batch submitted. Trip blanks were also submitted by each sampler on a daily basis. 

The external QC samples utilized in this study are described below: 

Blanks: 
Blanks are used to determine any sampling contamination. Blank preparation 
varied according to type of analysis: 

VOC blanks - prepared by the laboratory (ASL) using commercially available 
"Naturally Pure Glacial Water" (Snowcap Waters Ltd., Union Bay, B.C.) for both 
phases of the study. This water source is also used by ASL for the preparation of 
the laboratories internal standards. 
Pesticide blanks - prepared by the QA/QC coordinator using laboratory distilled 
water provided by B.C. Research. 
Inorganic blanks - prepared in the field by the samplers using deionized water 
supplied by Zenon Environmental Laboratories Inc. 
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Field Duplicates: 
Used to determine the laboratory's analytical precision and sampling variability. 
Two separate samples were sequentially collected from randomly selected 
sampling sites with one of the samples being a duplicate. 

Reference Samples 
Used to determine the laboratory's analytical accuracy. Reference samples were 
prepared by the QNQC coordinator and collected by the hydrogeological firm for 
submission to the laboratory. Reference samples used in this study were prepared 
from Certified Reference Materials (CRMs) and Standard Reference Materials 
(SRMs): 

Certified Reference Materials (CRMs) were purchased from the Research and 
Applications Branch of the National Water Research Institute OIJWRI) and the 
Canadian Centre for Inland Waters (CCIW). CRMs have associated statistically 
reliable means and confidence intervals for each constituent. These statistics are 
determined from large quantities of "real" samples collected, stored under 
controlled conditions and analysed by a number of laboratories to develop 
statistically reliable means and confidence intervals for constituent concentrations. 

The purchased CRMs are used as received and transferred into the same type of 
sample containers used by the samplers and submitted blind with the rest of the 
samples for analysis. 

Inorganic reference samples purchased fiom NWRI had the documented values for 
constituents separated into sample types such as general parameters and trace 
metals. There was no relationship between the two sample types, Le. the general 
parameter bottle could not be linked to a specific trace metal bottle. The general 
parameter bottle generally had certified values for 22 parameters and the trace 
metals bottles normally had certified values for 14 parameters. 

The contract laboratory's standard operating procedure (SOP) was to analyse for 
major metals (calcium, magnesium, potassium and sodium) as well as boron, 
phosphorus, silicon and sulfur by multi-element ICP scan. Results for these 
constituents were generated from the trace metals bottle and only 9 constituents 
could be utilized from the general parameter bottle. However, these same trace 
metal reference samples had been used by B.C. Environment's QA program for 
the same contract laboratory and historical data for the "missing" constituents 
existed. By tabulating these data and developing statistics on means and standard 
deviations, the utility of the trace metal samples was expanded and typically 54 of 
the 82 parameters (66%) could be compared to a reference value. This was an 
appreciable improvement over the 37 of 82 (45%) that would have otherwise been 
available. 

Standard Reference Materials (SRMs) were prepared by spiking reagent 
quality water (or in the case of VOCs, a suitable commercially available bottled 
natural water) with measured volumes of stock standard solutions either purchased 
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or prepared from commercially or institutionally available standards of stated 
purity (usually 95 % or better). Purgeable Halocarbons and Aromatics were used 
to spike the "Natural Pure Glacial Water" and were purchased from Chem 
Service, West Chester, Pennsylvania, U.S .A. Where available, commercial 
standards traceable to U. S. Environmental Protection Agency P A )  or other 
institutions were used, i.e., for pesticide and VOCs. Confirmatory analysis on the 
concentration levels for the VOC reference samples was performed by an 
independent laboratory (Pesticide Laboratory at Agriculture Canada's Vancouver 
Research Station). 

The external pesticide reference samples were prepared by spiking laboratory 
reagent water with stock solutions of groups of pesticides in acetone solution. 
These reference stock solutions were prepared by taking aliquots of individual 
pesticide compound concentrate standards (generally loo0 mg/L in acetone or 
other appropriate solvent) and diluting to the 20 to 100 mg/L range. The 
concentrate standards were acquired from British Columbia Research Corporation 
and had been prepared by their analysts from 95% or greater purity reference 
standards purchased from Chem Services Ltd. Pesticide reference sample 
concentration levels were confirmed by analysis at B.C. Research in Vancouver. 
Pesticide reference materials were also exchanged with the pesticide laboratory 
(ETL). In Phase 2, four reference stock solutions were exchanged with the 
pesticide laboratory with the following characteristics: 3 pesticides in each 
solution, concentration ranges from 40 to 50 ppm and coverage of main groups of 
pesticides anticipated to be present. 

Internal Laboratory W Q C :  
Internal QA/QC consists of routine procedures the laboratory performs on a daily and/or 
batch basis and include: 

e 

e internal QC samples 
e sample storage requirements 
e 

e 

e 

e QA/QC training for staff 

standard methods for cleaning sample bottles, utensils, and lid liners 

extensive documentation requirements Le., sample temperature, chromatography, 
control charts, analytical methodology, etc. 
data security procedures to restrict access to the study data 
analytical and quality assurance protocols 

In addition to the regular contamination checks done on all sample bottles (bottle blanks), 
glassware cleaning reagents and laboratory deionized/distilled water supplies, the 
laboratories also performed extensive Quality Control on each sample batch analysed. 

Some of the internal QA/QC samples included: 

Trip blanks: 
Used to verify that the levels of chemical constituents found were attributable to 
the sample and not to container contamination, preservatives or transportation 
induced contamination. Trip blanks were prepared for each sampler in this study. 
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Method blanks: 
Used to identify any laboratory contamination generated during sample preparation 
from glassware, reagents, etc. and were analysed at a frequency of 1 method 
blank for every 20 samples (5 %). 

Replicate or duplicate: 
Used to assess the analytical precision. Analysis was done on a batch basis for all 
chemical groups ranging fiom a minimum of 1 out of every 10 samples to a 
maximum of 20% of duplicate analysis within a batch. 

Matrix spikes: 
Used to indicate any bias due to matrix effects. Matrix spike samples are made by 
adding known amounts of chemicals of interest to an actual sample prior to any 
analytical procedure. Results are reported as a percent recovery. Results for 
hardness and nitrogen (total and organic) are calculated and do not apply. There 
are no spikes for pH and colour. 

Surrogate spikes: 
Used in the organic analysis to estimate the recovery of organic compounds. 
Surrogates are compounds with characteristics similar to those of the organic 
chemicals being analysed but are not expected to be present in the sample. 
Surrogates are routinely added to the Sample prior to extraction and analysis. 
Three different surrogates were used in both the VOC (4-bromofluorobenzene, d5- 
chlorobenzene and fluorobenzene) and Pesticide andysis (PCNB, 2-fluorobiphenyl 
and 2,4,6-tribromophenol). 

Reference materials: 
Standards with well-characterhd chemical compositions used to assess the 
analytical accuracy. Either certified reference materials (CRMs) or a standard 
reference materials (SRMs) were utilized and analysed. 

Check Standards: 
Used to indicate bias due to sample preparation and/or calibration and to control 
precision. Check standards contain known amounts of a chemical constituents and 
are analysed with the rest of the samples on a batch basis. Check standards are 
normally run at 80% of the normal range (QCA) and at 20% of the normal range 
(QCB). 

7.2 Data Acceptance Criteria 

Stringent criteria for analytical data acceptance was established prior to analysis as part of 
the Request for Proposal and later in the laboratory contract(s). If the criteria were not 
met the data was "flagged" and the laboratory was required to review and/or reanalyse 
the suspect batch at their own cost. Reanalysis was done within one.week's notice. In 
addition, payment for the batch in question was withheld until the problem was resolved. 
Data acceptance criteria will be discussed in terms of inorganic and organic constituents. 
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Organic Analysis Acceptance Criteria 

The following acceptance criteria were set for the organic sample analysis: 

Organic Duplicates: 
f 30% variation between duplicates. 

Organic Surrogates: 
f 20% recovery range for organic samples fortified with a surrogate 
compound(s). This was applied to the internal QA/QC samples. 

Organic Reference Samples : 
Initially a f 30% recovery range (70-130%) was set for the percent (%) recovery 
between the known (theoretical) and reported values for external reference 
samples. This was subject to modification depending on circumstances. 
However, in Phase 2, this acceptance range was widened to 40-140% due to the 
fact that CRMs were not available for reference samples and therefore no 
statistically based confidence ranges could be established. This criterion for 
acceptable recovery of external reference samples is regarded as reasonable in 
view of the acceptance limits for internal matrix spike recoveries published by 
Standard Methods, 18th Edition, 1992. Acceptance limits in Standard Methods 
allow 50-140% recovery in general and, in specific instances, considerably wider 
limits, e.g. captan at 20-130% for a 20 pg/L spike. 

Organic Blanks: 
No detection greater than the Method Detection Concentration (MDC). 

Note: These acceptance criteria were not applied to theoretical (reference samples) or 
reported (duplicates) values less than 5 times the Method Detection Concentration. 

Inorganic Analysis Acceptance Criteria 

The following acceptance criteria were set for the inorganic sample analysis: 

Inorganic Duplicates: 
For inorganic blind duplicate samples, the following formula was used to calculate 
a percentage tolerance limit for all inorganic constituents: 

v,-v, * 100 
v,,2 

where VI and V2 represent values of the duplicate pair and is the mean of 
VIandV2 

The acceptance criteria changed during the course of the study. Initially, for a 
batch of samples to be acceptable for all variables, the percentage tolerance as 
calculated above was I 10% at 5 times the method detection concentration 
(MDC). 
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This acceptance criteria was modified in Phase 2 to take into account the 
variability of results with values close to the MDC: 

e 

e 

e 

e 

f 20% at 10 times the MDC; 
f 25% at 5 to 10 times the MDC; 
criteria was not applied in cases where the reference value < 5 times the 
MDC; and 
when one sample’s percent tolerance fell within the f 20% tolerance limit 
and the other sample within the f 25 % , the tolerance limit used for data 
acceptability was the higher tolerance limit, i.e., f25%. 

Inorganic Reference Samples: 
As mentioned above there were 2 types of reference materials used to prepare the 
external reference samples: NWRI certified reference materials (CRMs) and 
reference solutions from laboratory blind audits. The acceptance criteria for 
percent recovery on the reference samples was set at *15% (85-11596 recovery). 

Inorganic Spiked Samples: 
The percent recovery is calculated as the amount of analyte recovered in the 
sample divided by the amount of analyte in the original sample plus the amount of 
analyte added to the sample: 

% Recovery = Asok = 100% 
A + K  

A is the concentration of the analyte in the sample 
A spk is concentration of the analyte in the spiked sample 
K is the amount of analyte added to the sample 

The acceptable spike recovery was set at 100% f 20%. 

Calibration Check Standards: 
With each batch of samples the standard QCB is analysed as an external 
calibration check standard. The result for QCB must fall Within 3 standard 
deviations of the long term mean. The acceptable range (within 3 standard 
deviations) is updated regularly and is based on a minimum of 30 data points. 

Inorganic Blanks: 
No detection greater than the Method Detection Concentration (MDC). 

7.3 Confirmation of positive organic detections 

Confirmation of any positive organic detection was a requirement due to the level of 
public concern over organic contamination of the groundwater, particularly by pesticides. 

Pesticides 

For positive pesticide detections, a full scan GC/MS was required to confm positive 
detections > 10 times the MDC. Compounds analysed by GUMS or LC/MS did not 

P. 6 Appendix 7 Quality Assurance/Quality Control 



require dual column confirmation. Compounds detected by selected detectors other than a 
mass spectrometer (Electron Caphire Detector-ECD), were confirmed using a second 
column. 

Volatile Organic Compounds (VOCs) 

The frrst action taken when a VOC sample had a positive detection was to analyse the 
trip blank. If the trip blank showed a negative result, then one of the unopened sample 
vials (4 sample vials were collected at each site) was run in another batch. If this sample 
vial showed the same positive detection, then the result was confmed. If the sample 
indicated a negative result, then the other 2 unopened sample vials were used to resolve 
the conflict. 

7.4 W Q C  Results 

7.4.1 Inorganic W Q C  Results and Discussion 

Figure 1 shows the breakdown of the regular and external QA/QC samples submitted for 
analysis in Phase 2 of the study. A total of 239 "real" or regular samples were submitted 
for analysis for the full suite 
of inorganic constituents in 
Phase 2-Summer and 7 
regular samples in Phase 2- 

Figure 1 . Summary of external W Q C  inorganic samples 
submitted for analysis in Phase 2. 

Winter. In Phase 2-Summer, 
25 blind QC samples were 
submitted (9% of the total 
samples) and in Phase 2- 
Winter, 3 blind QC samples 
were submitted (30%). 

In addition, in Phase 2- 
Winter, 11 wells were 
reanalysed for total and 
dissolved lead only as a 
followup to high lead values 
detected in certain wells in 
Phase 2-Summer. Three wells 
were analysed in duplicate 
and the samples were 

y--&& 
0 0  0 

Phase 2-Summer Phase 2-Wmter (all) Phase 2-Winter (lead onh 

submitted for external QA/QC purposes. 

Inorganic External Reference Sample Results 

On average, there were over 54 constituents in each reference sample submitted for 
analysis (approximately 37 NWRI constituents and 17 constituents from the QA audit 
solutions). This provided an accuracy check on 66% of the 82 inorganic constituents in 
the study. 

The results from the blind inorganic reference samples were extremely good. There were 
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approximately 810 data reference values in Phase 2-Summer (54 constituents x 15 
reference samples) and only 1% of these values failed to meet the acceptance criteria for 
percent recovery (f15%): 1 silicon (dissolved), 1 lead (total), 1 lead (dissolved), 2 zinc 
(total), 2 chloride and 1 sulfur (total). Corrective actions and detailed results can be seen 
in the reports at the end of this Appendix. 

Inorganic External Duplicate Results 

The external inorganic duplicate results were also very good. There were 7 wells 
sampled in duplicate in Phase 2-Summer which generated 574 (82 constituents x 7) data 
pairs to be used for comparison. There were 15 data pairs (3% of the total data pairs) 
that had a deviation greater than 20%: 3 iron (dissolved), 3 lead (total), 3 zinc 
(dissolved), 2 copper (dissolved), 1 copper (total), 1 iron (total), 1 residue filterable, and 
1 sulfate. 

For most of the flagged duplicate constituents, reanalysis took place. In most cases, the 
original result was confirmed. Most of the discrepancies appeared to be whole sample 
related, originating prior to analysis and could be attributed to the water distribution 
systems (lead, copper, iron and zinc). This conclusion is further confirmed by the 
consistency between the total and dissolved constituent results in most cases. 

In Phase 2-Summer, one well was sampled twice inadvertently and provides an insight 
into sampling related differences and variations over time. Copper and zinc deviations 
between samples could indicate inadequate line flushing before sampling. 

In Phase 2-Winter, there were no flagged data pairs in the field duplicate submitted for 
analysis. There was one marginal flagged data pair for the lead only analysis in Phase 2- 
Winter. 

Inorganic External Blank Results 

Dissolved zinc was the only 
constituent detect& at greater than 
2 times the MDC in the 3 field 

Figure 2. Summary of internal inorganic QAlQC 
samples. 

blanks submitted for analysis. 
This was an artifact of the filters 
used by the samplers in the early 
stage of Phase 2-Summer (see 
Appendix 3.3.8). After the filter 
contamination issue was 
confirmed, other filters were used 
to complete the study. No external 
blank samples were submitted in 
Phase 2-Winter. 

Inorganic Internal W Q C  
Results 

Figure 2 shows the breakdown of 

25 30n I Matrixspikes w Duplicates 

Phase 2-Summer Phase 2-Winter 
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types of internal QA/QC performed by the laboratory on a batch basis. There were 20 
data submissions in Phase 2-Summer and 5 in Phase 2-Winter. Internal QA/QC samples 
consisted of matrix spike recoveries, QCB or check standards, blanks and duplicates. 
Detailed internal QA/QC results can be seen in another report (Brynjolfson, 1995). 

Internal Matrix Spikes 

The laboratory spiked an average of 68 parameters per sample at a level of fortification 
sufficiently high to be evaluated. In Phase 2-Summer, the range of percent recovery was 
80-120%. The average percent recovery was 98% with a relative standard deviation of 
2.1 % . Total and dissolved silver were not included in these statistics due to a problem 
with stability of silver in the spiking matrix. 

In Phase 2-Winter, percent recoveries ranged from 84-1 19 % with an average of 99 % 
recovery with a relative standard deviation of 7.4%. 

Internal Check Standards (QCB) 

In the 20 documented QCB samples there were a total of 1480 individual measurements. 
Only 3 (0.2%) of these measurements were outside the allowed range (fluoride, dissolved 
iron and calcium). 

In Phase 2-Winter, 5 sets of QCB samples were documented (370 measurements). Only 1 
(0.3%) of these measurements (for magnesium) was slightly outside of the acceptance 
range. These results indicate that the analytical systems were operating "in control". 

Internal Blank Samples 

In Phase 2-Summer 20 internal blank samples were analysed (1640 individual blank 
measurements). There were 43 measurements with a detectable value. However, only 1 
measurement (total copper at 0.005) had a result greater than 2 times the MDC. 

In Phase 2-Winter, there were 6 documented internal blanks (492 individual blank 
measurements). There were 3 parameters (1 chloride and 2 total zinc) with results 
greater than 2 times the MDC. In addition to the internal blank samples, 4 trip blanks 
were analysed (320 individual measurements) and only total zinc had a detectable value 
greater than 2 times the MDC. These results indicate that, in general, contamination from 
the laboratory or the sample transport was not a significant problem. 

Internal Duplicates 

There was at least one internal duplicate sample analysed in each data submission. In 
Phase 2-Summer there were 29 samples analysed in duplicate (2349 data pairs). All the 
data pairs met the acceptance criteria. 

In Phase 2-Winter, there were 4 samples analysed in duplicate (332 data pairs) and all 
data pairs met the acceptance criteria. 
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7.4.2 Pesticide W Q C  Results and Discussion 

As mentioned in the report, 
pesticide samples were 
composited (samples from 2 
separate wells were combined 
and analysed as one sample) 
in Phase 2. There were 36 
composited samples and 9 
discrete samples submitted 
for analysis in Phase 2- 
Summer and 14 composited 
and 4 discrete samples in 
Phase 2-Winter. In Phase 2- 
Summer, there were 7 
external QA/QC samples 
submitted (13%) and in Phase 
2-Winter, 3 samples (14%). 
All the external QC samples 

Figure 3 shows the breakdown of the external QA/QC samples submitted for analysis in 
Phase 2 of the study. There were a total of 81 wells sampled in Phase 2-Summer and 32 
wells sampled in Phase 2- 
Winter. Figure 3. Summary of external W Q C  pesticide samples for 

Phase 2. 
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were analysed for the full range of pesticide constituents. 

External Reference Sample Results 

In Phase 1, a review of the external QC data did not identify any failure to meet the 
acceptance criteria. All recoveries were within the allowed variations and no false 
positives were reported. However, in Phase 1, all pesticides used to spike the reference 
samples were of a similar chemical class, e.g organochlorines. 

In Phase 2, an attempt was made to maximize coverage of chemical classes within a 
single reference sample. Reference samples were spiked with up to 9 constituents (at 
least one constituent from each analytical group). 

The external reference sample results are shown at the back of this Appendix. Only 
constituents with detections are shown as all other compounds had non detectable values. 
There are 2 sets of results for each reference sample submitted as the laboratory readily 
identified the external reference samples and analysed all in duplicate. In assessing the 
pesticide QC reference sample data the average value was taken, except in cases where 
both values failed to meet the acceptance criteria. 

The initial review of the Phase 2-Summer results indicated there were a total of 42 
pesticides spiked into the 5 reference samples submitted blind for analysis and 22 (52%) 
of these pesticide constituents failed to meet the acceptance criteria (one constituent was a 
marginal failure). In addition, there were 9 other non-spiked detections of pesticide 
constituents reported. 
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The first action taken to resolve these discrepancies was to exchange reference stock 
solutions used for spiking the reference samples with the laboratory to con& spiking 
concentrations. Overall the stock solutions agreed with the laboratory standard solutions 
with a few exceptions as shown below: 

Reference Sample 2P-01 
The laboratory found all compounds were within 80-120% of the theoretical value except 
the following: 
0 simazine was present, 
0 trace levels of 2,4-dichlorophenol and 2,3,4,6-tetrachlorophenol were also detected 

as trace contaminants in the 2,4,6-trichlorophenol standard and 
parathion was identified as ethyl parathion and not the expected methyl parathion. 

Reference Sample 2P-02 
The laboratory indicated that all compounds were within 80-120% of the theoretical 
values with the exception of 
0 carbaryl (63% of theoretical) 
0 

0 2,4-D (180% of theoretical) 
0 

0 

3-hydroxy carbofuran (30% of theoretical) 

carbofuran was present at about 1% of the 3-hydroxy carbofuran level and 
trace levels of 2,4-dichlorophenol were also present. 

Reference Sample 2P-03 
All compounds were within 80-127% (average 104%) of the theoretical values with the 
exception of: 
0 

e 
2,4-D (150% of the theoretical) and 
trace levels of 2,ddichlorophenol from 2,4-D were detected. 

Reference Sample 2P-04 
All compounds were 80-120% of the theoretical value. 

Reference Sample 2P-05 
All compounds were 80-125 % (average 95 %) of the theoretical value with the exception 
Of: 
0 

0 

aldicarb sulfone as a metabolite of aldicarb or aldicarb sulfoxide at 5% of the 
aldicarb sulfoxide level and 
atrazine at about 1 % of the simazine value. 

All but 1 of the 9 other non-spiked detections in Phase 2-Summer resulted from 
degradation or contamination of the reference stock solutions. The fact that low level 
contaminants were detected and quantified in the reference stock solutions demonstrates 
the sensitivity of the laboratory’s analytical method(s). 

There were 6 spiked constituents with reported non-detectable values: captan (twice), 
endosulfan I and 11, dicofol, oxamyl and parathion. In addition, aldicarb sulfoxide was 
only detected as a trace constituent. In the case of parathion, as mentioned above, the 
spiked parathion was ethyl parathion and not methyl parathion. 

The failure to detect endosulfan I and 11 was a result of the high concentration level in the 
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reference sample shifting the retention time by about 0.1 minutes out of the calibration 
window. The analyst assumed that the peaks were from neutral compounds that would be 
detected and quantified by another protocol (GC/ECD). Further dilution of the reference 
sample may have slightly changed the retention time of the two peaks near Endosulfan I 
& II and a positive identification could have been made. This incident would not occur 
with real samples as endosulfan I & 11 would have been seen in an actual sample but no 
GC/ECD peaks were ever observed. 

The non-detection of dicofol is explained by dicofol degrading on the laboratory's 
GC/ECD into 2 peaks, the larger of which mimicked o,pDDE which was reported by the 
laboratory as a constituent in this reference sample. As this sample was recognized as a 
QC sample, this identity was taken at face value and not confirmed. 

In order to investigate the captan recovery rates, the laboratory performed a captan 
stability study. Water was spiked with captan at 20" C, stored one week and analysed in 
duplicate. Ascorbic acid was used as a preservative and dichloromethane @CM) was 
added as a pre-extraction type "preservative". The recovery rates were as follows: 

a 

e 

e 

0% recovery of captan for the control sample (no preservative added) 
74% recovery of captan - dichloromethane (DCM) added 
43% recovery - ascorbic acid added 

Captan appears to oxidize (or degrade) in water over time. The addition of DCM appears 
to stop the oxidation as the solvent removes the captan from the water where dissolved 
oxygen is reacting with this mercaptan. This would explain why the newly fortified 
samples result in good recovery of captan and that samples stored for periods of time 
would give variable results. The degradation of captan would probably depend on water 
type @H, salts, etc.) temperature and dissolved oxygen. Other compounds with 
questionable stability identified by the laboratory were aldicarb sulfoxide, oxamyl and 
methomyl. Some of the unresolved discrepancies, such as for oxamyl and aldicarb 
sulfoxide, could be attributed to degradation or a stability problem. 

There were some difficulties encountered with the identification of pesticides using ECD 
alone. The other constituents complicated the ECD chromatogram and required GC/MS 
confirmation to establish the identity of the spiked pesticides. The Organochlorine 
analysis of the field spikes gave some discrepancies. This could be due to compounds 
from acids, neutral GUMS and LC/MS groups interfering with the interpretation. This 
stresses the importance of confirming all positive GC/ECD results by Mass Spectrometry, 
not by dual column GC/ECD. It should be noted, however, that no more than two 
compounds were ever detected in one sample and there were no peaks in the GC/ECD 
chromatograms in any of the samples except in the field spikes. 

Taking all of the above into consideration, in Phase 2-Summer, there were 28 pesticides 
spiked in the 5 reference samples with a "reliable" reported values and a total of 12 
flagged constituents. However, of these 12 constituents, 9 had high percent recoveries 
which can be attributed to GC matrix enhancement by unknown co-extractives. The 
remaining 3 flagged constituents (Endosulfan I & 11 and dicofol) can be attributed to 
instrumentation and interpretation problems experienced by the analyst. There were 6 
pesticides not detected in the reference samples. The laboratory's investigation indicated 
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stability problems with captan and oxamyl, instrumentation problems with Endosulfan I & 
II and dicofol and the issue with the identification of parathion. Of the 9 non-spiked 
pesticides detected, only 1 was due to a laboratory instrumentation problem and the rest 
were due to contamination problems with the reference stock solutions. 

In Phase 2-Winter, there were 18 pesticide constituents spiked into the 2 reference 
samples submitted. There were 2 constituents that failed to meet the acceptance criteria, 1 
marginal failure and 2 other detections. However, taking into account the results from 
the previous reference stock solution exchange, only 14 pesticide constituents were 
considered to be “reliable” and of these none these 14 had a flagged value. The 2 other 
pesticides detected were contaminants found in the reference stock solutions. 

All compounds, with the exception of captan, would have been detected in any of the 
actual field water samples, if they were present. Since pesticide detection at low levels is 
the issue, not the quantification (since none were detected), the only concern is with the 
captan analysis. Captan would have been detected (if present) in many of the samples, but 
oxidation in the water sample cannot be ruled out. For any future analysis, it is 
recommended that dichloromethane be used as a preservative for captan analysis in water. 

External Pesticide Duplicate Samples 

In Phase 2-Summer and Winter, there were no flagged data pairs in the field duplicate 
submitted for analysis. 

External Pesticide Blank Samples 

There were no pesticide constituents detected in the blank sample submitted in Phase 2- 
Summer. No blank was submitted for analysis in Phase 2-Winter. 

Internal Pesticide W Q C  

A 10% internal quality control was maintained throughout the study by the laboratory. 
All bottle rinses and glassware blanks showed no contamination in the chromatography. 
Detailed internal pesticide QA/QC results can be seen in another report (Brynjolfson, 
1995). 

Internal Pesticide Surrogate Recovery 

Surrogate recoveries for organochlorines, neutral pesticides and acid herbicides 
demonstrated good extraction and concentration efficiencies. Most of the in-house spikes 
and validation were done at the 1-10 pglL level for all compounds in Phase 2-Summer 
and 1-20 pg/L in Phase 2-Winter. 

The average and RSDs (Relative Standard Deviations) for the 3 surrogates for Phase 2- 
Summer (Phase 2-Winter in brackets) were as follows: 

Organochlorine group - PCNB 
Neutral pesticides - 2-fluorobiphenyl 
Acid Herbicides - 2,4,6-tribromophenol 

99% f 10% (107% f 10%) 
97% f 13% (88% f 11%) 
100% f 14% (103% f 16%) 
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Internal Pesticide Spike Recovery 

In Phase 2-Summer, the laboratory performed 11 spike recovery checks along with the 
batches of samples processed. This involved a total of 284 individual spikes for which the 
overall average recovery was 94% with a minimum of 54% and a maximum of 135%. Of 
these individual spikes, 12 failed the 70-130% recovery acceptance criteria (4.2% of the 
spikes). Only 5 spikes were significantly outside, Le., < 65% or > 135%: 
e 

e 
3 flags for aldicarb sulfoxide (50-53%) and 
2 flags for 3-hydroxy carbofuran (52-56%). 

a6 

914 
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Internal Pesticide Duplicate Samples 

All samples that had a positive detection were analysed in duplicate, i.e. all the external 
reference samples. Other than the reference samples, the only sample with a positive 
response was the one pesticide detection (bromacil). 

7.4.3 Volatile Organic Compounds (VOCs) W Q C  Results and 
Discussion 

External VOC W Q C  

Figure 4 shows the breakdown of the external QA/QC samples submitted for the 15 data 
submissions in Phase 2 of the study. In Phase 2-Summer there were a total of 81 “real” 
samples submitted for 
analysis and in Phase 2- 
Winter, 32 samples. There 
were a total of 12% or 11 
blind QA/QC external 
samples submitted for 
analysis in Phase 2-Summer 
and 14% or 5 external 
samples in Phase 2-Winter. 

Blind Reference Samples 

Detailed results from the 
external blind sample analysis 
can be seen at the back of 
this Appendix. There were a 
total of 10 blind reference 
samples submitted for 
analysis in Phase 2. There 
were 7 to 27 spiked VOC 
constituents i n c h  sample. In Phase 2-Summer, 111 VOC constituents were spiked in 6 
samples and in Phase 2-Winter, 61 constituents were spiked in 4 samples. In Phase 2- 
Summer, there were 4 flags (2 marginal) and 3 non-spiked VOC detections in the 3 blind 
reference samples. In Phase 2-Winter, there was 2 marginal flags and 2 non-spiked VOC 
detections in the 4 blind reference samples. 
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The level of acceptable recovery data for the blind reference samples was good and the 
acceptance criteria was met for 97% of the spiked constituents in Phase 2. However, 
there were some anomalies: 

in each instance where 2-chloroethylvinyl ether was spiked into the reference 
sample, the laboratory failed to detect it, but, as the spiked values were less than 
5 times the MDC, these violations were not considered significant and 

the 5 non-spiked VOC detections reported (mpxylene and styrene (both twice) 
and toluene) were most likely the result of contamination during the blind 
reference sample preparation or, in the case of toluene, a contaminant in the 
spiking material. 

Blind VOC Duplicates 

All of the blind duplicate samples submitted for analysis in Phase 2-Summer and Phase 2- 
Winter met the acceptance criteria. 

Blind VOC Blanks 

There was only one blind blank sample submitted for analysis in Phase 2-Summer and 
none in Phase 2-Winter. This blind blank was also selected inadvertently by the 
laboratory as an internal duplicate. Chloroform was detected in the blind blank (2.4 
pg/L). Analysis of the transport blank showed no laboratory contamination. Chloroform 
is a common solvent and it was accepted that its presence was due to contamination 
during preparation of the blind blank. 

Internal VOC QAlQC 

Figure 5 shows the breakdown of types of internal QA/QC perf'ormed by the laboratory 
in the 15 data submissions. Internal QA/QC consisted of matrix spike recoveries, blanks 
and duplicates. In addition to 
the &ove l'nenhled batch Figure 5. Summary of internal VOC W Q C  samples for Phase 
level samples, 3 surrogate 2. 
compounds representative of 
the VOC constituents 
analysed were routinely 
added to each sample prior to 
analysis. Detailed internal 
QA/QC results can be seen 
in another report 
(Brynjolfson, 1995). 

Internal Matrix Spikes 

In Phase 2-Summer, there 
were 12 spike recovery 
checks along with the batches 
of samples analysed (428 

25 
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Blanks 

20 
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individual spikes). The recovery ranged from 64-147% (excluding 2 high recoveries- 
217% and 197%) with an average recovery of 98%. There were 2% or 10 spiked 
constituents which did not fall within the 70-130% acceptance range, however, only 5 of 
these fell significantly outside the acceptance range ( < 65 % or > 135 % recovery). This 
indicates that the data may be viewed with a high level of confidence. 

In Phase 2-Winter, there was one constituent in the 4 matrix spikes that was slightly out 
of the specified range. 

Internal Blanks 

Every batch included one internal blank sample. No target constituent was found in any 
internal blank. 

Internal Duplicates 

Every batch included at least one sample analysed in duplicate. In addition, almost all 
positive detections were confirmed by reanalysis. No violations to the acceptance criteria 
were noted for any of the internal duplicate samples. 

Surrogate Recoveries 

Recovery values for the three surrogates for the 12 internal spikes are listed below: 

Surrogate Minimum Maximum Average 
4-Bromofluorobenzene 89 % 106% 100% 
DS-Chlorobenzene 93 % 120% 104% 
Fluorobenzene 83 % 105 % 98 % 

7.5 Results of Confirmations of Positive Organic Detections 

In Phase 2-Summer, there were a total of 23 positive VOC detections. All but 5 VOC 
detections were confirmed. However, all of these 5 detections occurred in analytical 
batches where several other samples had confmed positive detections. In addition, the 3 
non-confirmed detections of trichlorofluoromethane were accompanied by 4 confirmed 
detections of the same compound in other samples collected during the same 2 days 
(Roscoe and Parks, 1993). 

All the samples with a positive pesticide detection were analysed in duplicate (including 
all the reference samples) and the method of analysis (GUMS) was self confirming. 

7.6 Conclusions 

The inorganic QA/QC results indicated that the analytical data were in good control and 
generated a high level of confidence in the reported results. One of the reasons for this 
high level of confidence is that certified reference materials (CRMs) were available and 
used in the preparation of the inorganic reference samples. For inorganic constituents, 
CRMs are inexpensive, readily available and have statistically reliable means and 
confidence intervals. The inorganic reference samples contained many different 
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constituents and gave a good indication of how well the analytical data were in control. 
There were a few anomalous inorganic results that were not in compliance. However, as 
reanalysis confirmed the original results, the problem constituents were whole sample 
related and could be attributed to the water delivery systems Le., lead, zinc and copper 
from galvanized pipes and solder. 

The organic reference sample results were not as easily summarized as the inorganic 
results, To begin with, high costs and lack of ready availability of Certified Reference 
Materials for the preparation of pesticide and VOC reference samples led to the use of 
solutions prepared from Standard Reference Materials (SRMs) which do not have 
statistically reliable means and confidence intervals. Confirmation of reference stock 
solutions prepared from SRMs should really be performed by a minimum of 3 
independent laboratories in order to resolve any discrepancies. This can be a very costly 
endeavour for organic constituents and requires a different level of preparation and pre- 
project planning. 

All organic external reference samples, unlike inorganic reference samples, were easily 
identified by the laboratory performing the analysis due to the predominant occurrence of 
non detectable values in the "real" samples. In the case of the VOC reference samples, 
reference solutions are preparid from concentrated solutions in methanol and are easily 
identifiable as QC samples when analysing by purge and trap GC/MS. Faith in the 
laboratory analytical procedures must be assumed. In addition, both of the laboratories 
performing the organic analysis actively participate in performance evaluations and are 
accredited and/or certified by national organizations such as CAEAL (Canadian 
Association of Environmental Analytical Laboratories). This points out the ability of the 
laboratories to provide accurate data for types of organic analysis. 

There are many practical constraints in the preparation of the organic reference samples 
which can also affect the results: 
e Stability concerns limit the lead time available to prepare the samples. Some of the 

pesticide reference sample results for unstable compounds, such as captan and 
oxamyl, could be attributed to degradation of these compounds from sample 
preparation time to analysis. 
External reference samples have many variables which could influence the 
recovery range: typehe of micro-pipettes, volume of concentrate and spiking 
techniques. These factors should be taken into consideration when reviewing 
external reference sample results and setting the QC data acceptance criteria. 
Maximizing coverage in pesticide reference samples by combining pesticides from 
different analytical groups can affect both identification and interpretation by ECD 
alone. 
The external pesticide QC samples had higher concentrations than the expected 
levels in the actual samples. Additional dilutions and reanalysis required for these 
samples may cause a decrease in analytical precision. These high concentrations 
do not mimic actual field samples where detections were just above the Method 
Detection Concentration (MDC), however, spiking at extremely low 
concentrations (< 5 times the MDC) makes the samples more difficult to analyse 
accurately. 

e 

e 

e 

A very significant difference between inorganic and organic analysis is analytical 
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procedures. Inorganic analysis is inherently more precise: the methodologies are well 
established and inorganic constituents can be identified and quantified easily. 
Identification of a constituent is seldom a concern with inorganic analysis. On the other 
hand, organic analysis requires more sample preparation or work-up which can contribute 
to chances of contamination, target organic compounds are less stable and can easily 
degrade and the analytical procedures for pesticides are less precise. Identification of 
organic constituents is not as straight forward as with inorganics. In addition, there are a 
finite number of inorganic constituents whereas the number of identified organic 
compounds and their metabolites and degradation products is constantly increasing. 

Applying external QA/QC to the organic component of this study was not easy. All the 
above mentioned factors led to a less reliable external assessment of the laboratory’s 
organic analytical performance, especially with the pesticides, and therefore made internal 
QA/QC a more important consideration in this study. The internal QA/QC results for 
both the pesticide and VOC analysis were excellent, had a very high degree of 
compliance and impart a high level of confidence to the organic data generated. 

An important conclusion from the QA/QC component of this study is that collaboration 
and cooperation between the laboratories and the project team is essential. When 
anomalous QA/QC results fail to meet acceptance criteria, it is important that the 
approach taken is non-confrontational and open-minded and that the professionalism of 
the participants is considered. 

p. 18 Appendix 7 Quality AssurancdQuality Control 



Inorganic Reference Sample: 2IRef41 (Phase 24ummer) 
Zenon SamDle No: 17542 Sampling Date: 9-Aug-93 

Fluoride 

Ammonia (as N) 

N 0 3 + N 0 2  (as N) 

NO3 (as N) 
NO2 (as N) 
Sulfate (S04) 

Silver, Dissolved 
Aluminum, Dissolved 
Arsenic, Dissolved 

Alkalinity, Phen. (CaC03) 0.5 NIA tVA e 0.5 
Alkalinity (CaC03) 0.5 22.8 f 1.6 22.1 97% P 
Chloride 0.5 16.6 f 1.6 16.9 102% P 

Reference Value 5 times 
0.10 0.04. u f 0.04 e 0.10 250% P the MDC 

0.005 0.005 f 0.005 0.009 180% P the MDC 

0.02 0.04 f 0.02 0.05 125% P the MDC 

0.02 0.04 f 0.02 0.05 125% P the MDC 

Reference Value < 5 times 

Reference Value < 5 times 

Reference Value < 5 times 

0.005 NIA NIA e 0.01 
1 .o 29.4 f 4.0 29.5 100% P 

0.01 NIA NIA 0.01 
0.02 0.51 f 0.11 0.48 94% P 
0.04 NIA NIA e 0.04 

Reference Value 5 times 

(1) = Dissolved Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 



I 
e 

Vanadium, Total 
Zinc, Total 
Zirconium, Total 

I 0.003 0.491 f 0.048 0.566 115% P 
0.01 0.06 f 0.01 0.06 (1) 100% P 

0.003 NIA N A  <0.003 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 
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Inorganic Reference Sample: 2lRefO2 (Phase 2kummer) 
a n o n  Sample No: 17571 Sampling Date: 10-Aug-93 

Chloride 
Chloride (checked) 
Fluoride 

0.5 26.4 f 0.8 14.4 55% F was affected. 
0.5 26.4 f 0.8 27.0 102% P 

0.10 0.209 f 0.01 0.19 91 % P 

NWRl Indicated that the 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results P. 3 



I 

I 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 
= Reference value c 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 



I .  

Iron, Dissolved 
Potassium, Dissolved 
Magnesium, Dissolved 

Inorganic Reference Sample: 2IRef-03 (Phase 2Summer) 
Zenon Sample No: 17555 Sampling Date: 

0.003 0.006 f 0.0036 0.003 50% P the MDC 
0.4 0.4 f 0.6 0.4 100% P 

0.02 1.64 f 0.02 1.67 102% P 
Reference Value 5 times 

Q-Aug-93 

(1) = Dissolved Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results P- 5 



Vanadium, Total 

Zinc, Total 
Zirconium, Total 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - inorganic Reference Sample Results 

Reference Value < 5 times 

Reference Value 5 times 
0.003 0.005 f 0.002 0.004 (1) 80% P the MDC 

0.01 0.008 f 0.002 0.01 125% P the MDC '1 
0.003 NIA NIA <0.003 
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I 

Manganese, Dissolved 
Molybdenum, Dissolved 
Sodium. Dissolved 

Inorganic Reference Sample: ZIRef-04 (Phase PSummer) 
Zenon Sample No: 17809 Sampling Date: 

0.002 0.012 f 0.003 0.012 100% P 
0.004 0.011 f 0.004 0.01 I 100% P 
0.01 3.15 f 0.26 3.22 102% P 

1 1-Aug-93 

Nickel, Dissolved 
Phosphorus, Tot Diss. 
Lead, Dissolved 
Sulfur, Dissolved 
Antimony, Dissolved 
Selenium, Dissolved 

- - ._ 

the MDC 0.008 0.013 ' f 0.004 0.01 1 85% P 
0.04 0.04 + f 0.04 0.04 100% P 

0.001 0.010 f 0.004 0.010 100% P 
0.03 1.98 iO.10 2.06 104% P 

0.015 NIA NIA < 0.02 
0.03 NIA NIA < 0.03 

I I I I I I I IReference Value c 5 times 

(1) = Dissolved 5 Total but within analytical precision 
Bold = NWRl Reference Values 
= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results P. 7 



(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value < 5 times the MDC Appendix 7 - Inorganic Reference Sample Results P. 8 
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Inorganic Reference Sample: 2IRef45(Phase ZSummer) 
Zenon SarnDle No: 18928 Sampling Date: 23-Aug-93 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value e 5 times the MDC Appendix 7 - Inorganic Reference Sample Results P. g 



(1) = Dissolved Total but within analytical precision 
Bold = NWRl Reference Values 
= Reference value 5 thes the MDC Appendix 7 - Inorganic Reference Sample Results 
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Inorganic Reference Sample: ZIRef-OG(Phase 2Summer) 
Zenon Sample No: 19031 Sampling Date: 

Silicon, Dissolved 
Tin, Dissolved 
Strontium, Dissolved 
Tellurium, Dissolved 
Titanium, Dissolved 

24-A~g-93 

0.03 < 0.8 f 0.8 0.16 20% P the MDC 
0.02 NIA NIA < 0.02 

0.001 0.373 f 0.059 0.349 94% P 
0.02 NIA NIA 0.02 

0.003 NIA NIA 0.021 

(1) = Dissohed > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 11 



Thallium, Dissolved 
Vanadium, Dissolved 
Zinc, Dissolved 
Zirconium, Dissolved 

0.02 NIA NIA < 0.02 
0.003 0.957 f 0.102 0.953 100% P 
0.002 0.107 f 0.014 0.105 98% P 
0.003 NIA NIA 0.003 

(1) = Dissolved Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value < 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 

Titanium, Total 
Thallium, Total 
Vanadium, Total 
Zinc, Total 
Zirconium, Total 

I 0.003 NIA NIA 0.022 
0.03 NIA NIA e 0.03 

0.003 0.957 f 0.102 0.906 (1) 95% P 
0.01 0.107 f 0.014 0.11 103% P 

0.003 NJA NJA 0.003 



Inorganic Reference Sample: PIRef47(Phase 2Summer) 
Zenon Sample No: 18406 Sampling Date: 

Sulfur, Dissolved 
Antimony, Dissolved 
Selenium, Dissolved 

17-Aug-93 

0.03 2.02 f 0.02 2.10 (1) 104% P 
0.015 NIA NIA c0.015 
0.03 NIA NIA 0.03 

R 

Silicon, Dissolved 

0 
II 
t 

% Deviation is within the 
0.03 c 0.8 116% P 95% Confidence Umlt 

fH (units) 0.1 8.4 
Colour (units) 5 29 
Conductance (pS) 1 556 

NO2 (as N) 0.005 NIA 
Sulfate (S04) 1 .o 49.2 

Silver, Dissolved 0.01 NIA 

Aluminum, Dissolved 0.02 0.04 
Arsenic, Dissolved 0.04 NIA 

Boron, Dissolved 0.008 0.008 
Barium, Dissolved 0.001 0.023 
Beryllium, Dissolved 0.001 NIA 
Bismuth. Dissolved 0.02 NIA 
Calcium, Dissolved 0.01 7.96 
Cadmium, Dissolved 0.002 0.005 

Cobalt. Dissolved I 0.0031 0.006 * _.__- 1 - 

Chromium, Dissolved I 0.0021 0.007 
Comer. Dissolved I 0 .OOl l  0.008 

Iron, Dissolved 0.003 0.006 
Potassium, Dissolved 

0.02 1.64 
0.002 0.006 

Molybdenum, Dissolved 0.004 0.007 
Sodium, Dissolved 0.01 2.87 
Nickel. Dissolved 0.008 0.007 
Phosphorus, Tot. Diss. I 0.041 0.04 

I 

f 0.11 100% I I 
f 41 30 I 103%1 P 
f 7  569 102% P 
NIA 395 

f 2.4 25.9 97% P 
a 1.2 27.1 102% P 

NIAI 209 I ! I I 
f 5  221 102% P 

f 0.8 27.6 105% P 
f 0.20 0.19 90% P 

f(0.019) 0.034 87Oh P 
i 0.06 0.68 108% P 
f 0.06 0.68 108% P 

NIA c 0.005 . ... . 

f 2.2 52.9 108% .P I 

NIA c 0.01 
Reference Value 5 times 

f 0.01 0.023 58% P theMDC 
NIA c 0.04 

Reference Value 5 times 
f 0.008l 0.051 625% I P lthe MDC 
f 0.OlOl  0.022 I 96% I P I 

NIAI ~0.0011 I I 
NlAl < 0.021 I 

f 0.04) 8.07 (1)) lOl%l P I 
f 0.001 ( 0.0051 100% I P 

Reference Value < 5 times 
f 0.002 0.005 83% P the MDC 
f 0.002 0.006 86% P 
f 0.002 0.007 88% P 

Reference Value 5 times 
f 0.0041 0.005( 83%( P ItheMDC 
f 0.61 0.41 lOO%l P I I 
f 0.021 1.68 (1)l 102%( P I 
f 0.0021 0.006f 100% I P I 

I I I I Refef ice Value 
f 0.002 0.005 71 % P the MDC 
f 0.07 3.12 109% P 
f 0.002 0.006 86% P 
f 0.04 c 0.04 100% P 

I I I I %  Deviation is within the I 
!Lead, Dissolved I 0.00ll 0.006l f 0.0021 0.005 (1)l 83% I P 195% Confidence Limit I 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 
' = Reference value c 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 13 



1 
I I I I I I I I Reference Value e 5 times I 

Thallium, Total 
Vanadium, Total 
Zinc, Total 
Zirconium, Total 

0.03 NIA NIA 
0.003 0.005 f 0.002 0.005 100% P 
0.01 0.01 * f 0.01 0.01 (1) 100% P 

0.003 NIA NIA 0.003 m 
(1) = Dissolved Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value c 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 
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Inorganic Reference Sample: PIRef-OB(Phase %Summer) 
Zenon Sample No: 19723 Sampling Date: 30-Aug-93 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 15 



(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value c 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 



Inorganic Reference Sample: 2IRef49(Phase 2Summer) 
Zenon Sample No: 20104 Sampling Date: l-Sep-93 

Alkalinity, Total (CaC03) 
Chloride 
Fluoride 

0.5 0.9 ̂  f 1.6 0.7 78% P the MDC 
0.5 106 f 7  108 102% P 

0.10 0.1 ̂  f 0.10 0.10 100% P 
Reference Value 5 timas 

Ammonia (as N) 

N03+N02 (as N) 

NO3 (as N) 
NO2 (as N) 
Sulfate (S04) 

Reference Value 5 timas- 

0.005 0.004 ^ f 0.005 0.009 225% P the MDC 

0.02 0.03^ f 0.03 0.02 67% P the MDC 

0.02 0.03^ f 0.03 e 0.02 67% P the MDC 

Reference Value e 5 time8 

Reference Value 5 times 

0.005 NIA N/A 0.005 
1 .o 37.1 f 4.6 34.7 94% P 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 17 



(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

5: Reference value < 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 

1 



f 
I 
f 

Antimony, Dissolved 
Selenium, Dissolved 
Silicon, Dissolved 
Tin, Dissolved 
Strontium, Dissolved 

E 

0.015 NIA NIA 0.015 
0.03 NIA NIA 0.03 
0.03 0.29 f 0.01 0.30 103% P 
0.02 NIA NIA 0.02 

0.001 0.167 f 0.0292 0.177 106% P 

. 

E 

r 
I 

1' 
I 
1 

Inorganic Reference Sample: 2IRef-lO(Phase 2Summer) 
Zenon Sample No: 29517 Sampling Date: 9-Aug-93 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRI Reference Values 

= Reference value < 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 19 



Vanadium, Total 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value < 5 times the MDC Appendix 7 - inorganic Reference Sample Results 



Inorganic Reference Sample: 2IRef-ll(Phase 2Summer) 
Zenon Sample No: 19877 Sampling Date: 

NO3 (as N) 
NO2 (as N) 
Sulfate (S04) 

31 Aug-93 

0.02 0.04* f 0.02 0.05 125% P theMDC 
0.005 NIA NIA 0.005 

1.0 29.4 f 4.0 32.2 110% P 

N03+N02 (as N) I 0.021 0.04 I f 0.021 0.05l 125%( P (the MDC 
I I I I I I Reference Value 5 times 

Silver, Dissolved 

Aluminum, Dissolved 
Arsenic, Dissolved 

Boron, Dissolved 

0.01 NIA NIA 0.01 

0.02 0.06 * f 0.03 0.05 83% P theMDC 
0.04 NIA NIA < 0.04 

Reference Value 5 times 

Reference Value 5 times 
0.008 0.03 f 0.025 0.041 137% P theMDC 

Barium; Dissolved 
Beryllium, Dissolved 
Bismuth, Dissolved 
ICalcium, Dissolved 

0.001 0.052 f 0.005 0.048 92% P 
0.001 NIA NIA <0.001 
0.02 NIA NIA < 0.02 
0.01 7.96 f 0.30 7.46 94% P 

~Cadmium, Dissolved I 0.0021 0.01 *I f 0.0031 0.01 I lOO%l P I 
Cobalt, Dissolved I 0.0031 0.011 *I  f 0.0031 0.01 1 I 100%) P 

transcription error (Lead by 
GFAAS data is still subject 

(1) = Dissolved Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 21 



(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 



Inorganic Reference Sample: SIRef-lZ(Phase ZSummer) 
Zenon SamDle No: 20662 Sampling Date: 6-Sep93 

I 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRI Reference Values 

= Reference value e 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 23 



(1) = Dissolved > Total but within analytical precision 
Bold = NWRI Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 



R 
E 

Alkalinity, Pheno. (CaC03) 

Chloride 
Fluoride 

Alkalinity, Total (CaC03) 

I 

0.5 NIA NIA < 0.5 
0.5 75.7 f 5.3 77.1 102% P 
0.5 23.7 2 1.0 23.9 101% P 

0.10 0.57 f 0.06 0.58 102% P 
Reference Value 5 times 

I 
c 

I -705 

n n7 
I 0.02 

'I 

0.008 f 0.008 < 0.005 63% P the MDC 
0.34 f 0.11 0.37 109% P 
0.34 NIA 0.37 109% P 

Inorganic Reference Sample: 2IRef-lt(Phase 2Summer) 
Zenon Sample No: 21541 Sampling Date: 

. .V I  "" .., 
NO2 (as N) 
Sulfate (S04) 

14-Sep93 

._ -. -- -.- . . ... . 
0.005 N/A NIA < 0.005 

1.0 . 29.8 i 3.5 29.4 99% P 

IAmrnonia (as N) I u.1 

N03+N02 (as N) 
Nn'4 lac N\ 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 25 



(1) = Dissolved Total but within analytical precision 
Bold = NWRI Reference Values 

= Reference value c 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 

9 
p. 26 

d 



Inorganic Reference Sample: ZIRef-lYPhase 2Summer) 
Zenon Sample No: 20816 Sampling Date: 8Sep-93 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value e 5 times the MDC Appendix 7 - Inorganic Reference Sample Results p. 27 



! 
1 

7 1  
I 
I 
I 
E 

I I I ]Reference Value 5 ti-1 

(1) = Dissolved 5 Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 

I 
p. 28 



inorganic Reference Sample: PIRef-lB(Phase 2Summer) 
Zenon Sample No: 21453 Sampling Date: 1 Sep-93 

NWRl indicated that the 
Ammonia (as N) 
N03+N02 (as N) 
NO3 (as N) 
NO2 (as N) 

0.005 (0.039) k(O.019) 0.031 79% F Ammonia value is suspect 
0.02 0.63 f 0.06 0.66 i 05% P 
0.02 0.63 * 0.06 0.66 105% P 

0.005 NIA NIA <0.005 
I I I 

(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value c 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 

~~ 

p. 29 



(1) = Dissolved > Total but within analytical precision 
Bold = NWRl Reference Values 

= Reference value 5 times the MDC Appendix 7 - Inorganic Reference Sample Results 

I 
I 
I 
I 

p-30 I' 



I 
E 

i 

Inorganic Duplicate Sample: 2lDup - 01 (Phase 2Summer) 
Zenon Sample Nos: 18270 8 18271 Sampling Date: 16-Aug-93 

Well No: 127 

E 
I 
I 

I 
I 
I 

Silicon, Dissolved I 0.03 I 11.6 I 11.7 1 0.9% I P I 
Tin, Dissolved I 0.02 I c 0.02 1 < 0.02 I 0.0% I P 

(1) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results p. 31 



Iron, Total 
iPotassium, Total 
'Magnesium, Total 
Manaanese. Total 

0.05 c 0.05 c 0.05 0.0% P 
0.4 I .3 I .4 7.4% P 
0.02 9.63 (1) 9.56 (1) 0.7% P 
0.002 co.002 co.002 0.0% P 

(1) Dissolved Total but 
within analytical precision 

- 
Molybdenum, Total 0.004 0.004 c 0.004 0.0% 
Sodium, Total 0.4 6.8 (1) 6.7 (1) 1.5% 
Nickel, Total 0.01 0.01 < 0.01 0.0% 

Appendix 7 - Inorganic Duplicate Sample Results 

P 
P 
P 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 

Antimony, Dissolved 
Selenium, Dissolved 
Silicon, Dissolved 
Tin, Dissolved 
Strontium, Dissolved 

I 
E 

0.015 0.015 <0.015 0.0% P 
0.03 < 0.03 CO.03 0.0% P 
0.03 12.6(1) 12.6 0.0% P 
0.02 < 0.02 < 0.02 0.0% P 

0.001 < 0.001 < 0.001 0.0% P 

I 

(1) Dissolved Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results 



Zinc, Dissolved -Retest 

7irconium Dissolved 
Zinc, Diss. - Retest - Repea 

Zlnc, dissolved, retest, repeatad 
result is consistent with first retest 
result considering the source was 
not preserved field filtered samples 

0.002 0.042 0.116 93.7% F were contaminated during filtration. 
0.002 0.026 0.072 93.9% F 
0.003 cO.003 < 0.003 0.0% P 

Silver, Total 
Aluminum, Total 
Arsenic. Total 

0.03 cO.03 cO.03 0.0% P 
0.06 c 0.06 0.06 0.0% P 

0.001 c 0.001 c 0.001 0.0% P 

Cobalt, Total I 0.004 I 0.004 1 c 0.004 I 0.0% I P 1 
Chromium. Total I 0.002 I c 0.002 I 0.002 I 0.0% I P 

Boron, Total 
Barium, Total 
Beryllium, Total 
Bismuth, Total 

(1) Dissolved > Total but 
within analytical precision 

0.04 co.04 c0.04 0.0% P 
0.001 c 0.001 < 0.001 0.0% P 
0.001 ~ 0 . 0 0 1  < 0.001 0.0% P 
0.02 co.02 co.02 0.0% P 

Appendix 7 - Inorganic Duplicate Sample Results 

Calcium, Total I 0.05 I 0.12 I 0.12 I 0.0% I P 

P- 34 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
B 
I 
I 
I 
I 



. r  

Inorganic Duplicate Sample: 2lDup - 03 (Phase 2Summer) 
Zenon Sample Nos: 10923 & 10924 Sampling Date: 23-Aug-93 

Well No: 245 

Aluminum, Dissolved 
Arsenic, Dissolved 
Boron, Dissolved 

a 

0.02 c 0.02 < 0.02 0.0% P 
0.001 c 0.001 0.001 0.0% P 
0.008 0.016 0.013 20.7% P Values 5 times the MDC 

~ 

1 I 
Silver. Dissolved I 0.01 I <0.01 I < 0.01 I 0.0% I P 1 

(1) Dissolved Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results 



nadium, Dissolved I 0.003 I CO.003 I <0.003 I 0.0% I P I 
Zinc. Dissolved I 0.002 I 0.214 I 0.494 I 79.1% I F 

Zinc, Dissolved, repeat 0.002 0.204 0.476 80.0% F 
Silver, Total 0.03 <0.03 < 0.03 0.0% P 
Aluminum, Total 0.06 < 0.06 < 0.06 0.0% P 
Arsenic, Total 0.001 <0.001 <0.001 0.0% P 
Boron, Total 0.04 0.04 CO.04 0.0% P 
Barium. Total 0.001 0.017 0.018(11 5.7% P 

Original result confirmed by repeat 
analysis. Failure appears to be whok 
sample related, possibly due to 
sampling. 

Beryllium, Total 0.001 ' <0.001 
Bismuth, Total 0.02 eo.02 
Calcium, Total 0.05 23.2(1) 
Cadmium, Total 0.002 0.002 
Cobalt, Total I 0.004 1 C0.004 I C0.004 I 0.0% I P I 
Chromium, Total I 0.002 I < 0.002 I co.002 I 0.0% I P 

<0.001 0.0% P 
< 0.02 0.0% P 

0.002 0.0% P 
23.3(1) 0.4% P 

Copper, Total I 0.002 I 0.014 I 0.016 I 13.3% I P I 
Iron. Total I 0.05 I <0.05 I CO.05 I 0.0% I P 

Lead, Total, repeat 
SUlDhUr. Total 

Original result was confirmed by 
repeat analyds. Failure appears to 
be whole sample related, possibiy 

0.001 0.006 0.007 15.4% F due to sampling. 
0.1 4.1 f l )  4.1 (1) 0.0% P 

I .  I \ I  I I \ I  I ._ .. . 

Antimony, Total 1 0.02 1 qo.02 I <0.02 I 0.0% I P I 

Vanadium, Total 0.003 
Zinc, Total 0.01 
Zirconium, Total 0.003 

ISelenium. Total I 0.01 I < 0.01 I < 0.01 I 0.0% I P I 

< 0.003 < 0.003 0.0% P 
0.45 0.46 (1) 2.2% P 

< 0.003 cO.003 0.0% P 

Tin, Total I 0.02 1 <0.02 <0.02 I 0.0% I P 
Strontium, Total 1 0.001 I 0.187(1) I 0.188(1) I 0.5% I P 
Tell lurium. Total I 0.02 I <0.02 I CO.02 I 0.0% I P I 

urn. Total I 0.03 I < 0.03 I < 0.03 I 0.0% I P I 

(1) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results 

I 
I 
I 



Inorganic Duplicate Sample: 2IDup - 04 (Phase 2Summer) 
Zenon Sample Nos: 19002 8 19003 Sampling Date: 24-Aug-93 

Well No:195 

Chromium, Dissolved 0.002 0.002 
Copper, Dissolved 0.001 0.014 

Copper, Dissolved, repeat 0.001 0.006 
Iron. Dissolved 0.003 0.010 

< 0.002 0.0% P 
0.007 66.7% F Rea~fysis 

0.005 18.2% P random internal error. 
0.01 1 9.5% P 

Original result appears to be due to 

(1) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results p. 37 



1 0.003 1 0.003 
Thallium. Dissolved I 0.02 I 0.02 

Sulphur, Total 

Vanadium, Dissolved 0.003 C 0.003 
Zinc, Dissolved 0.002 0.006 
Zirconium, Dissolved 0.003 c 0.003 

0.1 I 5.5 (1) 

Silver, Total 0.03 0.03 
Aluminum, Total 0.06 0.06 

Silicon. Total 

Boron, Total < 0.04 
Barium, Total 0.001 0.004 

0.001 < 0.001 
Bismuth, Total < 0.02 
Calcium. Total 8.79 Ill 

0.8 8.9 

I 0.002 I co.002 
I 0.004 I c 0.004 

Copper, Total, repeat 0.013 
Iron. Total c 0.05 
Potassium, Total 0.4 1.2 
Magnesium, Total 0.02 5.38 (1) 
Manganese, Total 0.002 0.008 
Molybdenum, Total 0.004 cO.004 
Sodium, Total 0.4 4.7 (1) 
Nickel, Total 0.01 c 0.01 
Phosphorus, Total 0.04 c 0.04 
Lead, Total 0.001 0.009 

Lead. Total. repeat 0.001 0.003 

ITin. Total I 0.02 I <0.02 

Zinc. Total 
[Zirconium, Total 1 0.003 I c 0.003 

< 0.003 I 0.0% 1 P 
eo.02 I 0.0% I P 
c0.003 I 0.0% I P 
0.005 18.2% P Values 5 times the MDC 

< 0.003 0.0% P 

0.0% I P 
0.06 I 0.0% I P I 

c 0.001 0.0% P 
< 0.04 0.0% P 
0.004 0.0% P 
0.001 0.0% P 
0.02 I 0.0% I P 

9.29 (1) I 5.5% I P 
0.002 I 0.0% I P I 

< 0.004 I 0.0% I P I 
< 0.002 I 40.0% I P lvalues c 5 times the MDC 
0.01 1 42.9% F 

Original result was confirmed by 
repeat analysis. Failure appears to 
be whole sample related, possibly 

0.008 47.6% F due to sampling. 
< 0.05 0.0% , P 

1.0 18.2% P Values 5 times the MDC 
5.37 ( I )  0.2% P 
0.008 0.0% P 

< 0.004 0.0% P 
4.6 ( I )  2.2% P 
c 0.01 I 0.0% I P 

0.04 I 0.0% I P 
0.002 127.3% F 

0.002 40.0% F random Internal error. 
Original result appears to be due to 

5.5 (1) I 0.0% I P 
< 0.02 I 0.0% I P 
< 0.01 1 0.0% I P 

8.9 I 0.0% I P 
co.02 I 0.0% I P 

0.044 (1) I 0.0% I P . , ,  
c0.02 1 0.0% I P 
<0.003 I 0.0% I P 
qO.03 I 0.0% I P I 
< 0.003 I 0.0% I P 

0.01 I 66.7% I P IValues c 5 times the MDC 
cO.003 1 0.0% I P 

(1) Dissolved Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results P. 38 



e 
R 

IFlkride I 0.10 I eo.10 I eo.10 I 0.0% I P I 
IAmmonia las N) I 0.005 I cO.005 I 0.006 I 18.2% I P lvaiues 5 times the MDC I 

I 
I 
I 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 

IN03+N02 (as N) 0.02 5.25 5.12 2.5% P 
NO3 (as N) 0.02 5.23 5.10 2.5% P 
NO2 (as N) 0.005 0.021 0.021 0.0% P 
Sulfate (S04) I .o 20.4 20.8 1.9% P 
Silver, Dissolved 0.01 < 0.01 0.01 0.0% P 

I t: 

Alkalinity, Pheno. (CaC03) 
Alkalinity, Total (CaC03) 
Chloride 

Inorganic Duplicate Sample: 2lDup - 05 (Phase 2Summer) 
Zenon Sample Nos: 19021 8 19022 Sampling Date: 244ug-93 

Well No: 79 

0.5 c 0.5 c 0.5 0.0% P 
0.5 61.7 62.3 1.0% P 
0.5 7.9 8.0 1.3% P 

Aluminum, Dissolved I 0.02 I c0.02 1 c0.02 I 0.0% I P 

Boron, Dissolved 
Barium, Dissolved 
Beryllium, Dissolved 
Bismuth. Dissolved 

0.008 0.012 0.013 8.0% P 
0.001 0.024 0.023 4.3% P 
0.001 eO.001 ~ 0 . 0 0 1  0.0% P 
0.02 co.02 < 0.02 0.0% P 

Copper, Dissolved 
Iron, Dissolved 

Iron, Dissolved, repeat 
Potassium, Dissolved 
Maanesium. Dissolved 

0.001 c 0.001 0.001 0.0% P 
0.003 0.019 0.034 56.6% F 

0.003 0.019 0.034 56.6% F result 
0.4 1.8 1.8 0.0% P 
0.02 7.38 7.37 0.1% P 

Repeat analysis confirmed original 

Calcium, Dissolved I 0.05 1 26.6 I 26.5 I 0.4% I P 1 
Cadmium. Dissolved I 0.002 I 0.002 I c 0.002 I 0.0% I P 
Cobalt, Dissolved I 0.003 I c 0.003 I c 0.003 I 0.0% I P 
Chromium. Dissolved I 0.002 I c 0.002 I c 0.002 I 0.0% I P 

(I) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results 



Zinc, Dissolved, repeat 
Zirconium, Dissolved 

0.002 0.043 0.023 60.6% F random internal enor. 
0.003 0.003 eO.003 0.0% P 

Strontium, Total I 0.001 I 0.120(1) 1 0.120(1) I 0.0% I P I 
Tellurium, Total I 0.02 I 0.02 I e 0.02 I 0.0% I P 

Silicon, Total 0.8 I 7.6 

Titanium, Total I 0.003 I 0.003 I 0.003 I 0.0% I P 
Thallium. Total I 0.03 I c 0.03 I 0.03 I 0.0% I P 

7.5 [ 1.3% I P I 

Vanadium, Total 

Zirconium, Total 
Zinc, Total 

I 
I 

0.003 c 0.003 0.003 0.0% P 
0.01 0.04(1) 0.02 66.7% P Values c 5 times the MDC 

0.003 0.003 0.003 0.0% P 

(1) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results 

I 
I 



p 

I 
I 

norganic Duplicate Sample: 2lDup - 06 (Phase PSummer) Well No: 51 
non Samlple Nos: 19718 8 19719 Sampling Date: 30Aug-93 

Aluminum Dissolved 

Bismuth Dissolved 

Titanium, Dissolved 1 0.003 I < 0.003 I < 0.003 I 0.0% I P I 
(1) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results p. 41 



Zinc, Total 

(1) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results p. 42 



* -  d ' 
Inorganic Duplicate Sample: 2lDup - 07 (Phase 2Summer) 
Zenon Sample Nos: 19732 819733 Sampling Date: 30-Aug-93 

Well No: 163 

Selenium, Dissolved 
Silicon, Dissolved 
Tin, Dissolved 
Strontium, Dissolved 
Tellurium, Dissolved 
Titanium, Dissolved 

0.03 0.03 0.03 0.0% P 
0.03 3.46 3.46 0.0% P 
0.02 0.02 0.02 0.0% P 
0.001 0.086 0.086 0.0% P 
0.02 CO.02 0.02 0.0% P 
0.003 a 0.003 0.003 0.0% P - 

(1) DissolVed > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results P. 43 



Vanadium, Dissolved 

Zirconium, Dissolved 
Zinc, Dissolved 

0.003 CO.003 cO.003 0.0% P 
0.002 0.008 0.010 22.2% P Values 5 times the MDC 
0.003 < 0.003 c 0.003 0.0% P 

~ 

Silver, Total 
Aluminum. Total 

0.03 c 0.03 c 0.03 0.0% P 
0.06 e 0.06 c 0.06 0.0% P 

-~ ~~ 

Arsenic, Total 0.001 c 0.001 0.001 0.0% P 
Boron, Total 0.04 0.04 c 0.04 0.0% P 
Barium, Total 0.001 0.012 (1) 0.012 0.0% P 
Beryllium, Total 0.001 <0.001 co.001 0.0% P 

4 

Phosphorus, Total 

Sulphur, Total 
Antimony, Total 

Lead, Total 
0.04 cO.04 cO.04 0.0% P 
0.001 0.004 0.002 66.7% P Values < 5 times the MDC 

0.02 < 0.02 c 0.02 0.0% P 
0.1 2.7 (1) 2.6(1) 3.8% P 

(1 1 Dissolved > Total but 
within analytical precision 

Silicon. Total 

Appendix 7 - Inorganic Duplicate Sample Results 

0.8 I 3.311) I 3.311) I 0.0% I P 1 

P. 44 

Tin, Total 
Strontium, Total 
Tellurium, Total 
Titanium. Total ' 

I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 

0.02 < 0.02 0.02 0.0% P 
0.001 0.085 (1) 0.083 (1) 2.4% P 
0.02 c 0.02 c 0.02 0.0% P 

0.003 c 0.003 0.003 0.0% P 
Thallium, Total 
Vanadium, Total 
Zinc, Total 
Zirconium, Total 

0.03 0.03 0.03 0.0% P 
0.003 cO.003 cO.003 0.0% P 
0.01 0.02 0.02 0.0% P 
0.003 c 0.003 c 0.003 0.0% P 



II 
E 
I 
I 
I 
I 

I 
1 
8 
I 
I 
I 
C 
1 
I 
I 
1 
I 

a 

I*., 1 

Inorganic Duplicate Sample: 2lDup - 08 (Phase 2Summer) 
Zenon Sample Nos: 18926 & 20805 Sampling Date: 23-Aug-93/8Sept-93 
FVGM Sample Nos: BUO43 & RB080 Acceptable Deviation: 15% 
These samples are not true duplicates since 811043 was sampled on Aug 23, and RB080 was sampled Sept 8. 
Since the data was available, it was decided to compare them to  hopefully provide insight Into sampling 

Well No:135 

Beryllium, Dissolved 0.0% I P 
Bismuth. Dissolved I 0.02 I c0.02 I 0.02 I 0.0% I P I 
Calcium, Dissolved I 0.05 I 29.8 I 27.0 I 9.9% 1 P I 
Cadmium, Dissolved 1 0.002 I co.002 1 co.002 I 0.0% 1 P 

LTin, Dissolved 0.0% I P I I 
(1) Dissolved * Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results 



Potassium. Total 0.4 
I 0.02 I 11.2(1) I 10.8(1) 
I 0.002 I c 0.002 I 0.002 

1.2 I 1.1 (11 I 8.7% I P 

Molybdenum, Total I 0.004 I c 0.004 I 0.004 
Sodium. Total 0.4 1 6.1 (11 I 5.8 (11 
Nickel, Total I 0.01 I co.01 I c 0.01 I 0.0% I P 
PhOSDhOrUS. Total 1 0.04 I c 0.04 I c 0.04 1 0.0% I P I I 

3.6% P 
0.0% P 
0.0% P 
5.0% P I  I 

Lead, Total 
Sulphur, Total 
Antimony, Total 

0.001 0.004 0.004 0.0% P 
0.1 1.3 (1) 1.2 (1) 8.0% P 
0.02 0.02 c 0.02 0.0% P 

Thallium, Total I 0.03 I c 0.03 I c 0.03 I 0.0% I P 
Vanadium. Total I 0.003 I c 0.003 I c 0.003 I 0.0% I P 

Selenium, Total 
Silicon, Total 
Tin, Total 
Strontium, Total 
Tellurium, Total 
Titanium. Total 

Zinc, Total I 0.01 I c 0.01 I 0.02 I 66.7% I P IValues c 5 times the MDC 
Zirconium, Total I 0.003 I c 0.003 I c 0.003 I 0.0% I P I 

0.01 c 0.01 c 0.01 0.0% P 
0.8 12.2 (1) 11.4 (1) 6.8% P 
0.02 c 0.02 c 0.02 0.0% P 

0.001 0.126 (1) 0.122 3.2% P 
0.02 c 0.02 c 0.02 0.0% P 
0.003 c 0.003 < 0.003 0.0% P 

(1) Dissolved > Total but 
within analytical precision Appendix 7 - Inorganic Duplicate Sample Results P. 46 



ASL Batch No: 

meta-& para-Xylene 0.2 

VOC Reference Sample: 2VOC - 01 (Phase 2-Summer) 

03326-L SamDlina Date: 10-Sep93 

Analysis by Ag. Canada Pesticide Laboratory indicated"-' 
the presence toluene (low level) and of an unidentified 
benzene-like compound. Presence of this compound is 
most likely due to contamination during reference 

0.5 F sample preparation. 

Acceptable Recowev Range 40-140% - Appendix 7-VOC External Reference Sample Results p. 1 



VOC Reference Sample: 2VOC - 02 (Phase 2-Summer) 

Toluene 0.2 1 .o 
Meta-& para-Xylene 0.2 0.4 

ASL Batch No: D3366J Sampling Date: 11-Sep93 

Bromodichloromethane 

Analysis by Ag. Canada Pesticide Laboratory indicated 
the presence toluene (low level) and of an unidentified 
bentene-like compound. Presence of this compound is 
most likely due to contamination during reference 
sample preparation. 
See above comment. 

Acceptable Recovery Range 40-140% Appendix 7-VOC External Reference Sample Results 



VOC Reference Sample: 2VOC - 03 (Phase 2-Summer) 

ASL Batch No: D3445-G Sampling Date: 16-Sep93 

Bromodichloromethane 

Note: From the general trend of low recoveries, it is possible that the reference sample 
may have lost volatiles during the preparation, shipping and/or storage. 

Acceptable Recovery Range 40-140% Appendix 7-VOC External Reference Sample Results P. 3 



VOC Reference Sample: 2VOC - 04 (Phase 24ummer) 

ASL Batch No: 
WGMS Samale No: 

D3644-R (& D3682-I) Sampling Date: 24-Aug-93 
BU053 

Acceptable Recovery Range 40-140% Appendix 7-VOC External Reference Sample Results P. 4 
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VOC Reference Sample: 2VOC = 05 (Phase 2-Summer) 

ASL Batch No: 03682-H Sampling Date: 25-Aug-93 

Acceptable Recovery Range 40-440% Appendix 7-VOC External Reference Sample Results P. 5 



VOC Reference Sample: 2VOC - 06 (Phase 2-Summer) 

1,2-DichIorobenzene 
1,3-DichIorobenzene 
1,4-Dichiorobenzene 
Benzene 
Ethyl benzene 
Toluene 

0.2 7.6 6.6 87% P 
0.2 7.6 6.6 87% P 
0.2 7.6 5.5 72% P 
0.2 7.6 5.9 78% P 
0.2 7.6 6.5 86% P 

1 7.6 6.8 89% P 

Acceptable Recovery Range 40440% Appendix 7-VOC External Reference Sample Results P. 6 
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VOC Reference Sample: 3VOC - 01 (Phase 2- Winter) 

Chloroform 0.2 0.2 I I preparation of reference sample 
Possibly due to sample contamination during 

Acceptable Recovery Range 40-140% Appendix 7-VOC External Reference Sample Results P. 7 



ASL Batch No: 

0.2 0.3 

Bromodichloromethane 
Bromoform 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinylether 
Chloroform 
Dibromochloromethane 

I Possibly due to sample contamination during 
preparation of reference sample 

1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
184-Dichlorobenzene 
1.1 -Dichloroethane 
1,2-DichIoroethane 
trans-182-Dichloroethene 
1,l -Dichloroethylene 
1,2-Dichloropropane 
cis- 1.3-Dichloropropene 
trans-183-Dichloropropene 
1 182,2-Tetrachloroethane 
Tetrachloroethene 
1 1 1 -Trichlorethane 
1 182-Trichlorethane 
Trichloroethene 
Trichlorofluoromethane 
Benzene 
Ethylbentene 
Toluene 

Other Detection 

Styrene 

VOC Reference Sample: 3VOC - 02 (Phase 2-Winter) 

D6025 Sampling Date: 6-Dec-93 .~ 

WZl38 

Acceptable Recovery Range 40-140% Appendix 7-VOC External Reference Sample Results P. 8 
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ASL Batch No: 

VOC Reference Sample: 3VOC - 03 (Phase 2-Winter) 

D6055 Sampling Date: 7-Dee93 

VOC Reference Sample: 3VOC - 04 (Phase 2-Winter) 

ASL Batch No: 06055 Sampling Date: 7-Dec-93 

Acceptable Recovery Range 40440% Appendix 7-VOC External Reference Sample Results P. 9 



Pesticide Reference Sample: 2P-01 (Phase 2-Summer) 
ETL Sample No: E3-08-086-05A & -05AB Sample Date: 9-Aug-93 
FVGM Samde No: BU015 Extraction Date: 12-Aua-93 

Parathion 
Metalaxyl 
2,4,6-TrichlorophenoI 
Atrazine 
Linuran 

contained ethyl parathion and not the 
35.25 ND ND F expected methyl parathion. 
23.22 32.0 28.0 138% 121% 129% P 
25.68 35.0 47.0 136% 183% 160% F 
28.16 30.0 38.0 107% 135% 121% P 
26.20 33.0 42.0 126% 1 60°h 143% F Maminal 

r 

Simazine 2.1 

2,CDichlorophenol Trace 

2,3,4,6-Tetrachlorophenol Trace 

Simazine was present as a contaminant in the 

2,4dichlorophenol and 2,3,4,6- 
tetrachlorophenol were present as minor 
contaminants in the 2,4,6-trichlorophenoI 

2,4dichlorophenol and 2,3,4,6- 
tetrachlorophenol were present as minor 
contaminants in the 2,4,6-trichlorophenoI 

1 .7 reference stock solution. 

Trace reference stock solution. 

Trace reference stock solution. 

Acceptable Recovery Range 40-140% Appendix 7 - Pesticide External Reference Sample Results 



Pesticides Reference Sample: 2P-02 (Phase 2-Summer) 
EfL Sample No: E3-08-086-1 OA & -1 OAB Sample Date: 1 1-AUQ-93. 

2,44 
Methomyl 
Carbaryl 
Oxamyl 

S-Hydroxy<arbofuran 

Reference stock solution exchange with 
laboratory indicated high recovery rate for 

21.66 47.0 55.0 217% 254% 235% F 2,4-D. 
7.38 4.8 5.4 65% 73% 69% P 
0.43 3.2 3.8 38% 45% 42% P 
5.58 7.2 6.0 129% 108% 118% P 

20.51 5.8 8.1 28% , 39% 34% F laboratory indicated low recovery rate. 
Reference stock solution exchange with 

Acceptable Recovery Range 40440% Appendix 7 - Pesticide External Reference Sample Results P. 2 

- - a ~ - r n r n ~ = ~ ~ o m a ~ u m ~ ~ ~  

Carbofuran Trace Trace 

2,4-Dichlorophenol Trace Trace 

Carbofuran was present at about 1% of the 
3-hydroxy carbofuran level in the reference 
stock solution. 
2,4-Dichlorophenol was present as a 
contaminant from the 24-0 reference stock 
solution. 



ETL Sample No: 

~ ~ ~ ~ 

Heptachlor 15.06 9.1 7.8 60%' ~ 52% 56% P 
cis-Chlordane (gamm 11.20 16.0 18.0 143% 161% 152% F 
transchlordane (alpha) 21.13 11.0 9.8 52% 46% 49% P 
Butylate 19.41 26.0 34.0 134% 175% 155% F 
Chlorpropham 21.66 29.0 37.0 134% 171% 152% F 

Reference stock solution exchange with 

Pesticides Reference Sample: 2P-03 (Phase 2-Summer) 

E3-08-086-17A & -1 7AB Sample Date: 16-Aug-93 

2,4-D 
Methomyl 
Oxamyl 
Carbofuran 

21.66 45.0 42.0 208% 194% 201% F 2,4-0. 
4.92 4.0 3.6 81 % 73% 77% P 
11.16 7.1 8.1 64% 73% 68% P 
20.02 14.0 16.0 80% 75% P 

Endosulfan 1 

2,4-Dichlorophenol 

Other Detections 
I I I I I I I IECD interference with the retention time of I 

8.6 8.3 Endosulfan I was present. 
Reference stock solution exchange with 
laboratory indicated the 2,4-0 standard used 
for spiking contained 2,4dichlorophenol as a 

Trace Trace contaminant or degradation product. 

Acceptable Recovery Range 40-1400r6 Appendix 7 - Pesticide External Reference Sample Results P- 3 



Pesticides Reference Sample: 2P-04 (Phase 2-Summer) 

Dicofol 
Chlorpropham 
Eptam 
Diazinon 
Carbaryl 
Bromacil 

ETL Sample No: E3-08-086-36A & -36AB Sample Date: 24-Aug-93 

lab's GClECD into 2 peaks, the larger one 
16.00 ND ND F mimicked o,p-DDE. 
21.66 44.0 31 .O 203% 143% 173% F 
24.62 61 .O 57.0 240% 232% 240% F 
32.74 33.0 37.0 101% 113% 107% P 
32.1 2 8.3 12.0 26% 37% 32% F 
9.85 8.9 14.0 90% 142% 116% P 

Other Detections 
~O,~ -DDE I I 22.0 I 25.0 I I I I lSee above comment for dicofol. I 

Acceptable Recovery Range 40440% Appendix 7 - Pesticide External Reference Sample Results P. 4 = __ m im - (m D (a - ?a 'a - m m D 'm m 



Pesticides Reference Sample: 2P-05 (Phase 2-Summer) 

Captan 
Oxyfl uorfen 
Dinoseb 
Pentachlorophenol 

Oxamyl 
Simazine 
Aldicarb 

Aldicarb Sulfoxide 

Lab conducted a captan stability study which 
indicated that serious degradation occurs 
unless the sample is stabilized with an 

20.84 ND MD F extraction solvent such as dichloromethane. 
16.37 35.0 36.0 214% 220% 217% F 
11.08 16.0 18.0 144% 163% 153% F 
10.26 6.5 7.2 63% 70% 67% P 

5.58 ND ND F other stability problem. 
4.1 0 3.8 5.2 93% 127% 110% P 
6.71 5.3 6.0 79% 89% 84% P 

10.86 Trace Trace F other stability problem. 

Could be attributed to  degradation or some 

Could be attributed to degradation or some 

Aldicarb Sulfone 

Acceptable Recovery Range 40-140% Appendix 7 - Pesticide External Reference Sample Results 

Reference stock solution exchange with -the 
laboratory indicated the trace amount of 
aldicarb sulfone is present as a degradation 

Trace Trace product of aldicarb. 

P. 5 



ETL Sample No: 

Parathion 
Metalaxyl 
2,4,6-TrichlorophenoI 
Atrazine 
Linuron 

Pesticides Reference Sample: 3P-01 (Phase 2-Winter) 

E3-11-433-1614 & -1 6B Sample Date: 7-Dec-93 

26.0 32.0 49% 61 % 55% P laboratory. 52.9 
34.8 17.0 25.0 49% 72% 60% P 
38.5 19.0 26.0 49% 67% 58% P 
42.2 17.0 19.0 40% 45% 43% P 
39.3 22.0 19.0 56% 48% 52% P 

Simazine 0.6 0.6 
Simazine was present in the reference stock 
solution. 

Acceptable Recovery Range 40-140% Appendix 7 - Pesticide External Reference Sample Results P. 8 
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ETL SamDle No: 

Carbaryl 
Oxamyl 
3-Hydroxytarbofuran 

Pesticides Reference Sample: 3P-02 (Phase 2-Winter) 

E3-11-433-12A 81 -1 28  Sample Date: 2-Dec-93 

indicated the carbaryl and carbofuran spiking 
12.6 3.6 4.2 28% 33% 31 % F solutions had degraded. 
8.4 3.4 2.8 41 % 33% 37% F Marginal 

30.8 3.5 3.0 11% 10% 11% F See comment above for carbaryl. 

0.1 0.04 Carbofuran 

Carbofuran was present at about 1% of the 3- 
hydroxy carbofuran level in the reference 
stock solution. 

Acceptable Recovery Range 40-140% Appendix 7 - Pesticide External Reference Sample Results P- 7 



Appendix 8 

Water Quality Results 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quelity 
* = Retest result Phase 2-Summer Appendix 9-Inorganics p. 1 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Qlnorganics p. 2 Phase 2-Summer 



N.D. = Not Detected 
MDC =. Method Detection Concentration 
GCDWQ = Guidelines for Canadien Water Quality 

= Retest result 

I. .- 

Appendix 9-Inorganics p. 3 Phase 2-Summer 



Tellurium Dissolved 
Titanium Dissolved 
Thallium Dissolved 
Vanadium Dissolved 
Zinc Dissolved 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Cenadien Weter Quality 

= Retest result 

0.020 meR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 men- N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.02 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 mglL N.D. N.D. N.D. N.D. 0.004 N.D. N.D. N.D. N.D. 
0.002 5 m9R 0.004 0.002 0.023 0.010 0.023 0.006 0.009 0.021 0.051 

Appendix 9-lnorganics p. 4 Phase 2-Summer 

Zirconium Dissolved I 0.003 mgn N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1 N.D. N.D. 



N.D. = Not Detected 
MDC = Method Detection Concentretion 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Q-Inorganics p. 5 Phase 2 

.@m 

-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Blnorganics p. 6 Phase 2. Summer 

R 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 7 Phase 2-Summe tr 



nmer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 9 Phase 2-Summer 



Selenium Dissolved 
Silicon Dissolved 
Tin Dissolved 
Strontium Dissolved 
Tellurium Dissolved 
Titanium Dissolved 
Thallium Dissolved 
Vanadium Dissolved 
Zinc Dissolved 
Zirconium Dissolved 

Appendix 9-Inorganics p. 10 Phase 2-Summer 

0.005 0.01 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.03 mgn- 7.34 11.40 6.70 6.76 8.1 1 5.83 8 .os 6.68 6.02 
0.02 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.001 meR 0.030 0.040 0.038 0.032 0.058 0.038 0.040 0.041 0.008 
0.020 m e n  N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.02 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 m g n  N.D. 0.004 0.004 N.D. N.D. N.D. N.D. N.D. N.D. 
0.002 5 mgn 0.013 0.003 0.032 0.004 0.007 0.004 0.020 0.002 0.010 
0.003 mgfl N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 



~~ ~ _ _ _ _ _ ~  
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N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Cenadian Water Quality 

= Retest result Appendix Qlnorganics p. 11 Phase 2 
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N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canedian Water Quality 

= Retest result Appendix 9-Inorganics p. 12 Phase 2 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Q-lnorganics p. 13 Phase 2-Summer 



Strontium Dissolved 
Tellurium Dissolved 
Titanium Dissolved 
Thallium Dissolved 
Vanadium Dissolved 
Zinc Dissolved 
Zirconium Dissolved 
N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result 

0.001 mglL 0.103 0.063 0.087 0.01 2 0.1 62 0.238 0.047 0.033 0.057 
0.020 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 men- N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.02 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.002 5 mgn- 0.01 1 0.012 0.018 1.270 
0.003 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.023 0.01 8 0.051 0.036 0.020 

Appendix O-lnorganics p. 14 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canedian Weter Quelity 

= Retest result Appendix 9-Inorganics p. 15 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Binorganics p. 16 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ E: Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 17 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Weter Quality 

= Retest result Appendix Q-Inorganics p. 18 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quelity 

= Retest result Appendix 9-Inorganics p. 19 Phase 2-Summer 



N.D. = Not Detected 
MDC E: Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Phase 2-Summer Appendix 9-Inorganics p. 20 





N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Phase 2-Summer Appendix Q-lnorganics p. 22 



Jmmer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 24 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Blnorganics p. 25 Phase 2-Summer 
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N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Weter Quality 

= Retest result Appendix 9-Inorganics p. 27 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Blnorganics p. 28 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 29 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Blnorganics p. 30 Phase 2-S iummer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Blnorganics p. 31 Phase 2-Summer 



Zirconium Dissolved 
N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canedian Water Quality 

= Retest result Appendix 9-Inorganics p. 32 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection concentration 
GCDWQ = Guidelines for Canadian Water Quality 
' = Retest result Appendix 9-Inorganics p. 33 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Qlnorganics p. 34 Phase 2-Summer 



Nickel 
Phosphorus 
Lead 
Sulfur 
Antimony 
Selenium 
Silicon 
N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result 

0.01 mglL N.D. N.D. N.D. N.D. 0.03 N.D. N.D. N.D. N.D. 
0.04 mgn- 0.43 0.23 0.1 3 N.D. N.D. N.D. N.D. N.D. N.D. 

0.001 0.01 mgR 0.004 N.D. N.D. 0.003 0.003 0.004 N.D. 0.008 0.003 
0.1 mglL 0.5 0.3 0.7 2.5 2.5 2.7 10.4 6.5 8.8 
0.02 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.005 0.01 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.8 mgR 13.8 12.9 13.6 3.6 3.7 3.5 3.8 6.7 5.6 

Appendix Sinorganics p. 35 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Sinorganics p. 36 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 37 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quelity 

= Retest result Appendix 9-Inorganics p. 38 Phase 2-Summer 



Nickel 
Phosphorus 
L e d  
Sulfur 
Antimony 
Selenium 
Silicon 

0.01 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.04 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.58 N.D. 

0.001 0.01 meR 0.007 0.002 0.004 0.004 0.003 0.002 0.005 0.001 N.D. 
0.1 mgR 13.6 8.2 4.9 2.1 3.2 6.3 3.6 0.5 2.3 

0.02 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.005 0.01 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.8 mgn 5.3 4.3 7.5 8.4 6.6 6 .O 5 .o 5.9 5.2 



Tellurium Dissolved 
Titanium Dissolved 
Thallium Dissolved 
Vanadium Dissolved 
Zinc Dissolved 
Zirconium Dissolved 

Phase 2-Sumn 

0.020 mgfl N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 mgn- N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.02 men  N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 m9R N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.002 5 mgA N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.036 N.D. 
0.003 mgA 0.090 N.D. 0.010 N.D. 0.020 0.030 N.D. N.D. 0.040 

Appendix Q-lnorganics p. 40 ner 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Phase 2-Summer Appendix 9-Inorganics p. 41 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix O-Inorganics p. 42 Phase 2-Summer 



MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 43 Phase 2-Summer 



N.D. = Not Detected 
MDC E Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix 9-Inorganics p. 44 Phase 2-9 Jmmer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canedien Water Quality 

= Retest result Appendix 9-Inorganics p. 45 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentretion 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Binorganics p. 46 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canedian Water Quelity 

= Retest result Phase 2-Summer Appendix Blnorganics p. 47 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canedien Water Quality 

= Retest result Appendix Blnorganics p. 48 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Qlnorganics p. 49 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 
+ = Retest result Appendix 9-Inorganics p. 50 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canedien Water Quality 

= Retest result Appendix 9-Inorganics p. 51 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Cenadian Water Quality 

= Retest result Phase 2-Summer Appendix 9-Inorganics p. 52 
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N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Qlnorganics p. 53 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Blnorganics p. 54 Phase 2-Summer 
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N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Qlnorganics p. 55 Phase 2-S 
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N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Qlnorganics p. 56 Phase 2-S iumn ier 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Qlnorganics p. 57 Phase 2-Summer 



Sulfur Dissolved 
Antimony Dissolved , 

Selenium Dissolved 
Silicon Dissolved 
Tin Dissolved 
Strontium Dissolved 
Tellurium Dissolved 
Titanium Dissolved 
Thallium Dissolved 
Vanedium Dissolved 
Zinc Dissolved 
Zirconium Dissolved 

0.03 mgn 2.42 8.97 0.94 0.37 5.88 8.65 1.76 5.55 0.60 
0.01 5 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.005 0.01 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.03 m e n  7.90 5.1 8 8.87 1 2.00 3.52 3.68 5.29 6.99 3.28 
0.02 m g n  N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.001 m g n  0.151 0.169 0.094 0.128 0.182 0.222 0.080 0.033 0.011 
0.020 m g n  N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.003 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.02 mgA N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.003 mgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.002 5 mgA 0.124 0.084 0.005 0.005 0.065 0.403 0.01 1 0.006 0.002 
0.003 mglL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 



I I IWdI Number 1 265 I 266 
I 

~~~~~ 

Parameter MDC GCDWQ Unit 
Alkalinity Phen. 8.3 0.5 men N.D. N.D. 
Alkalinity Tot. 4.5 0.5 56.8 70.3 

Beryllium mgn N.D. 
Bismuth I 0.02 I I ma/L I N.D. I N.D. 

I 0.05 I I man I 15.50 I 34.80 I 
Cadmium I 0.002 I 0.005 I mgK I N.D. I N.D. 
Cobalt I 0.004 I rnaR I N.D. I N.D. 

IChromium I 0.002 I 0.05 I man I 0.010 1 N.D. I 
I 0.002 1 1 I mgn I 0.010 I N.D. I 0.05 I 0.3 I mgn I 0.30 I N.D. 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest result Appendix Blnorganics p. 59 Phase 2-Summer 



N.D. 
0.102 
N.D. 
N.D. 
N.D. 
N.D. 

, 0.01 
Zirconium I 0.003 I I I N.D. I N.D. 
Silver Dissolved I 0.01 I I mal l  1 N.D. I N.D. 

'Zinc Dissolved 
7irenniirm Dieaalvad 

Magnesium Dissolved 
Manganese Dissolved 
Molybdenum Dissolved 
Sodium Dissolved 
Nickel Dissolved 
Phosphorus Dissolved 
Lead Dissolved 
Sulfur Dissolved 
Antimony Dissolved 
Selenium Dissolved 
Silicon Dissolved 
Tin Dissolved 
Strontium Dissolved 
Tellurium Dissolved 

0.02 meR 5.25 6.62 
0.002 0.05 m g k  N.D. 0.033 
0.004 m g n  N.D. N.D. 
0.01 200 malL 3.96 12.30 

Titanium Dissolved 
0.02 
0.003 
0.002 
0.003 

Thallium Dissolved 
Vanadium Dissolved 

man. N.D. N.D. 
mgA 0.005 N.D. 

5 m g n  0.007 N.D. 
maR N.D. N.D. 

0.008 I I ma l l  I N.D. I N.D. I 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

= Retest reault Appendix Qlnorganics p. 60 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Weter Quality 

Appendix 8-Inorganics p. 1 Phase 2-Winter 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Water Quality 

Appendix 8-Inorganics p. 2 Phase 2-Winter 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canedian Drinking Water Quality Appendix 8-VOCs p. 1 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-VOCs p. 2 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix &VOCs p. 3 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-VOCs p. 4 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-VOCs p. 5 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canedian Drinking Water Quality Appendix 8VOCs p. 6 Phase 2-Summer 



NonAalogenated Volatiles 
Benzene 
Ethylbenzene 
Styrene 
Toluene 
meta- 8 para-Xylene 
ortho-Xylene 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quelity 

0.2 5 WL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 2.4 . l@L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 ugll N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 24 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 300 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 300 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Appendix 8-VOCs p. 7 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quelity Appendix 8-VOCs p. 8 Phase 2-Summer 



1 ,l -Dichloroethylene 

trans-l,3-Dichloropropylene 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-VOCs p. 9 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detedion Concentration 
GCDWQ = Guidelines for Canadian Drinking Water Quality Appendix 8-VOCs p. 1 Phase 2-Wnter 



N.D. = Not Detected 
MDC = Method Detection concentration 
GCDWQ = Guidelines for Canadian Drinking Water Quality Appendix &VOCs p. 2 Phase 2-Winter 

- m D = D = m - m D = = - D - = = m  



Benzene 
Ethylbenzene 
Styrene 
Toluene 
mete &I para-Xylene 
ortho-Xylene 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWQ = Guidelines for Canadian Drinking Water Quality 

0.2 5 usn N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 2.4 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 usn N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 24 ugL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 300 U g L  N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 300 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Appendix 8-VOCs p. 3 Phase 2-Winter 



Non-halogenated Volatllee 
Benzene 
Ethylbenzene 
Styrene 
Toluene 
mete & para-Xylene 
ortho-Xylene 

N.D. = Not Detected 
MDC = Method DetecUon Concentration 
GCDWQ = GuMelInes far Canadian Drinking Water Quality 

0.2 5 usn N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ~ 

0.2 2.4 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 UgR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 24 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 300 U g k  N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.2 300 ug/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Appendix 8-VOCs p. 4 Phase 2-Winter 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-Pesticides p. 1 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix &Pesticides p. 2 Phase 2-Summer 



Endosulfan Sulfate 
EPTC 
Fensulfothion 
Gamma Chlordane 
Heptachlor 
Heatachlor Eaoxide 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.35 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.35 3 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.35 3 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality 

lprodione 

Appendix 8-Pesticides p. 3 Phase 2-Summer 

0.50 I N.D. I N.D. I N.D. I N.D. I N.D. 1 N.D. I N.D. I N.D. 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix &Pesticides p. 4 Phase 2-Summer 



I 2.4.6-Trichloro~henol 5 I N.D. I N.D. I N.D. I N.D. I N.D. 1 N.D. I N.D. I N.D. I 

Carbaryl I 0.50 90 N.D. I N.D. N.D. I N.D. I N.D. I N.D. 

ILinuron 0.50 I N.D. I N.D. N.D. I N.D. I N.D. I N.D. I 
N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix &Pesticides p. 5 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix &Pesticides p. 6 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canedien Drinking Water Quality Appendix 8-Pesticides p. 7 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Cenadien Drinking Water Quality Appendix 8-Pesticides p. 8 Phase 2-Summer 



I2.4.6-Trichloro~henol 5 I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I 

llinuron I 0.50 I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I 
N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quelity Appendix 8-Pesticides p. 9 Phase 2-Summer 



Malathion 
MCPA 
Metaled 

pp-DDT I 0.50 I 30 I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. 1 N.D. 1 N.D. 
Simazine 0.50 10 I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. 

1 .o 190 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

N.D. = Not Detected 
MDC = Method Detection Concentretion 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-Pesticides p. 10 Phase 2-Summer 



2,3,4,6-Tetrachlorophenol 
2,4,6-TrichlorophenoI 
2.4-D 

0.50 100 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
1 .o 100 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

3-OH Carbofuran 
Alachlor 
Aldicarb 

2.0 90 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 9 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Aldicarb Sulfone 
Aldicarb Sulfoxide 
Alpha Chlordane 
Atrazine 

ICarbofuran I 0.50 I 90 I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I 

1 .o 9 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
2.0 9 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.35 7 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Azinphos-methyl 
Brornacil 
Butylate 
Ceptan 
Carbarvl 

Dicarnba 1 .o 120 N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. 

0.50 20 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 90 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality 

Chlorpropham 
Chlorpyrifos 
Chlorthalonil 
Diazinon 

Appendix 8-Pesticides p. 11 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
1 .o 90 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
1 .o 20 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Phase 2-Summer 



pp-DDE 
pp-DDT 
Simezine 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 30 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 10 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Appendix &Pesticides p. 12 Phase 2-Summer 



12.4-D I 1.0 I 100 I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I 
2.4Dichlorophenol 
3-OH Carbofuran 
Alachlor 

0.50 900 N.D. N.D. N.D. N.D. . N.D. N.D. N.D. N.D. 
2.0 90 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
Aldicarb 
Aldicarb Sulfone 
Aldicarb Sulfoxide 
Alpha Chlordane 
Atrazine 

0.50 9 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
1 .o 9 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
2 .o 9 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.35 7 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Bromacil 
Butylate 
Captan 
Carbarvl 

ICarbafuran I 0.50 I 90 I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I N.D. I 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 90 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Chlorpropharn 
Chlorpyrifos 
Chlorthalonil 
Diazinon 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
1 .o 90 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
1 .o 20 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Appendix 8-Pesticides p. 13 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quelity Appendix &Pesticides p. 14 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG E Guidelines for Canadian Drinking Water Quality Appendix &Pesticides p. 15 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Phase 2-Summer Appendix &Pesticides p. 10 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Cenedien Drinking Water Quality Appendix &Pesticides p. 17 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Cenadian Drinking Weter Quality Appendix 8-Pesticides p. 18 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-Pesticides p. 19 Phase 2-Summer 



N.D. = Not Detected 
MDC = Method Detection Concentretion 
GCDWG = Guidelines for Cenedian Drinking Water Quelity Appendix 8-Pesticides p. 20 Phase 2-Summer 



2.4.6-Trichlorophenol I 0.50 I 5 N.D. I N.D. I N.D. 
2.4-D 1 .o 100 I N.D. I N.D. I N.D. I N.D. , 

3-OH Carbofuran 
Alachlor 
Aldicarb 
Aldicerb Sulfone 

12.4-Dichloroahenol I 0.50 I 900 I N.D. I N.D. I N.D. I N.D. I 
2.0 90 N.D. N.D. N.D. N.D. 

0.50 N.D. N.D. N.D. N.D. 
0.50 9 N.D. N.D. N.D. N.D. 
1 .o 9 N.D. N.D. N.D. N.D. 

Dicofol 
Dimethoate 
Dinoseb 
Endosulfan I 

I Chlorpropharn I 0.50 I N.D. 1 N.D. I N.D. I 

0.50 N.D. N.D. N.D. N.D. 
2.0 20 N.D. N.D. N.D. N.D. 

0.50 10 N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-Pesticides p. 21 Phase 2-Summer 



1 
. -. - . . . 
Metelaxyl I 0.50 I N.D. N.D. I N.D. N.D. 

Methomyl I 0.50 I N.D. N.D. I N.D. N.D. 
Metolachlor 
Metribuzin 
Naled 

1 .o 50 N.D. N.D. N.D. N.D. 
1 .o 80 N.D. N.D. N.D. N.D. 

0.50 N.D. N.D. N.D. N.D. 
Nepropamide 
op-DDE 
op-DDT 
Oxamyl 
Oxvfluarfen 

0.50 N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. 
0.50 30 N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. 
2.0 N.D. N.D. N.D. N.D. 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality 

Parethion 
Pentachlorophenol 
pp-DDE 
pp-DDT 
Simazine 

Appendix &Pesticides p. 22 Phase 2-Summer 

1 .o 50 N.D. N.D. N.D. N.D. 
0.50 60 N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. 
0.50 30 N.D. N.D. N.D. N.D. 
0.50 10 N.D. N.D. N.D. N.D. 



N.D. = Not Detected 
MDC = Method Detection Concentretion 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-Pesticides p. 1 Phase 2-Winter 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-Pesticides p. 2 Phase 2-Winter 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG E: Guidelines for Canadien Drinking Water Quality Appendix 8-Pesticides p. 3 Phase 2-Winter 



Naled 
Napropamide 
op-DDE 
OD-DDT 

N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canedian Drinking Water Quality Appendix &Pesticides p. 4 Phase 2-Winter 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
0.50 30 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 



N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix &Pesticides p. 5 Phase 2-Winter 
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N.D. = Not Detected 
MDC = Method Detection Concentration 
GCDWG = Guidelines for Canadian Drinking Water Quality Appendix 8-Pesticides p. 6 Phase 2-Winter 



. .. 

N.D. = Not Detected 
MDC = Method Detection Concentration 
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Appendix 9 
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Lead Retest Results 



I R  
E 
IP 

0.006 (T) 
0.003 (D) 

0.004 (T) 
0.002 0) 
0.002 (T) 
ND (D) 

0.008 (T) 
0.002 (D) 

0.007 (T) 
ND lD) t. 

Sampled at site closer to wellhead 

Purge time doubled 

Well taken out of service 

Sampled at site closer to wellhead 

Purge time was increased for retest 

Appendix 9 Lead Retest Results 
Table 1. Lead Retest Results for Phase 1. 

2 

7 

22 

83 

85 

201 

246 

0.16 (T) 
0.007 (D) 

0.057 (T) 
O.O03(D) 

0.03 (T) 
ND (D) 

0.025 (T) 
0.021 (D) 

0.014 (T) 
ND (D) 

0.015 (T) 
0.005 (D) 

0.062 (T) 
0.005 (D) 

Samples for retest (2) were taken at a site 
closer to the wellhead 

0.002 (T) 
ND (D) 

Appendix 9 Lead Retest Results P. 1 



Table 2. Lead retest results for wells sampled in Phase 2. (Note: the Method Detection 
Concentration (MDC) for both total and dissolved lead was 0.001 man). 

ND 

ND 

17 0.006 ND 

0.003 ND 47 
~~~ 

ND 

0.004 

74 0.008 ND 

0.1s ND 79 

88 
~~ 

0.002 

ND 90 

1 04 

NO ND 

ND ND 

119 

125 

~~~ ~ 

ND 

ND 

1 32 

153 

~~ 

0.007 0.002 

0.005 0.003 

0.01 4 

104 

119 

125 

0.05 

0.016 

0.007 0.002 0.003 N.D 

0.005 0.003 0.001 N.D. 

0.007 0.003 0.005 0.003 

0.01 8 

0.003 

0.01 

0.174 

0.019 

0.037 

0.01 7 

0.014 

0.007 0.007 0.003 

0.057 

Table 3. Lead results from different purge times in the Phase 2 retesting. 

P. 2 Appendix 9 Lead Retest Results 



Appendix I O  

Capture Zones for the 
Community Wells 



11 12 15 1.2 0.1262 0.35 122 AFR>CFR 

12 14 50 D 0.4416 0.30 AFR length. 
Can't do CFR - no screen 

Well location should be 
confirmed; CFR not used as 
aquifer material unknown. AFR modified by 

13 NIA 1.2 1.3249 topography 
14 12 150 1.2 I .3249 0.35 359 CFR=359m 

Lake water 
15 supply 

Can't do CFR; no screen 

AM not used as T & i are 
uncertain. 
As well is at bottom of valley, 
watershed on both sides of 
valley have been included. 

Can't do CFR; no screen 

Used well yield for Q (smaller) 

16 14 4 D 0.2524 0.30 AFR length. 

17 25 30 0.2524 0.30 AFR 

~ ~ 

AFR modified by 

AFR modified by 
18 NIA 4 OIH 0.2524 topography 

19 NIA 12 D 0.1262 topography length. 

20 NIA 150 1.2 0.9463 0.30 361 CFR=36lm 

AFR = Arbitrary Fixed Radiue 
CFR = Calculated Fixed Radiue 
AM = Analytical Model Appendix 10.1 Capture Zone Summary Information 



21 I 14 I 165 1.451 1 
22 12 12 I 1.2 I 0.1262 

33 

34 

23 I 12 I 220 1.9558 
I 

N/A 65 1.5 0.5678 

NIA 509 om 4.4163 

24 NIA 120 D 

25 NIA. 187 275 om 

I I I  I I 

I Usesame I 

IAFR modified by linduded; can't do CFR - no 

27 lwen 

35 I NIA I 250 

1.0725 

D 1 2.2081 

0.6309 

0.2524 

28 12 2 1.2 

29 NIA 500 1.2 
30 12 1.2 
31 12 1.2 

0.0631 

0.6309 

(is uncertain. 
I I I 122 IAFR>CFR I 

0.35 480 CFR=480m 
AFR modified by 

0.30 topography length. 
AFR modified by 
topography length. 

Can't do CFR; no screen 

Can't use CFR - no screen 

AFR>CFR; AM not used as T 
is uncertain and extent of 
aquifer not well mapped in this 

0.30 186 AFR*CFR area. 

I I I I I I I 

0.35 86 AFR>CFR 
Based on maximum well 
capacity reported in well log. 

- 

0.35 AFR 
0.35 AFR 
0.35 AFR modified by river 

AFR>CFR based on Q=9 gpn 

273 AFR>CFR 

6.44E-04 1 I 0.30 I I 1 250 
I I 1 

AM not used because aquifer 
not defined; pump test data 
available but used SC to 
estimate T. 

AFR>CFR -I- Watershed uphill of well 

topography lscreen length. 
AFR modified by ICan't do CFR - no screen 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
AM = Analytical Model Appendix 10.1 Capture Zone Summary Information P. 2 



38 

39 

40 

41 

42 

43 

44 

45 

L 44,45, & 46 

I 48 

18 

NIA 33 

Water 
pumped 

hom creek 246 

SamDled not I 
sampled -I- 

26 5 

26 3 

26 5 

26 ' 4  

26 5 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
AM = Analytical Model 

D 

1.5 

1.5 

0.0 

1.5 

0.0 

3.7 

OIH 

0.3154 

0.1514 7.19E-06 

0.1262 7.19E-06 

0.8833 2.00E-05 

0.1262 2.00E-05 

2.00E-05 

1.0094 2.00E-05 
2.5236 7.65E-05 

AFR modfied by 
toaoorabhv 
AFR modified by 
topography included. 

Watershed uphill of well 

wells 44,45,46 as they were 
sufficiently far away. 

I ITreated independent from 
wells 44,45,46 as they were 
sufficiently far away. 

118 IAFR>CFR 
IWelk 44.45.46 treated as 1 
well as they are so dose 
together, Q=16 USgpm; origin 
at well 44 (largest pumping 

AM (X=251 m; Y=789m) rate). 

AM (X=251 m; Y=789m) 

AM (X=251 m; Y=789m) 

11 8 

Wells 44,45,46 treated 8s 1 
well as they are so dose 
together, Q=16 USgpm; origin 
at well 44 (largest pumping 

IAM (X=251 m; Y=789m) rate). 
340 IAM fX=66m: Y=206m) Well capacity used for Q. 

AFR modified by 
topography 

Appendix 10.1 Capture Zone Summary Information P. 3 



49 

50 

51 
52 
53 

54 

55 

56 
57 

58 

59 
60 

61 
62 
63 
64 
65 
66 

67 

68 

69 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 

19 10 OIH 0.7571 topography length. 

19 9 topography 

NIA topography 
NIA Not sampled 

Not sampled 

AFR modified by 

AFR modified by 

Area uphill of well included 

Can't do CFR - no screen 
19 30 OIH 0.2650 AFR length. 

NIA D topography 

19 70 0.5047 topography 
NIA 0.3154 0.30 AFR 

AFR modified by 

AFR modified by 

Q=240USgpm (reported pumr 
rate); T estimated from 
drawdown curve. 
AM not used as i not known. 

26 >loo 3.0 15.1416 2.56E-03 0.0440 0.35 68 22 844 AM(X=22m; Y=68m) 

26 5 0.0631 3.55E-05 0.35 AFR 
NIA D AFR 

AFR modified by 

AFR modified by lake 

AFR modified by lake 
AFR modified by river 
AFR modified by river 
AFR>CFR modified by 

19 150 om 0.1262 toPograPhY 
NIA 
NIA AFR 
NIA 30 D 0.2629 
NIA 20 D 0.1753 
NIA 1.1356 0.30 

NIA 1.2 0.2524 0.30 
Q based on reported pumping 

Can't use CFR - no screen 
length; AM not used as T coul 
not be accurately estimated 

186 topography rate (4 gpm) 

26 50 0.4416 0.35 AFR 
not 

sampled 

A M  = Analytical Model Appendix 10.1 Capture Zone Summary Information P. 4 

I -'I I ID a j .: m m 



AFR length. 

0.35 77 AFRpCFR modKed by river 
AFR 
AFR modified by 
topography 

Area uphill of well induded. 

AFR ... .. 

- 

0.30 

- 

181 

Combined wells 76 and 77; i 
from Figure5 from Roth 

Combined wells 76 and 77; i 
from Figure 2 from Roth 

925 AM (X=88m; Y=277m) (1994). 0.30 96 31 
Combined wells 76 and 77; i 
from Figure 2 from Roth 

IAM (X=88m; Y=277m) l(1994). 0.30 I 277 I 88 I 
I I I I {Combined wells 78, 79, 8 80; 

T is from drawdown curve; i 
from Figure 2 of Roth (1 994). 

Combined wells 7479, 8 80; 
T is from drawdown m e ;  i 
from Figure 2 of Roth (1 994). 

0.30 I 108 I 34 I 1233 AM(X=156m;Y=489m) .i 

I 

0.30 76 24 1280 ]AM (X=l56m; Y=489m) 1 
ICombined wells 78,79,8 80; 

I T is from drawdown curve; i 
from Figure 2 of Roth (1 994). 

0.30 480 153 1406 AM (X=l56m; Y=489m) 
Combined wells 78,79, 8 80; 1 0.30 489 

T is geometric mean T from 
wells 78,79, 8 80; i from 
Figure 2 of Roth (1 994). 

156 AM (X=156m; Y=489m) 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
A M  = Analytical Model Appendix 10.1 Capture Zone Summary Information P- 5 



81 

D 

4.8 

82 

63.0899 5.99E-03 0.0195 0.35 270 

18.9270 2.20E-02 0.0195 0.35 22 

81 &82 
83 

134 I /AM (X=l34m; Y=420m) I 
1 553 I 1105 I I 

84b 

I 

85 

86 

ICombined wells 87. 88. & 89: i 
87 

I 
88 

1Combined wells 87. 88. & 89: i 

89 

87,88,& 89 
90 
91 

NIA 25 
NIA 60 

NIA 

15 

15 

15 I 
15 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
A M  = Analytical Model 

64.7933 3.85E-03 0.0073 0.35 1154 

28.3905 5.55E-03 0.0073 0.35 351 

93.1838 4.62E-03 0.0073 0.35 1382 
7.0030 1.07E-03 0.30 

OIH 0.6309 
1.2 0.5047 0.35 

208.1966 1.27E-02 0.0195 0.30 420 
8.7 63.0899 9.56E-03 0.0019 0.30 1737 
4.6 25.2360 9.56E-03 0.0019 0.30 695 

from Figure 2 of Roth (1 994). 

Combined wells 81 8 82; i 
367 1747 AM (X=440m; Y=1382m) 

112 I 900 

440 

from Figure 2 of Roth (1 994). 

from Figure 2 of Roth (1994). 
AM IX=440m: Y=1382ml 

I I 
IAFR modified by ]Can't use CFR - no screen 
topography length. 
AFR*CFR 
AFR modified by 

I I topography I 
ICombined wells 87. 88. 8 89: i I I /from Figure 2 of Roth (1 994): 

I I lfrom Figure 2 of Roth (1 994): 

I I lfrom Figure 2 of Roth (1 994): 
66 I 1588 ]AM(X=l34m;Y=420m) I 

ICombined wells 87. 88. 8 89: 
T is geometric mein of T from 
wells 87,88,& 89; i from 
Figure 2 of Roth (1 994); 
capture zone ends at regional 
groundwater divide. 

221 I 961 I I 

Appendix 10.1 Capture Zone Summary Information P. 6 



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

..................... 
Combined wells 90 & 91; i I from Figure 2 of Roth (1 994); 
capture zone ends at regional 
groundwater divide. 

774 AM (X=774m; Y=2432m) 
AM not used because well is 
near regional groundwater 
divide where i is very low. 

AM not used because well is 
near regional groundwater 
divide where i is very low. 

AM not used because well is 
near regional groundwater 
divide where i is very low. 

AM not used because well is 

1123 CFR=1123m 

1376 CFR=l376m 

586 CFR=586m 

88.3258 15 

15 3.4 25.2360 

63.0899 15 4.8 

15 6.1 

15 2.7 

27 4.6 

15 18-35 D 
27 

12.4918 

., . ........ near regional groundwater 
divide where i is very low. 

24 - 8.3279 

4.5425 1 408 ICFR408m 

AM not used because i m 
Aldergrove aquifer there not 

Capture zone boundary 
downgradient of well defined 
by creek (hydraulic AFR modified by 

topography boundary?). 
AFR 

0.3154 

I ..... I 

I 164 IAFR~CFR IQ based on 7 aDm. GEq-p 
0.30 

250 I 2.7 
52 I 270 I 4.3 

0.4416 
1 .a927 1 7  

102 
33,351 I Notsampled I 

35 200 I 1.9 392 CFR=392m 

300 AFR=CFR capacity). 
223 AFR>CFR 

Based on Q=l3 gpm (well 
1.7665 

I 103 33 I 460 I 1.5 0.8202 4.13E-05 
2.05E-04 I 104 55 I 120 I 2.7 0.9463 

AFR = Arbitrary Fixed Radius 
CFR E: Calculated Fixed Radiua 
AM = Analytical Model Appendix 10.1 Capture Zone Summary Information P. 7 



5.8043 

14.3214 

1.13E-03 

1.22E-03 AM (X=70m; Y=220m) 

AFR 

AFR>CFR 

AFR*CFR 

CFR=319m 

Combined wells 108a 8 b; T is 
geometric mean of T from 
1 O8a and 108b; capture zone 
extends to local topographic 
divide. 

No information on pumping 
rate nor lithology for thii deep 
well. 

AM not used because well is ir 
upland area where i is likely 
very low. 
AM not used because gradielll 
direction uncertain. 

AM not used because gradierr 
direction uncertain. 

.................. 
297 

98 

YLLYYY 

0.30 - 

0.35 - 

0.35 
0.35 
0.35 

- 
- 

CFR=AFR 

included; AM not used because 
T can not be accurately 

0.4416 I 4FRXFR estimated. 
T estimated from drawdown 

106 

107 

6.6 

3.0 
3.0 

curve; i estimated from 
topographic slope from Little 
Campbell River west to upland 
elevation (47-40/1030). 

AM (X=65m; Y=205m) 205 
122 
96 

65 
39 
31 

385 
633 
523 

0.0070 
0.0270 
0.0270 

0.0270 

- 

41 
41 

270 
175 108a 

3.0 

3.0 

2.7 

108b 41 

41 

55 

0.35 - 821 70 220 108a 8 b 

109 

0.35 - 

0.35 - 

0.30 - 

110 41 257 

193 

319 

350 1.2 35 

35 

i l i a  

l l l b  2.5236 I 3.84E-04 4.1 

AFR = Arbitrary Fixed Radius 
CFR E Calculated Fixed Radius 
AM = Analytical Model Appendix 10.1 Capture Zone Summary Information P. 8 



l l l a a b  I 35 I 1 4.1 

114 35 
115 35 I 4.2 
116 15 D 
117 27 

118 35 30 3.0 

121 35 I 
122 50 40 I 2.8 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
A M  = Analytical Model 

0.0631 
1.8927 

14.1952 0.30 

AM not used because gradient 
direction uncertain; wells 1 1 1 a 
8 b treated as 1 well. 

AM not used because well is 
located in plateau area where i 
is likely very low. 

AM not used as T can not be 
accurately estimated 

No user information nor 
lithology for this deep well. 

339 

285 AFRXFR 

210 AFR>CFR 

AFR 

AFR 
AFR 

174 AFR*CFR 

Used Q=225 gpm, the 

1 883 

reported pumping rate, 
because well is used to irrigate 

AM not used because gradient 
direction not known. 

375 CFR=375m 
147 AFR*CFR 

No lithology nor user 
information for thi well; should 
confirm well location. 

AFR 

144 AFRXFR 
Qave=52USgpm (weighted 
annual Q); CFR used instead 
of AM because i is probably 

CFR=425m modified by vely low. 

Appendix 10.1 Capture Zone Summary Information P. 9 



124 

125 

NIA 

15 

35 

35 
41 

32 
35 

NIA 

33 

50 

35 

58 

NIA 

27 

27 

4rbihary Fixed 

126 

associated with any identified 

Can't use CFR - no screen 

Can't use CFR - no screen 

Capture zone boundary 
downgradient of well defined 
by creek (hydraulic 

23 1.5 0.2019 2.16E-03 0.30 AFR aquifer. 

9 D 0.0631 0.30 AFR length. 

15 D 0.1 262 AFR length. 

45 1.5 0.3975 0.35 195 AFR>CFR boundary?). 
7 D 0.0631 AFR 

No user information nor 
lithology for this deep well. 

AFR 

AFR modified by 
20 1.8 0.1893 0.30 132 AFR>CFR 

20 D 0.1893 topography 
AM not used because i in We5 
of Aldergrove aquifer not 

No liiology information for this 

Q based on mdmum well 

AM not used because i of 
NicomeklSerpentine aquifer 

Number of users averaged 
from 200,000 visitors per year 

AM not used because i in 
Aldergrove aquifer not known. 

AM not used because i in 
Aldergrove aquifer not known. 

150 2.4 1.3249 0.30 302 CFR=AFR known. 

160 1.3880 AFR deep well. 

350 1.2 0.6309 1.44E-04 0.35 273 AFRXFR capadly. 

700-2000 12.2 7.8862 4.79E-03 0.35 305 CFR=AFR not known. 

548 1.4 0.9463 0.35 308 CFR=AFR modified by river 

4.6 11.0407 2.80E-03 0.30 636 CFR=636m 

6.1 9.4635 1.73E-03 0.30 510 CFR=SlOm 

Radius 

1 27 
128 

129 
130 

131 

132 

133 

134 

135 

1 36 

137a 

137b 

AFR = 
CFR = 
A M  = I 



142 41 

143 41 

144 sampled 

145 sampled 

Not 

Not 

146 41 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
A M  = Analytical Modd 

20.5042 2.20E-03 0.1380 0.30 t t - t  22.0815 2.52E-03 0.0740 0.35 

4.6 I 2.2081 1 4.31E-04 I 

......__..__... 
11 

19 

11 

2 

I 1 
\AM more reasonable than CFF 
(=842m); capture zone extend 
to local topographic divide. 

780 AM (X=l9m; Y=59m) 
AM not used because i in 
Clayton Upland aquifer not 

AM not used because i of 
Nicomeld Serpentine aquifer 
not known; Q is based on 

263 AFRWCFR known. 

actual 1994: pumping records 
(actual use);;- 

835 ICFR=835m I 
I lQ based on actual 1994 use. 

1507 CFR=2750m 

706 CFR=706m 
AM not used as i not known. 

AM not used as i not known. 
731 CFR=73lm 

i estimated from difference 
between reservoir and river 
levels; atthough capture zone 
dimensions from AM are smal 
capture zone includes 
reservoir. 

AM dimensions too small, 
probably because i k too largl 

AM not used because i in the 
West of Aldergrove aquifer nc 

657 AM (X=l 1 m; Y=36m) 

1111 CFR=l l l lm 

456 CFR=456m knOWn. 

Appendix 10.1 Capture Zone Summary Information p. 11 



149 

150 
151 
152 

153 
154 

155 

156 

157 

158 

159 

160 

NIA 3.7854 

Can't use CFR - no screen 
length information. 

AM not used because i in West 
of Aldergrove aquifer not 

257 AFR>CFR known. 
509 CFR=509m 

Can't use CFR - no screen 
length information. 

~ ~~ 

680 ICFR=680m I 
I ]Capture zone based on flow 

directions 8 groundwater dividc 
mapped by Dakin 8 Tiplady 
(1991). 

721 ]AM (X=102m; Y=321m) I 
I lSouth edge of CFR boundary 

cut off at groundwater divide- 
(recharge boundary). 

521 ICFR=520m 
I lcapture zone only extends to 

regional groundwater divide as 
mapped by Dakin and Tiplady 
(1 992). 

1272 ICFR=1272m 
AM not used because i in 
Nicomekl Serpentine aquifer 

AM not used because i in 
South of Murrayville aquifer no' 

AM not used because i not 

833 CFR=833m not known. 

472 CFR=472m knOWn. 

712 CFR=712m known. 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
A M  = Analytical Model Appendix 10.1 Capture Zone Summary Information p. 12 



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

8 

8 -  

8 

8 

6 

924 

100 

70 
72 

9 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
A M  = Analytical Model 

1.5 8.0755 

1.5 0.8833 

0.6134 
0.6309 

0.0789 

_...._._....... 

0.0070 

0.0050 

0.0050 
0.0050 

0.30 - 

0.30 - 

0.30 
0.30 

0.35 

- 
- 

- 

0.30 

74 

21 1 

358 
477 

- 

they are so dose; Q=2740 
USgpm; T is 364603 USgpdKt 
(geometric mean of T from 
161 8 162). Different for LRs 
due to Q, T, i. 

24 I 1132 IAM (X=114m; Y=358m) 
I Treat well 161 & 162 as one as 

they are so dose; Q=2740 
USgpm; T is 364603 USgpdKt 
(geometric mean of T from 
161-4 162). Dierent for LRs 
due to Q, T, i. 

67 I 1351 IAM (X=114m; Y=358m) 
I Treat well 161 & 162 as one 8? 

they are so dose; Q=2740 
USgpm; T is 364603 USgpdNt 
(geometric mean of T from 
161 8 162). Dierent for LRs 
due to Q, T, i. 

114 AM (X=114m; Y-358m) 
152 2126 AM (1 52m; Y=477m) T from Brown (1 963). 

AM not used because i 
872 CFR=872m direction not certain. 

Reconnaissance form also 
says well pumped at 90 gpm; 
this would result in CFR=790m 

No lithologic information for thii 
312 CFR=312m 

AFR drilled well. 
AFR 

Well location may not be exacl 
AFR modified by river 

Appendix 10.1 Capture Zone Summary Information p. 13 



I I 9.4635 I I 

171 

172 

173 

9 250-500 D 4.4163 
not 

sampled 
not 

samDled 

AFR 
AFR 

I 0.4732 I I Can't use CFR - no screen 
length. 174 

175 
8 54 
8 I I I 

176 9 70 3.0 0.61 20 

I I I I ICan't use CFR - no screen 

0.30 

0.35 AFR length. 
0.30 AFR 

Open bottom well; can't use 

183 

0.30 I 
I I I 

177 

178 

179 

AFR (CFR. 
I 

9 1500 3.0 13.1227 6.47E-03 0.0190 

NIA? 2500 1.5 8.8326 3.02E-02 

20 42 1.2 7.5077 3.41E-02 0.0463 

I I I 

0.30 I I 985 
I I I 

CFR not used because well no 
assodated with any identitied 
aquifers; well location should 

AFR modified by be confirmed. 
topography 

CFR>AFR but AM dimensions 

AFR>CFR modified by river 

I 

(Direction of i assumed I I I I 

I IAM not used because i 

perpendicular to shoreline; i 
calculated from elevation of SIN 

and lake level. 

180 
181 

0.30 I 53 I 17 I 849 IAMIX=17m:Y=53ml I 

9 2.7 1.261 8 1.60E-03 
NIA 45 D 0.4416 

182 

183 

184 

0.30 - 

NIA S 

NIA 90 4.0 0.7886 

NIA 2400 D 21.0089 

0.30 

%-+- 

AFR modified by 
182 topography 

AFR modified by 
topography 

associated with any identified 
aquifer. 

278 IAFR>CFR ]uncertain. 
IAFR 

I I I IAFR modified by I I topography I 
I I I I ICFR not used because well nc 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
AM = Analytical Model Appendix 10.1 Capture Zone Summary Information p. 14 



pi-++ 
192b 20 I 192b I 20 1 266 I 15 

20 OIH 

N/A 4.6 

NIA I 6.1 
150 -+ 

0.0946 

4.4163 

3.7854 

1.8927 

23.5325 

12.6180 
1 5772 

1.7034 

18.9270 

I I I  I I IAFR modified by I 
I I Itopography 

]AM not used because it k 
5.24E-02 6 2 493 CFR=493m impractically small. 

AFR modified by 
I I 0.30 I I topography. 

I I I ICapture zone extends to local 
topographic divide; i estimated 
from topography. 

2.29E-05 I 0.1920 215 69 I IAM (X=69m; Y=215m) 
I Watershed uphill of aquifer 

3.67E-02 I 0.0130 I 0.30 I 25 I 8 1  928 ICFR=928m \included. 
I I I ]Watershed uphill of aquifer 

0.35 545 CFR=545m included. 
0.30 AFR 

CFR>AFR but AM dimensions 
3.41E-02 I 0.0191 I 0.30 I 6 I 2 1  1442 IAFR (very small. 

I I I I I li from Figure 2 of Roth (1 994); 
Q from metered pumping in 
Feb195. AM (X=314 m; Y=986 m) 3.35E-03 0.0029 0.30 986 314 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radius 
AM = Analytical Model Appendix 10.1 Capture Zone Summary Information p. 15 



IN/A = not associated with anv aauifers identified bv Kreve and Wei I1  9941. I I I  I I I I I 

Minimum pumping rate is arbitrarily specified at 1 USgpm. I 

~~ ~~~~ ~~ 

Pumping rate estimated from 1) number of users in the site assessment form (checked against reported well capacity) and 2) the reported well capacity (if user information not available) 
Where number of users is known. the steadv-state DumDina rate is estimated based on 500 IaDdconnection and 1 connection Der 3 Dersons. 

I I I I 

Where AFR*CFR, AFR is used to delineate a larger, more conservative area. I I I I I 
In areas of steep topography outside of identitied aquifers, the AFR is modified by topography-300m radius to the elevation of the well and topography above the well. 
CFR was not calculated for dua wells. oDen bottom drilled wells or bedrock wells as screen lenath not defined. I I I 

INo time of travel is SDeCified for the AFR or anaMical methods: area delineated is the zone of contribution. I I I I I 
Analytical method only used if well is completed in identified aquifer and T can be estimated from pump test or specific capacity data. 
For anaMical method. i is estimated based on topographic contours at the vicinity of the well for shallow unconfined aauifers. 

I 
I 

IFor confined aauifers. i is usuallv not calculated ffrom toDoaraDhv) and the anaMical method k not used. I I I I I 
For unconfined aquifers, if the capture zone extends to the aquifer boundary, the watershed area uphill is also included.] 
Capture zones for wells in confined aauifers do not stoD at surface water boundaries as they do for wells in unconfined aauifers. 

I 
I 

I 
lFor confined aquifers where the aquifer boundary is delineated by area of development, the capture zone boundary, where it extends to the edge of the aquifer boundary is left open. I 

AFR = Arbitrary Fixed Radius 
CFR = Calculated Fixed Radiua 
A M  = Analytical Model Appendix 10.1 Capture Zone Summary Information p. 16 



COMMUNITY CAPTURE ZONE INDEX BY AREA AND WELL 
' NUMBER(S) 

Lake Erroch 

Nicomen Slough 

Nicomen Slough 

Hatzic Lake 

1,384 10.2.1 

22 10.2.2 

23,28,30,31 10.2.3 

5,6,7,8,9,10,11,14,24,35 10.2.4 

Hatzic Prairie and Miracle 12,16,17,21,26 
Vallev I 
Silverdale 

Grant Hill and Stave River 

I 10.2.5 

2,19,25,37 10.2.7 

13.38,48,49.!X.57,61,62,64,66,67 10.2.8 

Stave Lake 

Grant Hill 

Alouette River 

I 18,20,33,34,36 I 10.2.6 

55,56,65,67,71 10.2.1 1 

51.70 10.2.12 

Clayton Upland (North of 
Langley) 

Kanaka-Whonnock Creek I 29,42,43,44,45,46,47,50,58,59,60,68,72,73 I 1 0.2.9 

10.2.15 139,158 

Mission 

Fort Langley and McMillan 
Island 

I32  

123,135,140,141 

I 10.2.10 

Hopington and 
LangleylBrookswood 

Hopington 

103,105,113,120,121 ,1273 30,138,159,160 0.2. 

99,112,126,129,137a, 137b, 149,150,151 , 1 53 10.2.20 

~~~~ ~ 

Alouette River I74  I 10.2.13 

Northwest of Fort Langley I 136 1 10.2.14 

1 10.2.16 

Langley/Brookswood I 10.2.17 100,107,108a,l08b,l09,110,128,142,143, 
1146,147 

Langley/Brookswood I 104,122,133 I 10.2.18 
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Glen Valley and 
Aldergrove 

~~ ~~ 

98,117,132,154 

116,134 

154,1551 56,157 

106.1 16,124.125 

Hopington 

10.2.23 

10.2.24 

10.2.25 

10.2.26 

Hopington and Aldergrove 

~~ 

97,106,125 

90,91,92,93,94,95,96 

8 1 ,82,92,93,94,95,96 

76,77,78,79,80,87,88,89,266 

85 

84b,86 

168 

175,184 

161,162,163,167,170,174,182,186,187 

~~ 

South of Aldergrove 

10.2.27 

10.2.28 

10.2.29 

10.2.30 

10.2.31 

10.2.32 

10.2.33 

10.2.34 

10.2.35 

~ 

Aldergrove 

Abbotsford 

Abbotsford 

179,188,192a1 1 92b 

178 

171,177,180,181,183 

1 76 

Abbotsford 

10.2.38 

10.2.39 

10.2.40 

10.2.41 

Abbotsford 

Abbotsford 

Matsqui Prairie 
-~ 

Sumas Mountain 

Chilliwack 

Vedder River 

Vedder Crossing 
~~ ~ 

Rosedale 

Vedder River and Ryder 
Lake 

Columbia Valley 

Cultus Lake 

Chilliwack River 

Chilliwack River 

129,131,137a11 37b I 10.2.21 

102,103,105,111 b,l13,114,115,1 18,119,120 0.2.22 
121.127.1 30.1 32.1 38.148.160 I 

164.1 65,166,169.1 90.1 91 I 10.2.36 

1 82,186,189 I 10.2.37 
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Appendix 11 Glossary 
Active Ingredient (a.i.): the portion of a pesticide formulation which is the actual 
toxicant. 

Accuracy: refers to the correctness of the data and defines the degree of agreement of 
the measurements with the true value. 

Acute Toxicity: the potential for an ingredient to cause iIl health or death within a few 
hours to a few days after a single dose or exposure. 

Alluvial Deposits (Alluvium): A general term for clay, silt, sand, gravel, deposited 
during comparatively recent geologic time by a stream or other body of running water as 
a sorted or semisorted sediment in the bed of the stream or on its floodplain or delta or 
as a cone or fan at the base of a mountain slope. 

Ambient Groundwater Flow: The rate of flow and direction of flow of groundwater 
under unpumped, natural conditions. 

Aquifer: A formation, group of formations, or part of a formation that contains 
sufficient saturated permeable materials to yield economical quantities of water to wells 
and springs. 

Aquifer Vulnerability: A measure of how vulnerable an aquifer is to contamination. 

Bacteria: one-celled microorganisms, some of which cause diseases in plants or animals. 

Base flow: The sustained low flow in a stream. Generally base flow is the inflow of 
groundwater to the stream. 

II 
Bedrock: A general term for the rock, usually solid, that underlies soil or other 
unconsolidated materials. 

Capture Zone: The surface area around a pumping well which is the source of 
recharge that contributes water to the well (also known as the recharge area for the well). 

I 

I 

Chronic Toxicity: The potential for an agent, Le., chemical, to cause adverse effects 
which develop slowly or occur a long time after exposure and last for a long time , Le., 
years. 

Coefficient of Storage: The volume of water an aquifer releases from or takes into 
storage per unit surface area of the aquifer per unit change in head. 

Colluvial Deposits: Weathered, unconsolidated materials transported and deposited by 
gravity. 

Appendix 11 Glossary Pa 1 



Community Well: a community well or community water works system is defined as a 
well supplying any commercial premise serving the public or serving two or more 
dwellings. 

Concentration: Refers to the weight of a chemical constituent in a given weight or 
volume of water, i.e., mg per litre (mg/L). 

Confined Aquifer: An aquifer that is overlain by low permeability materials such as 
clay or till. 

Discharge Area: The land area where groundwater flows back towards the land 
surface. 

Drawdown: The distance between the static water level and the pumping water level. 

Drilled well: A well that is constructed with a drilling rig, such as an air rotary or 
cabletool drilling rig. 

Dug well: A well that is dug by hand or excavated by backhoe. Dug wells are usually 
shallow. 

Evapotranspiration: Loss of water from a land area through transpiration of plants 
and evaporation from the soil. 

Fault: A fracture or a zone of fractures along which there has been displacement of land 
on both sides of the fracture. 

Floodplain: The flat land adjacent to a river, formed by deposition of fluvial materials. 

Flowing Artesian Well: A well where the water level is above the ground surface. 

Fluvial Deposits: Sand, gravel, silt and clay deposited by a river or stream. 

Fracture: A break or crack in the bedrock. 

Fumigant: Chemicals used in the form of volatile liquids or gases to kill insects, 
nematodes, fungi, bacteria, seeds, roots, rhizomes or entire plants. Usually applied in an 
enclosure of some kind or restricted to a zone below the soil surface by covering with a 
tarp or plastic sheet, or layer of water. 

Glacial Drift: A general term for unconsolidated sediments transported by glaciers and 
deposited directly on land or in the sea. 

Glaciofluvial: Sand, gravel, silt and clay deposited by glacial rivers or streams. 
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Groundwater: Water occurring beneath the ground. 

Groundwater Divide: The uppermost boundary of a groundwater basin. 

Homogeneous: Uniform in structure and composition throughout. 

Hydrologic Cycle: The continued circulation of water between the ocean, atmosphere, 
and land. 

Hydrolyse: To decompose or breakdown by the addition of the elements of water. 

Hydraulic Conductivity: A property of the aquifer that provides a measure of ease of 
flow of water through a cross section area under a unit hydraulic gradient. Hydraulic 
conductivity is usually expressed in metres per day or feet per day. 

Hydraulic Gradient: The slope of the groundwater level or water table (for an 
unconfrned aquifer), or the slope of hydraulic head measurements (for a confined 
aquifer). 

Hydraulic Head: The level to which water rises in a well with reference to a datum 
such as sea level. 

Hydrogeology: The science of subsurface waters and related geologic aspects of 
surface waters. 

Hydrograph: A continuous graph showing the properties of streamflow or groundwater 
movement over time. 

Igneous Rocks: Rocks that solidified from molten or partly molten materials, that is 
from a magma or lava. 

Infiltration Rate: The rate at which water permeates the pores or interstices of the 
ground. 

Isotropic: Exhibiting properties with the same values in all directions. 

Leaching: Refers to the movement of chemicals through soil by water. 

Level of Groundwater Development: The level of groundwater use of an aquifer 
relative to the aquifer’s ability to replenish itself. 

Lithology: All the physical properties, the visible characteristics of mineral composition, 
structure, grain size, etc. which give individuality to a rwk. 

Marine Deposits: Mostly silt and clay materials deposited under a marine environment. 
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Matrix: The sample material, i.e., water, sediment, tissue, in which the chemicals of 
interest are found. Matrix refers to the physical structure of a sample and how chemicals 
are bound within this structure. 

Mean: The arithmetic mean or average of a set of numbers is calculated by totalling the 
items in a set and dividing the total by the number of items in the set. 

Metamorphic Rocks: Any rock derived from pre-existing rocks by mineralogical, 
chemical, and/or structural changes, essentially in the solid state, in response to marked 
changes in temperature, pressure, shearing stress, and chemical environment, generally at 
depth in the Earth’s crust. 

Median: The value from a statistical set of measurements that has an equal number of 
measurement above and below it. 

Metabolite: A compound inside a plant resulting from the breakdown of a pesticide by 
the plant itself, microorganisms in the soil, sunlight or water, sometimes more toxic than 
the parent pesticide. 

Method Detection Concentration (MDC): The lowest amount of a constituent that can 
be reliably detected/measured based on the variability of either the blank response of a 
method or that of a low-level standard. 

Morainal Deposits: Accumulation of unsorted unconsolidated materials (sand, gravel, 
clay, silt, boulders) carried and deposited by a glacier. 

Nematicide: A pesticide used to control nematodes. 

Nematodes: Microscopic roundworms (thread worms, eelworms) which may do 
considerable damage to crops. Nematodes may be animal or plant parasites, some are 
free living. Generally found in the soil feeding on plant root systems. Not all nematodes 
are harmful. 

Observation Well: A well used for the purpose of observing parameters such as water 
levels, pressure changes and water quality. 

Overburden: The loose soil, silt, sand, gravel, or other unconsolidated materials 
overlying bedrock, either transported or formed in place; regolith. 

Overland Runoff That part of precipitation flowing overland to surface streams. 

Permeability: The capacity of a porous rock, sediment, or soil for transmitting a fluid; 
it is a measure of the relative ease of fluid flow. Permeability is usually expressed in 
metres squared or feet squared. It is closely related to the hydraulic conductivity. 

Pesticide: Under the B.C. Pesticide Control Act, any substance or mixture of 
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substances, other than a device, intended for killing, controlling or managing insects, 
rodents, fungi, weeds and other forms of plant or animal life that are considered to be 
pests. 

pH: A numerical measure of the acidity or alkahity of water ranging from 0 to 14. 
Neutral waters have pH near 7. Acidic waters have pH less than 7 and alkaline waters 
have pH greater than 7. 

Porosity: The percentage of the bulk volume of a rock or soil that is occupied by 
interstices, whether isolated or connected relative to the total rock or soil volume. 

Precision: Describes the degree or closeness of agreement between the data generated 
from replicate or repetitive measurements by applying the same experimental procedure 
several times under prescribed conditions. 

Pumping Interference: The condition occurring when a pumping well lowers the 
water level in a neighbouring well. 

Pumping Test: A test that is conducted to determine aquifer or well characteristics. 

Quality Assurance: The overaU verification program which provides producers and 
users of data the assurance that predefined standards of quality at predetermined levels of 
confidence are met. 

Quality Control: The overall system of quidelines, procedures and practices which are 
designed to regulate and control the quality of products or services with regards to 
previously established performance criteria and standards. 

Recharge Area: Land area where water infiltrates into the ground and replenishes the 
aquifer. 

Saline Groundwaters: Groundwater consisting of or containing salt. 

Sandpoint: A well pipe with a screen, equipped with a hardened, conical point at the 
bottom, that is driven into the ground to tap shallow groundwater. 

Sedimentary Rocks: Rocks formed from consolidation of loose sediments such as 
clay, silt, sand, and gravel. 

Sanitary Surface Seals: A grouted annular space around the well casing which 
usually extends from the land surface to several metres deep. The sanitary well seal 
functions to prevent any contaminated surface and near surface water from seeping down 
the side of the well to the aquifer. 

Sandstone: A sedimentary rock composed of mostly sand sized particles. 
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Shale: A fine-grained sedimentary rock, formed by the consolidation of clay, silt, or 
mud. It is characterized by finely laminated structure and is sufficiently indurated so that 
it will not fall apart on wetting. 

Soil Fumigant: A pesticide used to control pests in the soil. When added to the soil, it 
takes the form of a gas or vapour. Since it can evaporate quickly, it is often used with 
some kind of cover, Le., a tarpaulin which traps the gas in the soil until the pest is 
controlled. 

Sole Source Aquifer: the only source of groundwater supply in an area. 

Specific Capacity: The rate of discharge of water from a pumping well per unit of 
drawdown, commonly expressed in litres per second per metre of drawdown or gallons 
per minute per foot of drawdown. Specific capacity varies with duration of discharge. 

Specific Conductivity: The measure of the ability of water to conduct electrical 
current related to the concentration of dissolved solids in a water sample. A rapid 
determination of TDS of a water sample can be made by measuring the electrical 
conductance, Specific conductance is expressed as microsiemens per centimetre. 

Static Water Level: The unpumped level of water in the well or in the aquifer. 

Storage Coefficient: Volume of water stored or released from a column of aquifer 
with unit cross section under unit change in head. 

Surficial Deposits: Deposits overlying bedrock and consisting of soil, silt, sand, 
gravel and other unconsolidated materials. 

Till: Predominantly unsorted and unstratified drift, generally unconsolidated, deposited 
directly by and underneath a glacier without subsequent reworking by meltwater, and 
consisting of a heterogenous mixture of clay, silt, sand, gravel and boulders ranging 
widely in size and shape. 

Topography: The configuration of a surface including its relief and the position of its 
natural features. 

Total Dissolved Solids; TDS: A term that expresses the quantity of dissolved ions in 
water. TDS is expressed in milligrams per litre or parts per million. 

Transmissivity: The rate at which water is transmitted through a unit width of an 
aquifer under a unit hydraulic gradient. Transmissivity is expressed as metres squared 
per second, feet squared per day, or gallons per day per foot. 

Transpiration: The process by which water absorbed by plants, usually through the 
roots, is evaporated into the atmosphere from the plant surface. 

P. 6 Appendix 11 Glossary 

I 
I 
I 
8 
8 
1 
I 
I 
R 
I 
8 
I 
I 

I 
I 
I 
I 
1 

i 



Unconfined Aquifer: An aquifer where its upper boundary is defined by the water 
table. 

Unconsolidated Deposits: Deposits overlying bedrock and consisting of soil, silt, 
sand, gravel, clay and other material which have either been formed in place or have 
been transported in from elsewhere. 

Volatility: The degree to which a solid or liquid material evaporates (evolves a gas). 

Water Table: The top of the unconfined aquifer; water level where the pressure is equal 
to that of the atmosphere; water level in a shallow well. 

Well Capacity or Well Yield: The flow of water discharged from a well in gallons per 
minute or Litres/second. 

Well Seals: Cover for the top of the well. 

Well Screen: A wire-wound filtering device that allows water but not sediments from 
entering the well. 

Wellhead Protection: Protection of the recharge (or capture zone) area of a pumping 
well. 
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