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Executive Summary

Two docuented methods of aquifer vulnerability mapping, AVI and DRASTIC, were evaluated as to their
suitability for use in unconsolidated, glaciated, shallow aquifer terrains in southern British Columbia, Both
methods were applied, at a 1:20,000 mapping scale, in a pilot project area 50 km southeast of the city of
Vancouver. The study area is 85 km? in size and is underlain by two adjacent unconsolidated aquifers.
Both aquifers comprise glaciofluvial sand and gravel, The Abbotsford-Sumas aquifer is an unconfined
aquifer with the water table ranging from 0 to 40 m below the land surface. The Aldergrove aquifer is
confined mainly by glaciomarine stony clays and tills up to 30 m thick,

Results of applying the two vulnerability mapping methods show the area above the unconfined
Abbotsford-Sumas aquifer is highly valnerable to contamination while the vulnerability of the area above
the confined Aldergrove aquifer is very low. Areas of high and low vulnerability correspond with arcas
undetlain by glaciofluvial sand and gravel, and glaciomarine stony clay and till, respectively,

AVl and DRASTIC vulnerability areas were compared to water quality data to see how the two methods
correspond with reported nitrate concentrations in the aquifers, In the study area, elovated Nitrate «
Nitrogen (NO; -N) occurrences reflect non-point source water quality degradation from human activitics.
As oxpected, arcas of water quality degradation coincided with higher vulnerability areas. Low NO;-N
concentrations were associated with low vulnerability areas and the low NO; =N concentrations
reported in high vulnerability areas reflect the absence of any NO; -N contamination source and
water quality degradation at these locations, :

Both AVI and DRASTIC appear suitable for application in shallow, unconsolidated, glaciated aquifer
terrains where there is sufficient coverage of well record data. Where sufficient well record data are
available, the AVI method, in conjuntction with available surficial geology information to assist in defining
vulnerability boundaries, is recommended. Ease of use, data availability and more objective vulnerability
values were the main reasons the AVI methed is preferred over DRASTIC,
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Evaluating Methods of Aquifer Vulnerability Mapping
for the Prevention of Groundwater Contamination in British Columbia

1 Introduction

British Colunibia has an abundance of good quality groundwater (B.C. Environment, 1994; B.C.
Environment, 1993). A significant portion of the Province's groundwater supply comes from
shallow, unconfined aquifers which receive recharge directly from infiltration of precipitation or
from surface water bodies such as rivers and lakes. These unconfined aquifers are prone to
impacts from human activities that have resulted in incidences of water quality degradation
(Carmichael et al., 1995; Wei et al., 1993; Liebscher et al., 1992; Kwong, 1986).

One cost—effective approach to protecting water quality is to map the vulnerability of aquifers to
assist in planning development and guiding human activities to minimize water quality impacts. In
a recent report Sacre and Patrick (1994) cited vulnerability mapping as the “most suited to the
protection of groundwater on a regional scale such as the Fraser Basin where numerous wells,
rather than a single wellfield, are present”, Piteau Associates and Turner Groundwater
Consultants (1993), in their report on groundwater assessment for British Columbia, also
recommend vulnerability mapping as an initial phase in a two-phase groundwater assessment
program,

Aquifer vulnerability is defined here as the intrinsic susceptibility of an aquifer to contamination
solely as a function of the physical characteristics of the aquifer itself and the overlying soil and
geological sediments (Vrba and Zaporozee, 1994); The type and intensity of human activities
above an aquifer are not criteria in determining aquifer vulnerability but rather in the overall
assessment of an aquifer’s actual risk to contamination,

Two aquifer vulnerability mapping methods were evaluated for use in British Columbia: AVI
(Aquifer Vulnerability Index), developed by the Prairie Provinces Water Board (Van Stempvoort
et al., 1992), and DRASTIC, developed by ‘US Environmental Protection Agency (Aller et al,,
1987). This report presents the results of applying and evaluating AVI and DRASTICto s
shallow unconsolidated, glaciated aquifer terrain in southwestern British Columbia,

1.1 AVl

In the AVI method, an aquifer’s vulnerability is quantified by the hydraulic resistance (¢} to the
vertical flow of water through the geologic sediments lying above the top of the aquifer. The
hydraulic resistance is calculated (Equation 1) from two variables: the thickness (d) of each
sediment layer above the top of the uppermost aquifer and the hydraulic conductivity (K} of each
of the layers,

c= Xdi/K;, forlayers 1 to i (1)

Evaluating Metheds of Aquifer Vu!nerabi!if); mapping in British Columbia
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Hydraulic resistance (c) has the dimension of time (e.g. years) and indicates the approximate flux—
time per unit head gradient for water traveling downward through the various sediment layers to
the top of the uppermost aquifer. The lower the hydraulic resistance (c), the greater the
vulnerability. The vulnerability map is constructed by calculating the logarithm of the hydraulic
resistance (log c) for each well location and contouring these values, The resultant contour map
identifies areas of varying resistance that is grouped into vulnerabifity categories (Table 1),

Hydraulic Resistance ‘¢’ Log ‘¢’ Vulnerability Category
<10years ’ <1 extremely high vulnerability
10 ~ 100 vears 1-2 high vulnerability
100 - 1000 years 2-3 moderate vulnerability
1000 - 10,000 years 3-4 low vultierability
> 10,000 years >4 extremely low vulnerability

Table 1. AVI vulnerability categories.

AVI defines an aquifer as any water—bearing zone of > 0.6 m thickness with at least one well
tapping it. AVI considers all aquifers to be of equal value, ignoting water quality and water use
of aquifers. The contouring aspect of AVI implies a gradation of vulnerability which, in reality,
may not exist as geological conditions can change abruptly across contact boundaries.

1.2 DRASTIC

DRASTIC identifies and maps vulnerability arcas that are composite representations oft the
Depth to water table or top of aquifer, net aquifer Recharge, Aquifer media, Soil media,
Topography, Impact of the vadose zone and the hydrautic Conductivity of the aquifer, Each
vulnerability area, depicted by a polygon, represents similar hydrogeological conditions, and
consequently, similar vulherability. DRASTIC incorporates a relative ranking scheme that uses a
combination of weights and ratings to produce a numerical value called the DRASTIC Index
(Equation 2).

DaDs + RgRy + AgAg -+ 8gS; + TrTy + Ixls + CrCs = DRASTIC Index (polfution potential)  (2)

E.g. Dg Ds where Dy = the DRASTIC rating for Depth to water table; and Ds = the weight assigned
to the Depth to water table (each DRASTIC factor has an assigned weight)

Hydrogeologic settings combine with DRASTIC indexes to oreate polygon areas graphicaily on a
map. The higher the DRASTIC index score, the greater the vulnerability, Although DRASTIC is
physically based, the final DRASTIC index, unlike the AV1, has no physical meaning, but rather,
is a numerical ranking value, Adjacent vulnerability areas are not related but only serve as a
means of comparison. Vulnerability polygon areas in DRASTIC can depict discreet breaks along
geological or topographical boundaties,

Evaluating Methods of Aguifer Vuinerability Mapping in British Columbia
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1.3 Assumptions

AVI and DRASTIC have common assumptions which include: potential contaminant source is at
" or near the land surface, the contaminant has the same behaviour as water, recharge to the aquifer
is from infiltration of precipitation, and flow in the vadose (and saturated) zone above the aquifer
is vertically downward, The assumption that the contaminant has the same behaviour as water is
justifiable because AVI and DRASTIC are designed to be used as a screening tool. Assessment
of aquifer vulnerability, for specific contaminants, would be more appropriately done at specific
sites using other contaminant transport models. For a more comprehensive description of AVI
and DRASTIC, refer to Van Stempvoort et al. (1992) and Aller et al. (1987), respectively,

2 Study Area

The study area is situated in the Lower Fraser River Valley, S0 km southeast of Vancouver,
British Columbia (Figure 1) and covers 85 km?, The area was selected for the following reasons:

s it is underlain by two regional sand and gravel aquifers, one confined (the Aldergrove aquifcr),
focated at the west and north portion of the study area, and the other unconfined (the Abbotsford-
Sumas aquifer), located at the south and southeast portion of the study area, to provide
vuliierability contrast,

+  the hydrogeology of both aquifers has been reasonably well described (Kreye and Wei, 1994;
Licbscher et al., 1992; Dakin and Tiplady, 1991; Kobut, 1987; Halstead, 1986),

o there are adequate geologic, soil, and topographic mapping and well record information to apply

both methods, .

o therc are water chemistty data available to compare vulnerability mapping results to actual water
quality, and '

¢ the unconsolidated hydrogeologic setting is representative of similar glaclated terrains of the
Province. -
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Figure 1. Map of the study area,
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The hydrogeology of the Abbotsford-Sumas aquifer and Aldergrove aquifer has been described
by Kreye and Wel (1994), Liebscher et al. (1992), Dakin and Tiplady (1991), Kohut (1987), and
Halstead (1986). Both aquifers comprise predominantly glaciofluvial sand and gravel associated
with the last glacial period. The Abbotsford—Sumas aquifer is unconfined, with the water table
ranging from 0 — 40 m below the land surface. The Aldergrove aquifer is confined by up to 30 m
of likely fow permeability glaciomarine stony clay and till.

Locally perched water—bearing zones oceur in the confining layer above the Aldergrove aquifer,
Recharge to both aquifers and the perched water-bearing zones are believed to be from
infiltration of precipitation (Dakin and Tiplady, 1991; Kohut, 1987), Kreye and Wei (1994) have
subjectively classified the entire Abbotsford-Sumas aquifer as highly vulnerable and the
Aldergrove aquifer as having low vulnerability to contamination from surface sources.

Both aquifers supply groundwater for domestic, municipal, irrigation, industrial, and commercial
uses. Six hundred of the 990 welt records available from the Provincial water well database for
the study area have the requisite information (well location, water level, lithology and well
construction) necessary for mapping vulnerability using either the AVI or DRASTIC
methodologies. The remaining wells were wells with no information on lithology and/or water
levels and were not used, :

3 Methodology

In this study, the AVI and DRASTIC methodologies were generally followed. The UTM
coordinates of water wells were digitized from well locations plotted on 1:5000 and 1:2000 scale
maps. In our study with the AVI method, saturated hydraulic conductivity values (K) were
assigned to lithologic descriptions in the well records (Table 2). These values generally followed
those K-values used by Van Stempvoort et al. (1992) which are based on typical values found in
Freeze and Cherry (1979). The use of saturated hydraulic conductivity for unsaturated sediments
was considered a reasonable first approximation and should give more conservative hydraulic
resistatice values (i.e. higher vulnerability). The thickness of individual sedimentary layers was
taken directly from the fithologic descriptions reported in the water well records. The AVI
vulnerability map was constructed by contouring the logarithm of the hydraulic resistance values
(log ¢) using the SURFER contouring package (Golden Software, 1994).

With DRASTIC, ratings and fotal DRASTIC index scores were assigned for each well location,
The depth to the top of the uppermost water bearing zone or aquifer was determined directly
from water well records. Average net recharge for the Abbotsford-Sumas (unconfined) aquifer
was obtained from existing studies (B.C. Environment, 1994; Kohut, 1987; Callan, 1971),
Recharge for the Aldergrove (confined) aquifer was available from Dakin and Tiplady (1991).
Ratings for aquifer media and aquifer hydrautic conductivity were assigned based on lithology
from well records. Ratings for soil media and topographic slope for each well location were
determined from 1:25,000 scale soil mapping (Luttmerding, 1981) and 1:5000 and 1:2000 scale
topographic mapping, respectively, : ‘

Evaivating Methods of Aquifer Vuluerability Mapping in British Columbia
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Table 2. Hydraulic conductivity Hydraulic Conductivity * (K)
‘K’ estimates for various Estimates for Various Sediments
- sediments.

Sediment Type ** (K) metres/day
gravel 1.00E+03
sand . LOOE+01

silty sand 1,00E400
silt . 1,00E-01
sandy gravely till 1,00E-04
clayey till 1.00E-05
clay 1.00E-06
* Saturated hydrautic conductivity values, ** In reality,
cach of these sediment types has a range of values over
several orders of magnitude; the values here are
considered to be representative values.

Equivalent saturated vertical hydraulic conductivity for each well was calculated by dividing the
total depth to top of uppermost aquifer by the sum of the hydraulic resistance of the individual
sediment layers. The assigned rating for the impact of the vadose zone was determined from
linking the equivalent vertical hydraulic conductivity to the equivalent lithologic descriptions

~ (Table 2) at each well location, To incorporate geologic and geomorphic boundaries, surficial
geology (Armstrong, 1976), soils (Luttmerding, 1981) and topographic maps were used to guide
delineation of the polygon boundaries for the individual DRASTIC factors and for the total
DRASTIC index score.

4 Results and Discussion

Preliminary AVI and DRASTIC maps generated for the study area are shown in Figures 2 and 3,
respectively, For comparison, the surficial geology of the study area (adapted from Armstrong,
1976) is shown in Figure 4.

4.1 AVI

Vulnerability in the study area ranges from extremely low to extremely high (Figure 2). High
vulnerability areas occur predominately in the southeast portion of the study area above the
unconfined Abbotsford—Sumas aquifer and as isolated zones in the western portion of the study
area, The majority of the arca designated extremely high vulnerability actually has an estimated
hydraulic resistance of less than 0.1 year. Low vulnerability areas are found in the west and
northern portions of the study area above the Aldergrove aquifer. Narrow areas of moderate
vulnerability separating high and low vulnerability areas may be an artifact of the contouring
rather than the existence of actual moderately vulnerable areas. The areal extent of the moderate
vulnerability areas along a surficial geologic boundary may be governed by well density which
affects the contouring.

Evatuating Methods of Aquifer Vulrerability Mapping in British Columbia
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The high and extremely high vulnerability areas correlate (compare Figures 2 and 4) with the
uppermost, glaciofluvial recessional sand and gravel deposits while low vulnerability areas
correspond with the areas underlain by glaciomarine stony clay and minor till. The close
resemblance of the boundary of the high vulnerability area to the boundary of the glaciofluvial
recessional sand and gravel deposits is due to 2 factors:

¢ the unconfined sand and gravel deposits directly underlie the fand surface and

o the high well density (7 wells/km®) atlowed high resolution in the contouring,

Perched water-bearing zones and low permeability lenses significantly affected the AVI
vulnerability rating. The high well density and the two AVI variables (K and d) also allowed local
perched water-bearing zones within the low vulnerability glactomarine stony clay and till in the
study area to be delineated. Presence of shallow perched water-bearing zones in the confining
stony clay and iill layer near the UTM 541000 east; 5434000 north coordinate area, for example,
decreases the total thickness of the sedimentary layers above the uppermost aquifer (d) in
equation (1) which decreases the hydraulic resistance. However, the resulfing c-value is a
measure of the resistance to the perched water-bearing zone and not the deeper confined
Aldergrove aquifer. ‘ '

The presence of thin low permeability till and clay lenses in the recessional glaciofluvial sand and
gravel above the unconfined Abbotsford-Sumas Aquifer can decrease the aquifer vulnerability
locally because the low permeability layer is dominant in calculating the resistance, This
phenomenon, for example is apparent near the UTM 545250 east; 5430500 north coordinate area.

4.2 DRASTIC

Within the study area, there are 7 classes of vulnerability, each defining a (20-point) range of
DRASTIC indexes, from <100 for the least vulnerable to 200-219 for the most vulnerable
(Figure 3). Ranges of higher DRASTIC indexes (160-200+) are mostly found in the southeast
above the Abbotsford-Sumas aquifer and in pockets in the mid-west portions of the study area.
Ranges of lower DRASTIC indexes (<100-139) are found in the west and north half portions of
the study area above the Aldergrove aquifer.

The DRASTIC map also appears physically consistent with the surficial geology map (compare

Figures 3 and 4); the areas covered by the higher DRASTIC index ranges correspond with the

recessional glaciofluvial sand and gravel deposits and areas of lower DRASTIC index ranges

cotrespond with the areas underlain by the glaciomarine stony clay and till confining layer, Where -
possible, DRASTIC polygon boundaries are aligned with soil and surficial geology boundaries

~ (compare Figures 3 and 4). Unlike AVI which has a sequential progression between high and low

vulnerability areas, DRASTIC high and low vulnerability polygon areas may share the same

border,

Evaluvating Methods of Aquifer Vulnerability Mapping tn British Columibia
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Figure 3. DRASTIC aquifer vulnerability map showing seven DRASTIC index ‘
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4.3 Comparing AVI and DRASTIC

AVI and DRASTIC vulnerability areas follow the same regional pattern which is consistent with
the surficial geology. This suggests that, in the study area, and possibly in other areas of similar
hydrogeology, the surficial geology is & main controlling factor in aquifer vulnerability. The
results from both methods are also consistent with the subjective classifications of vulnerability
designated for both aquifers by Kreye and Wei (1994). Areas delineated extremely high and
extremely low vulnerability by the AVI method compare favourably with the delineated areas of
high and low DRASTIC indexes respectively. In part, this similarity is due to the fact that, the
two factors included in the AVI approach are essentially the two DRASTIC factors wzth the
greatest weights (i.e, Depth to water table and Impact of the vadose zone)

Locally, AVI and DRASTIC vulnerability areas, were not readily comparable. Local differences
included: low permeability lenses and perched water bearing zones were not evident in the
DRASTIC map (the result of lumping the 7 factors) and boundaries between vulnerability areas
varied considerably (because the boundaries were delineated by différent methods). The AVI
hydraulic resistance was plotted against total DRASTIC indexes for each well to mvesngate any
obvmus relationships (Figure 5) '

<— Incraeasing AV} Vulnerability

!
|

220 —
200 —

180 —

Extrerredy Low Viadnesohility
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140 —

120 —

Tetal DRASTIC Index
DRASTIC Vulnerability —

100 —

80 —

rereasing

I

60 —

40 A A A L T I O
-8 -8 -4 -2 0 2 4 6 8
AVI {in log years)

Figure 5. AVI versus total DRASTIC index.
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Generally, AVI and DRASTIC appear consistent; the lower the hydraulic resistance, the higher
the DRASTIC index score (and the greater the vulnerability). However, for a given AVI
vulnerability category, up to 7 DRASTIC ranges are covered. Similarly, a given DRASTIC
range (20 points) can span all five AVI vulnerability categories. There are very few data points in
the low, moderate or high vulnerable AVI zones (log ¢ of 3-4, 2-3 and 1-2 respectively). This
probably reflects the geology rather than the sensitivity of the AVI methodology. In the study
area, the aquifers tend to be either extremely vulnerable to contamination or they are not,

The AVI method is more objective, while the DRASTIC method appears better able to take into
account discreet geologic boundaries. The AVI is directly based on physical property — the
hydraulic resistance ~ while the DRASTIC index is a composite of a number of physical factors
and is subjected to greater Interpretation. More information and preparation time was required
for DRASTIC than for AVI. Table 3 summarizes the advantages and difficulties encountered
when the AVI and DRASTIC methodologies were applied.

AVI

Advantages

Objective - consistent reproducibility of results _
Phystcaily based directly on physical properties of overlying sediments
Relatively casy to apply : : _
Requires only well log information (well locations, water level, lithology and well construction) which are readily available
from the Provincial water well database
+ Ts sonsitive fo perched water bearing zones in fow permeability areas and low permeability lenses in high
permeabilily arcas
Ability to provide finer intervals of hydrauiic resistance (¢)
o+ . {3 scale independent

Difficultics

o Doss not consider hydrogeologic seitings like DRASTIC does
¢ May indicatc a sequential progression between high and low vulnerability areas which may not exist
o Does not consider the effect of the soil layer on contaminant transport

DRASTIC

Advantages

¢ Maps hydrogeologic seftings, that is, a specific area with common hydrogeologic characteristics

o Will identify where high and low wuinerability areas may share the same border

o Where insufficient well record datn are available, there is usnally some information available to estimate nominal
differences in virlnerability between areas

I Ditficultics

¢ Subjective - results can vary when different people delineate polygon boundaries.

¢ Based directly on physical properties but weighting of each DRASTIC factor based on Delphi method rather than physical
theery

Cumbersome to apply (¢.g. mapping scales between the 7 variable data sources are ofin different)

Information on the 7 DRASTIC factors are not always readily available

Overlap or redundancy between factors (e.g. soil media is a subset of the vadose zone)

Does not consider travel time of contaninant

Local low permeability lenses and perched water bearing zones were kot readily evident

e @ @ ¢ O

Table 3. A summary of the advantages and difficulties encountered when the AVI and
DRASTIC methodologies were applied.
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4.4 Comparing AVI and DRASTIC to Actual Watet_" Quality Degradation

AVI and DRASTIC vulnerability areas were compared to actual water quality data to see how the
two methods correspond with nitrate concentrations from recent sampling (Carmichael et al,
1995). In the study area, elevated Nitrate-Nitrogen (NO; -N) occurrence reflects non-point
source water quality degradation from human activities. It would be expected that areas of water
quality degradation would coincide with higher vulnerability areas (Figure 6). As was expected,
high NO; -N concentrations were associated with high vulnerability areas and low NO; -N
concentrations were associated with low vulnerability areas. The low NO;-N concentrations
reported in high vulnerability areas reflect the absence of NO; -N contammaﬁon and water quality
degradation at these locations.

Wells 249 and 244 (well numbers in Carmichacl et al., 1995) appear to be anomalous (see Figure
6a). Well 249 would be expected to have a lower AVI because of the elevated NO; N, The
reported lithology for this well log indicates some likely low permeability sediments which are not
found at adjacent well sites. The likely low-K sediments resulted in a higher AVI for well 249,
However, the low-K sediments do not appear to extend much beyond the well site and the
elevated NO3 -N measured in well 249 reflects water quality degradation in the up-gradient area
which is highly vulnérable. Well 244 is similar to well 249 in that the lithology indicates some low
permeability sediments at tho well site but is underlain and surrounded by much higher
permeability sediments. Well 106 is an example of a well sited in an extremely high vulnerability
area with NO; -N concentrations very low because the well, located in the Aldergrove Lake
Regional Park, is not subject to adverse human activities, :

8a ' : . ab
% %/ A Welszle
94— A Well i1 249 g — A
22— 22 ]
20 —] .
O 18— %
2 o A A £
E_ Wt A g A §
12 ]
Z 1
] 10 pu—
(4]
8 ] g
& 04y wans a4 e
J g .
4 ] Z 4
2 e 2 —| .
Woilf 108 Wall #106
o . o $ é -
AT T T T T %l ﬁfr ﬁ
Ftrrrrrt | T 7T
B 4 a2 o 2 4 8 100 120 140 180 180 200 220
AV {in log yearsy Total DRASTIC Index

Figure 6. Comparison of AVI and total DRASTIC index to nitrate-nitrogen concentrations.
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Figure 6b shows a similar trend of increasing NO; -N concentrations with increasing DRASTIC
aquifer vulnerability, There appears to be less clustering than that found in the AVI graph (Figure
6a) indicating the smoothing effect of combining the 7 factors used in the DRASTIC
methodology.

In their study of non-point source nitrate contamination of groundwater in Grand Forks, British
Columbia, Wei et. al. (1993) found that the ratios of total alkalinity/Total Dissolved Solids
(alkalinity/TDS) and Chloride/NO; -N (CVNO; -N) are related to NO;-N occurrence. These
ratios may serve as indicators of water quality degradation by nitrate. Ratio of alkalinity/TDS and
NO; -N/Cl were plotted against NO; -N (Figure 7). Figures 7a and 7d show that the total
alkalinity/TD$ and NO; -N/Cl indicators follow the same general frend with what Wei et al (1993)
found in Grand Forks. Figure 7a shows that generally, as the NO; -N concentrations increase the
allalinity/TDS ratio decreases because nitrification results in an increase of H' concentration and
subsequent decrease in HHCOy™ concentration. Accordingly, in Figures 7b and 7c as the '
vulnerability increases the alkalinity/TDS ratio generally decreases. The NO;-N/Cl ratio for wells
with background concentrations of NO; -N (< 0.1 mg/L NO; -N) are generally <0.1. Low NO;-
N/Cl ratios at low NO; -N concentrations may be due to the difference in background
concentrations of CI' (1-2 mg/L) and NO; -N (<0.1 mg/L). As similar amounts of CI" and NO;-N
from anthropogenic sources are leached into the aquifer, the NO; -N/Cl ratio (Figure 7d)
increases. The NO; -N/Cl ratio tends to increase as the vulnerability increases (Figures 7¢ and 71).
The shaded area of Figures 7e and 7f is interpreted to be a measure of the impact of hitrogen
contamination for a given vulnerability. The outer border of the shaded area delineates the
probable uppermost NO; -N/Cl ratio expected for a given vulnerability in the study area. Points
(e.g. 249 and 244) found above this line could be considered outliers.

4.5 Additional Work Required

Although both AVI and DRASTIC appear suitable for use in shallow, unconsolidated, glaciated
aquifer terrains in British Columbia, further work needs to be done. As aquifers are a natural
management unit, vulnerability mapping may need to be applied specifically to individual aquifers.
Vulnerability mapping should be extended to cover the entire Abbotsford-Sumas aquifer, This
should include mapping the Abbotsford-Sumas aquifer south of the Canada/USA border. In the
AVI methodology, surficial geology boundaries or aquifer boundaries should be used to assist in
delineation of vulnerability arcas instead of solely relying on boundaries delineated by contouring.

Measured K—values, required for the DRASTIC method, are almost never available from the
Provincial water well database because aquifer productivity is usually measured in terms of
transmissivity or Inferred from specific capacity from pumping tests, The potential for use of
transmissivity and/or specific capacity, instead of aquifer hydraulic conduetivity, should be
investigated for DRASTIC.

Since hydraulic conductivity values are not normally available, assigning K-values to well
lithologic descriptions for calculating the hydraulic resistance or AVIinvolves a level of
uncertainity, The potential exists for adopting a probabilistic component to the current AVI
method to quantify the uncertainty of the vulnerability index.

Bvaluating Metheds of A(jﬂ:‘fﬂ‘ Vitlnerabifity Mapping in British Columbia
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Fraser River Action Plan: Aquifer Vulnerability i5

The suitability of applying AVI and DRASTIC to fractured bedrock terrains and areas of limited
data needs to be evaluated. An area with a variety of rock types, varied overburden and sufficient
data needs to be tested. In conjunction with hydraulic conductivity as an important factor
governing flow and transport in bedrock aquifers in British Columbia, the need to consider
fracture porosity in vulnerability mapping, may be appropriate, for both site specific and regional,
in bedrock terrrains. '

4.6 Uses of Aquifer Vulnerability Maps -

Aquifer vulnerability maps are valuable derivative maps that should reveal, relatively easily, the
vulnerability of groundwater for a given location. They need to be scientifically robust, yet the
methodology to construct them, simple enough to be cost-effective. The vulnerability maps, one
of the many tools to be used in environmental management, should be used only to the limits of
their accuracy. For example, the vulnerability areas within a mapsheet should be compared ona
relative rather than an absolute sense because some of the variables for calculating the
vulnerability index were estimated (eg. hydraulic conductivity). Although the AVI methodology
is conceptually scale independent, the variable distribution of data points and the use of
contouring to delineate vulnerability areas mean that use of AVI maps alone for making site-
specific decisions on groundwater protection is insufficient. The main value of vulnerability maps
is their use as a screening tool for the management and protection of groundwater which includes:
guiding land use activities and land use planning, growth management and identifying areas that
need protection, Vulnerability maps are also valuable as an educational tool to inform the public
and policy makers about the vulnerability of the groundwater resource in specific areas and the
need to minimize human impacts in these areas. In British Columbia, aquifer vulnerability
mapping would be of benefit to Protected Areas Strategies, Ground Water Management Areas
(pending), regional and municipal planning and for local health units in their mandate to protect

- public drinking water supplies, :

5 Conclusions

This study reviewed two methods of aquifer vulnerability mapping: AVI (Van Stempvoort et al,
1992), and DRASTIC (Aller et al, 1987). There were merits and drawbacks for both
methodologies (Table 3). The stiongest merits in favour of the AVI method were its ease of use
~ and objectivity. DRASTIC was better able to delineate a boundary between two different

hydrogeologic environments and may be more valuable where there was a paucity of well
lithology and aquifer data. Where sufficient well log data are available in unconsolidated,
glaciated aquifer terrains in British Columbia, the AVI method, in conjunction with the more
readily available surficial geology and aquifer boundaries for fine tuning vulnerability boundaries,
is recommended. To successfully apply any vulnerability mapping method, it is imperative to
have: good, accurate, large scale surficial geological mapping; maps showing delineated aquifer
boundaries; and, the most current, and widest possible coverage of accurately located water wells
with accompanying lithologic and water level information, The applied use of this information in
the development of derivative produsts, such as aquifer vulnerability maps, will help insure a
sustained and healthy groundwater resource in British Columbia.

Evaluating Methods of Aquifer Vuluerability Mapping in British Colunbia '
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Appendix 1V, Summary of Aquifer Vulnerability Mapping Methods
Jurisdictions

in Select

Benglsson ahd . qCaIculate {using a probabﬂisﬁc -

Advanlageéz o

Rosen {1885) approach} and map (on separate ¢ probabilistic approach .
maps) the retentfon fimes In the + retentlon lme Is a physical parameter
unsalurated (l=d*6/R) and salurated + considers fraclured bedrock aquifers-
fi=L"n*¥K} zonss. The shotter the + objeclive
retention time (1), the higher the Disadvanlages:
vufnerabliity, ' ¢ soma requlred dala {eg.. hydraulic gradient {1},
hydraufic conductlvity (K}, effective porosily {n),
recharge (R}, and fleld capaclly (6) not readily avaliable
and oflen are sstimaled
Aquifer Subjectively categorize aquifer Advantages:
Classificailon vulnerabilily based on a preliminary * required data avaliable from water well records
Systern for BC assessment of depih to waler lable, ¢ considers fractured bedrock aqu}fers
{Kreye and Wel, permeabllity of aquifer, degres of Disadvantages:
1994} conflnement, and fracturs porosily, * vulnerabllity calegorized for aquifer as a whole, does
Vulnerabllity Is categorized as: high, nol reflect variabifity within the aquifer
modsrate, and low. + subjeclive
+ developed for 4 specific area and need to be evaluated
for applicabillly to other geologic terrains
Aguifer Caleulate the hydraulic resistence Advantagas:
Vulnarabllity {o=3{d/K) above lhe aquifer, from * based on aciual well records
index (AVY) (Van | well records, and delingate areas of + hydraulic resistence is a physical parameter
Stempvoort et equal reslstence, Vulnerabllity is + objecilve, easy lo apply, and results are reproducible
al, 1893) indlcated by the hydraulic resistence Disadvaritages:
{c); the lower the resistence, the ¢ hydravlic conductivity values (K) needed to calcutate
higher the vulnerablilly, hydraulle resislence not readlly avallable and often are
estimated
Adams and Categorlze vulnerabllity based on Advantages;
Foster {1932) permeabliily of aquifer {high, *+ easy to apply

varlable, and low) and depth to
aquifer (<6m and >5m). The possible
combinations of permeability and
depth to aquller resulis in 3 main
categorles of vulnerabllity: A (high),

+ conslders vulnerability of fractured bedrock
Disadvaniages:

+ permeabillily ranges nol quantitatively defined

* developed for a speclile area and need lo be evaluated
for applicablfily lo other geocloglc terralns

B (moderate), and G {fow).
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Appendix IV. Summary of Aquifer Vulnerability Mapping Methods In Select
Jurisdictions (cont:nued)

E e
Mapplng aroas
vulnerabls to
groundwater
contamination
by pesticides
{McRas, 1861)

‘-3 ‘;;ﬁu

= g
Map areas vutnerable o leaching of

pesticldes using the following 4

- physleal crterlar soll lexture,

topographic siope, depth to water -
table, and surface landform
expressfon. Polygons for each
criterla are constructed, overlayad,

" and compared against areas of

aclual groundwaler contamination to
oulline vulnerable areas. Vulnerable
ateas are characletized by sandy or
sandy loam solls, 0-9% siope
gradient, and hummocky, level,
keliled, and undulaling terralns,

Advantages.

» vulnerabilily areas delineated based on knowledge of
aclual groundwatsr contamination

Disadvantages:

+ considers primarily solls and landforms only

+ developed for a specliic area and spacifically for
pesticides and nesd to be evalualed for applicablilty to
olher geologlo terraing and other conlaminanis

Regina Aquifers
Sensltivily
Mapping
{Roaper, 1590}

Vulnerabilily areas are defineated
based on the presence, lype, and
thickness of the overlying geologie
malerials {determined from exisling
geofoglc mapplng) above the aquiler,
Vulnerabllity categoriss are specifled
based on given thickness range for
clays, tills, and other unconsolidated
malerials.

Advanlages:

+ aasy o appply

Disadvantages:

+ devaloped for a speclilc area and noed to be evaluated
for applicabilily to other geologic lerralns

Contaminatlon
Vulnerability
Index (Lemme of
al, 1980)

" Caloulate the aquifer vulnerability

index at sach well site using an
emplrical equation that includes 3
physlcal paramelers: soll organic
mafter, soll profile thickness, and
sffective hydraulle conductivity of
the vadose zone above the aqulfer.
Construct the vulnerabliity map by
contouring the Index values,
Vulnerabliity Is Indicated by the Index
valus, VI, which rangss from 0-10;
the higher the index valus, the higher
the vulnerability,

Advanlages:!

+ there Is & corresponding vulnerability Index for surface
water to provide a basis of comparson betwsen surface
and groundwater

Disadvanlages: .

+ dala on salt organic matler and hydraullc conductivily

are not readily avallable and would need to be estimated
+ the units In the emplrical equation are not consistent

GOD
{Foster, 1987)

Caloulats aquiter poltution
vidnerabllily index {varles from 0 to
1) by multiplying Indlces for 3
physlcal factors: degres of aquifer
confinement (G-varies from 0-1},
aquifer material and degree of
fracturing andfor consolldation {Q-
varias from 0-1}, and depth to water
table {O-varies from O-1},
Vulnerabilily Is Indlcated by Index
value {GxOxDY}; the higher the Index,
the highsr the vuinerability.

Advanlages:

+ oasy {o apply

+ all required data available from water well records

+ conslders vulnerabllity of fractured bedrock aquifers
Disadvantages:

+ aquifer pallulion vulnerability Index Is physically
dimenslonless

* devalopad for a speclfic area and nesd to be evaluated
far applicability to olher geclogic terrains
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ppendix V. Summar
urisdictions (continued

y )of Aquifer Vulnerability Mapping Methods in Select

DRASTIC {Aller Deslgnate mappable unlts and Advanlages.

st al, 1966) calculate the pollution Index by + conslders a comprehensive suite of physioal factors
summing welghled point scores for 7 * method Is widely used In North Amerlea
factors: depth to aqulfer, recharge, + can be applied to evaluate vilnerabllity lo pesticides
aquifer medla, soll madla, ¢ appllcabls for all gaclogic terralns In North Amer{ca
topography, Impact of vadose 2one, Disadvaniages;
and aquifer hydraulle conduciivity ¢ the pollutlon Index Is physically dimensionless
Delineate areas with stmilar pollution + sublective
index and common hydrogeologle + Informatlon for soma of the factors such as recharge
characteristics, Vulnerabllity Is and hydraulle conductivily are not readliy avallable and
indlcaled by the poliution index; the ofien are estimated
higher the Index, the higher the
yulnerability,

Haertle {1983) Categorize vulnerabllity based on Advantages:
depth to waler table (01m, >1-6m, >6- | + takes Inlo account multl-layered gaolsgy
10m, and >10m) and psrmeabllity of + required dala avallable from well records
maletials overlylng the aquifer {low Disadvaniages;
parmeable, fine grain permeable, and « doos not conslder badrock
coarse graln permeable), The + doveloped for a specilie area and nead to be evaluated
possible combinations of depth ot for applicabilily 1o other geologic terralns
waler lable and permeability result In
3 categories of vulnerabllity: high,
madium, and low,

Vierhut! {1681) Catogorize vulnerabllily based on Advantages:
kind of aqulfer, malerials overlying s gasy o apply
the aguifer, and thickness of + required data avallable from waler well records
unsaturated zone. A flow char + considers fraciured bedrock
guldes assessment of vulnerablifly t6 | Disadvantages:
6 vulnerabillly categories: high, high- | + developed for a speclllc area and need 1o be evaluated
medium, medlum-low, low, and very for applicabllity to other gaolegic lefralng
fow,

Groundwater Examine lithology In the well records Adavniages:

Pollution to delineate 3 categorles of + based on aciual well records

Vulnerabllity vulnerabillity areas (high, moderale, s pasy to apply

Mapping for and low) . Contour the thickness of Disadvantages:

Cranbrook, BC geologic materlals above the aquifer * vulnerabliity areas delineated based on diiller's -

{Ls Breton, wihin each of these 3 categorlas of {ithotoglc descripllon In the well records which Is

1979) areas. Vulnerabllity Is indicated by subjective
the type of area and thickness of the « developed for a spacllic area and need {o be evaluated
overlylng geologle materlals. for applicability lo other gaologlc lerrains
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Background

British Columbin has my abundance of good qualily groundwater,
However, & major portion of the Pravinee's groundwaler supply comes
Trom shaltow, unconfined aquilers that ave prone to impacis from
human aetivities, Past unregolited human activities have already
rosulted o incidences of water quality degradation in seme arens,

A key to protecting water quality is to prevent further degrmdation,
This requires cansidering valnerability of the groundwater resostees
in plunning kand vse sctivitdes, As part of its mandaie to manage
proundwater quality, Water Management Program s evaluating
methods for mapping aquifer vulnerability.

Benefits of Aquifer Vulnerability Mapping

The benetils of aquiter volerabillty maps include:

o assisting reglonal govermments in planning development and
guiding loval Innd use netivities to minimize water quality impacts,

»  being used as nscreening wol for siting waste disposal uetivities,

o [dentilying sensiive arens that need protection,

¢ enhaneing nwareness aboul the vulnerabitity of the groundwater
resource, sxl

s avoiling expensive clean-up custs associnted with contaminated
aquiters,

FACT SHEET

Adguifer Vulnerability Mapping for the

Prevention of Groundwaier Contamination in British Columbia

Aquifer Vulnerabllity Mapping in-the Abbotsford Area

The Water Management Program has eveluated u numboer of
vulnerability mapping methods snd-is euvently applying the Aguifer
Vulrerability Tinlex method, developed by the National Hydrology
Researeh Institute, 1o the Abbatsford men, This work is belng done in
parinership with Havironment Cannda through Bading Trom the Green
Plast. To date, two-thirds of the Abbotsford-Sumas Aquifer have heen
mapped (see map below). Mapping is scheduled 10 be completed by
1996/97, subject to contiwed funding. The estimated cost for mapping
the entire aquiter is SAOK.

Future Directions: Vulnerabllity Mapping Appled to
Bedrocl Aquifers

Bedvock aquifers are an important somee of waler supply For many
individunls end communitis in the Province. To better manage water
quality in these aguifers, the application of valnerabllity mapping to
bedrock aquifers in the Province ulso needs to be evaluated.

Further information

Tor mare information on the aguifer vulnerability mapplng project.
plense contact M. Wel (604-356-5062), Groundwuter Section,
Hydrology Branch, -

Aguifer Vulnerability iIndex Map of the Aldergrove - Abbotsford Area
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