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Overview

Regional mapping of the intrinsic susceptibility of aquifers (commonly referred to as aquifer
vulnerability mapping) to surface contaminants provides a tool to supply decision makers and
water resource managers with quantifiable and visual representations of risk to aquifers. With
increased development pressure along the coast of Vancouver Island and of specific interest to
this study, the southern Gulf Islands, it has become increasingly important to quantify, analyze
and classify risk to aquifers as many residents use groundwater as a main source of drinking
water (Denny et al., 2007).

The DRASTIC methodology, originally developed by the US Environmental Protection Agency,
utilizes seven parameters of groundwater physical characteristics that impact groundwater
pollution potential. Making up the ‘DRASTIC’ acronym, these parameters include: Depth to
Water (D), Net Recharge (R), Aquifer Media (A), Soil Media (S), Topography (T), Impact of the
Vadose Zone (l) and Hydraulic Conductivity (C) of the aquifer. The DRASTIC method has been
applied to regional study areas in BC including areas of Vancouver Island and the southern Gulf
Islands where sufficient well data are available to meet parameter inputs.

A modification to the original DRASTIC methodology titled DRASTIC-Fm (Denny et al., 2007)
incorporates the structural characteristics of fractured bedrock aquifers as an additional
influencing parameter. This modified method was applied to a local study of the southern Gulf
Islands where structural bedrock is an important element to the hydrogeological characteristics
of the islands (Denny et al., 2007). This revision to the methodology produced an overall
possible range of intrinsic susceptibility values inconsistent with other DRASTIC studies;
DRASTIC employs a 23-230 range, and DRASTIC-Fm employs a 26-260 range.

In 2010 a DRASTIC study carried out on Vancouver Island created an area of DRASTIC evaluation
overlap with the results of the 2007 study on Gabriola Island. This project compares the results
of the two DRASTIC methods used for the study area and utilizes sensitivity analysis techniques
to identify the variation of input parameters between the two studies. Parameter evaluation
results are then used guide the incorporation of Fm characteristics into the C parameter to re-
generate a new intrinsic aquifer susceptibility map that has the same overall range as the rest
of the province that was assessed with the original DRASTIC methodology.

This document is formatted to represent the consecutive flow of the project phases. Part 1 of
this report outlines the methodology and results of comparing the differences in parameter
ratings between the two studies. Of particular interest, the study area for Part 1 of this project
is the area of overlap between the two studies occurring on Gabriola Island. Part 2 of this
report describes the techniques used to reweight the results of the DRASTIC-Fm study to
incorporate the Fm rated values into the C parameter rated values and the resulting updated
intrinsic susceptibility values for the southern Gulf Islands.



Acknowledgements

This project could not have been completed without the expert input and contribution from its
project partners; special thanks to Diana Allen (Simon Fraser University), Alan Gilchrist
(Vancouver Island University), Pamela Newton (Regional District of Nanaimo), Sylvia Barroso,
Pat Lapcevic, and Scott Allen (Ministry of Forests Lands and Natural Resource Operations).
Thank you to the Vancouver Island University Advanced Diploma in GIS Applications faculty
including Dave Cake and Brad Maguire for their support. A special thank you to the Ministry of
Forests, Lands and Natural Resource Operations, West Coast Regional Office staff for the
welcoming atmosphere, and to the Regional District of Nanaimo for their support.



Table of Contents

OVEBIVIBW ..ttt ettt ettt e et e e et e e s st e e s s et e e e as et e e s ms et e e e s b et e e s an e e e e s an s et e e s seeeesaanreeesaanreeesanreeesanrees i
ACKNOWIEUGEMENTS. ....eiiiiiieee ettt et e e s et e e s sttt e e s ebeeeessabeeeesaabeeeessseeeessstaeesssaeeessnseneessnne ii
TADIE OF CONETENES ....eeitieteeitee ettt sttt e b e e b e s bt e s bt e st e et e e b e e b e e sbeesbeesaeeenneenbeens iii
T o) B T ={ U LS iv
LIST OF TABIES ..ttt sttt et et e bt e b e she e s st e et e e bt e b e e bt e beesbeeenteenteenreen vi
R o) A o] o T=] g DY -] o 1T P PP vii
PART 1.0 Comparison of DRASTIC and DRASTIC-Fm methodologies for evaluation of intrinsic
susceptibility of coastal bedrock aQUITEIS.........uii i e e 1
00 A o o o Yo [W T o o OO OO O PO TP PPV UPPTUPRRUPONt 1
02 V=Y i g Yoo Fo] Fo =4V USSR 1
1.3 RESUIES ettt ettt ettt ettt e s bt e e bt e s abe e e bt e e sa b e e s bt e e s abe e e bt e e eabe e e beeesabeesbeeenreesbaeesabeenn 2
1.4 DiSCUSSION ....uutteeeiiteeee ettt e ettt e e ettt e e ettt e s ettt e e seabe e e e s eabaeeesaubeeeesaabaeeesaabaeeesaaseeeesaasaneessaneneesaneneessanen 20

PART 2.0 Incorporating Fm susceptibility parameter rating into C parameter for DRASTIC-Fm study ... 21

P20 A [ 0144 o Yo [ Tot i o o HA OO SO PSSP PRO PRSI 21
2.2 Combining and Reclassifying the Rated RaSters ........cccocuiiieeiiiiiicciee et 21
2.2.1 MAP RESUIS ..utiiiiiiiie ettt et e e e sttt e e e e bt e e e s bee e e s s beeeeesabeeeessbeeeassnseeeeesnseaeeeannes 23
2.2.2 Relation of C to Other DRASTIC Maps in the ProVinCe .......ccccoeeivciieiiccieie et 27

2.3 Calculating the Final Intrinsic Susceptibility RANGE.....ccccuviiiiiiiiiiciie e 28
2.3.1 MAP RESUIES . etiiii ettt ettt e e et e e e e et e e e e ebteeeeebteeeeebteeeeeabsseasastaeaeeseseasaseneananses 29

O o oY [=Tot A @] o T [V £ o o LY USSPt 31
A0 REFEIENCES. ..ttt h ettt ettt e b e s bt e s bt e sat e et e e be e ebeesheesat e e bt et e e bt e bt e ebeeeateeatean 33
RO o oYl o 1 G NSRRIt 34



List of Figures

Figure 1 - Classification values and color scheme for visual representation of original rated raster maps

(left) and the final difference maps (right) ranging from 1 (low) - 10 (high) .....ccceevveeeiiieccieee e, 2
Figure 2 - Graph comparing the difference in grid cell counts for D parameter rating values 1 through 10
between the VI and FM DRASTIC STUIES.......uiiiiiiiiie ittt ettt esite s ste e ssiee e siteesbeessabeesnteesnaneesnseeensns 4
Figure 3 - Map portraying original results of the DRASTIC-Fm rated raster for D......ccccccceevviveereniieeeeennneen. 4
Figure 4 - Map portraying original results of the VI DRASTIC rated raster for D......ccccocceeeivveerinsieeeeenneen, 5
Figure 5 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies final

[ 1A=Te I = T =T 53 {0 gl I T PRSPPI 5
Figure 6 - Graph comparing the difference in grid cell counts for R parameter rating values 1 through 10
between the VI and FM DRASTIC STUIES.......uiiciiiiieeiieerieeciee st sieeetee s ete e ssvee s seeesaeessaseesteeenseeesnseeennns 6
Figure 7 - Map portraying original results of the DRASTIC-Fm rated raster for R......ccccoccevvvvieeeniiveeeeeneen. 7
Figure 8 - Map portraying original results of the VI DRASTIC rated raster for R........ccccooeeeeieeeeecineeeeenneen. 7
Figure 9 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies final

[ 1A=Te I = E =T 53 o]l PSPPSR 8
Figure 10 - Graph comparing the difference in grid cell counts for A parameter rating values 1 through

10 between the VI and FM DRASTIC STUAIES......cccceiiiieeiiieeieeciee et ste e esteeesteesteeesveeesbeessaaeesseeesseessnseesn 9
Figure 11 - Map portraying original results of the DRASTIC-Fm rated raster for A.......ccccceevvveeeevicieeeeenneen. 9
Figure 12 - Map portraying original results of the VI DRASTIC rated raster for A........cccccoeeeveeeecceee e, 10
Figure 13 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies final

1 A=Te I = E T S o] A PSP 10
Figure 14 - Graph comparing the difference in grid cell counts for S parameter rating values 1 through 10
between the VI and FM DRASTIC STUAIES. ......uiicieeiieeiiie et see et e st e eiee s steesteeeseeeessbeeesnseessteeesaeesnseeenns 11
Figure 15 - Map portraying original results of the DRASTIC-Fm rated raster forS.......cccccoevvevivcvveeeecnneen. 12
Figure 16 - Map portraying original results of the VI DRASTIC rated raster forS ......ccocceeeeiieeeeccieeeccnneen. 12
Figure 17 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies final
FALEA FASTEIS TOI'S ..ttt ettt e s et sttt e sabe e sabee e sabeesabbessabeesabaeesabeesabaessaeesaneeanns 13
Figure 18 - Graph comparing the difference in grid cell counts for T parameter rating values 1 through 10
between the VI and FM DRASTIC STUAIES. ......uiiciieiieeiiie et eeeeeste e st e esiee s s teesteeesreeessbeeesnseessteessaeesnseesnns 14
Figure 19 - Map portraying original results of the DRASTIC-Fm rated raster for T......cccccceevveeevccieeeennnen. 14
Figure 20 - Map portraying original results of the VI DRASTIC rated raster for T .......ccocceeeevieeeecciieeeennen. 15
Figure 21 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies final
FALEA FASTEIS TOI T ottt ettt et e st e s bt e e sabe e sabeessabeesabae s bbeesabaeesabeesasaessneesseesnes 15

Figure 22 - Graph comparing the difference in grid cell counts for | parameter rating values 1 through 10

between the VI and FM DRASTIC STUAIES.......eiiuiiiriieiiiieiieerite ettt site st e st essiteesbeeesabeesbeesbaeesneesnes 16
Figure 23 - Map portraying original results of the DRASTIC-Fm rated raster for l.......ccccceeevveiivcceeeeennen. 17
Figure 24 - Map portraying original results of the VI DRASTIC rated raster for | .......cccoceeveiieeeeciieeeennen. 17
Figure 25 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies final

FALEA FASTEIS TOI | eniiiiiiiiiie ettt ettt et e sttt e st e e sbeeesabeesabae s bbeesabaeesabeesasaesasneesseeenes 18
Figure 26 - Map portraying original results of the DRASTIC-Fm rated raster for C.........cccoecovveeecceeeeennneen. 19



Figure 27 - Map portraying original results of the VI DRASTIC rated raster for C.......cccccvevvveeeivvcveeenennenn. 19
Figure 28 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies final

[ L=Te o [ =T 530 o] ol GO PSP STOTRUPPPPN 20
Figure 29 - Comparison of original Fm and C rated rasters and the 2 new reclassified C rasters with Fm

added and overlain, respectively, by their rated values plotted by percent of total cell coverage........... 23
Figure 30 - Original rated raster for C parameter, Gabriola Island...........cccccoviiiviiiieecie e, 24
Figure 31 - Original rated raster for Fm parameter, Gabriola Island.........ccccccviiviiiinniiee e, 24

Figure 32 - Reclassified C rated raster with Fm rated values added to existing C values, Gabriola Island 25
Figure 33 - Reclassified C rated raster with Fm rated values overlain on existing C values, Gabriola Island

.................................................................................................................................................................... 25
Figure 34 - Reclassified C rated raster with Fm rated values added to existing C values, southern Gulf

1 =T o PSP 26
Figure 35 - Reclassified C rated raster with Fm rated values overlain on existing C values, southern Gulf

1 = g T L3RS 27
Figure 36 - Original final Intrinsic Susceptibility ratings for DRASTIC-FM.....cccceeeviiieeiiiiee e 29
Figure 37 - Final Intrinsic Susceptibility ratings for reclassified C parameter with Fm values added ........ 30

Figure 38 - Final Intrinsic Susceptibility ratings for reclassified C parameter with Fm values overlain .....31
Figure 39 - Intrinsic Aquifer Vulnerability map for the southern Gulf Islands. Vulnerability classes
represented based on GeoBC iMap 'Intrinsic Aquifer Vulnerability' layer class values .........cccccceeeeeennnnee 32



List of Tables

Table 1 - Difference values by cell count of the calculated difference between VI DRASTIC and DRASTIC-
Fm rated raster results for each parameter and the percent of overall cells with a difference value of 5 or

F=d g=T ) (<] TRt 3
Table 2 - Displays Fm with C combined raster and resulting C raster reclassified with Fm values both

Added and Overlain. 0 values represent cells with no rated value, or no data........ccccceevciveeeeciieeeccineenn. 22
Table 3 - Final Intrinsic SUSCEPLIDIlity rESUILS....cccviiiieciee e et ae e e e 28

Vi



List of Appendix Tables

Table Al - Data sources and respective parameter derivation for the 2010 Vancouver Island study

(Newton and Gilchrist, 2010, P. 4) .eecueeeiieeeee et eceeeree e e e eeere e ste e e steeesteeesaeessteessaeessseesnseeensseesnseennns 34
Table A2 - DRASTIC-Fm D parameter rating table and data information (Allen, 2014) ........cccccccveeevveneee. 35
Table A3 - Vancouver Island DRASTIC study D parameter rating table........cccccoocviiiiiciie e, 35
(Liggett and Gilchrist, 2010, P. 26) .eecueieiieeiieeecieeesieeeieeeste e s eeeseeesteesteeesstessssseassseessaeessseessessnsseesnseennns 35
Table A4 - DRASTIC-Fm R parameter rating table and data information (Allen, 2014) ........cccccccvveeveeneee. 36
Table A5 - Vancouver Island DRASTIC study R parameter rating table .......ccccceeciieeeccieiicciee e, 36
(Liggett and Gilchrist, 2010, P. 28) .ecccueieiiieeiieeecieeecteeeiteeeste e s reeesteesteeasseeessteesssasassseessesessseesseessssessnseennns 36
Table A6 - DRASTIC-Fm A parameter rating table and data information (Allen, 2014) .......c.ccccccevveeeenneee. 37
Table A7 - Vancouver Island DRASTIC study A parameter rating table........ccccoecieeeeccieeecceee e, 38
(Liggett and Gilchrist, 2010, P. 31-32)uiiiiiiiiieeeiieecieeeiieeerteeeteeesteesteeesteeesabeeestaeessseessaeessseessseesnsseesseeanes 38
Table A8 - DRASTIC-Fm S parameter rating table and data information (Allen, 2014)........cccccceevveeeennnenn. 40
Table A9 - Vancouver Island DRASTIC study S parameter rating table ........cccccoecieeecciiee e, 41
(Liggett and Gilchrist, 2010, P. 34-35) . .iciiiiiiieiiieecieeeiteeerteeeeee e rteeste e e steeesateesstaeessseesbaeesaseesnsaesnsaeesseeanes 41
Table A10 - DRASTIC-Fm T parameter rating table and data information (Allen, 2014).........ccccccvveeenneen. 42
Table A11 - Vancouver Island DRASTIC study T parameter rating table ........cccocovveeeiiiiieicciee e, 42
(Liggett and Gilchrist, 2010, P. 37) .eecceieiiiieeieeecieeesieeeiteeesteesteeestaeesteesbaeassbeeensasessseessasessseesssessssseesnsesanes 42
Table A12 - DRASTIC-Fm | parameter rating table and data information (Allen, 2014).........ccccccevveeenneen. 43
Table A13 - Vancouver Island DRASTIC study | parameter rating table. Note: parameter A and | have the
same rating table (Liggett and Gilchrist, 2010, P. 31-32)..cccuuieiiieiiieeiieeeee et ettt re e e baeesaree s 44
Table A14 - DRASTIC-Fm S parameter rating table and data information (Allen, 2014)...........ccccuveeeunneen. 46
Table A15 - Vancouver Island DRASTIC study C parameter rating table.........ccccoviiieiiiiicciee e, 47
(Liggett and Gilchrist, 2010, P. 43-45)...cuiiiiiieicieecieeeiee et e eeeeeereeste e e etee e sbeesstaeessteessbaeesaseesseeenseeasseeenns 47
Table A16 - DRASTIC-Fm FM parameter rating table and data information (Allen, 2014) ........................ 48
Table A17 - DRASTIC intrinsic aquifer susceptibility parameter rating scheme used in both DRASTIC
STUAIES (AIIEN, 2004) oottt eete e eete e e ettt e e e e ebaeeeeeetbeeeeetbeeeeeetbaeeestsseeesataeeeestsseeesasseeeesnes 49
Table A18 - Cell count values per parameter rating values by DRASTIC parameter for Vancouver Island
DRASTIC and DRASTIC-FM SEUAIES ..ceeeiviieiiiiiieeeiiiee ettt sttt e s siee e e s sibe e e s sbbe e e s sbbeeessabeeessnbeeessnasenas 49

Vi



PART 1.0 Comparison of DRASTIC and DRASTIC-Fm methodologies for
evaluation of intrinsic susceptibility of coastal bedrock aquifers

1.1 Introduction

The addition of the Fractured Media parameter to the DRASTIC-Fm study produced an overall
intrinsic susceptibility range that differs from the Vancouver Island study completed in 2010. Of
particular interest, the study area for Part 1 of this project is the difference of results in areas of
overlap on Gabriola Island. The purpose of this part of the report is to summarize the
methodology and results of comparing the differences between the DRASTIC and DRASTIC-Fm
parameters as rated rasters from 1-10. Identifying areas of high variability between the rated
rasters applied to each of these two studies may aid in highlighting where the methodology
used for each study differs the greatest. This information was utilized to outline the next steps
in the broader project goal which aims to incorporate the Fm parameter into one of the original
seven DRASTIC parameters.

For the purposes of this part of the report, 'VI' will refer to the Vancouver Island DRASTIC study
carried out in 2010, and 'Fm' will refer to the DRASTIC-Fm study carried out in 2007 on the
southern Gulf Islands.

1.2 Methodology

Datasets, including the rated raster files used in each of the VI and Fm studies, were acquired
from project authors respectively. Covering a larger regional area, the VI grid cell size was 100m
x 100m, whereas the Fm study, carried out on a local scale, had a grid cell size of 5m x 5m. To
aid in geoprocessing efficiency, all original rated raster files were clipped to Gabriola Island as
well as re-projected to NAD83 Albers. The 5m x 5m grid sized Fm rated rasters were resampled
and aligned with the 100m x 100m VI rated rasters for each parameter respectively. The final
adjusted Fm 100 m pixel rasters were then subtracted from the VI 100 m original rated raster
for each parameter and the resulting difference saved as absolute values. Local detail of the Fm
rasters were lost upon resampling to such a larger grid size of 100 m, but it is still feasible for
the purposes of this step to visualize areas where the differences between studies are greatest.

Part 1 Result figures display 3 maps per parameter; one of each of the original rated raster used
in both studies and a third map showing the difference between these two original rated
rasters. The same colour ramp was used for comparing the original rated raster maps to each
other, and a different color ramp was applied to the final difference maps. The final difference
maps were classified into sets of two starting with 0 or no change, 1-2 showing little difference,
and 9-10 showing greater difference. See Figure 1 for the classification color scheme used as
described. As each parameter affects the susceptibility of an aquifer to varying degrees, it was
determined best not to label these high, moderate, and low degrees of difference, but just to
show the values of the differences.



The Results section below displays the total pixel count of the difference value between
parameters. These values may help give a better sense of where the values of greatest
difference occur per parameter.
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Figure 1 - Classification values and color scheme for visual representation of original rated
raster maps (left) and the final difference maps (right) ranging from 1 (low) - 10 (high)
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1.3 Results

For each parameter, a brief description of the results is given along with an outline of the
original data used to derive the rating values. Data source information for the DRASTIC-Fm
study was supplied by Diana Allen (Allen, 2014). Data source information was acquired from
Newton and Gilchrist (2010) for the Vancouver Island DRASTIC study (Appendix A, Table Al). A
vertical bar graph portraying the differences in grid cell counts between the VI and Fm DRASTIC
studies, per rating value from 1-10, is provided for each parameter individually. These graphs
guantitatively and visually provide a description of which parameter rating values differ the
most in their assignment of DRASTIC values. It is important to note that since the DRASTIC-Fm
data have been interpolated and resampled from 5 m grid cells to 100 m, these cell count
comparisons provide an estimated representation of the original data. Additionally, since the
data sources between the VI and Fm studies differ, covering similar, but not exactly the same
area overlying Gabriola Island, there may be a difference in total cell counts per parameter
ranging from 0 to 75. For details on exact cell counts see Appendix A, Table A18.

Table 1 displays the grid cell count values for the final difference maps for each parameter; a
high cell count value in the higher difference values (5-10) portrays a greater difference in
parameter ratings between the VI and Fm studies. Parameters where a high cell count with a
difference value of 0 shows no difference in those cells and therefore less difference in rating
values between the two studies overall. According to the values given in Table 1, the greatest
difference between parameter rating values for each of the studies over Gabriola Island occurs
in parameters D, T and S. A moderate difference in cell values occurs in parameter R and |, with
little to no difference shown in parameters A and C.

An in depth discussion of how parameters were devised for each DRASTIC study is not included.
For reference purposes, Appendix A summarizes the parameter rating tables used for each
study. The Fractured Media (Fm) parameter used in the DRASTIC-Fm study is not discussed in
Part 1 of this report as it is not applicable to this differences evaluation.



Table 1 - Difference values by cell count of the calculated difference between VI DRASTIC and
DRASTIC-Fm rated raster results for each parameter and the percent of overall cells with a
difference value of 5 or greater

DIFFERENCE VALUE |D - COUNT |R-COUNT |A-COUNT [5-COUNT |T-COUNT |I-COUNT |C-COUNT

0 1112 3129 132 340 1480 2936 0

1 780 0 L067 3359 714 1102 0

2 1306 0 11 381 944 264 0

3 498 309 0 T 215 s04 0

4 692 1801 0 192 1277 369 0

5 A48 0 0 46 447 8 0

] 202 0 0 ) 108 0 0

7 141 0 0 30 24 0 0

8 10 0 0 177 28 0 0

9 0 0 0 2 8 0 0

10 0 0 0 22 0 0 0

TOTAL CELLS 5195 5239 2210 5213 5245 5183 0
% of Difference

cells over 5 15.418672 0 0 5.467101| 11.72545| 0.1534351 0

D - Depth to Water

The original rated raster used in the DRASTIC-Fm study could not be located. The 5m x 5m
raster provided was confirmed to represent the depth to water in feet, and was used to create
a reclassified rated raster representing the values used in the D rating table for this study. This
raster file was used for all successive analysis.

There is quite a bit of difference between studies for parameter D as portrayed below (Figure
2); likely due to the very different types of datasets used to derive this parameter for each
study. Refer to Appendix A Tables Al through A3 for further details on data sources and rating
tables.

Raw data sources used to derive D parameter rating values include:
VI DRASTIC
= DEM- BCILMB, 25 m grid, 1968 - 2002
=  Wells - BC WELLS Application, no scale, Jan 2008
= Rivers - BCGS geology map data, 1:50K, 2005
= Lakes - BC Watershed Atlas, 1:50K, 2005
DRASTIC-Fm
= Derived from water-well database, source unspecified, 25m DEM



Comparison of VI and Fm D parameter cell count by
DRASTIC rated value from 1-10
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Figure 2 - Graph comparing the difference in grid cell counts for D parameter rating values 1
through 10 between the VI and Fm DRASTIC studies

Both original rasters follow a similar trend; however, at a grid cell size of 100 m, the VI raster
seems to provide greater slope detail. See Figures 3-5 for mapped raster representations.
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Figure 3 - Map portraying original results of the DRASTIC-Fm rated raster for D
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Figure 4 - Map portraying original results of the VI DRASTIC rated raster for D
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Figure 5 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies
final rated rasters for D



R - Net Recharge

R for VI for Gabriola Island was rated at 6, and at 3, 5, and 10 for Fm (Figure 6). This difference
in parameter rating values may be due to the larger regional scale at which the VI study was
carried out in comparison to the local scale of the Fm study; Fm R data are more detailed
whereas the VI R parameter has a single overall rating value of 6. See Figures 7 and 8 for visual
representation of the original rated rasters. Little difference exists between the original rated
raster values for parameter R. There are no cells calculated with a value of 0 or no change. All
difference values are calculated at 1, 3 and 4 with the highest count at a difference value of 1
(Figure 9).

Original data used to derive parameter rating values include:
VI DRASTIC
= Precipitation, ClimateBC, 400m grid, 2006, interpolated for Vancouver Island
DRASTIC-Fm
= Used Victoria airport meteorological station climate data and geologic attributes of
water-well database applied to USEPA Hydrologic Evaluation of Landfill Performance
model (HELP)

Comparison of VI and Fm R parameter cell count by
DRASTIC rated value from 1-10
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Figure 6 - Graph comparing the difference in grid cell counts for R parameter rating values 1
through 10 between the VI and Fm DRASTIC studies



R - Recharge Parameter
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Figure 7 - Map portraying original results of the DRASTIC-Fm rated raster for R
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Figure 8 - Map portraying original results of the VI DRASTIC rated raster for R




R - Recharge Parameter
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Figure 9 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies
final rated rasters for R

A - Aquifer Media

Resulting difference values are low for parameter A. The VI study rated Gabriola Island at 5, 6
and the Fm study at 4, 5, 6, 7 (Figure 10). Difference values range from 0 or no change to 2,
with the highest cell count at a difference of 1. Figures 11 through 13 display a mapped
representation of the original rated rasters and the difference values.

Original data used to derive parameter rating values include:
VI DRASTIC
=  Wells information from BC WELLS Application, no scale, January 2008
= Aquifer polygons and worksheet from BC WELLS Application, no scale, 2007 polygons,
1995-2004 worksheets
DRASTIC-Fm
= Bedrock geology dataset for Gulf Islands and field observations.
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Figure 10 - Graph comparing the difference in grid cell counts for A parameter rating values 1
through 10 between the VI and Fm DRASTIC studies
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Figure 11 - Map portraying original results of the DRASTIC-Fm rated raster for A
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Figure 12 - Map portraying original results of the VI DRASTIC rated raster for A
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Figure 13 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies
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S - Soil Media

There exists a full range of difference values for parameter S between the two studies, although
the majority of differences are captured between difference values of 0-4 (Table 1). Both
original rated rasters seem to capture similar features of distinction, but rate them differently
(Figures 14-16). See Appendix A, Tables A8 and A9 for rating table references. Of visual
prominence is a large portion of the island that the VI study rates at 8 (orange), whereas the Fm
study rates it at 7 (yellow). Additionally, there is a large area on the south-west part of the
island that the VI study rates at 5 (green), but the Fm rates at 8 (orange). Cells of high
difference values, portrayed in red in Figure 17, seem to occur for the most part in cells of
overlap where no data exist from the Fm study and a rating value of 10 was given in the VI
study.

Original data used to derive parameter rating values include:
VI DRASTIC
=  Soil Survey
- BC44 (Jungen 1985), 1:100K, 1985, National Soils Database detailed soil surveys
with soil texture and drainage
- BC43-4 (Kenney et al. 1989), 1:20K, 1989, National Soils Database
- CAPAMP Vanc Is, 1:20K, 1985-89, BC CAPAMP soil surveys
DRASTIC- Fm
= Soil datasets Agriculture Canada (van Vilet et al. 1987, 1991; Kenny et al. 1988, 1990;
Green et al. 1989)
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Figure 14 - Graph comparing the difference in grid cell counts for S parameter rating values 1
through 10 between the VI and Fm DRASTIC studies
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Figure 15 - Map portraying original results of the DRASTIC-Fm rated raster for S
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Figure 16 - Map portraying original results of the VI DRASTIC rated raster for S
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S - Soil Media Parameter

Difference between Soil Media rating results (0-10)
0= no difference, 1= low difference, 10 = high difference
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Figure 17 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies
final rated rasters for S

T - Topography

There is a large range of difference values for parameter T between the two studies (Figure 21).
Both original rated rasters capture some similar features of distinction such as shoreline slope,
but vary greatly in other features portrayed and the rating values assigned (Figures 18-20).
When examining the rating tables used for both of these studies, differences arise between the
percent of slope values assigned to rating values 1-10. The VI study rating table is identical to
the original DRASTIC methodology (Aller et al., 1987); whereas the Fm study rating table
delineates percent of slope values differently. See Appendix A, Tables A10 and A1l for rating
table reference. The majority of difference seen in this parameter seems to come from the
differing data sources utilized to derive these parameters.

Original data used to derive parameter rating values include:
VI DRASTIC
= Digital Elevation Model, BC ILMB, 25m grid, 1968-2002
DRASTIC-Fm
= Due to coherence with S parameter and detailed scale, soil datasets were used since
each polygon had slope description attribute. Soil datasets Agriculture Canada (van Vilet
et al. 1987, 1991; Kenny et al. 1988, 1990; Green et al. 1989)
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through 10 between the VI and Fm DRASTIC studies
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Figure 19 - Map portraying original results of the DRASTIC-Fm rated raster for T

Figure 18 - Graph comparing the difference in grid cell counts for T parameter rating values 1
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Figure 20 - Map portraying original results of the VI DRASTIC rated raster for T
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Figure 21 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies
final rated rasters for T
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| - Impact of Vadose Zone

The original rasters for both studies seem to follow a similar underlying trend, with the Fm
raster portraying greater detail in certain areas such as the south-west island and coastlines.
The greatest difference between the two rasters is found between difference values of 0
through 4 (Figure 25). The rating values for parameters A and | were given the same rating
scheme (5-6) in the VI DRASTIC study. The DRASTIC-Fm datasets portray more detail giving
rating values from 1 through 9 (Figures 22-24).

Original data used to derive parameter rating values include:

VI DRASTIC
= Wells, BC WELLS Application, January 2008
= Bedrock geology maps, BCGS & GSC, 1:250K (BCGS) 1:50K (GSC), 2005
= Aquifer polygons and worksheets, BC WELLS Application, 2007
= Terrain map, Forest Renewal BC, 1:50K, 1975-1983

DRASTIC-Fm
= Soil datasets Agriculture Canada (van Vilet et al. 1987, 1991; Kenny et al. 1988, 1990;

Green et al. 1989)

= Derived from water-well database, source unspecified, and 25m DEM

Comparison of VI and Fm | parameter cell count by
DRASTIC rated value from 1-10
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Figure 22 - Graph comparing the difference in grid cell counts for | parameter rating values 1
through 10 between the VI and Fm DRASTIC studies
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Figure 23 - Map portraying original results of the DRASTIC-Fm rated raster for |
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Figure 24 - Map portraying original results of the VI DRASTIC rated raster for |
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| - Impact of the Vadose Zone Parameter

Difference between Impact of Vadose Zone rating results (0-10)
0= no difference, 1= low difference, 10 = high difference

Figure 25 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies
final rated rasters for |

C - Hydraulic Conductivity

Both studies set a C parameter rating value of 1 for Gabriola Island, therefore there is no

difference between the two studies. Visual representation of this lack of difference is displayed
in Figures 26-28.

Original data used to derive parameter rating values include:
VI DRASTIC

=  Wells, BC WELLS Application, January 2008
= Bedrock geology maps, BCGS & GSC, 1:250K (BCGS) 1:50K (GSC), 2005
= Aquifer polygons and worksheets, BC WELLS Application, 2007

= Hydrogeological consulting reports, various sources, 1963-2007
DRASTIC-Fm

= Based on well pumping tests performed and Bedrock geology dataset for Gulf Islands
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C - Hydraulic Conductivity Parameter
(DRASTIC-Fm Study)
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Figure 26 - Map portraying original results of the DRASTIC-Fm rated raster for C
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Figure 27 - Map portraying original results of the VI DRASTIC rated raster for C
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C - Hydraulic Conductivity Parameter
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Figure 28 - Map displaying the calculated difference between DRASTIC and DRASTIC-Fm studies
final rated rasters for C

1.4 Discussion

Parameters D, S, T and | showed the greatest range of difference between the Vancouver Island
DRASTIC 2010 study and the Gulf Island DRASTIC-Fm 2007 study rating methodologies, based
on the calculated difference values and respective mapped representations. Parameters R, A
and C show little to no difference between studies. Overall the DRASTIC-Fm data provide a
more detailed representation of the aquifer parameter characteristics of evaluation in DRASTIC
methodology even when resampled to a 100 m grid cell size. This observation of greater detail
is due to the local scale at which that study was carried out, compared to the regional scale of
the Vancouver Island DRASTIC study.

Part 1 of this report has described the results comparing the differences in methodology
between the two studies of interest. Evaluation of differences between these two studies may
be of use in the understanding and application of the intrinsic aquifer susceptibility ratings
calculated and the influencing hydrogeological features represented by both studies
respectively. These results were used in discussion with project partners and combined with
their expertise to project and outline subsequent steps in this project.
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PART 2.0 Incorporating Fm susceptibility parameter rating into C parameter for
DRASTIC-Fm study

2.1 Introduction

The DRASTIC method adopted by the Province of British Columbia (BC) for assessing the
intrinsic susceptibility (commonly referred to as the vulnerability) of aquifers in BC, employs the
standard DRASTIC range of 23-230. In the DRASTIC-Fm approach, an additional parameter Fm
(Fractured Media) was included, which resulted in a larger range of 26-260. In order to align
these two approaches for the southern Gulf Islands, different options were explored for
incorporating the Fm parameter into the original DRASTIC framework. Specifically, Fm was
incorporated into the existing Hydraulic Conductivity (C) parameter such that the overall range
would be consistent with the DRASTIC standard range.

This section describes the results of a comparison of different approaches for incorporating Fm
into C. Final data and results are 5m x 5m cell size and projected as NAD83 Albers.

2.2 Combining and Reclassifying the Rated Rasters

Hydraulic Conductivity (C) ratings range from 1-10; for the entire southern Gulf Islands C was
given a rated value of 1, whereas Fm ranged from 1-9.

Two approaches were taken to work the rating values of Fm into C.

1. Add approach: involved adding the values of Fm to the existing areas where the rating
value of C was given a 1. This approach would increase cells where Fm has 0 rating and C
has a rating by 1 (since all of Cis rated at 1), and leave cells where Fm has 0 rating as a
rated value of 1 (as a rating of 1 from C exists). This approach is referred to as 'Add'
approach in the tables and figures below.

2. Overlain approach: involved overlaying the values of Fm on top of the C values. Thus,
the Fm cell values stay as they were originally rated; the areas where both Fm and C are
rated at 1 stay as 1, and areas where C is 1 and Fm has 0 rating result in a rating of 1.
This approach is referred to as 'Overlain' in the tables and figures below.

Both approaches involved combining the Fm and C rated rasters and then reclassifying them

based on adding or overlaying the Fm values, respectively. Table 2 shows the value deduction
of the two resulting rated rasters for both approaches.
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Table 2 - Displays Fm with C combined raster and resulting C raster reclassified with Fm values both
Added and Overlain. 0 values represent cells with no rated value, or no data.

'C_Fm_Combo_5m'

'C_Reclass_Add

'C_Reclass_Overlain

VALUE C_RASTER FM_RASTER VALUE VALUE
1 1 0 1 1
2 1 2 3 2
3 1 4 5 4
4 1 5 6 5
5 1 3 4 3
6 1 6 7 6
7 1 7 8 7
8 1 1 2 1
9 1 8 9 8
10 1 9 10 9
11 0 4 4 4
12 0 3 3 3
13 0 0 0 0

Figure 29 displays the percent coverage of rated values (1-10) comparing side-by-side the
original C and Fm rated rasters, as well as the 2 newly reclassified C rated rasters with Fm

Added and Overlain, respectively.
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* Fm Added to C

Percentage of Total Pixel Count

* Fm Overlain on C, not Added

= Original C Rating
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. ® Original Fm Ratings

Original C Rating
Original Fm Ratings
6 Fm Overlain on C, not Added
Fm Added to C

Rating Values 10

Data Table: Parameters with rating values 1-10 by percent (%) of overallrated parameter proportion
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Figure 29 - Comparison of original Fm and C rated rasters and the 2 new reclassified C rasters
with Fm added and overlain, respectively, by their rated values plotted by percent of total cell
coverage

2.2.1 Map Results

A few visualizations of the map results are provided below. Figures 30 and 31 display the
original Fm and C parameter rated rasters for the original study area of Gabriola Island. Figures
32 and 33 display the newly reclassified rasters for Gabriola Island, simply to demonstrate the
increase in fracture rated values by 1 for the 'Adding' approach, otherwise little difference is
seen.

Figures 34 and 35 display the 2 new reclassified rated rasters for all of the southern Gulf
Islands. In some areas where the Fm and C values were rated as 1 and left as 1 in the overlay
approach, fractures are lost, whereas in the add approach fractures are more prominent given
a value of 2. This observation is influential in the final calculations of the intrinsic susceptibility
values discussed in the next sub-section.
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Figure 30 - Original rated raster for C parameter, Gabriola Island

Fm - Fractured Media Parameter

/ (DRASTIC-Fm Study) ﬂ

Fractured Media Rating (1-10)

CJo WM
TR \
. [
. [
K
Kilometers
0 05 1 2 E] -’

Figure 31 - Original rated raster for Fm parameter, Gabriola Island
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Figure 32 - Reclassified C rated raster with Fm rated values added to existing C values,
Gabriola Island
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Figure 33 - Reclassified C rated raster with Fm rated values overlain on existing C values,
Gabriola Island
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Figure 34 - Reclassified C rated raster with Fm rated values added to existing C values,
southern Gulf Islands
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Figure 35 - Reclassified C rated raster with Fm rated values overlain on existing C values,
southern Gulf Islands

2.2.2 Relation of C to Other DRASTIC Maps in the Province

The highest rating value for C is between 10 (for add approach) and 9 (for overlain approach).
Other DRASTIC maps in BC have generally associated such high C ratings to unconsolidated
sediments (e.g., in the Vancouver Island DRASTIC study, Capilano, Salish and Vashon deposits
are assigned C ratings of 10 (Newton and Gilchrist, 2010)). Assignment of C rating is based
largely on the transmissivity (T) (related to hydraulic conductivity) of the aquifer material.
Values of T for the unconsolidated materials comprising the Capilano, Salish and Vashon
deposits on Vancouver lIsland and vicinity range from ~2x102 to 2x10" m?%/s (Liggett and
Gilchrist, 2010). On the Gulf Islands, a synthesis of aquifer test data (Allen et al., 2003) reveals
that T values for the sandstones can be as high as 5x10 m?/s. These high T values tend to be
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found at locations where the pumping well is in close proximity to a major fracture zone or
faults, or is otherwise highly fractured sandstone (Allen, personal communication). The average
T value for sandstone on the southern Gulf Islands is 1x10°® m?/s. A Similar, although slightly
higher, average T value is obtained for mudstone (1x10™ m?/s, although based on fewer tests).
The maximum T value for mudstone is similar to the average value for mudstone.

The maximum T values estimated in the sandstone formations in the southern Gulf Islands are
thought to reflect the highly permeable major fault/fracture zones, which are captured in the
Fm parameter (Allen, personal communication). Because the T value can be as high as those
corresponding to a C rating of 10, it is reasonable to permit C to attain values of 9 or 10 on the
southern Gulf Islands. That is, the adjusted ranges for C (using either method) are consistent
with the expected T values of highly fractured bedrock near fault and fracture zones.

2.3 Calculating the Final Intrinsic Susceptibility Range

The two newly created C parameters incorporating Fm with two different approaches were
utilized to calculate 2 new intrinsic susceptibility rasters with an overall range of 23-230. These
two new sets of IV results were then compared to the original DRASTIC-Fm intrinsic
susceptibility results. The equations below demonstrate the calculations utilized.

Final Intrinsic Susceptibility Rating for DRASTIC-Fm:
= QOriginal DRASTIC-Fm:
(5*D) +(4*R)+(3*A)+(2*S)+(1*T)+(5*1)+(3*C)+(3*Fm) = 'drasfm’
=  Cwith Fm added:
(5*D) +(4*R)+(3*A)+(2*S)+(1*T)+(5*1)+(3*C) = 'drasfm_Add'
= Cwith Fm overlain:
(5*D) +(4*R)+(3*A)+(2*S)+(1*T)+(5*1)+(3*C) = 'drasfm_Over'

The resulting intrinsic susceptibility rasters were masked to the same extent coverage as the
original DRASTIC-Fm study. Comparison of the three final rasters minimum and maximum
intrinsic susceptibility range is given in Table 3 along with the mean and standard deviation.
The addition of Fm rated values to existing C values resulted in intrinsic susceptibility ratings
closer to the original rating values than the approach of overlaying Fm on C.

Table 3 - Final Intrinsic Susceptibility results

Final Susceptibility Raster Minimum | Maximum Mean Standard

Deviation
Original DRASTIC-Fm 43 193 117.5270287 | 42.792783
Adjusted with Fm added to C 43 192 116.527397 | 42.217018
Adjusted with Fm overlain on | 43 189 115.027972 | 41.352475
C

Note: stats on 'value' field.
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2.3.1 Map Results

Results portray that adding the Fm rated values to the existing C values best captures the
fractures of the Fm parameter. By adding Fm values of 1 to areas where C value previously
existed as 1 to create a rated value of 2 ensures that even areas of low intrinsic susceptibility
from the Fm parameter are not lost. This observation is based on the assumption that intrinsic
susceptibility ratings compound with influential additional parameter characteristics. Figures
36-38 visualize the mapped results of this comparison using the rating categories used in the
original DRASTIC-Fm study. Zooming in on Gabriola Island, the similarities of the original
DRASTIC-Fm results and the addition of Fm to C can be seen in the fractures and rating
groupings. The absence of these fractures produced from the Fm parameter characteristics can

be seen in the Fm overlay on C map in Figure 38.

Gabricla Island

_ Original DRA STIC-Fm Final Intrinsic Susceptibility Rating: i
f{;\‘ Fm as its own rated parameter, Southern Gulf Islands
S

M Yy "!'33-:‘;
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Figure 36 - Original final Intrinsic Susceptibility ratings for DRASTIC-Fm
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Gabriola Island
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Final Intrinsic Susceptibility ratings for reclassified C parameter with Fm values

Figure 37
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Figure 38 - Final Intrinsic Susceptibility ratings for reclassified C parameter with Fm values
overlain

3.0 Project Conclusions

The evaluation of intrinsic aquifer susceptibility to surface pollutants via aquifer susceptibility
mapping methods provides a visual and quantitative tool to aid planners and decision makers
faced with the growing pressure of development and residential dependency on groundwater
as primary source of drinking water. Part 1 of this project utilized GIS-based techniques to
compare two studies for the same area (Gabriola Island) that used different approaches to
assess intrinsic susceptibility, and thus had different results. The results of this evaluation
presents a source for further discussion of these differences, approaches taken and the
underlying aquifer characteristics represented.
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The results of Part 2 of this project allows for the local application of the DRASTIC-Fm study
results, including the influential Fractured Media parameter characteristics, for use in the
southern Gulf Islands. The development of an overall DRASTIC-Fm intrinsic susceptibility rating
range consistent with the Provincial DRASTIC standard allows for the inclusion of the results in
the Provincial mapping database as part of the existing Intrinsic Aquifer Vulnerability
(Susceptibility) feature layer accessible to the public via the GeoBC online iMap mapping portal.
Figure 39 displays a representation of this final intrinsic vulnerability rating classified using the
class ranges defined by the Province.

. Intrinsic Aquifer Vulnerability, Southern Gulf Islands &
Ay
A & K5
\'\o‘i\— =
1.
A
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Intrinsic Aquifer
Vulnerability Rating:
B High (161-230)

Moderate (101-160)
B Low (23-100)
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Figure 39 - Intrinsic Aquifer Vulnerability map for the southern Gulf Islands. Vulnerability
classes represented based on GeoBC iMap 'Intrinsic Aquifer Vulnerability' layer class values
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5.0 Appendix A

Appendix A lists the rating tables and a brief data description for each of the two discussed
studies according to each of the 7 parameters utilized in DRASTIC. Rating tables used in
DRASTIC-Fm study were received from Diana Allen (Simon Fraser University) in January 2014.
Rating tables used in the Vancouver Island DRASTIC study were acquired from the pilot
technical summary paper outlining this study (Liggett and Gilchrist, 2010). Table A1 lists the
data sources and respective parameters derived from the listed data for the Vancouver Island
DRASTIC study completed in 2010 (Newton and Gilchrist, 2010).

Table Al - Data sources and respective parameter derivation for the 2010 Vancouver Island

study (Newton and Gilchrist, 2010, p. 4)

Table 4.1 Data sources for vulnerability mapping in the phase 2 study area. D = depth to water, R =recharge, A = aquifer medium, S = soil medium,
T = topography, I = impact of the vadoese zene, C = conductivity

Data Set Source Scale Date Description Use in
DRASTIC
Digital Elevation =~ BC Integrated Land 25m grid Digital elevation model of the study area D, T, visual
Model Management Bureau
Wells BC WELLS database NA Dec. 2009 Wells from BC database, in Microsoft Access” database DALC
Rivers BCGS geology map data 1:30K 2003 Rivers of Vancouver Island D, visual
Lakes BC watershed atlas 150K 2003 Lakes of Vancouver [sland D, visnal
Bedrock geclogy  BCGS and GSC 1:250K 2003 Compilation of BCGS bedrock geology map of Vancouver Island 4.1 C
maps (BCGS), 1:50K (Massey et al. 2005) and a more detailed geology map of
(G5C) southeast Vancouver Island compilad by M. Joumeay (GSC.,

unpublished)
Precipitation ClimateBC 400 m gnd 2006 Interpolated precipitation data for Vancouver Island R
Aquiferpolysons BCMoE N/A 2007 (polygons)  Mapped aquifer polygons and aquifer worksheets 4.C1I
& worksheets 19952004

(workshests)

Hydrogeological ~— Varous NA 1963-2007 72 reports on RDMW, ACRD, RDCV. SED, and CRD areas. C
consulting reports Relevant hydrogeologic data was extracted from these reports.
Terrain map Forest Renewal BC 130K 1973-1983 Compilation of terrain mapping of Vancouver Island. Texture 41L5C

included in long code. Individual onginal terrain maps are

viewable and downloadable from

httpewww r.zov.be caMining/Geoscience TerramandSoilM
NTS Gnd Natural Resources Canada 150K National Topoegraphic System of Canada Terrain map

Ppreparation

Census Matural Fesources Canada 1:1,000,000 2008 Census subdivisions used to update regional boundaries, Visual
Subdivisions downloadable from

http:/fwwrw. geogratis.ca/geogratis/'en/collection/metadata do?id=
Regional RDs and MoE N/A NA Regional boundaries of RDN and CVED., including electoral Visual
boumdanies districts.
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Depth to Water (D)

Table A2 - DRASTIC-Fm D parameter rating table and data information (Allen, 2014)

DePTH TO AQUIFER
D_original_input (vector file)
A point dataset was created from combining depth to water data from the BC
ministry water well database with DEM height values. The point dataset was
interpolated to a raster using Inverse Distance Weighted.
D_final_0831 (raster file)
Final D parameter that contains associated index rating.

Depth to Water (D) Index Table
Depth to
water (ft) DRating
0-5 10
L£-1% 9
15-30
30-50
L0-75
75-100
100+

=R Ll LA~

Table A3 - Vancouver Island DRASTIC study D parameter rating table
(Liggett and Gilchrist, 2010, p. 26)
Table 5.1 Depth to water rating table

Depth to water Depth to water Rating

range (ft) range (m)

100+ 05+ 1

75— 100 230-305 2

0-75 153-229 3

i0-350 be-152 5

15-30 47-485 7

F-13 16-46 Q

0-3 0-15 10
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Recharge (R)

Table A4 - DRASTIC-Fm R parameter rating table and data information (Allen, 2014)
RECHARGE

R-value rating (vector file)
Recharge rates (inches/year) were calculated for scil media in the Gulf
Islands using the US EPA model HELP (UnSat Suite, Waterloo Hydrogeologic
Inc.). These rates were assigned to soil polygons. Recharge rate fieldname:
inches_yea, rating fieldname: R

R_final 0831 (raster file)
Final R parameter that contains associated index rating.

Recharge (R) Index Table

Inches/fyear R-Rating
0-2 1
2-4 3
4-7 =]
7-10 g8
10+ 9

Table A5 - Vancouver Island DRASTIC study R parameter rating table
(Liggett and Gilchrist, 2010, p. 28)

Table 5.2 Net recharge ranges and ratings

Net Recharge Net Recharge Eating
{in'vr) (mm'yr)

0-2 0-51 1

1-4 521-102 3

4-7 103-178 6
7-10 179-254 3

10+ 234+ g
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Aquifer Media (A)
Table A6 - DRASTIC-Fm A parameter rating table and data information (Allen, 2014)

AQUIFER MEDIA

Sand polygons included:
C_A_geology(vector file)
Aquifer media ratings were assigned based on geological form ation
characteristics. A rating fieldname: A
A_final_0831 (raster file)
Final A parameter that contains associated index rating.
Sand Polygons excluded:
Geology_gi_dip_join {vector file)
Aquifer media ratings were assigned based on geological form ation
characterisics. A rating fieldname: A
Afinalnosand (raster file)
Final A parameter that contains associated index rating.

Aquifer media (A) Index Table

Geological Formation
Cedar District
Comox

De Courcy
Pender
Extension
Gabriola
Geoffrey
Haslam
Morthumberland
Protection
Spray

Butte lake
Mount Hall
Sicker group

Salt Spring infrusion

MW WL WA = == OO i

Sand and Gravel
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Table A7 - Vancouver Island DRASTIC study A parameter rating table

(Liggett and Gilchrist, 2010, p. 31-32)

Table 5.3 Aquifer medium and impact of the vadose zone rating table

Bedrock Formation Bedrock Material Mapped Terrain Map .4 and
(Fm = Formation; Grp = Group) Surficial Material I
Aquifer Eating
Material
confining Clay 1
layer
Silty clay, 2
gravelly alty
clay, sandy
clay
» West Coast Crystalline Complex Mainly crystalline imneous and Clayey silt 3
(Wark Gneiss, Mount Hall Gabbro, metamorphic rock, some
Colgquitz Gneiss, undivided West siliciclastics.
Coast Complex) - amphibolite, metadiorite,
» Saltspring Intrusive Suite metagabbro, paragneiss,
«Buttle Lake Grp (4th Lake Fm 4t~ Zranodionite. porphyry, diabase,
Lake Volcanics) gabbro, diorite, 5-§:h15t: .slal'e.
- metagreywacke, intrusive rocks
s [zland Phitonic Suite {(undivided), chert, siliceous
s Pacific Rim Complex (Leech River ~ argillite, siliciclastic rocks, basalt
metasedimentary) flows (Massive)
* Unnamed Cretaceous infrusions
* Clayoquot Plutome Swite
= Catface Infrusions
* Moumt Washington Plutonie Suite
» Metchosin Imeous Complex (Sooke
Gabbro, Sheeted Dykes)
Mamnly voleanic rock, some 4

= Sicker Grp (Duck Lake Fm, Nitinat
Fm MecLanghlin Ridge Fm undivided
Sicker Grp)

» Vancouver Grp (Karmmutsen Fm)

* Bonanza Grp (Bonanza Volcanics)

* Pacific Fim Complex (Leech Biver
metavoleamie, imdivided Pacific Fim

Complex)

» Gambier Grp (Gambier Fm)
* Flores Volcanics

# Alert Bay Volcanics

* Metchosin Imeous Complex
(Mechosm Volcanics, Mechosm Fm)

sedimentary and metasedimentary
- basaltic flows (pillowed),
breccia, tuff undivided volcanics,
volcamicalstic wacke, schist,
metarhyolite, volcaniclastic
sandstone, metabasalt, andesite-
thyolite, siltstone, argillite
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Table 5.3 (con’t) Aquifer medinm and impact of the vadose zone rating table

Bedrock Formation Bedrock Material Mapped Terrain Map A and
(Fin=Formation; Grp= Group) Surficial Material I
Aquifer Rating
Material
» Buitle Lake Grp| (Mount Mark Fm) Limestone, fine grained Silt, bouldery silt. 5
* Vancouver Group (Daonella Beds, sedimentary rock (non- sandy silt
- i ’ Manaimo Grp), coarse
Quatsino Fm, Parson Bay Fm, ned sedi rock
undivided Vancouver Grp) E-T\m ; G];J;]n fary roc
Janaimo
* Bonanza Grp (Harble Fm) - imestone bicherm/resf.
* Kyuquot Grp mmidstone, siltstone, shale,
» Nanaimo Grp (Sidney Island Fm, limestone. slate, argillite,
Comox Fm, Extension Fm_ Protection — manne sedimentary and
Fm De Courcy Fm, Geoffrey Fm, velcanics, undivided
Gabriola Fm) * sedimentary, sandstone,
conglomerate, arenite
» Buitle Lake Group (Nanoose Coarse gramed sedimentary Alhrum, organics, &
Complex, 5t Mary's Lake Fm. (Non-Nanaimo Grp) and undifferentiated.
undivided Buttle Lake Grp) fine grained sedimentary silty sand
«Mixed Buttle Lake Grp and Mount ~ (1vanaimo Grp)
Hall Gabbro - mdivided sedimentary,
. coarse clastic sedimentary,
le Charlotte Grp argillite, limestone,
* Manaimo Grp {_'Haslam Fm. Pender sandstone, conglomerate,
Fm. Cedar District Fm, greywacke, siltstone,
Northumberland Fm, SF!TE!}" Fm, mudstone, aremite, shale
Suguash Sequence, undivided
Wanaimo Grp) *
» Chuckanut Fm
* Carmanah Grp
Sand Sand 7
Sandand  Colluvinm, fluvial, g
gravel, bouldery sand,
gravelly sand.
mubbley sand, sandy
boulders, sandy
gravel
* Note, all of the Nanaimo Group, and Gravel Mixed fragments, 9
Sicker Group are rated one value gravel, gravely
higher than in the Gulf Islands (Demmy boulders, gravelly
etal 2007) to fit nto ratings onee mixed fragments,
other rocks and materials were rubble

considered.

39



Soil Media (S)

Table A8 - DRASTIC-Fm S parameter rating table and data information (Allen, 2014)

SoI1. Mebia
S_T_soll (Vector File) 5_lookup (lookup table)
Soil ratings were assigned based on soil properties. The associated lookup
table corresponds to the soil dataset (S_T_Soil)
S_final_0831 (raster file)
Final S parameter that contains assodated index rating.

Soil Media (S) Index Table

DOMSODIL 5 SOIL_NAME
BD g BEDDIS

BE 2 BRIGAMTINE
BH g BELLHOUSE
BY 3 BAYMNES

CF 1 CROFTON
co 1 COWICHAMN
FB 2 FAIRBRIDGE
GA B GALIANO
HA B HASLAM

ME 5 MEXICAMNA
MG 7 MUSGRAVE
MT 1 METCHOSIN
MNT 7 NEPTUMNE
PA 1 FARKSVILLE
Qau g QUALICUM
FD 8 FPEMDER. ISLAND
RO 10 ROCK

RY 7 RUMSLEY
SL g SALALAKIM
S 3 ST. MARY
ST 7 SATURMA
su 2 SUFFOLK
TL 1 TOLMIE

TR 4 TRINCOMALI
CB 10 COASTAL BEACH
MO ] MADE LAND
TF 3 TIDAL FLAT
W 0 WATER

DA 3 DENMAN |SLAND
CH 2 CHEMAINUS




Table A9 - Vancouver Island DRASTIC study S parameter rating table
(Liggett and Gilchrist, 2010, p. 34-35)

Table 5.4 Soil drainage tvpes and ratings

Soil Drainage Rating
Very poor
Poor, poor to very poor
Imperfect
Moderately well to imperfect
Moderately well
Well to moderately well
Well, rapid to moederately
well
Fapid to well
1d. absent/thin

B =] R LA led b

—
= e

Table 5.5 Soil associations of the Regional District of Nanaimo and Cowichan Valley Regional District with
dominant drainage and soil medium rating.

Mote: Numbers m brackets are soil association components. Soil associations in italics are from Gabnola soil survey
(Fenney et al. 1989).

Soil Association Drainage 5
Rating
Aveline (1.2). Arrowsmith (1.3.7), Ampitrite (2}, Azilion (1,2.3.9), Meichosin Very poor 1
Cowichan, Denman Island Poor to very poor 2
Cowichan (1.4). Crofthill (1.4.9). Tolmie (1.4). Tagner (4.7}, Parksville, Suffolk Poor 2
ipd), Tolmie
Bowser (1,2.4), Chemainus (7), Chemamms Biver (7.,9), Farbndge (1), Finlayson Imperfact 3

(1,2}, Genoa Bay (9), Kootowls (7), Royston (1.3.4), Brgantine, Baynes,
Chemainus (-.1d), Farrbridge, Mexicana (id). Suffolk. Tricomal (1d)

Mexicana, Suffolk, Tricoma Moderately well to 5
imperfect
Chemaimus (1.4), Chemainus Fiver (4), Fleetwood (1.3.4), Goldstream (1,2), Green Moderately well 6

Mountain (1), Grierson (1), Hepatzl (-.2), Kennedy Lake (1.5). Moyeha (1.3 4),
Quibble (1.2.5), Ronald (1.2.5.7). Rowland (1.3), Reegan (1.2.34.7). Rosander (2),
Smuggery (4). Shofield (1.2.3.5), Sarita (1.3.4)

Holford (3.4,7). Hooper (1.4) Well to moderately 7
well
Beddis Fapid to g
moderately well
Beavertail (1), Cadboro (3), Cottam (1), Crespi (1,2), Council (1), Cotter (17, Well &

Cullite (1,3}, Chetwood (3}, Dashwood (1.2 4). Dashwood Creek (1.3), Guemes
(1,2}, Gramta (1,3), Haslam (1,5), Healey (1), Hankin (1,7), Hooper (&), Hatzite
(1.3.4.6), Holyoak (1,2,5.6). Kildonan (1.3), Langford (3}, Lemmens (5), Nitnat
(1,3.4,5.6), Cunsam {1 2.4.5,7), Cumper {1.2.3.4 3), Quatsino (1,3), Robertson
(1,2,5), Regimald (3.5,6,7), Ritherton (1,2,3,5,6,7), Rainer (1,2.5.6,7), Reeses
(1.2,5.6.7), Rossiter (1.2.3.4.5), Futley {1,3.5,6}. Shawmigan (1,2,3.5), Shelbert
(1,3,3), Stockett (3), Somenos (1.2.5), Smokehouse (3,5,6), Shirmizh (1.2,5.6,7),
Sprise (1,2,5.6.7). Snakehead (3.5.6), Galiano, Neptune, Satwma

Bellhouse, Cualicum Fapid to well 9

Cassidy (1.4), Emington (1), Genoa Bay (4). Hawarth (-.1,2.7.8). Huffer (3}, Fapid 10
Hemmingsen (3, 6} Hiller {1 3, 5 5) Hnnmmon(l 1.3.4.3.;.3] Hesqualt (&),

Quamichan (1.3 4.5), Robertson (6). Ragbm (5.6). Rosewall (13.5.6) Rossiter
(6], Sprucebark (1.3.8), Squaily (1.3,5), Shepherd (1.2.5.6), Strata (1.3.4.5,

Tzuhalem (1,2,5,6),
Rock outcrop, made land (soil absent) None 10
Coastal beach, Water, Tidal flats None MNone



Topography (T)

Table A10 - DRASTIC-Fm T parameter rating table and data information (Allen, 2014)

TOPOGRAPHY
S.T.sail (Vector File) T_lookun, (lookup table)

Topography ratings were assigned based on slope percent values contained
within the soil dataset polygons. The associated lookup table corresponds to
the soil dataset ([ lnokun)

T_final_0831 (raster file)
Final T parameter that contains associated index rating.

Topography (T) Index Table
SLOPE_PERC SLOPE_DEGS  SLOPE1 T

0-0.5 0 1 10
0.5-2 0-31 2 10
2.0-5.0 1.0-3.0 3 g
6.0-9.0 3.5-5.0 4 5
10.0-15.0 6.0-8.5 5 3
16-30 9.017.0 ] 2
31-45 17.0-24.0 7 1
46-70 25.0-35.0 8 1
71100 35.0-45.0 g9 1
=100 =45 10 1

Table Al11 - Vancouver Island DRASTIC study T parameter rating table
(Liggett and Gilchrist, 2010, p. 37)

Table 5.6 Topography (slope) ranges and ratings
L}

Topography Rating
(Slope %)
18+ 1
13-128 3
7-12 5
i-4 q
0-2 10



Impact of Vadose Zone (l)
Table A12 - DRASTIC-Fm | parameter rating table and data information (Allen, 2014)

IMPACT OF VADOSE £ONE

I_wvalue_rating (vector file)
Hydraulic conductivity values were calculated for different lithologies
encountered in the Gulf Islands. These hydraulic conductivity values were
applied to soil polygons and associated ratings were assigned. Hydraulic
conductivity fieldname: KZ_I, Rating fieldname: L.

I_final_0831 (raster file)
Final I parameter that contains associated index rating.

Impact of Vadose Zone Media (I) Index Table
Equivalent lithological

description KZ I IRatinag
till, hardpan, clay <-5 1
-4 2
sandy till, clayey silt, bedrock -3 3
-2 4
silt, sandy silt -1 5
fine sand, silty sand 0 &
mediurm sand, sand 1 7
sand and gravel, coarse sand 2 2]
gravel =3 Q

—
=]

no vadose zone




Table A13 - Vancouver Island DRASTIC study | parameter rating table. Note: parameter A and |
have the same rating table (Liggett and Gilchrist, 2010, p. 31-32)

Table 5.3 Aquifer medium and impact of the vadose zone rating table

Bedrock Formation Bedrock Material Mapped Terrain Map .4 and
(Fm = Formation; Grp = Group) Surficial Marerial I
Aquifer Rating
Material
confining Clay 1
layer
Silty clay, 2
gravelly alty
clay, sandy
clay
» West Coast Crystalline Congplex Mainly crystalline igneous and Clayey =ilt 3
(Wark Gneizs, Mount Hall Gabbro, metamorphic rock, some
Colgquitz Gneiss, undivided West siliciclastics.
Coast Complex) - amphibolite, metadiorite,
* Saltspring Intrusive Suite metagabbro, paragneiss,
«Buttle Lake Grp (4th Lake Fm 4ty ~ Sranodionite porphyry, diabase,
I ake Volcanics) gabbro, diorite, s-p]:ust: _;lal'e.
o metagreywacke, intrusive rocks
# [sland Plutomic Swte (undivided), chert, siliceous
» Pacific Fim Cgmp]ex {lff_lch Eiver ﬂIgiHit'E. siliciclastic IDCkS: basalt
metasedimentary) flows (Massive)
* Unnamed Cretaceous infrusions
* Clayoquot Plutome Swte
» Catface Infrusions
« Mount Washington Plutonic Suite
 Metchosin Immeons Complex (Sooke
Gabbro, Sheeted Dykes)
Mainly volcanic rock, some 4

= Sicker Grp (Duck Lake Fm, Nitinat
Fm MecLanghlin Ridge Fm undivided
Sicker Grp)

» Vancouver Grp (Karmmutsen Fm)

* Bonanza Grp (Bonanza Velcanics)

* Pacific Fim Complex (Leech Eiver
metavolcanic, individed Pacific Fim
Complex)

* Crambier Grp (Gambier Fro)
+ Flores Volcanics
» Alert Bay Volcanics

* Metchosin Immeous Complex
(Mechosm Volcanics, Mechosm Fm)

sedimentary and metasedimentary
- basaltic flows (pillowed),
breccia, tuff undivided volcanics,
volcamicalstic wacke, schist,
metarhyolite, volcaniclastic
sandstone, metabasalt, andesite-
thyolite, siltstone, argillite
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Table 5.3 (con’t) Aquifer medinm and impact of the vadose zone rating table

Bedrock Formation Bedrock Material Mapped Terrain Map A and
(Fin=Formation; Grp= Group) Surficial Material I
Aquifer Rating
Material
» Buitle Lake Grp| (Mount Mark Fm) Limestone, fine grained Silt, bouldery silt. 5
* Vancouver Group (Daonella Beds, sedimentary rock (non- sandy silt
- i ’ Manaimo Grp), coarse
Quatsino Fm, Parson Bay Fm, ned sedi rock
undivided Vancouver Grp) E-T\m ; G];J;]n fary roc
Janaimo
* Bonanza Grp (Harble Fm) - imestone bicherm/resf.
* Kyuquot Grp mmidstone, siltstone, shale,
» Nanaimo Grp (Sidney Island Fm, limestone. slate, argillite,
Comox Fm, Extension Fm_ Protection — manne sedimentary and
Fm De Courcy Fm, Geoffrey Fm, velcanics, undivided
Gabriola Fm) * sedimentary, sandstone,
conglomerate, arenite
» Buitle Lake Group (Nanoose Coarse gramed sedimentary Alhrum, organics, &
Complex, 5t Mary's Lake Fm. (Non-Nanaimo Grp) and undifferentiated.
undivided Buttle Lake Grp) fine grained sedimentary silty sand
«Mixed Buttle Lake Grp and Mount ~ (1vanaimo Grp)
Hall Gabbro - mdivided sedimentary,
. coarse clastic sedimentary,
le Charlotte Grp argillite, limestone,
* Manaimo Grp {_'Haslam Fm. Pender sandstone, conglomerate,
Fm. Cedar District Fm, greywacke, siltstone,
Northumberland Fm, SF!TE!}" Fm, mudstone, aremite, shale
Suguash Sequence, undivided
Wanaimo Grp) *
» Chuckanut Fm
* Carmanah Grp
Sand Sand 7
Sandand  Colluvinm, fluvial, g
gravel, bouldery sand,
gravelly sand.
mubbley sand, sandy
boulders, sandy
gravel
* Note, all of the Nanaimo Group, and Gravel Mixed fragments, 9
Sicker Group are rated one value gravel, gravely
higher than in the Gulf Islands (Demmy boulders, gravelly
etal 2007) to fit nto ratings onee mixed fragments,
other rocks and materials were rubble

considered.
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Hydraulic Conductivity (C)
Table A14 - DRASTIC-Fm S parameter rating table and data information (Allen, 2014)

AQUIFER CONDUCTIVITY
Sand polygons included:
C_A_geologyl{vector file)
Aquifer conductivity ratings were assigned based on geological formation
characteristics. Crating fieldname: C
C_final_08321 (raster file)
Final parameter that contains associated index rating.
Sand Polygons excluded:
Geology_gi_clip_join (vector file)
Aquifer conductivity ratings were assigned based on geological formation
characteristics. Crating fieldname: C
Cfinalnosand (raster file)
Final parameter that contains associated index rating.

Conductivity (C) Index Table

Aquifer material Conductivity CRating
Range {(m/s)
Clay, silt, Clay and glacial, clay and boulder, glacial, clay less than SE-6 1

and organic, clay and sand, sandstone and (clay, glacial,

hale, etc), granite, sandstone, metamorphic rocks, Other

volcanic rocks, overburden

Gravel and clay, Limestane, sand and silt Se-6to 5e-5 2

Sand S5e-5to Se-4 4

Basalt, gravel, gravel and boulder, sand and gravel greater than 1e-3 10




Table A15 - Vancouver Island DRASTIC study C parameter rating table
(Liggett and Gilchrist, 2010, p. 43-45)
Table 5.7 Geometric mean of transmissivity and hydraulic conductivity for aquifers in the stdy area.

Note: The C rating is based on the oniginal table in Aller et al_ (1987), as shown in Table 5.9. Some of the aquifers
below are not the uppermost aquifer but were completed in the same formation as the uppermost

aquifers.

Aguifer Agquifer Formation (from aquifer ~ T(m's) K (ms) K(m'd) Number C

Tvpe worksheets) of wells  Rating
202 Bedrock Bonanza Grp and Sicker 425E05 160E05 1T1IE01 2 1

Volcanies

204 Bedrock Island Infrusions 142E05 198E06 139E+HM 2 1
218 Bedrock Benson Fm (Nanaime Grp)  6.03E05  2.14E05  1.85E+HM) 1 1
215 Confined Quadra Sand 131E03 327E4  282EH1 4 4
216 Partially Quadra Sand 141E03 4.09E04 353EH01 3 4

Confined
217 Partially Cuadra Sand 987E04 3B5E4  333EHN 12 4

Confined
219 Confined Quadra Sand TTS8E04  277E04  239EH) B 4
205 Confined Tashon Dmift F11IE0F  1ISE0F  986EHIL 1 8
161 Unconfined  Capilano Sediments 3I32E01  691E02 597EHI3 1 10
163 Confined Quadra Sand 528E02 352E02  304EH3 1 10
172 Unconfined  Salish Sediments 151E01 480E02 414EH3 8 10
186 Unconfined  Salish Sediments 120E01 220E02 190EH3 6 10
187/183 Confined Salish Sediments 419E02 148E02 1.28EH)3 7 10
188 Confined WVashon Dnft 520E02 227E02  196EHI 2 10
189 Unconfined  Salish Sediments 134E02  448E03  387EH2 1 10
190 Unconfined  Salish Sediments 6.17E03 252JE03 218EHR2 4 10
197 Confined Vashon Dnift 112E03  144E03  125EH2 3 10
a2 Unconfined  Salish Sediments 126E02 316E03  273EH2 1 10
416 Unconfined  Quadra Sand 187E02 306E03 2635EH2 1 10
207 Bedrock Bonanza group and island TT5ED5  157E02  136EH03 1 10

Infrusions

Table 5.8, Geometric mean of hyvdraulic conductivity and rating for mapped aquifer formations

Formation (from T (m%s) K (m's) K (m/d) Number C
aguifer worksheets) of wells Eating
Bedrock 4 10E-05 954E-06 635E01 & 1
Cuadra 12E03  434E-04  375EH1 29 ]
Vashon 236E03 34BE03  301EH2 6 10
Salizh 492E-02  139E-02 137EH3 27 10

Capilano 332E-01 691E-02  S9TEHS 1 10




Table 5.9 Hydraulic conductivity rating table for all materials in the study area.

(B) = aquifer material from bedrock map (mapped and wmmapped bedrock aquifers); (W) = aquifer matenial from
aquifer worksheets (mapped surficial aquifers); (T} = aquifer material from terram map (unmapped

surficial aguifers)

K (m/d)

Formation/lithology

C
Eating

40107 - 4 1x10°

4.2x10°-1.2x10"
1.3x10"-2.9x10"
3.0x10° - 4.1x10"
4.2x10" - 8.2x10"

=8.2x10!

Bedrock — all types (B), clay (T), silty clay (T), gravelly silty clay (T}, 1

sandy clay (T), clayey silt (T)
Silt (T), sandy silt (T)

[ =)

morainal (T) 4
Cuadra Sand (W) 6
Alluvium (T), ergamies (T), undifferentiated (T}, silty sand (T), g
colhmvaum (T), fluvial (T), mixed fragments (T)

Capilano Sediments (W), Vashon Drift (W), Salish Sediments (W), 10

unknown sands and gravels (W), sand (T), bouldery sand (T), gravelly
sand (T, rubbly sand (T), sandy boulders (T), sandy gravel (T), mixed
fragments (T), gravel (T), gravelly boulders (T), gravelly rubble (T)

Fractured Media (FM)

Table A16 - DRASTIC-Fm FM parameter rating table and data information (Allen, 2014)

FRACTURED MEDIA

FM_azimuth_length & FM_fracture_intensity (vector files)
Two vector files represent the FM parameter. The FM_azimuth_length file
represents the polyline portion of the frn parameter which contains azimuth

and length wvalues.

The FM_fracture_intensity file represents the polyvgon

portion of the frn pararmeter which contains line buffers representing different
fracture intensities based on geological forrmation.

FM_all_final_rating (raster file)
The two vector files were cormbined into one raster file, this raster file
represents the final FM parameter and includes associated ratings.

Fractured Media (FM) Index Tables

Orientation/Azimuth

Contractional Min Max Rating
285 315 7
315 345 10
345 15 7
105 135 7
135 165 10
165 195 7

Extensional 195 225 4
225 255 2
255 285 4
15 45 4
45 75 2
75 105 4
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Length {m)

Rating

20000 -25000
15000 -20000
10000 - 15000
5000 - 10000

0- 5000

| N VR o s

FERAC INTEN

RATIMNG

= 00 h s R

DRASTIC Parameter Weighting Scheme

Table A17 - DRASTIC intrinsic aquifer susceptibility parameter rating scheme used in both

DRASTIC studies (Allen, 2014)

Hydrogeologic Factor

Weight

D - Depth to Water
R - Net Recharge
A - Aguifer Media

S - Soil Media
T - Topography

I - Impact of Vadose Zone Media

C - Aquifer Hydraulic Conduchvity

FM — Fractured Media

[FR I O Iy ¥y [y o (R SR A |

Differences in Cell Count

Table A18 - Cell count values per parameter rating values by DRASTIC parameter for Vancouver
Island DRASTIC and DRASTIC-Fm studies

D R A 5 T 1 C

VALUE Vi Fm Vi Fm Vi Fm Vi Fm Vi Fm Vi Fm Vi Fm
1 772 299 o o o o 47| 315 515 243 o 32 5308 5233
2 454 941 o o o o 442 70 o 99 o 507 o o
3 812 1234 o 309 o o 316 10 336 122 o 309 o o
4 o o o o 3702 o 0 o o 773 o 40 o o
5 976 1037 o 3123 1356 3843 649 o 1584 2060 3843 3196 o o
6 o o 5239 o 124 1465 0 74 o 0 1400 845 o o
7 887 995 o o 51 o 0 3104 o 890 o 6 o o
8 o o o o o o 3203 853 o 0 o 9 o o
9 498 450 o o o o 251 o 2292 862 o 299 o o
10 867 197 o 1801 o o 312 795 518 196 o o o o
TOTAL CELLS 5306 5253 5239 5239 5233 5308 5220 5221 5245 5245 5243 5243 5308 5233
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