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Evaluating groundwater vulnerability on Vancouver Island

Geology 312 lab 7 - 2007
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The purpose of a groundwater vulnerability assessment is to characterize the contamination potential within a hydrogeologic setting, and to define areas that are more or less vulnerable to contamination than others.  The methodologies take into account the fact that the natural environment provides attenuation of and barriers to the movement of contaminants.  The maps resulting from a study of this type may be used by regulators and planners to determine appropriate development policies.  These maps do not substitute for full environmental or hydrogeological assessements when specific projects are proposed.
For this lab information from several wells in the Cassidy and Yellow Point areas will be used to demonstrate the application of a technique called DRASTIC, which has been used in several BC studies.  DRASTIC is an acronym for the seven parameters that are used as the inputs to this model.  

D - Depth to Water

R - Recharge

A - Aquifer Media

S - Soil

T - Topography

I - Impact of Vadose Zone

C - Hydraulic Conductivity

DRASTIC, which was developed by the U.S. Environmental Protection Agency in the 1980s
, provides a numerical ranking system that allows us to assess groundwater pollution potential.  The system is based on two numerical parts:  weights and ratings.
	Feature
	Weight

	Depth to Water
	5

	Net Recharge
	4

	Aquifer Medium
	3

	Soil Medium
	2

	Topography
	1

	Impact of Vadose Zone Medium
	5

	Hydraulic Conductivity of the Aquifer
	3


1)Weights

Each DRASTIC factor has been evaluated with respect to the others to determine the relative importance of each factor.  Each DRASTIC factor has been assigned a relative weight ranging from 1-5.  The most significant factors have weights of 5; the least significant weights of 1.
Assigned Weights for Drastic Features

2)  Ratings

The range for each DRASTIC factor has been evaluated with respect to others to determine the relative significance of each range with respect to the pollution potential.  The ratings vary from 1-10 for each factor.  D,R,S,T,C all have one value per range.  A and I have been assigned a typical rating and a variable rating.  If no site specific data is available the typical rating is chosen.

This system allows the user to determine a numerical value for any hydrogeologic setting by using an additive model.  The equation for determining the DRASTIC index is :

Index = (D R * D w) + (R R * Rw) + (A R * A W)  +  (S R * S W)  +  (T R * T W)  +  (I R * I W)  +  (C R * C W)
R = Rating, W = Weight

DRASTIC provides us with a measure of the relative susceptibility to contamination at any specific site—the higher the index value, the greater the groundwater pollution potential.  DRASTIC is only a relative evaluation tool and is not designed to provide absolute answers.  Most DRASTIC analyses involve the use of GIS software to calculate indices for an area, as opposed to just individual wells as we are doing today.
How each DRASTIC parameter is evaluated:

D - Depth to Water

One source for this parameter is well logs; these logs are submitted voluntarily by drillers to the BC Ministry of Environment.  Once processed these are available from the Water Wells Application or through the Water Resource Atlas mapping application http://srmapps.gov.bc.ca/apps/wrbc/  .  In the case of confined aquifers, depth to water should be redefined as the depth to the base of the confining layer.  The hydrographs for available observation wells have been provided.  This data is likely much more accurate than the drill logs and should be used for depth to water if it varies significantly.

R - Recharge

Net Recharge is defined as the total quantity of water which is applied to the ground surface and infiltrates to reach the aquifer.  This parameter includes the average annual amount of infiltration and does not take into consideration distribution, intensity or duration of recharge events.  For this exercise recharge was calculated using the parameters of topography, surficial material and a precipitation of 1162mm, obtained from Canadian Climate Normals (1971-2000) for the Nanaimo Airport.  

A - Aquifer medium
Aquifers are defined as subsurface geological units which will yield sufficient quantities of water for use.  Water may be contained within the pore spaces of granular and clastic materials and in consolidated materials as porosity, fractures or solution openings.  In general the larger the grain size and the more fractures or openings within the aquifer, the higher the permeability and therefore the lower the attenuation capacity.  For this lab, the aquifer media is designated by descriptive means.  In the case of overlying aquifers, evaluate the confined aquifer separately from the overlying unconfined aquifer.

S - Soil medium
This refers to the uppermost portion of the vadose zone characterized by significant biological activity, generally considered to be the upper weathered zone of the earth which worldwide averages 6 feet or less.  A surficial geology map of the area has been provided.  Soil affects recharge as well as having the ability to restrict contaminant migration. Organic matter and clay content are important in the attenuation, filtration, biodegradation and sorption of contaminants.  Because of recent glaciation, and a temperate climate, soils in this area are generally thin or absent.
T - Topography

Refers to slope of the land surface.  In this case the slope has been calculated using digital elevation data, but could also be calculated from a topographic map.  Affects how much water will runoff as opposed to infiltrate.

 I - Impact of Vadose Zone medium
The vadose zone is defined as the unsaturated zone above the water table.  Well logs and water depth information can be used to determine the characteristics of the vadose zone.  Where an aquifer is confined, the confining layer is chosen as the vadose zone medim.  
C -  Hydraulic Conductivity of the Aquifer

Hydraulic conductivity controls the rate ground water will flow under a given hydraulic gradient.   This may be a consequence of intergranular porosity, fracturing, and bedding planes.  Rapid flow allows rapid spread of contaminants.

CASSIDY AREA
The Cassidy area is characterized by unconsolidated glacial and post-glacial deposits overlying Upper Cretaceous Nanaimo Group sedimentary rocks.  There are 3 aquifers that will be examined in this lab.  

1) The Cassidy -Nanaimo River Basin aquifer (161) is a very permeable unconfined aquifer comprising gravel and sand of probable glacio-fluvial origin.  Some thin till or clay lenses are found within the aquifer.  hydraulic conductivity in this aquifer is very high.  The transmissivity in the hole we are using is estimated to be greater than 1,800,000 gpd/ft. (Transmissivity is calculated as permeability (a.k.a. hydraulic conductivity) times the thickness of the water-bearing zone, and it is expressed here in gallons per day per vertical foot of saturated aquifer material).
2) The Cassidy - Nanaimo Airport  aquifer (160) overlies aquifer 161 and is comprised of  high permeability fluvial or glaciofluvial sand and gravel deposits.  This aquifer is confined by varying-thickness clay lenses.  Transmissivity in this aquifer is reported to be between 16-160 gpd/ft.
3) The Yellow Point aquifer (162) is a low permeablity fractured sandstone aquifer with shale lenses.  The bedrock is overlain by thin soil, clay or till.  In some areas the overlying sediments are glacio-marine in origin.  Transmissivity in this aquifer is reported to be between 7-34 gpd/ft.
We are going to be looking at five wells drilled into these three aquifers.  Of these, three are in the Yellow Point aquifer, one is in the Cassidy-Nanaimo River Basin aquifer and one extends through both of the Cassidy aquifers.  For each well you are provided with a well log, and some information on the various parameters that you‘ll need to know.  Hydrographs (variations in the water depth over time), are also available for 4 of the wells.

Your job is to calculate DRASTIC ratings for each of the five wells.  Your lab report should include a brief description of how this is done, plus the results table, and an explanation of why some wells have low ratings while other wells have higher ratings.  You should also include a couple of sentences describing which parameters this type of analysis is most sensitive to – in other words which parameters have the greatest weights in the analysis, and also which ones can vary the most from one location to another, and how those factors can combine to give very different results.
The Ministry of the Environment well data base provides information on transmissivity for these wells.  The transmissivity data have been used to estimate K (conductivity or permeability) as follows:

	Well
	 
	 Transmissivity
	~saturated
	K
	K

	number
	Aquifer
	igpd/ft
	m2/s
	m2/day
	thickness
	m/d
	cm/s

	68938
	162
	20
	0.000003452
	0.30
	50
	0.0060
	6.904E-06

	74812
	162
	20
	0.000003452
	0.30
	250
	0.0012
	1.3808E-06

	30329
	162
	2
	3.26214E-07
	0.03
	45
	0.0006
	7.2492E-07

	62730
	161
	1800000
	0.31068
	26843
	16
	1678
	1.94175

	3155
	160/161
	88
	1.51888E-05
	1.31
	20
	0.0656
	7.5944E-05


Drastic parameter ratings

	Depth to Water Ranges and Ratings

	Depth to water  (meters)
	Rating

	0-2
	10

	2-3
	9

	3-9
	7

	9-15
	5

	15-23
	3

	23-30
	2

	>30
	1


 D - Depth to Water

Well Logs, are submitted voluntarily by drillers to the BC Ministry of Environment.  This data is processed and is available from the Water Wells Application or through the Water Resource Atlas mapping application http://srmapps.gov.bc.ca/apps/wrbc/ .  Another source of water depth is the Provincial observation well network, available graphs are attached.  In the case of confined aquifers, depth to water should be defined not as static water level, but as the depth to the base of the confining layer.  The following are the ratings assigned to each range of depth.

	Net Recharge ranges and ratings

	Net Recharge (mm/year)
	Rating

	0-50
	1

	50-100
	3

	100-175
	6

	175-250
	8

	>250
	9


 R - Recharge

Net Recharge is defined as the total quantity of water which is applied to the ground surface and infiltrates to reach the aquifer.  This parameter includes the average annual amount of infiltration and does not take into consideration distribution, intensity or duration of recharge events.  For this exercise recharge was calculated using the parameters of topography, surficial material and a precipitation of 1162mm, obtained from Canadian Climate Normals (1971-2000) for the Nanaimo Airport.  

	Aquifer Medium ranges and ratings

	Aquifer media
	Rating
	Typical

	Massive Shale
	1-3
	2

	Metamorphic/Igneous
	2-5
	3

	Weathered Metamorphic/Igneous
	3-5
	4

	Glacial Till
	4-6
	5

	Bedded Sandstone, Limestone and Shale
	5-9
	6

	Massive Sandstone
	4-9
	6

	Massive Limestone
	4-9
	6

	Sand and Gravel
	4-9
	8

	Basalt (typical is for vesicular)
	2-10
	9


 A - Aquifer medium

Aquifers are defined as subsurface geological units which will yield sufficient quantities of water for use.  Water may be contained within the pore spaces of granular and clastic materials and in consolidated materials as pore space, fractures or solution openings.  In general the larger the grain size and the more fractures or openings within the aquifer, the higher the permeability and therefore the lower the attenuation capacity.  For this lab, the aquifer media is designated by descriptive means.  The information can be obtained from the well logs.  In the case of overlying aquifers, evaluate the confined aquifer separately from the overlying unconfined aquifer.  If no site specific data is available utilize the typical rating.

	Soil Medium ranges and ratings

	Soil media
	Rating

	Thin or Absent
	10

	Gravel
	10

	Sand
	9

	Peat
	8

	Shrinking and or Aggregated Clay
	7

	Sandy Loam
	6

	Loam
	5

	Silty Loam
	4

	Clay Loam
	3

	Muck
	2

	Nonshrinking and non aggregated Clay
	1


 S -  Soil medium 

This refers to the uppermost portion of the vadose zone characterized by significant biological activity.  It is generally considered to be the upper weathered zone of the earth which worldwide averages 6 feet or less.  Recent glaciation and moderate temperatures result in this study area often having thin or absent soils.  A surficial geology map, as well as information from the well log may be used to find this parameter.  In some areas soil maps are a source of valuable information.  Soil affects recharge as well as having the ability to restrict contaminant migration. Organic matter and clay content are important in the attenuation, filtration, biodegradation and sorption of contaminants.  
	Topography ranges and ratings

	Topography (%slope)
	Rating

	0-2
	10

	2-6
	9

	6-12
	5

	12-18
	3

	>18
	1


 T - Topography

Refers to slope of the land surface.  Slope may be calculated from a DEM or directly from a topo map.  This parameter affects how much water will runoff as opposed to infiltrate.  This parameter is actually used twice as it is a component of the Recharge rating.

	Impact of vadose zone medium ranges and ratings

	Vadose Zone media
	Rating
	Typical

	Confining Layer
	1
	1

	Silt/Clay
	2-6
	3

	Shale
	2-5
	3

	Limestone
	2-7
	6

	Sandstone
	4-8
	6

	Bedded Limestone, Sandstone, Shale
	4-8
	6

	Sand and Gravel with sig. Silt and Clay
	4-8
	6

	Metamorphic/Igneous
	2-8
	4

	Sand and Gravel
	6-9
	8

	Basalt (typical is vesicular)
	2-10
	9

	Karst Limestone
	8-10
	10


 I - Impact of vadose zone medium
The vadose zone is defined as that zone above the water table which is unsaturated.  Well logs and water depth information can be used to determine this area and material making it up.  Where an aquifer is confined, confining layer is chosen as the vadose zone media.  
	Hydraulic Conductivity ranges and ratings

	Hydraulic Conductivity (meters/day)
	Rating

	<4
	1

	4-12
	2

	12-28
	4

	28-40
	6

	40-80
	8

	>80
	10


 C - Hydraulic Conductivity of the Aquifer
The hydraulic conductivity (a.k.a. permeability) is the ability of the aquifer material to transmit water, which in turn controls the rate at which ground water will flow.   This may be a consequence of intergranular porosity, fracturing, and bedding planes.  Rapid flow allows rapid spread of contaminants.  The table on page 4 gives hydraulic conductivity for each well.

Well data

The following data are from the Ministry of the Environment’s well information data base.
Well Tag Number: 3155  (Observation Well 228)
Owner: NANAIMO SULPHATE PUL

Address: TRANS CANADA HIGHWAY

Area: CASSIDY
Construction Date:  1949-01-01
Static Level: 31 feet

Well Depth: 218 feet
Aquifer:  160/161

GENERAL REMARKS: OLD OBS WELL # WR-228-78 WHEN 150' LEVEL REACHED SAND & GRAVEL, RAISED 30' IN CASING.
INFORMATION ADDED FOR LAB:  Recharge = 11 inches, Slope = 1%  This is presently an observation well only.
LITHOLOGY INFORMATION:

From     0 to    41 Ft.   GRAVEL & BOULDERS   

From    41 to    75 Ft.   CLEAN GRAVEL,WATER-BEARING   

From    75 to    78 Ft.   YELLOW CLAY   

From    78 to    80 Ft.   GRAVEL   

From    80 to    83 Ft.   YELLOW CLAY   

From    83 to    85 Ft.   GRAVEL   

From    85 to   108 Ft.   BLUE CLAY   

From   108 to   111 Ft.   GRAVEL HARD PACKED   

From   111 to   128 Ft.   STRATAS OF YELLOW CLAY & GRAVEL   

From   128 to   150 Ft.   CLEAN SAND & GRAVEL,WATER-BEARING   

From   150 to   153 Ft.   HARD PACKED SAND & GRAVEL   

From   153 to   195 Ft.   FINE GRAVEL & SAND,HARD PACKED   

From   195 to   210 Ft.   SAND & GRAVEL,COAL SIGN,FINE SAND H.P.   

From   210 to   218 Ft.   SANDSTONE   
Well Tag Number: 30239  (Observation Well 315)
Owner: H W PENNER

Address: 3957 YELLOWPOINT RD.
Construction Date:  1974-05-01

Well Yield (Driller's Estimate):  2 Gallons per Hour (U.S./Imperial)

Static Level: 40 feet 
Well Depth:  213 feet

Aquifer:  162

GENERAL REMARKS:
 OBS.WELL #315 (GROUNDWATER SECTION), ESTABLISHED MAR. 1992 WITH WATER LEVEL RECORDER (F-68 STEVENS).

INFORMATION ADDED FOR LAB:  Recharge = 11 inches, Slope = 7%  This is an observation and domestic well. 
LITHOLOGY INFORMATION:

From     0 to     2 Ft.   till and broken sandstone   

From     2 to    14 Ft.   light brown sandstone   

From    14 to    21 Ft.   shaley sandstone   

From    21 to    27 Ft.   grey sandstone   

From    27 to    42 Ft.   hard shaley sandstone   

From    42 to   213 Ft.   hard grey sandstone   

From     0 to     0 Ft.   Source:  2 GPH at 40'   

From     0 to     0 Ft.   20 GPH at 205'   
Well Tag Number: 62730  (Observation Well 330)

Owner: HARMAC PACIFIC INC.
Address: CASSIDY
PRODUCTION DATA AT TIME OF DRILLING:

Well Yield (Driller's Estimate): 200 Gallons per Minute (U.S./Imperial)

Static Level: 19 feet 
Well Depth:  80 ft

Aquifer:  161

INFORMATION ADDED FOR LAB:  Recharge = 11 inches, Slope = 1%, This is an observation and production well.
LITHOLOGY INFORMATION:

From     0 to     7 Ft.   SILTY SAND FINE GRAVEL BROWN   

From     7 to    34 Ft.   GRAVEL COARSE   

From    34 to    70 Ft.   SAND & GRAVEL,MEDIUM   

From    70 to    75 Ft.   SAND COARSE   

From    75 to    80 Ft.   SAND BROWN,FINE   
Well Tag Number: 68938

Address: 4835 JENNINGS PL

Area: LADYSMITH
Construction Date:  1989-11-10

Aquifer:  162

PRODUCTION DATA AT TIME OF DRILLING:

Well Yield (Driller's Estimate): 2 Gallons per Minute (U.S./Imperial)

Static Level: 28 feet 
Well Depth: 260 feet
GENERAL REMARKS:  OWNER APR/96: DOMESTIC, ADEQUATE ALL YEAR DRILLER: FRESH, CLOUDY WATER; OWNER APR/96: USE FILTER,TESTED,OK
INFORMATION ADDED FOR LAB:  Recharge =8 inches, Slope = 14%  This is strictly a domestic well.
LITHOLOGY INFORMATION:

From     0 to     7 Ft.   BROWN CLAY   

From     7 to    32 Ft.   GREY SANDSTONE   

From    32 to    78 Ft.   BLACK SANDSTONE WITH SHALE   

From    78 to   115 Ft.   GREY SANDSTONE   

From   115 to   260 Ft.   BLACK SHALEY SANDSTONE   

From     0 to     0 Ft.   PRINCIPAL WATER STRIKE at 243   
Well Tag Number: 74812   (Observation Well 337?)
Owner: CENAM CONSTRUCTION

Address: NO# HENRYS ROAD, FORMERLY #52

Area: NORTH OYSTER
Construction Date:  1998-09-06
Well Yield (Driller's Estimate):  .7 gallons per minute (U.S./Imperial)

Static Level: 18 feet
Well Depth: 830 feet 
Aquifer:  162
GENERAL REMARKS:  Water level recorder installed Sept 10/98.  3/4GPM after hydrofracturing
INFORMATION ADDED FOR LAB:  Recharge = 12 inches, Slope = 8%, This is an observation and domestic well.

LITHOLOGY INFORMATION:

From     0 to    20 Ft.   Clay   

From    20 to   830 Ft.   Sandstonew/shale lenses   
Recent Water Level Hydrographs from Cassidy/Yellow Point Area

This and other information on the Observation Well Network available from

the MOE Water Stewardship Division website:  http://www.env.gov.bc.ca/wsd/data_searches/obswell/index.html
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� Aller, L., Bennet, T., Lehr, J.H. and Petty, R.J. (1987).  DRASTIC: a standardized system for evaluating groundwater pollution potential using hydrogeologic settings, U.S. EPA Report 600/2-85/018.






