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SUMMARY

More than 1,000,000 British Columbians rely on
groundwater as their source of drinking water, and
there are thousands of community well systems

in British Columbia. A well protection plan allows
communities to identify land use activities that may
threaten the quality of their well water, and to develop
a strategy to avoid or minimize these threats.

There are six steps to follow in developing a well
protection plan:

1. Form a community planning team
Define the well protection area

Identify potential contaminants

=W N

Develop and implement
management strategies

5. Develop contingency plans
6. Monitor results and evaluate the plan

These steps are described in the six booklets that
make up the Well Protection Toolkit. Each booklet
describes activities that lead to the development and
implementation of a well protection plan. In each
step, a fictional case study of the town of Pumphandle
shows how one community took on this challenge.

The second step is to define the area that should be
managed and protected from potential contamination
— the “well protection area.” The length of time that

it would take contaminants to reach each well is also
calculated at this stage. It is a good idea to review

the boundaries of the well protection area from time
to time, especially if new wells constructed nearby
place additional demands on the aquifer and alter the
“capture zone” of the community well(s).

Figure 2.1 shows the stages of Step Two.



To select a method to identify the capture zone for
each community well

To calculate the capture zone and time of travel areas
To define the boundaries of the well protection area

To review the boundaries as required

Once the community planning team has some
initial information for each community well and
aquifer (Step One), the next step is to determine
the area that needs to be protected from
contamination — the “well protection area.”

Step Two is the most technical step in the six-step
well protection planning process, and the planning
team will probably need professional assistance in
completing this work. The information provided
here is a general introduction to the methods for
determining the well protection area.

The planning team should become familiar with a
number of technical

terms that will be

used throughout

the development of

the well protection

Capture zone

plan Figure 2.2 boundary

shows many of
these concepts. The Water Table
groundwater video,
www.groundwater.
protection, available
from your local
health authority
office, also covers
many Of these Drawdown Cone
definitions
and concepts.

Hydrogeology is the study of the flow of water and
chemicals through the geological formations.

An aquifer is a permeable geological deposit (such as
sand and gravel or fractured bedrock) that holds and
yields a supply of water (Figure 2.2). The well may
draw water from a large portion of the aquifer, or
only part of it.

Aquifer transmissivity refers to the ability of an
aquifer to transmit water.

An aquitard is a geological formation that does not
transmit a significant amount of water to wells and
springs. Some examples of aquitards are sediments
such as silts, clays and tills.

Where an aquitard overlies an aquifer, the low
permeability of the aquitard can help in protecting the
underlying aquifer from impacts of human activities
at the land surface. In those cases, an aquifer is said to
be “confined.”

Where no aquitards overlie the aquifer, the aquifer

is said to be “unconfined” and

is vulnerable to
impacts from human
activities at the land
surface, particularly

if the water table is
shallow. Knowing
which areas of the
aquifer are most
vulnerable will
allow you to put the
greatest effort into
the areas that need
most protection.

5-Year
Time of Travel

\” - N

Time of Travel



The water table is

from a given point
to the well. Usually,

Calculated fixed radius
capture zone boundary

the level of standing the capture zone is
water in the ground divided into one-
(Figure 2.2) and is / year, five-year and
the upper boundary — T ten-year time of
of the unconfined (\ — A travel (TOT) areas.
aquifer. Where the Clay | i findrical volume The one-year TOT
water table comes to Aquitard & e penod area is normally
the surface, lakes and ] closest to the well;
wetlands form.  sand and é the five- and ten-

b Gravel Aquifer | S year TOT areas are

o o further away
When water is . (Figure 2.2).
pumped from a well,  Aquitard There are two

the water table close

to the well drops in a
cone-shape (see Figure 2.2).
The area influenced by the pumping well is called the
“drawdown cone.” Its shape will vary — it is circular
only where the geology is uniform and the water
table is level.

The capture zone is the land area that contributes
water to the community well (Figure 2.2).

Another name for this is the “recharge area.”

Any precipitation (rain or snow) that lands in this
area may eventually end up in your well water.

So may any fertilizers, oils spills or other contaminants.
It is important to define the capture zone accurately,
because you cannot protect the well water without
knowing where that water is coming from.

The well protection area is the land area on which
protection measures are taken. In most cases, this will
be the area defined as the capture zone. However,

it may include an area larger than the capture zone
(e.g. the water district boundary). It is recommended
that the well protection area be reviewed every year
and revised as necessary.

The capture zone can be divided into sub-areas based
on “time of travel”: the time it takes water to flow

reasons for dividing
the capture zone into TOT sub-areas:

It provides the planning team with an idea

of the time it would take for contaminants to
travel to the well from different areas within
the capture zone. Contaminants in the one-year
TOT area will take a year or less to reach the
well, contaminants spilled in the ten-year TOT
area can take up to ten years to reach the well.

It makes it easier to set priorities. The first
priority for protection measures will be in the
one-year TOT area. As well, some contaminants
(e.g. bacteria) can only travel limited distances
in soils before they are filtered out or die off,
and are therefore of less concern when they are
in the five- or ten-year TOT area.

It is important to define the capture zone accurately.
Contaminants in the capture zone could pollute the
water supply to the well. There are a number of methods
to determine the capture zone, of which many are
quite complex and technical (see Appendix 2.1 for a
list of publications on this subject). The five methods
most commonly used to delineate capture zones are:

Arbitrary Fixed Radius (AFR);
Calculated Fixed Radius (CFR);
Analytical Equations;
Hydrogeologic Mapping; and

Ok L=

Numerical Flow Modelling.



The community
planning team
can undertake the
first two methods.

Analytical equations, Parabolic

capture zone

hydrogeological
mapping and
modelling are more
complex methods
and a qualified
hydrogeologist
should conduct

the analysis.

Pumping well

Both the Arbitrary Fixed Radius (AFR) and
Calculated Fixed Radius (CFR) methods define

the capture zone by drawing a circle around the
wellhead. The difference between the two methods

is that the circular AFR area is based solely on a fixed
distance from the wellhead, while the area for the
CFR is calculated using the volume of water pumped.

The AFR usually covers the area within 300 metres of
the wellhead. This capture zone covers land beyond
the immediate area of the well, but is not so large that
management of the well protection area becomes too
difficult. Major disadvantages of this method are that
it is arbitrary, and the circular area cannot be subdivided
into time of travel areas. The AFR should be used as
a temporary measure and only where no information
exists on the water use, well, or the aquifer.

The CER calculates a circular area (Figure 2.3), based
on the volume of water pumped by the well over a
specified period of time (e.g. one, five or ten years).
This reflects the time it takes a contaminant to travel
from the CFR boundary to the well, based on the
pumping rate (see Appendix 2.2 for details).

The CFR method is suitable for sand and gravel
aquifers, where the water table is relatively level and
wells supply no more than 100 connections.

Where the water
table is sloping,
the fixed radius
methods do not

work. The shape

o Lble of the capture zone
around the pumping
well is no longer
circular, as recharge
to the well come
from “up-gradient”
and has a long,
finger-like shape
(Figure 2.4).

Simple equations
have been
developed for delineating capture zones where the
water table is sloping. Formulas for calculating the
dimensions of the capture zone and time of travel
boundaries are presented in Appendix 2.3.

Analytical equations are suitable for sand and gravel
aquifers where conditions are uniform and there is
sufficient information on the pumping rate, aquifer
transmissivity, and water table slope. This method
may not work well for fractured bedrock aquifers.

Hydrogeologic mapping locates and maps the
groundwater flow. The capture zone is defined by
identifying the aquifers and aquitards, mapping
the groundwater levels, and then determining flow

N
/ < Capmre / ~

= Sand and |
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A city in the Lower Fraser Valley used to obtain its water supply from both municipal wells and from surface water. With

increasing concerns over surface water pollution, the city phased out the use of surface water and relied solely on well water.

The city decided to develop a well protection plan. In 1995, preliminary capture zones for the wells were delineated using simple

methods, as part of a groundwater monitoring study for the entire Lower Fraser Valley (Carmichael et al, 1995'). In 1997, the
city hired a groundwater consultant to refine these capture zones and identify capture zones for their new wells. The consultant
developed a numerical groundwater flow model of the aquifer, based on present and future water demands. This determined

which areas feed water to the wells,

Although the numerical modelling was more expensive, it was also more accurate. This model also showed that the time of

travel for contaminants was less than five years for four of the six wells, leaving little time for the city to respond to contamination

events. For one well, the TOT was less than one year. Managing potential contaminant sources will be especially critical for these

four wells.

The city also developed a groundwater vulnerability map to assess the need for aquifer-wide protection. Mapping showed the

aquifer is highly vulnerable to contamination and a plan to manage the land use activities above the aquifer was critical to

ensuring a safe, long-term groundwater supply.

directions from water level contours? (Figure 2.5).
This method requires considerable expertise and
should be carried out with the assistance of a
professional hydrogeologist.

This method is particularly suitable for shallow sand
and gravel aquifers where ambient groundwater flow
directions can be directly implied from topography
and where the surface geology can be used to identify
aquifer boundaries.

Numerical modelling develops and uses computer
models of the groundwater flow system. Information
on the hydrogeology of the area is entered into a
computer program, which calculates the water level,
flow rates, and flow directions. This information is
used to define the capture zone for the well and time
of travel of the contaminants.

1 Carmichael, V., M. Wei, and L. Ringham, 1995. Fraser Valley Groundwater Monitoring
Program. Province of British Columbia.

2 In fractured bedrock aquifers and karst limestone bedrock aquifers, tracer dye tests
can be used with field mapping of fractures or solution channels to delineate the
caputre zone area.

The main advantage of numerical modelling is that it
can combine variations in hydrogeology and pumping
conditions, which analytical equations and other
simpler methods can not. However, considerable
amounts of data, technical expertise, and interpretation
are required to develop a numerical model and it

is a relatively costly technique to use. Professional
assistance will be needed.

Developing a numerical model requires large amounts
of data, so it may not be practical to develop models
for areas of the province where data are scarce.
However, the capabilities of computer models make
them a valuable tool for on-going resource management
and contingency planning. For (larger) communities
with good data and the resources to develop and
maintain a computer model, this type of model is an
excellent long-term investment.



How do you decide which of the five methods to use?
Some of the advantages and disadvantages are listed
in Table 2.1.

Although it is tempting to use simple and less
expensive methods (such as AFR), they are based

on very simplistic assumptions. These assumptions
may not apply in your situation, and could result in
the planning team wasting resources on protection
measures in an area that contributes little or no water
to the groundwater supply. Experience in the United
States shows that people may challenge your defined

Start

capture zone, because of the cost of implementing
protection measures, and you will need to be able to
justify your decisions.

However, AFR and CFR may be useful as interim
methods to allow well protection planning to get
underway. Once the community sees the value of
groundwater protection and supports it, you may
find additional funding to refine the capture zone
using more accurate methods.

You should attempt to delineate the capture zone as
accurately as possible, based on the information and
funding available, local conditions and size of the
water system. Figure 2.6 will help you to determine
which method might be most appropriate for your

Type of Aquifer

Sand and gravel

v

Complexity of
hydrogeology and
vulnerability of aquifer

Not as complex or
low vulnerabilty

l

Size of system

<100 connections

l

Other high

Complex and
vulnerable

L—— >100 connections —¢

Fractured bedrock

v

Hydrogeological mapping or
numerical modelling* or choose a larger
area such as a watershed boundary or boundary
of the aquifer as the protection area

Analytical
equations*®

capacity wells Yes
nearby

[
No

|

Arbitrary Fixed Radius and
Calculated Fixed Radius

* = technical advice is highly recommended



See Figure 2.3

See Figure 2.4

See Figure 2.5

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

Calculate cylindrical volume of aquifer
supplying water to well for a given
pumping rate and time period

See Appendix 2.2

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

See Appendix 2.3

Map capture zone from measured
groundwater level contours and
geomorphologic, topographic and
hydrologic features

Delineate capture zone using numerical
flow modelling incorporating actual
hydrogeologic information

- uniform aquifer
- negligible ambient flow

- uniform aquifer
- negligible ambient flow

- uniform aquifer
- horizontal, steady-state flow
- uniform ambient flow

- capture zone does not extend beyond
watershed divide

- groundwater flow direction same as
topographic slope
- horizontal flow

- depends on the model



None

- pumping rate and/or
water use

- aquifer thickness (or well
screen length)

- aquifer porosity

- pumping rate and/or
water use

- aquifer transmissivity

- ambient hydraulic gradient
- aquifer porosity

- aquifer boundary

- aquifer boundary

- water table contours
(or topographic contours)

- geology
- water quality

- aquifer boundary

- geology

- water level elevations
- aquifer transmissivity

- hydraulic conductivity
of aquitards

- knowledge of
boundary conditions

ADVANTAGES:
* easy and inexpensive to apply

DISADVANTAGES:
® arbitrary
¢ may be difficult to defend

ADVANTAGES:
e easy and inexpensive to apply
e accounts for some site-specific information

DISADVANTAGES:
* based on simple physical assumptions

ADVANTAGES:
* easy and inexpensive to apply
e accounts for some local information

DISADVANTAGES:
* based on simple physical assumptions

ADVANTAGES:
e accounts for local information
e physically based

DISADVANTAGES:
e moderate - expensive to apply
e large data requirement

ADVANTAGES:

e accounts for local information
e physically based

e predictive capability

DISADVANTAGES:
* moderate - expensive to apply
¢ large data requirement

Inadequate information on well
construction, pumping rate and
hydrogeology; typically used for drive
points and dug wells

Well construction and pumping rate are
known, hydraulic gradient is low and
aquifer thickness can be estimated; not
appropriate for fractured bedrock aquifers

Aquifer transmissivity and pumping rate are
known and a uniform hydraulic gradient
can be estimated; may not be appropriate
for fractured bedrock aquifers

May be especially useful for shallow,
unconfined aquifers, springs, as well as
karstic and fractured bedrock aquifers

Where hydrogeology and groundwater
conditions can't be adequately
represented by simple analytical models
(e.g. bedrock aquifers or complex
hydrogeology and vulnerable aquifers)
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www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/library/consultants.html
http://www.env.gov.bc.ca/wat/gws/gwdocs/gweddocs/consultants_gw.html
http://aardvark.gov.bc.ca/apps/wells/
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/wells/gwsmaps.html
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/wells.html
www.env.gov.bc.ca/wsd/data_searches/obswell/index.html
www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf
www.env.gov.bc.ca/wsd/data_searches/aquifers/query/index.html

situation. For example, if your community is tapping
a well in a sand and gravel aquifer where the geology
is relatively simple and the water system has over
100 connections, then it may be appropriate to use
analytical equations. However, you may choose

to use methods that are more accurate such as
hydrogeologic mapping or numerical modelling,
especially in populated areas where the capture

zone boundary may need to be pinpointed more
accurately. Technical advice on which method to use
is available from the Ministry of Environment, Water,
Land and Climate Change Branch in Victoria or
groundwater consultants.!2

In order to define the capture zone and well
protection area, it is necessary to collect available
information on each community well and on the
groundwater resources in the local region. Much of
this information may already exist. Table 2.2 (page 10)
summarizes sources of this information and ways to
obtain the missing information.

The well assessment form (Appendix 1.3) will guide
you in compiling information on the well, water
system, and local groundwater conditions. Regional
Ministry of Environment Offices, Water Stewardship
Division staff in Victoria may also be able to provide
advice on compiling groundwater information
(Appendix 1.2).

You will also need information on the vulnerability
of the aquifer. The vulnerability of the aquifer to
contamination from land use activities is needed to
assess the threat of contamination as part of Step
Three. The Ministry of Environment is mapping

the boundaries of developed aquifers in major
groundwater regions of the province and classifying
them with respect to vulnerability.

12 A Tist of groundwater consultants in B.C. can be found in the Ministry of
Environment, Groundwater Home Page

13 Refer to the well record or well assessment form.

14 geek advice from the Groundwater Staff at the Ministry of Environment in Victoria
to determine whether the hydrologeologic conditions are complex.

Do you need to hire a groundwater consultant to
help delineate the capture zone? As a rule, where
the delineation involves methods other than AFR
and CFR, it is recommended that a groundwater

consultant be hired to assist in this work.

The following series of questions may provide
some guidance:

Is your community well in a fractured
bedrock aquifer?13

Is there more than one well in the system, and
are they located close to each other
(e.g. less than 100 metres)?

Are there other significant pumping wells in
close proximity to the community well
(less than 100 m)?

Is your community well supplying a
significant number of customers (tens or
hundreds of connections)?

Are the local hydrogeologic conditions
complex?14

If your answer to any of these is “yes,” hiring a
groundwater consultant to assist in delineating the
capture zone is a good idea (see Appendix 2.4).

You will almost certainly need professional assistance
if your aquifer is in fractured bedrock. Groundwater
flow in many bedrock aquifers occurs through
discrete fractures or through discrete zones, and flow
in these aquifers is usually hard to predict. Therefore,
capture zones for wells drilled in fractured bedrock
aquifers require more data and greater hydrogeologic
expertise to analyze. It is likely that hydrogeologic
mapping or numerical modelling methods will be
needed to delineate the capture zone.

Now that the planning team has a reasonable idea of
where the capture zone and time of travel zones are,
you can decide on an appropriate well protection area.

Remember that capture zone boundaries are never
determined with complete certainty, because
complete information is never available. A common


http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/library/consultants.html
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/library/consultants.html

way to address this uncertainty is to assume worst
case conditions in delineating the well protection area
—for example by using the maximum pumping rate
of the well to calculate the capture zone. Another way
is to delineate the capture zone using several methods
to see if the capture zones cover similar areas.

If you cannot determine the capture zone with any
degree of certainty (e.g. because of the complex
geology), a third option is to establish a well
protection area that covers an area larger than

the defined capture zone. This larger area may be
the watershed boundary, boundary of the aquifer
(capture zone boundaries should not extend beyond
the aquifer) or the entire water district boundary.

You can establish some priorities at this stage, based
on your understanding of the aquifer. For example,
you may decide to focus your efforts on areas within
the one-year time of travel area and /or in areas
known to be vulnerable. Determining the capture
zone for a well or group of wells can be challenging.
Hiring a groundwater consultant to assist in this
process can be a solid investment for future protection
activities and help you support your choices and
decisions within your community.

The planning team should review the boundaries
of the well protection area from time to time. Water
use conditions change. When establishing the well
protection area, look at the effects of expanding the
water supply system. If the demand for water in
the community increases, the pumping rate for one
or more of the community wells will increase, and
so will the size of the capture zone. Any new wells
located in the capture zone may also significantly
change the capture zone boundaries.

As additional and more recent data becomes
available, the understanding of the aquifer and
groundwater conditions will increase. The well
protection area may need to be adjusted to include
this new information.

The existence of higher capacity wells near the
community well can affect the capture zone of the
community well. In cases where high capacity wells
(e.g. other municipal wells, irrigation wells) are
known to exist, these wells need to be considered

when defining the capture zone of the community
well. Review the capture zone annually and see if
new high capacity wells exist. If so, then it will be
necessary to review the capture zone and revise
its boundaries if needed. This is where the use of
a numerical model is advantageous because as
conditions change, the model can be updated to
see how changes (or proposed changes) will affect
the capture zone. The advice of a professional
hydrogeologist is recommended.

The following is a basic checklist for action items to be
completed during Step Two of the well protection

planning process:

Determine the Get advice from the
vulnerability Ministry of Environment
of the aquifer or

in the well hire a groundwater
protection area consultant.

Decide if you need

Go over Figure 2.6 and

a groundwater Section 2.3.

consultant to

help with

delineating the

capture zone

Develop terms Refer to Appendix 2.4.
of reference

for hiring a

groundwater

consultant

Calculate Choose the appropriate
capture zone method (Table 2.1);
and TOT get advice from MOE.
Define boundaries  Use conservative

of well assessments to account
protection area for unknowns.

Review the Adjust boundaries to
boundaries account for new wells,

increases in pumping
requirements, etc.



Methods for delineating capture zones are described
in detail in a variety of publications, including:

Carmichael, V., M. Wei, and L. Ringham, 1995. Fraser
Valley Groundwater Monitoring Program. Province of
British Columbia.

Delin, G. N. and J. E. Almendinger, 1993. Delineation
of Recharge Areas for Selected Wells in the St. Peter-Prairie
du Chien-Jordan Aquifer, Rochester, Minnesota.

U.S. Geological Survey Water-Supply Paper 2397. 39

pp-
Franke, O.L., T.E. Reilly, D.W. Pollock and J.W.
LaBaugh, 1998. Areas Contributing Recharge to Wells,

Lessons from Previous Studies. U.S. Geological Survey
Circular 1174, 14pp.

Kreye, R, M. Wei, and D. Reksten, 1996. Defining
the Source Area of Water Supply Springs. Ministry of
Environment, Lands and Parks, Hydrology Branch.

Risser, D. W. and G. J. Barton, 1995. A Strategy for
Delineating the Area of Groundwater Contribution

to Wells Completed in Fractured Bedrock Aquifers in
Pennsylvania. U.S. Geological Survey Water-Resources
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Investigations Report 95-4033, 30 pp.

Springer, A. E. and E. S. Bair, 1992. “Comparison of
Methods Used to Delineate Capture Zones of Wells:
2. Stratified-Drift Buried-Valley Aquifer”. Ground
Water, 30(6), p. 908-917.

U.S. Environmental Protection Agency, 1994. Ground
Water and Wellhead Protection Handbook. EPA 625/
R-94/001 report, 269 pp.

U.S. Environmental Protection Agency, 1993. Wellhead
Protection: A Guide for Small Communities. EPA 625/
R-93/002 report, 144 pp.

U.S. Environmental Protection Agency, 1987.
Guidelines for Delineation of Wellhead Protection Areas.
EPA/440/6-87/010 report.



APPENDICES

t=allowed travel time to the well (years)

usually specified for one-year, five-year and
ten-year period

Calculated fixed radius
capture zone boundary

n = aquifer porosity
or sand and gravel aquifers, n can be

assumed to be about 0.25

——
A=,
S N _ . .
| : : Gyinirical volume b = aquifer thickness or screen length (m)
Cla of water pumpe .
Aquitard - over a specified estimated from the well record(s) and
£ time period

hydrogeologic cross-sections of the local area

where the aquifer thickness is unknown, the

* sand and

. Gravel Aquifer screen length may be used

the radius calculated using the screen

length is larger than the radius calculated
| Bedrock . . . .
Aquitard using the aquifer thickness and so is a more

conservative figure

The formula for calculating the capture zone radius of
the volume of water pumped from a pumping well

(see Figure 2.7) is: Best suited for sand and gravel aquifers,

where the water table is relatively flat.

Best for wells that supply no more than
r=J 10038 Q t .1 100 connections. For larger systems, more
n b physically based capture zone methods such

as hydrogeologic mapping and numerical
modelling should be considered.

May not be suitable for fractured bedrock
aquifers where groundwater flow occurs
through fractures.

r = calculated radius around the pumping well (m)

Q = pumping rate (L/s)
estimated by averaging the volume of water
pumped annually

estimated by assuming the amount of water
used is approximately 2270 L/d (500 Igal/d)
per connection or per household

estimates can be checked against the reported
well capacity and the pump rating; the well
can not be pumped at a higher rate than its
capacity nor the capacity of the pump



Figure 2.8 shows how the CFR increases with
increasing water use for a typical sand and gravel
aquifer and a well screen of 1.2 m for one-, five-

and ten-year periods. The amount of water used

is represented by the pumping rate or number of
connections the well supplies. A typical value for
water use for a residential household is 2270 L./d
(500 Igpd). To estimate the radius, simply determine
the number of connections or the pumping rate along
the Y axis in Figure 2.8, move horizontally to the one-
five- or ten-year TOT line and then vertically down
to the X axis to determine the radius for a particular
time period. For example, a well that supplies

10 connections (0.26 L/s, based on 2270 L/d per
connection) would have a CER of 210 m for a five-
year time period.

Parabolic
capture zone

Aquifer
Pumping well
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For aquifers that have a uniform ambient water table
slope, the distance of the capture zone boundary (X)
down-gradient of the pumping well and the width
(2Y) of the capture zone up-gradient of the pumping
well can be calculated as follows (see Figure 2.9):

Q

Y= ———— 2.2)

2000 T i

x
I
al<

Y = the half width of the capture zone (m)

X = distance to the capture zone boundary
down-gradient of the pumping well (m)

Q = pumping rate (L/s)
estimated by averaging the volume of water
pumped annually

estimated by assuming the amount of water
used is approximately 2270 L/ d (500 Igal/d)
per connection or per household

estimates can be checked against the
reported well capacity and the pump rating;
the well can not be pumped at a higher rate
than its capacity nor the capacity of the pump

T = transmissivity of the aquifer (m2/s)

measured by conducting a constant rate
pumping test and measuring the drawdown
in the water level in the aquifer

transmissivity values may be available from
the original groundwater consultant’s report

estimated from the well’s specific capacity
(see Driscoll, 198615)

15 Driscoll, F.G., 1986. Grounduwater and Wells. 2nd ed. Johnson Division,
St. Paul, Minnesota. 1089 pp.

(2.3)
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i = slope of the regional water table or hydraulic
gradient under non-pumping conditions

measured from water table or groundwater
level contour maps

often estimated from the local topographic slope

Suitable for sand and gravel aquifers where
conditions are uniform and there is sufficient
information on the pumping rate, aquifer
transmissivity, and water table slope;

May not be suitable for fractured bedrock
aquifers where groundwater flow occurs in
discrete fractures.

The distance to the one-, five- and ten-year time of
travel boundary in the capture zone can be estimated
from the following formula:

t Ki

dror = (2.4)

dror = the distance representing the one-, five or
ten-year time of travel (m),

t= specified time of travel (one, five, ten years),

K = hydraulic conductivity of the aquifer (m/y),

hydraulic conductivity of the aquifer is the
transmissivity divided by the aquifer thickness

i = slope of the water table or hydraulic gradient,
and

measured from water table or groundwater
level contour maps

often estimated from the local
topographic slope

n = porosity of the aquifer.

for sand and gravel aquifers, n can be
assumed to be about 0.25



When hiring a groundwater professional, you will
need to draft specific terms of reference for the work
to be performed. Only general terms of reference are
provided here. Specific terms of reference depend on
site-specific conditions and factors and can only be
developed after these are adequately known. It may
be desirable to contact the Ministry of Environment,
Water Stewardship Division staff for advice in
drafting specific terms of reference. General terms of
reference for characterizing the hydrogeologic setting
and delineating the capture zone for the community
well include the following:

Review all available existing data (provide list

of information sources) to map and characterize
the hydrogeologic setting, including location of
aquifers and aquitards, flow direction, hydraulic
gradient, lithology, permeability, and water use.

Develop conceptual model of hydrogeology
and flow to wells.

Identify areas of data/information insufficiencies
and their effects on capture zone delineation
and outline methods for obtaining additional
data/information critical to capture zone
delineation and include costs.

Delineate capture zone(s) for wells based on
one-, five-, and ten-year time of travel and
zone of contribution to a sufficient degree of
certainty. Use the most appropriate delineation
method(s) to establish capture zone boundaries.
Identify any limitations or uncertainties of
delineation, as well as what additional work
may be required to address this. When using
numerical modelling for delineating the
capture zone, consideration should be given

to delineating the entire capture zone so the
ultimate source of recharge is identified.

Provide a draft report, discussing work done,
actions, and recommendations for review and
include maps, models, and databases. Attend
meetings to discuss report. Finalize report and
assist planning team in presentation of findings
to the public and other agencies.

APPENDICES

The Consulting Engineers of British Columbia has a
publication titled A Guide to Selecting a Consulting
Engineer. It describes ways of methodically selecting the
right consultant for a project. The “Two-Envelope”
system is emphasized.

This publication is intended for larger projects, however,
it may be useful for the community planning team.

Website:

Suite 657 - 409 Granville Street
Vancouver, BCV6C 112

Tel: (604) 687-2811

Fax: (604) 688-7110

Email:


www.cebc.org
mailto:info@cebc.org

Ian Rutherford (the Valley District Engineer) and
three water purveyors were responsible for defining
the well protection area.

Information on the hydrogeology and groundwater
conditions in the Pumphandle Valley came from:

pumping records of the three community wells
from the purveyors;

pumping test reports for Blackwater and
Charlie’s Wells;

historic water chemistry for the community wells
from the Health Authority database;

well records from the Ministry of Environment
water well database and from the

1:20,000 aquifer classification map from the
Ministry of Environment and from the

1:50,000 Geological Survey of Canada surficial
geology map;

1:10,000 air photographs and air photo mosaic

from the
;and,

groundwater reports covering the
Pumphandle area

In the fall of 1998, the purveyors hired a
consulting hydrogeologist, Henrique Darcy,

16 For an explanation of the B.C. Aquifer Classification System, see Kreye, R, K.
Ronneseth, and M. Wei, 1995. “An Aquifer Classification System for Groundwater

Management in British Columbia.” In Proceedings, the 6th National Drinking Water
Conference, Victoria B.C. pp. 347-358.

17 The slope of the water table under non-pumping or natural conditions

Aiken dug 24 915
Blackwater drilled 30.5 200
Charlie drilled 25.6 150

PUMPHANDLE B.C.

P. Geo., Hydro-Logic Groundwater Consultants,
to compile the groundwater information and
delineate the well capture zones.

The well records, surficial geology map, air photos,
and reports suggest that there are terraced sand and
gravel deposits in the valley that are more than 60 m
thick in the central part (Figures CS 1.1 and CS 2.1).
The lower part is saturated and forms the principle
aquifer—the Pumphandle Aquifer—that supplies
groundwater to all the wells in the valley, including
the three community wells. The aquifer rests above a
layer of till of variable thickness which, in turn, rests
on bedrock. The till and bedrock are less permeable
and form aquitards.

Aquifer boundaries were taken from the Ministry

of Environment's aquifer classification map, which
designates the Pumphandle Aquifer as a moderately
developed, moderately vulnerable, II B (12) aquifer.1¢
The aquifer is considered moderately vulnerable
because it is unconfined, but the water table is fairly
deep in most parts of the valley. Near the three
community wells, however, the water table is within
a few metres of the surface (Figure CS 2.1) and the
aquifer is considered highly vulnerable at

this location.

The contours of the water table were estimated
using water levels from well records. These show
that the water table slopes north towards the three
community wells and then north-east towards the
lake (Figure CS 2.2). It is assumed that groundwater
flows the same way. The ambient hydraulic
gradient!”(i) is about 0.1 at the side of the valley and
decreases at the bottom of the valley near the three
community wells. There is limited data to map the
water table contours along the northwest edge of the

5.10 5.26 500
22.73 1.05 100
7.58 0.53 50


http://srmapps.gov.bc.ca/apps/wrbc/ 
http://srmapps.gov.bc.ca/apps/wrbc/ 
http://srmapps.gov.bc.ca/apps/wrbc/ 
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The transmissivity of the aquifer near the community
wells, based on pumping tests, is about 0.0036 m?2/s.
The slope of the water table suggests that recharge

to the aquifer comes from precipitation falling on

the aquifer and from the mountain-front recharge.
Groundwater in the aquifer ultimately discharges to
the lake, the local creek and to pumping wells. The
lake may also be a localized but significant source of
recharge to the community wells during pumping,.

A summary of the community wells is shown in
Table CS 2.1.

The consultant used the maximum pumping rate for
each well to determine the individual capture zones
for each of the three wells. Capture zones were defined

18 Reilly, T. and D. W. Pollock, 1996. “Sources of Water to Wells for Transient Cyclic
Systems.” Ground Water, Vol. 34, No. 6, pp. 979-988.
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using circular radius methods and analytical equations
of groundwater flow. He made a number of assumptions:

There is no interference between the wells,
because of the low pumping rates relative
to the transmissivity. The capture zones are
therefore calculated separately for each well.

The neighbouring private wells are used only
for domestic purposes, and their effect on the
capture zone of the community wells is insignificant.

Groundwater conditions are in a steady state.
This is not strictly true because recharge

likely occurs annually. The effect of seasonal
fluctuation on delineation of the capture zone
areas can not be quantified. However, recent
theoretical studies!® suggest that seasonal
effects would probably be insignificant in
alluvial aquifer terrains such as the one in
Pumphandle and the steady-state assumptions
used here are reasonable.



In reality, the actual capture zones can not be known
with certainty. However, the use of the maximum
pumping rates will allow conservative capture zones
to be defined. The capture zone delineation method
for each well is summarized below and in Table CS 2.2.
All three methods were applied to all three wells. The
results from each method was reviewed and the most
reasonable capture zone was selected for each well.

Aiken’s Well is a very shallow well dug into a spring.
It supplies the main subdivision in Pumphandle

(165 homes — 5.26 L /s requirement) and has a rated
capacity of 5.10 L/s. The water requirements exceed
the maximum capacity of the shallow well, so it is
likely that a new well will need to be drilled to meet
future demands.

For Aiken’s Well, the results from the fixed radius
methods seem the most reasonable. Although a
parabolic capture zone was calculated for the Aiken
well, the transmissivity used for the calculation was
estimated from wells elsewhere in the Pumphandle
area. As such, there is a level of uncertainty associated
with the capture zone determined using analytical
equations. The calculated fixed radius method yields
a ten-year radius of 310 m, which is about the size

of an arbitrary fixed radius capture zone. However,
Aiken’s Well is located at the base of a terrace and

it is obvious from the topography and water table
contours that the flow comes directly from the higher
ground to the south. Assuming the water table
generally parallels the topography, the capture zone
for Aiken’s Well was drawn to include an area of
about 80 ha uphill to the edge of the aquifer boundary
(Figure CS 2.2). The capture zone for the Aiken well
is a 300 m radius plus the drainage area upslope from
the well.

PUMPHANDLE B.C.

Blackwater Well supplies 35 homes (1.05L/s
requirements). However, the well is also used for
irrigating the golf course and supplies the trailer
campground, schools and hotels. In calculating

the capture zone area for this well, the maximum
pumping capacity was used to account for the heavy
irrigation and high seasonal use.

For the Blackwater well, the parabolic capture

zone determined using analytical equations seems
most reasonable — it is physically based and the
transmissivity value used in the calculation was based
on the pump test data for that well. Note that the
parabolic capture zone is narrow and long, curving
west and then south to the edge of the valley side
(Figure CS 2.2). The narrow shape of the capture zone
means that it is difficult to locate the capture zone
without good control on the water table contours.

Charlie’s Well supplies a subdivision of 15 homes
(current requirements are 0.53 L/s). The well capacity
has been rated at about fifteen times that amount
(7.58 L/s), based on an initial pumping test conducted
to prove up the water supply. The maximum
pumping capacity of the well was used to calculate
the capture zone, as this would account for any future
growth and increased use of water for irrigation. This
defines a rather larger capture zone than is currently
present.

The calculated fixed radius method was used for
calculating the capture zone for Charlie’s Well.

The ten-year calculated fixed radius was calculated
as 350 m (38 ha). The calculated fixed radius for

the one-year and five-year time of travel was also
calculated (Table CS 2.2) and plotted in Figure CS 2.2
for comparison. The maximum pumping capacity of
the well was used to calculate the capture zone for

Aiken 5.10 500 0.0036 21 0.0917 99 221 312 8 2
Blackwater ~ 22.73 100 0.0036 17 0.0368 300 232 518 733
Charlie 7.58 50 0.0036 25 0.0842 300 110 247 13 4

text indicates the most reasonable method for each well.
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Charlie’s Well, as this would account for any future
growth and increased use of water for irrigation.
This results in a rather larger capture zone than

is currently present. Analytical equations are not
accurate because the water table is relatively flat and
the ambient hydraulic gradient can not be determined
with any accuracy. It is not clear if the ambient flow
near Charlie’s Well comes from the southeast or
from the west-south-west. To determine this, nearby
monitoring wells would be needed to provide
groundwater level data to map the flow in more
detail.

Ian Rutherford and Henrique Darcy (the
hydrogeologist) defined the well protection area to
include the three capture zones (164 ha). In addition,
they included the strip of land between the capture
zones for Aiken’s and Blackwater Wells. This
accounted for the uncertainty of location of the actual
capture zone for Blackwater Well and the fact that
this strip of land may also be a recharge area for
Charlie’s Well.

Although including the strip of land increases the
total protection area to 261 ha, the total size of the well
protection area is still reasonably small, and it does
not add greatly to the required protection measures.
The preliminary protection area, where land use
activities will be documented and protection efforts
started, is shown in Figure CS 2.3.

All three capture zones are assumed to end at the
aquifer boundaries. Although runoff from the
bedrock slope south of Pumphandle (outside of
the aquifer boundary) likely recharges the aquifer
and the capture zones for Aiken’s and Blackwater
Wells, it is not considered part of the capture zone
or well protection area. However, improper land
use activities in this area may indirectly affect the
groundwater quality.

Similarly, the lake is not part of the aquifer or the
protection area for the community wells, yet a
contaminant spill near the lakeshore could impact the
water quality of the groundwater in the local area.
Lake water may contribute to the recharge of the well
and contamination could travel from the lake to the
pumping wells.

PUMPHANDLE B.C.

Finally, the area of aquifer to the southeast of the
wells might provide recharge to Charlie’s Well, but
it has not been included in the preliminary well
protection area. Monitoring wells need to be installed
around Charlie’s Well to provide more detailed
groundwater level information. This would indicate
whether the recharge area lies to the southeast or to
the west as presently assumed.



%
=









