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Dr. Ian Marnane,
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Johnstown Castle, &
N
Wexford. &
&
Observations on Waste licence application Re% 5%@4&7 0231-01, proposed landfill at the Nevitt.
F &
Dear Dr. Marnane, Q\§?&$

. ;\\OQ &

This proposal does not signiﬁcant@éa@ﬁ(;ess one major public health hazard, that of microbial
contamination of groundwater. The perS :éd site, based on my understanding of the findings of the
hydrogeological studies carried out by\t@% applicants, and by the local community, is on top of a major
aquifer, with fractured rock, I belieye of the Lucan formation. This aquifer has two major uses at
present — it provides a water sup%ly which is abstracted by the Council at Bog of the Ring, and it is
provides the supply to a large number of private wells in the area. The public health relevance of this is
that the main agricultural activity in this area is the production of vegetables, including potatoes, -
cabbages, broccoli, and many different salad vegetables. A crucial part of the production process is, of
course, washing the vegetables, and this is done with ground water from wells. Products include
peeled and washed potatoes, washed lettuce, and many other prepared vegetables. I understand that
local vegetable producers have contracts to supply hospitals, and nursing homes, as well as

supermarkets.

The first question then, is whether it is likely that micro-organisms of public health importance
will find their way into the landfill. There are three obvious routes by which this is likely to happen.
First, it is proposed to use the landfill to handle sewage sludge from existing sewage plants and the
proposed new sewage plant at Portrane; second, a significant fraction of household waste is made up of
used babies' nappies; third, another significant fraction of the waste stream is household and
commercial food waste, which includes abattoir waste.

The second question is whether it is likely that this material will escape the confines of the
landfill cell. I understand that the landfill is double lined, but that the ground underneath the liner will
have to be dewatered, to prevent irruption of rising groundwater. I respectfully suggest, that even with
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the best of practice, some leakage either in handling or from one or more of the cells is essentially
inevitable.

The third question, then is whether viable micro-organisms will survive groundwater transport.
It is commonly assumed that this does not happen, that during the process of transport through
groundwater a variety of chemical and biological processes de-activate essentially all pathogenic
micro-organisms. This is the basis, for example, of the usual recommendation of a 100-day inner
source protection zone in the zone of contribution for water supplies. Unfortunately, the proposed
landfill lies on gravel, and on top of a series of fractured limestones. This means that groundwater
transport is likely to be very rapid indeed (tens of metres a day rather than tens of metres a year).
Similar geological and hydrogeological patterns underlay the Lough Owel (26 cases) and Walkerton
(2,500 ill, 7 dead) outbreaks.

I attach a copy of the GSI Groundwater Newsletter No. 42, and Chapter 4 of the Walkerton
report. [ am aware that the Walkerton disaster occurred as a result of surface contamination of a
shallow ground water supply, combined with quite extra-ordinary carelessness on the part of the
municipal water supply operators. This combination is unlikely to arise from the proposed Nevitt
landfill, but I believe that there is a real risk of smaller outbreaks spread by contaminated washed
vegetables, and particularly of the more resistant pathogen such as Cryptosporidum in the Bog-of-the-
Ring water supply.

I believe that the real risks to public health arise from thi%proposal, and I do not feel that these

have been adequately addressed in the EIS. &
S

SN

Yours sincerely, éz?o‘id\é\
I
S
§3, <
O &
& &
’ S

Dr. Anthony Staines, QO\QA:\\Q
Senior Lecturer in Public Health, 6\(’0
School of Public Health, &&
UCD. &
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In This Issue
Cryptospiridium in The degree of microbial contamination of groundwater in Ireland

a public water is very high, probably higher than in any other country in the EU. In
supply: _ many areas, at least 30% of private domestic and farm wells are
local authority, polluted; in some highly vulnerable areas more than 50% are polluted,
Health Board and  usually intermittently and usually by faecal bacteria. It is likely that
hydrogeological there are areas in Ireland where more than 70% of private wells
perspectives contain faecal bacteria at some time dtiring their use. While the faecal

bacteria themselves pose a thre@{ak to human health, particularly to

babies and old people, wrusgsﬁghd Cryptospiridium may add to the

threat. Arguably, micro Spathogens are the single greatest

The Walkerton threat to groundwaterfin*ireland. This threat arises from a) the

pollution Incident  presence of mlcrobkaiQ athogens in manure, slurry, dirty water

and septic tag@% Seffluent, and b) the geological and

hydrogeologlcgr&\éﬁ’tuatlon in Ireland where, in a significant

: proportion of ke country, there is minimal purification provided

EPA licensing of once effluent.énters bedrock and the overlying protecting layer of

contaminated land soil and bsoil is shallow, with the soil often containing
remediation preferentﬁ’al flowpaths.

The issue of microbial pathogens is highlighted in three separate
articles by Murty Hanly, Marie Gillooley and Sean Moran (pages 2-12)

Acidising on the presence of Cryprospiridium in Lough Owel, the water

boreholes “supply for Mullingar, which caused 26 people to become ill. As the
lake is largely groundwater fed and as the vulnerability of the
catchment is mostly ‘extreme’ and ‘high’, groundwater is considered
to be a potentially significant pathway for Cryptosporidium to enter the

IAH News lake. The pollution incident that occurred at Walkerton, Canada,
when seven people died (see article on page 13), further highlights
our need to take account of the threat from microbial pathogens in
decision-making. "

Mapping karst - _

features using Other topics covered in this Newsletter include: EPA licensing of

microgravity contaminated land remediation by Malcolm Doak (page 14);
acidising of boreholes by David Ball (page 16); and using
microgravity to map karst features by Caoimhe Hickey and Richard
McGrath (page 22).

Donal Daly

EPA Export 25-07-2013:21:36:36)



GSI Groundwater Newsletter No. 42, 2003

Cryptosporidium in a Public Water Supply:
The Westmeath Experience

Introduction

The supply of water for Mullingar town and
for the central area of County Westmeath is
taken from Lough Owel, a 3000-acre lake
north of Mullingar. The lake is primarily
spring-fed and has historically been of such
high quality that the water required only
sterilisation and fluoridation prior to
distribution.

On the May Bank Holiday weekend of Friday
3" May the Midland Health Board notified
the Westmeath County Council that a
significant number of people in the Lough
Owel catchment had been infected with
Cryptosporidium-based illnesses. The Council
were also notified that a sample of water,
taken from the Westmeath regional water
network from the Lough Owel source, tested
positive for the Cryptosporidium parasite and

this water supply until further notice. Fhi¢"

was an unexpected development becaop‘slqﬁhe
Lough Owel source had consistentlffo@“et all
the criteria “under the Drinking Water
Directive (E.U. Council Directivé’98/83/EC)
and had been tested for the indicator organism
for Cryptosporidium as recently as April 8"
2002.

What is Cryptosporidium? ,
Cryptosporidium has emerged as a significant
parasite in humans in recent years and it has

become clear that water provides a major

route of transmission. Cryptosporidium is a
protozoan parasite found in humans and many
other mammals. It is also found in birds, fish
and reptiles. It is discharged in the form of
very large numbers of oocysts by animals
particularly during the Ilambing/calving
season in March/April and again in the
autumn period of September/October. It is
resistant to allowable levels of chlorination in
drinking water. -

Tyzzer initially described Cryptosporidium in
1908. It is now generally accepted that there
are eight species. Cryptosporidium parvum is
the only species known to infect both man
and livestock. Cryptosporidium is prevalent
throughout the world; there are 250 - 500
million infections of Cryptosporidium parvum
annually in Asia, Africa and Latin America.
In developed countries, Crypfosporidium is
one of the most common causes of gastro-
enteritis. The commonest symptoms are
diarrhoea and stomach cramps. Generally it
does not cause serious illness. However,
persons with an impaired immune system,
young children and older persons are mor

suscepti\@e to infection. '

%)
Jn E’%\gland/Wales it accounts for 2.1% of

S.eases compared to Salmonella (3.3%) and
S\

were advised that a Boil Water Notice be put & §®6Campy10ba“€r (7.6%). In Ireland 4% of

in place immediately, for all consumers usilg%\&\

admissions for gastroenteritis in under 14 year
olds was due to Cryptosporidium. In fact it is
the second most common cause after E. coli.
It is usually transferred via the oral faecal
route as a result of contact with infected
animals. Studies indicate that over 50% of
surface waters and 37% of drinking waters in
the UK are contaminated.

Implementing the Boil Water Notice

The immediate task facing the County
Council was to establish a means of
communicating the contents of the Boil Water
Notice to the 25,000 customers, (comprising
approximately 11,000 homes and business
premises) who would be affected by it. A
large number of the customers affected were
based in rural areas within a 20-mile radius of
Mullingar town.

It was the stated policy of Westmeath County

Council from the outset to provide the public

with the most complete and up to date

information at all times. This was achieved as

follows:

¢ Local County Councillors were notified
and provided with details.
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Local radio stations were requested to
broadcast the existence of a Boil Water
Notice every hour on the hour for
customers served by the Lough Owel
Water Supply and also to read out the
~areas affected. This broadcast was in
place at 4.00p.m on the 3™ May.

There was a free-phone number for
information on the Boil Water Notice for
the public and this was on air at 5.30 p.m.
on the 3™ May.

National radio and TV stations were
notified and a news item was broadcast on
the evening news both on radio and TV
stations on the 3" May.

National newspapers and local
newspapers were contacted and all
national newspapers circulating in the area
published an article on the outbreak of
Cryptosporidium  affecting  customers
using Lough Owel Water Supply in
Mullingar town and its environs on their
editions of Saturday 4" May.

' The Westmeath County Council website
was immediately updated informing the. e
customers of the Boil Water Notice a §
why the Boil Water Notice was in (;a‘cf@
This- web site is continuously upg
giving the public information on the
results of the daily tests being ied out
on the water and what action§ are being
put in place to deal with the outbreak of
Cryptosporidium. '
The local Chamber of Commerce was
informed and they in .turn e-mailed all
their members.

The Midland Health Board notified all
general practitioners, dentists, pharmacies
and food premises including hospitals,
nursing. homes and preschool facilities in
the catchment area.

Westmeath County Council notified the
local abattoirs and cutting plants.

Notices were hand delivered to public
houses, churches and schools.

11,000 leaflets were prepared and posted
out to customers informing them of the

Boil Water Notice and what precautions to
be taken.

A special meeting of the County Council
was held on the 10™ of May, which was

A

\§Q @f he Environmental Section of the County

attended by the Health Board
representatives to inform the councillors,
the Public and the Press of the current
situation and to update them on actions
taken to date.

Monitoring the Outbreak

A strategic working group representative of
the Midland Health Board and Westmeath
County Council was set-up to monitor the
outbreak, to monitor the proposals to
eliminate the cause and the plans to prevent a
future occurrence and to keep the public
informed of the progress being made.

The Health Board reported on the
Epidemiological Investigation and monitored
the age profile and conditions of patients
presenting with symptoms. Twenty-six cases
(50% male, 50% female) were diagnosed in
the catchmént area of the lake. The ages of
cases r@@éed from 11 months to 38 years,
w&h gé % of them under five years old.

S

Councﬂ carried out a risk assessment and
identified possible sources of pollution and
issued Section 12 Notices under the Water
Pollution Act of 1977 where appropriate.
Discussions were initiated with the farming
community with a view to having the
catchment area of the lake managed as a
drinking water reservoir.

The Health Board and the County Council
combined resources to have a large number of
samples taken on daily basis tested. The
results of all of these tests were posted on the
Council’s website immediately on receipt as
part of the public information campaign.

The County Council Sanitary Services
Section reported on progress in negotiations
with the Department of Environment and
Local Government for the provision of:

(a) A temporary filtration system and
(b) A permanent filtration system

The Department ‘gave approval for the
immediate planning of the permanent
filtration system, which had been scheduled to
start in 2004. A consultant was appointed to
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fast track the procurement of the temporary
filtration system as an emergency measure.

Throughout the outbreak the council had an
in-house expert group meeting regularly to
update the public information and advise
senior management on all matters arising in
relation to the outbreak.

Lifting the Boil Water Notice

Based on an analysis of the Epidemiological
and Environmental Investigations together
with the test results being obtained from the
water-monitoring regime it was decided to lift
the Boil Water Notice on Thursday June 21%
except for babies and those who are immuno-
compromised. This was done on the
understanding that:

(a) 24 hour monitoring of the source would
be put in place and continue until the
temporary treatment was operational.

(b) Enhanced  surveillance of clinical

Conclusions

1. The fact that this was the first outbreak of
Cryptospiridosis in a public water supply
in the Republic of Ireland in"a hitherto
pristine water source highlights the need
to protect and manage all our public water
sources as a primary food source at the
cost of all other competing uses for the
water where necessary.

2. Unfiltered water sources no matter how
good their historical record may have been
must be considered vulnerable to such
outbreaks.

3. Public co-operation is essential during an
outbreak such as the recent one at Lough
Owel. This is more likely if they have
confidence in the information being made
available to them.

4, Co-oﬁ%'ration and a mutually respectful
ing relationship between the Health
N gﬁoard and Local Authority staff on the

S, S
og? <O strategic working group was extremely

(c) It could be re-implemented quickly in the @Q é&\,\ beneficial in reaching conclusions during
the outbreak.

event of cases or test results warranting égo @}

infections by general practitioners.

(d) Temporary treatment would be &"in
place as quickly as possible. < OQ\\\

(e) Cleaning and flushing of rese &rs and
the network would proceed to an agreed
programme.

(f) Continuing  risk  assessment  and
management of the catchment area.

The same arrangements were put in place to
inform the public of the lifting of the notice as
had been put in place to inform them of its
imposition.

Murty Hanly, Westmeath County Council

5. Although the outbreak has passed there
will be a need to continuously monitor the
source until it is filtered especially coming
up to the next peak in outbreaks in
September/October.
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Outbreak of Cryptosporidium in a Public Water Supply in County Westmeath

Introduction

In April 2002, the first outbreak of
Cryptosporidium associated with a public water
supply in the Republic of Ireland occurred in Co.
Westmeath. The supply of public drinking water
for Mullingar town and the central area of Co.
Westmeath is taken from Lough Owel, a 3,000-
acre lake, north of Mullingar.” The lake is
described as a single basin and is situated in the
middle of Carboniferous limestone deposits. It is
primarily spring-fed though karst fissures in the
underlying limestone. '

There are approximately 89 farms in the
catchment area of the lake and the primary use of
land in the catchment area is grassland farming.
This is a high amenity area and the residential
dwellings surrounding the lake are primarily
served by septic tank systems. The water
treatment system consisted of basic gross solid
removal and disinfection. It did not include
filtration. '

The first case of Cryptosporidium, which was
linked to the outbreak, was admitted to the
Midland Regional Hospital, Mullingar
23/04/02 and was found to be positive

§)

Cryptosporidium infection on faecal sam }f?@

On Friday, 3" May — the Friday of the May Rank
Holiday weekend — the first outbreak contré«l(’team
meeting was held in the Midland Health;éﬁoard.in
relation to this outbreak. It was(;@ecided to
recommend that Westmeath County Council issue
a Boil Water Notice in respect of this water
supply for the following reasons:

1. Epidemiological Evidence : .
There were 8 cases of Cryptosporidium
confirmed since the 1% April, residing in the
water distribution network.

2. Water Treatment _
As this was an unfiltered supply there was no
mechanism in  place to remove
Cryptosporidium from the water supply.

3. Nature of Source
The water supply is a vulnerable to
contamination with Cryprosporidium — it has a
13-mile shoreline surrounded by farms and
domestic dwellings with single site séwerage
treatments systems.

This coupled with the lack of a filtration

system meant the lake was a potential source
of infection.

4. The Population
The water supply services 25,000 people
including 4 hospitals, 4 nursing homes, 331
food premises and 39 pre-school facilities and
schools.

At the initial meeting of officials from the
Midland Health Board and Westmeath County
Council an Incident Management Team was
established. A 3-pronged action plan was agreed
as follows:

1. Epidemiology

2. Water Monitoring

3. Risk Assessment

At this and at all subsequent meetings the agenda
covered thes&B main areas.
NS

lmplen@ﬁ?\ting the Boil Water Notice
The: igﬁmediate task facing the County Council
ndthe Health Board was to establish a means of

< ¢ommunicating the contents of the Boil Water

on. 0{\Qé'\(’p‘Notice to the 25,000 customers - comprising of
QRS

s

approximately 11,000 homes and business
premises - which would be affected by it. A large
number of the customers affected were based in
rural areas within a 20-mile radius of Mullingar
town.

Action taken by the Midland Health Board

It was considered of the utmost urgency to inform
the following groups — the food industry, general
practitioners, pharmacists, dentists, school
principals and hospital consultants about the
contents of the Boil Water Notice. Information
leaflets were drafted in respect of all food
premises — 4 hospitals, 4 nursing homes, 331 food
premises and 39 pre-schools, and each individual
premises was visited by an EHO on Friday 3"
May, to ensure the Boil Water Notice reached
these premises rapidly and to address any
individual queries that proprietors might have. A
memo was prepared for all general practitioners,
pharmacists, dentists and school principals who
were operating in the area. In addition phone
contact was made with all GP practices, dentists
and pharmacists informing them of the situation
and giving advice regarding use of the water in
their practices. Memos were sent to all hospital
consultants in the Midland Regional Hospitals at
Mullingar, Tullamore and Portlacise and the
Senior Infection Control Sister for the hospitals
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was briefed on - the situation, The Senior
Laboratory technologist in the Midland Regional
Hospital at Mullingar was contacted to inform
him of the situation and the need for enhanced
surveillance. The Microbiology Laboratory in the
Midlands Regional Hospital at Tullamore was
contacted and asked to report any cases of
Cryptosporidium to the Department of Public
Health immediately.

Action taken by Westmeath County Council

It was the stated policy of Westmeath County
Council from the outset to provide the public with
the most complete and up-to-date information at
all times. As the Boil Water Notice came in to
being during the run up to the election, local
County Councillors were notified and provided
with details. Local radio stations were requested
to broadcast the existence of a Boil Water Notice
every hour on the hour, for customers served by
the Lough Owel water supply and also to read out
the areas affected. This broadcast was in place at
4pm on the 3" May.

A free-phone number for information on the Boil
Water Notice for the public was also made
available. National radio and T.V. stations were

on the catchment area of the lake. The age ranged
from 11 months to 38 years old, with 75% of them
under 5 years old.

The Environmental Health Department and
officials from Sanitary Services, Westmeath
County Council undertook daily monitoring of the
water source in order to establish a profile of
Lough Owel. Once this profile of the source was
established, concentrated water samples were
taken throughout the supply at representative sites
in order to establish a profile of the entire
network. Samples were also taken to test for
Clostridium perfringens, an indicator organism,
for Cryptosporidium. Results were assessed at
each weekly incident management meeting and a
weekly programme for water sampling was drawn
up in line with recommendations from the Health
Board, laboratory capacities and discussions
between the Health Board and County Councils
staff. Two types of water samples were taken for
analysis —(grab samples and concentrated samples.
The resgﬁ%’s of all tests taken were posted on the
coungil’s website immediately on receipt.

)
SE

¢ Environmental Section of the County Council

notified and a news item was broadcast on the &Q&\:}* carried out a risk assessment and identified

evening news, both on radio and T.V. stations
the 3 May. National newspapers and the %&E@B
newspapers were contacted and all na @\al
newspapers circulating in the area pubfi d an
article on the outbreak. The Westmeat&(County
. . . . N

Council website was immediatels® updated,
informing customers of the Boil Water Notice and
why the notice was in place. This website was
continuously  updated giving _the public
information on the results of the daily tests being
carried out on the water and what actions were
being put in place to deal with the outbreak. The
local Chamber of Commerce was informed and
they in turn e-mailed all their members. The
council also notified local abattoirs and cutting
plants. Notices were hand delivered to public
houses, churches and schools. 11,000 leaflets
were prepared and posted out to customers.

Monitoring the outbreak

As earlier indicated an Incident Management team
was established on the 3™ May 2002 — it
comprised of the Principal EHO, the Senior EHO,
the Specialist in Public Health and various
representatives of the local authority including
two Directors of Services. The team met on a
weekly basis. The Specialist in Public Health
reported on the epidemiological investigation. 26
cases, 50% male and 50% female were diagnosed

NI
S

possible sources of pollution around the lake, and
issued Section 12 notices under the Water
Pollution Act of 1977 where appropriate.
Discussions were initiated with the farming
community with a view. to having the catchment
area of the lake managed as a drinking water
reservoir. The Environmental Health Department
contacted the Meteorological Office for rainfall
statistics and levels for the period from the
18/03/02 to 30/04/02. Looking at the information
provided by the Council on possible sources of
contamination and at the rainfall statistics, it was
concluded that heavy rainfall might have
facilitated the ingress of oocysts into the water

supply.

The County Council’s Sanitary Services Section
reported on the progress of negotiations with the
Department of the Environment and Local
Government for the provision of a temporary
filtration system and a permanent filtration
system. The Department gave approval for the
immediate planning of the permanent filtration
system, which had been scheduled to start in
2004. A consultant was appointed to fast track the
procurement of the temporary filtration system as
an emergency measure. Two swimming pools are
located within the catchment area and both
voluntarily closed down once the Boil Water
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Notice was issued. Subsequently however queries
arose in relation to the reopening with regard to
public health. Letters were sent to both,
addressing the following 3 management areas:

1. Operational Control and Management;

2. Swimmer hygiene practices;

3." Education.

The “Environmental Health standards for
Swimming Pools, Spa Pools, Hydrotherapy Pools
and Other Multi-user Pools” was an invaluable
reference source in relation to the reopening of
both pools.

Rescinding the Boil Water Notice

Usually Cryptosporidium outbreaks linked to a
water supply are due to a treatment deficiency,
which can be rectified. However in this situation
Lough Owel was an unfiltered water supply.
Therefore criteria had to be developed to remove
the Boil Water Notice in the absence of a filtration
system.

Ms Marie Gillooly, Principal EHO, Ms Mari
Greene, Senior EHO and Dr Phil Jennings
Specialist in Public Health Medicine established
the following criteria to rescind the Boil Water

Notice in this particular outbreak situation. Thls\o

decision was based on epidemiological evide
and environmental evidence including g‘&@
monitoring and continued risk assessment. R
S
1. Epidemiological Evidence '{@\
From an epidemiological perspecfwe it was
important that sufficient time had elapsed which
would allow the Board to say with confidence that
any new cases arising would be linked with
starting to drink water again and not to the period
before the issuing of the Boil Water Notice. This
took into account factors such as potential delay in
becoming aware of the Boil Water Notice, the
incubation period of the illness, the duration of the
illness, the length of time required for the faecal
sample to be examined and the result conveyed to
the Department of Public Health. Taken all of the
above into account it was felt that a minimum of a
5-week period was required for the Boil Water
Notice to be in place.

2.  Environmental Evidence

(a) Source Water Quality
It was decided that a minimum of 7 clear
concentrated samples taken at the intake of the
public supply on Lough Owel, on 7
consecutive days should be obtained prior to
removing the Boil Water Notice. Between the

{\

N

10/06/02 and 17/06/02, 8 clear consecutive
samples were obtained.

(b) Treated/Network Water Quality

It was decided to establish a baseline profile in
respect of the distribution network in addition
to the source. From the 05/06/02 to 20/06/02,
concentrated samples were taken from
numerous sites on the distribution network. In
addition samples were taken and tested for
Clostridium perfringens, which is an indicator
organism for Cryptosporidium on the network.
The results show that for the 2 weeks prior to
the rescinding of the Boil Water notice,
samples for Cryptosporidium were clear and
in relation to sulphite reducing Clostridium,
the samples were satisfactory.

(c¢) Continuing Water Monitoring
It was decided that Westmeath County
Council should install a system for sampling
contmuo(gsly for Cryptosporidium over a 24-
hour eriod' at the source, Lough Owel.
Howgver, until this system was installed at the
N @@rce it continued to be monitored daily by
§ @means of  concentrated sampling.

Q@\:}\ Concentrated samples were taken on the

network by Westmeath County Council at
various representative sites in addition to the
samples that were taken following the
implementation of the program for
cleaning/flushing of water mains and
reservoirs (see later). Samples for Clostridium
perfringens were taken for 2 days per week
for a period of 1 month at 4 representative
sites on the network by the Environmental
Health Department. The above sampling
program was subject to ongoing review taking
note of peak risk periods for Cryptosporidium,
e.g. Autumn, and on the epidemiological
evidence once the boil water notice was
rescinded.

(d) Program for cleaning/flushing of water
mains and reservoirs
A 16- week time period was involved in the
total cleaning and flushing of the entire
system. It was not reasonable, in light of all
the other surrounding evidence, to leave the
Boil Water Notice in place for an additional

' In the UK. the Water Supply (Water Quality)
Amendment Regulations 1999 S.I. 1527 set the legal
limit of 1 oocyst per 10 litres when water was sampled
over a 24 hr period. However this level was set as an
operation standard and was not derived from known
public health grounds.
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16 weeks to complete this cleaning and situation warrant it once the Boil Water Notice
flushing program. In light of the following had been rescinded.

factors it was decided that the program could

be implemented after the Boil Water Notice Conclusions

had been lifted. 1.

¢ The result of the water samples on the
network for the previous 2 weeks were clear,
hence, there was clean water flushing through

" the system for a minimum of 2 weeks.
¢ A specialist company was employed to
complete the work of cleaning and flushing.
In addition, the actual cleaning process would

not allow accidental contamination of the 5

supply.

¢ Sludge was disposed of in a satisfactory
manner to designated sites where subsequent
contamination of water courses was avoided.

¢ The County Council agreed to monitor and
sample the water once works were completed

on the network to ensure that the water 3.

leaving the particular reservoir  was

There was a sharp fall off of cases of
Cryptosporidium after the Boil Water Notice
was issued once the incubation period for
Cryptosporidium had passed. There was only
one confirmed case with the date of onset that
lies outside the incubation period after the
Boil Water Notice was issued. Therefore it is
felt that issuing the Boil Water Notice was
effective in curtailing the outbreak and
reducing subsequent cases.

The prompt testing of the water supply by the
Environmental Health Department was
important in the overall management of this
outbreak. The water was tested in this
instance, as the EHO’s knew that Lough Owel
was an unfiltered water supply and therefore
could be contaminated with Cryptosporidium.
Westn&ath County Council identified two
poss&b:le sources of contamination of the water

satisfactory. 5ply with Cryptosporzdmm Heavy rainfall
) 0@ ﬁay have facilitated ingress of the oocysts
3. Risk Assessment aﬁ’ “°" from the land to the water supply.

An ongoing risk assessment plan was drawn up \§QO' 4.

and implemented by Westmeath County Council. OQQ

4. The Process of Rescinding the\\%{)ﬁ
Water Notice <<° N
a) The Public \

A letter was drawn up and apprgy'%d by the
Midiand Health Board and Westsheath County
Council in respect of lifting the Boil Water
notice and containing adv1ce to be glven to the
public.

b) Food premises, health care professionals
and schools

Letters were drawn up and sent to the 5

proprietors of all food premises, including
hospitals, nursing homes, pre-school facilities
and schools. Letters regarding the rescinding
of the Boil Water Notice were also sent to
GP’s, consultants, dentists, pharmacists and

schools. Infection Control Nurse in the 6.

hospital was contacted to advise her of the
rescinding of the Boil Water Notice. A letter
notifying the public that the Boil Water Notice

was being rescinded was also sent to the Press. 7.
5. Action plan for the reissue of a Boil
Water Notice

Westmeath County Council drafted an action plan
for the reissue of a Boil Water notice should the

It is generally recommended that criteria
should be in place for the rescinding of a Boil
Water Notice before the issuing of same.
However in this instance it was considered to
be of the utmost importance to issue the notice
in order to protect public health even though
the criteria for rescinding the notice was not in
place. The value of an annual monitoring
program for an indicator organism, ie.,
Clostridium perfringens in a water system that
has no filtration unit must be questioned.
Random spot sampling is unlikely to be
effective for operational monitoring.

This outbreak highlights the need for a
comprehensive surveillance and notification
system of infectious diseases to facilitate early
detection of an outbreak. This process was
instrumental in the early detection of this
outbreak of Cryptosporidium.

The  Environmental  Health  Officers
knowledge of the water system was crucial in
the initial stages of the outbreak.

This is the first reported outbreak in the
Republic of Ireland of Cryptospoiridiosis
associated with a public water supply.
Routine water monitoring does not include
testing for Cryptosporidium or for the
indicator organism, Clostridium perfringens.
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Recommendations S {J

1.

2.

10.

Cryptosporidium should be included i m the list
of notable diseases.

Laboratory policy on the testing of stool
specimens for Cryptosporidium should be
standardised. ;
Water should be tested for Cryptosporzdzum
where two or more cases of Cryptosporidium
have been confirmed which are linked.to the

same water supply and where no other risk.

factors have been identified. Concentrated
filtered water samples should be taken. -

The County Council should systematically
assess the potential risk of groundwater
contamination by Cryptosporidium,
particularly in unfiltered water supplies by
application of a tripartite approach;, which
assesses source, catchment  and
hydrogeological factors.

In relation to a final treatment plant; being
installed at the Lough Owel site, monitoring
should include the continuous - turbidity
measurement at the outlet of each filter on the
final water using instruments capable of
detecting changes of less than 0.1 NTU.
Westmeath County Council have
implemented a 24-hour continuous monitoring

system for Cryptosporidium at the source ogyo &

the public water supply in Lough Owel un
suitable treatment plant has been put ug(cpTgkéé
(i.e. a filtration unit). SR

In the event of an outz&gﬂg of
Cryptosporidium occurring linked water
supply it is important to issue 4’Boil Water
Notice as soon as possible. The Boil Water
Notice should not be deferred pending the
development of criteria for its removal.

As each outbreak situation is different it
would be extremely difficult to set criteria at
national level for the implementation or
rescinding of a boil water notice.

A good working relationship between the
Health Board and the County Council,
particularly the Environmental Health
Department and the Sanitary Services section
of the County Council is essential in an
outbreak  scenario. Links should be
established before an outbreak occurs.. :
The value of using epidemiological evidence
even in the absence of microbiological
evidence, in identifying and managing an

outbreak should  be highlighted for all
~ personnel involved.

11. Boil water notices should be clear in their
instructions. They should indicate that water
need only be brought to the boil as in an
electric kettle and that water should be
allowed to cool before use. A section on the
prevention of accidental scalds should also be
included. ‘

12. When rescinding a boil water notice, it should
be advised that immuno-comprised persons
may need to boil all water from any source
and allow it to cool before use.

13. Communication with the media is essential in
every outbreak situation. It is recommended
that a designated communications officer
perform this task.

14. It is recommended that a system be prepared
for the rapid dissemination of information to
the public, as this can be a limiting factor in an
outbreak situation.

&
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The Outbreak of Cryptosporidosis in Westmeath
— The Hydrogeological Background

Introduction

An outbreak of Cryptosporidiosis occurred in
Westmeath in April 2002. The investigation of the
outbreak identified that a significant number of
the cases were located in areas served by the
Lough Owel potable water supply. Testing of the
supply system identified the presence of
Cryptosporidium and established the intermittent
presence of Cryptosporidium in the lake.

Westmeath County Council (the Council) carried
out investigations to establish the source(s) of the
Cryptosporidium in the lake, which identified
groundwater discharge as a potential point of
origin. O’Callaghan Moran & Associates were
appointed by the Council to assess the
significance of the groundwater pathway for the
entry of Cryptosporidium in to the lake.

The Lough Owel catchment encompasses an area
of approximately 24.5 km?. The catchment is
reasonably well defined by the topography to the
east, south and west, with ridge-lines and crests

C g O
establishing clear surface water sheds between the\NQ\},\é?‘
N

lake and the adjoining catchments and
catchments of the River Inny, Lough Derra\@f&(gﬁ
and Lough Lene. The ground rises {xté)lgx\o)an
Ordnance Datum (OD) level of approgd?%ately
90 m at the lake shore line to a highest°point of
171 m OD at Frewin Hill to the wes-of the lake.
The lake itself is relatively deep, with the deepest
point being approximately 21 m below the
surface.

The local surface water drainage network is poor,
and the only significant water feature in the
catchment is Ballynafid Lake, which is located in
a shallow depression to the northeast and drains
into the lake. There is an area of bogland (Scargh
Bog) to the east of the lake and another area to the
south. The only area where there is any
significant drainage system is to the south west of
the lake.

The potential sources of Cryptosporidium within
the catchment are farmyards, slurry/dung storage
areas, grazing lands, landbanks used for spreading
of animal slurries and wastewater treatment
systems for domestic residences (septic tanks).
The agricultural land use in the catchment is
grassland dominated and is primarily used for

grazing and silage production, with a small
amount of tillage. '

The Council carried out inspections of farm
holdings in the area surrounding the lake, which
identified 38 farm holdings located either within
or in close proximity to the catchment boundary.
The inspections included the collection of data on
herd type and size, slurry storage capacity and an
assessment of available landspreading capacity.
While overall there is a slight surplus of
landspreading capacity in the catchment, there are
a number of individua! farms where there is a
significant deficit.

There is no municipal sewer system or large-scale
wastewater treatment system in the catchment and
all of thes@wellings are provided with individual
wastewster treatment systems, mainly septic tank
systeins. The Council carried out a survey of the
o(a\o'mestic dwellings to establish the effectiveness

0.\@%f the wastewater treatment systems. The survey
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identified problems with a number of the
treatment systems, primarily related to inadequate
percolation areas.

Geology/Hydrogeology

Rocks from the Lucan Formation and the
Derravaragh Cherts underlie the lake. The Lucan
Formation, which underlies the northern, western,
southern and a portion of the eastern area of the
catchment, comprises Lower Carboniferous dark
limestones and shales, also known as Calp. The
Calp typically consists of dark grey, fine grained,
graded limestone with interbedded black, poorly
fossiliferous shales. The Derravaragh Cherts,
underlie part of the eastern side of the lake and
extend further east outside the catchment. This
formation comprises cherty limestone and minor
shales. Along the western side of the catchment
the Calp limestone dips gently toward the lake.
The overlying Derravaragh Cherts, dip to the
northwest.” The geological maps do not indicate
the presence of significant faulting within the
catchment. '

The majority of the catchment is covered by
glacial tills, which appear to be predominantly
silty tills, with increasing clay content to the south
‘of the lake. The subsoils vary in permeability
(gravels, tills, peat, alluvium). Groundwater flow
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probably occurs through the more permeable sand
and gravel dominated portions of the subsoil. The
glacial tills, which probably account for 85% of
the subsoils in the catchment, are likely to be
significantly less permeable than the gravel.

During periods of heavy rainfall it is expected that
some of the rainfall will run-off either as overland
flow or shallow groundwater flow to drainage
ditches and to the lake in these zones, particularly
where the land is more steeply sloping in the
western portion of the catchment. In these areas
the potential for contaminated run-off entering the
lake is high.

The Soils Map of Westmeath prepared by An
Foras Taluntas, indicates that the topsoils in the
catchment primarily to the west comprise shale,
limestone and chert till. The soil is moderately
well drained and has high silt content, a weak
structure and, high water-holding capacity. It is
liable to poaching and compaction and has a
limited use range.

The soils description suggests that run-off may
occur particularly in the winter period. However,

Based on the current understanding of the
hydrogeology of the area, the GSI has
provisionally categorised the Lucan Formation as
being Moderately Productive only in Local Zones
(Ll). The GSI has not yet categorized the
Derravaragh Cherts. There is thé potential for
enhanced permeability zones within this
formation based on evidence of swallow holes and
karst features in the adjacent catchment to the
east. Although further field investigations are
required to establish the aquifer classification,
OCM assigned it a provisional category of
Generally Moderately Productive (Lm)

Although there is no information on either the
thickness ‘of the gravel deposits to the south west
of and abutting the lake, it was considered, based
on the areal extent (1.01 km?) that they could
potentially constitute an aquifer (Ballard Gravels).
OCM has assigned a provisional aquifer category
of Locally Important (Lg) status to this aquifer.

Other suf 55il units, namely the peat and glacial
t111§. ag\@ not considered to be significantly water
h@&; g and are not categorized as aquifers. The

009‘?@5 are generally silty and are likely to be poorly
@%ermeable The peat is also considered, based on
information from peat deposits elsewhere, to be

drainage density is not particularly high in the
catchment, which indicates that infiltration rates
for rainfall are not significantly reduced as a result\oo

of poor drainage. Exceptions to this do oceur, o\$

observed during field surveys in the \%gs‘tgsﬁ\
portion of the catchment, where localised
marshy ground with poor drainage were nqb‘éd

The south-western end of the &Rchfnent is
underlain by gravels (approximately 1.2 km?)
derived from Carboniferous Limestone. The
gravels appear to extend into the lake itself. To the
east of the gravels, the subsoils comprise peat,
which may overly the gravels closer to the lake. In
the eastern portion of the catchment, there is a

‘series of esker ridges comprising sands and

gravels that trend northwest toward the lake.
There are minor deposits of alluvium to the south
and south east of the lake.

Information on depth to bedrock is derived from
information provided from the Quaternary Section
of the GSI and field inspection. Rock is within
one (1) metre of the ground surface on the higher
ground along the catchment boundary to the
northeast and west of the lake, with outcrops close
to the eastern shore of the lake. The southern end
of this outcrop sequence appears to be exposed
along the Esker ridge nearest the lake.

11

poorly permeable.

While there are some wells and springs shown on
the OS maps and noted on the ground, it appears
that the majority of the domestic water supplies in
the area are obtained from the lake. However,
based on the available information, groundwater
is a significant contributing source of water inflow
to the lake providing more than 20% of the overall
water inputs to the lake.

Recent research suggests that bypass flow or
preferentially flow along more permeable
pathways occurs through soils to the groundwater
system. In the Lough Owel catchment it is
reasonable to assume that by-pass flow has the
potential to occur in extremely vulnerable areas
where the soil and subsoil cover is less than 1 m
thick.

The likelihood of groundwater forming a pathway
for the entry of Cryptosporidium to the lake is
determined by the interaction of survival rates and
the groundwater travel time.

The Lucan Formation is provisionally categorized
as being highly to extremely wvulnerable.
Extremely vulnerable areas are located in the
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higher ground toward the top of the catchment to
the west in Frewin Hill, where glacial tills, which
provide some protection to the bedrock aquifer,
overlie the formation.

Based on the findings of investigations in the Calp
limestone formations elsewhere, groundwater
flow paths in the Lucan Formation are considered
to be relatively short ranging between tens to at
most hundreds of metres and transmissivities are
likely to be low. However, in the top 1 - 2 m of
the bedrock where the bedrock is likely to be
weathered and fractured the permeability is likely
to be much higher than below this level. In this
weathered  zone  groundwater  movement
particularly in steeply sloping areas is expected to
be quite rapid possibly in the range of 10 to 100 m
per day. At lower levels in the bedrock
groundwater movement is likely to be much
slower possibly 10 - 100 m per year.

Where the ' infiltration rates in the topsoils are
high, it is considered that the top weathered zone
of the Lucan Formation is a potentially significant
pathway for Cryptosporidium to enter the lake.
Where infiltration rates are low (poorly drained

& Lo

are present,.then flow paths could extend across
the formation into the lake and travel time in the
aquifer could be rapid. If such conditions exist
then the aquifer could be a significant pathway for
Cryptosporidium to enter the lake. However,
where the permeability of the formation has not
been enhanced, flow paths are likely to be short
and travel times are more likely to be months or
years, which may reduce the significance. of the
groundwater body as a contaminant pathway.

The presence of springs in the bottom of the lake
has been reported. The origin of the groundwater
discharging from the springs is unknown, but may
emanate from either of the bedrock formations.

The gravels are considered to be extremely
vulnerable to contamination. Groundwater flow
paths in the gravels are likely to be in the range
from tens to hundreds of metres and
transmissivities are likely to be much higher than
in the bedrpck aquifers. However, because the
gravels @fé located close to the lake on relatively
low g ground, the hydraulic gradient is much
04@; an higher in the catchment and groundwater
w rates are likely to be much lower close to the

areas) it is considered, on the basis of the subsoil \Q “lake. The gravels may be a potentially pathway

type, flow paths and transmissivities that tth
aquifer is not a potentially significant pathwa&ef%@

Cryptosporidium to enter the lake. & Q\Q)
<
The Deravarragh Chert Formation is proy{;sxonally

categorized as extremely vulneggﬂ’)le over
approximately 19% of the catcl@?ﬁant In the
extremely vulnerable areas and if there are more
permeable zones present in the bedrock, say karst
features, then there is the potential for
groundwater flow paths to extend into the lake.

The residence time of the groundwater in the
Derravaragh Cherts could range from weeks to
years. If more permeable zones (karst features)

Sean Moran, O’Callaghan Moran & Associates

<

particular where the vulnerability is extreme and
there is a significant hydraulic gradient.

The existing study was based on walk over
surveys and limited desk study information. More
field work is proposed to obtain a more
comprehensive understanding of the
hydrogeological characteristics of the catchment
and the potential for groundwater to act as the
pathway for the entry of Cryptosporidium into the
lake.
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The Walkerton Pollution Incident (2000) — A Summary

Walkerton is a small town (population
<5,000) in Ontario, Canada, which uses
groundwater as a source of water supply.

In May 2000, many residents started to fall
sick. By July 26", seven people had died and
2,300 were seriously ill (some needing kidney
transplants). '

Water testing showed faecal bacteria in the
water, and E  coli 0157:H7 and
Campylobacter jejunii were determined to be
the primary cause of disease.

The chlorination plant was not functioning
properly.

DNA typing techniques showed that farm
manure from a cattle farm was the main E.
coli source.

In late April, cattle manure was spread on
land to within 80 m of the water supply well-
that is mainly implicated with the problem. It
was applied at a rate of 12 tons per hectare.
Fresh manure can contain between 10% and 10°
faecal coliforms per gram dry weight. The
farm was following “best management
practices”. ' ‘

Heavy rainfall occurred between May 1¥ and_

S
™

May 12" — a cumulative total of 138 mm. &
The geology consists mainly of till (a ‘s(&‘ﬁ§
sandy silt to silt till’), with some sandfgO vel
overlying limestones. The soil and é&bsoil
varies in depth from 2.4 to > 10 m jﬁ\l\s 24m
deep in the vicinity of the main®implicated
well.) :
The limestone is karstified, -with tracer

.derived rapid groundwater flow rates — up to

hundreds of metres per day (similar to the
karst limestones in the west of Ireland).

The precise route for movement of the
microbial pathogens has not been proven.
However, hydrogeologists who have studied
the situation believe that preferential flow has
enabled the pathogens to bypass the protection
provided by the subsoil. According to one of
the hydrogeologists giving evidence at an
Enquiry, some of the water would be
travelling slowly through pores in the subsoil,
taking in the order of a year to reach bedrock,
whereas some flow would be in days or less
through preferential flowpaths. '

Donal Daly, Geological Survey of Ireland

L
&

Other authors (Worthington, Smart and
Rutland) undertook tracer experiments, in a
similar hydrogeological setting in Ontario, to
measure downward travel times through about
two metres of sandy till above a cave. They
found that the dye took less than an hour for
breakthrough, thus confirming the potential
role of bypass flow.

¢ Once the pathogens get through the soil and
subsoil, they can be transmitted rapidly
through the karstic limestone to the wells

Sources: Reports and papers by Stephen
Worthington, Chris Smart and Wilf Rutland, and a
Powerpoint presentation by Ken Howard.

Implications for Ireland
1. The hydrogeological setting in many areas in
Ireland i%).very similar to that at Walkerton —
relativgﬁf shallow subsoil over karst
limedtone. Bypass flow through preferential
{MIéwpaths is likely to be occurring in many of
Oéf’@s\%ur soils (for further information on this, see

gQé&s\* article ‘Bypass Flow - Is it Relevant to
\ Ireland?’ in Issue No. 41 of the GSI

Groundwater Newsletter), although probably
not to the same degree as in Ontario. Just as in
Ontario, rainfall intensities sufficient to
generate bypass flow occur in Ireland. The
hazards are similar — grazing animals and
slurry spreading.

2. While landspreading of manure, slurry and
dirty water may pose a threat to the aquatic
environment in certain circumstances in
Ireland, particularly if a sensitive or
vulnerable receptor is nearby, the main
concern, in my view, is to human health.

3. Should we be considering ways of minimising
the loading of microbial pathogens in manure
and slurry as a means of reducing the risk in
areas of shallow subsoils (‘extemely’
vulnerable areas) overlying karstic bedrock?
Would longer storage times be effective?
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EPA Licensing of Contaminated Land Remediation

Introduction

Since the mid 1990s the cleanup of
contaminated sites, typically the small-scale
petrol stations and miscellaneous
industrial/storage yards, have generally been
undertaken as part of ‘brown-field’ re-
development, environmental due-diligence
requirements, and EPA licensing
requirements at IPC industrial sites.
Remediation carried out under the Waste
Management Act started in 1999, following
the publication of new waste regulations.

Management Approach

In common with many other EU countries the
Agency approach to managing contaminated
land is risk-based and has licensed
remediation projects using the suitable for use
approach. Remediation projects addressed by
the Agency are founded on the concept of the
source-pathway-receptor (SPR) relationship.
Arising out of this, remediation can be done

‘remove/clean > block > protect’, would be
currently seen as representing best practice.

EPA Licensing
Recently there were two licensing regimes at
the EPA — IPC and Waste Licensing'. The
EPA has issued four waste licences for
brown-field remediation to date (Nov. 2003).
A waste licence’ (issued by the EPA) is
required for the on site treatment of soil or
groundwater contaminated with hazardous
concentrations of toxic parameters or when
the removal of hazardous contaminated soils
from a site necessitates some linked process
such as soil blending or mixing or
groundwater treatment. Each facility (Waste
Licence Register Nos. 100-1, 108-1, 137-1
and 164-19-lies on Sir John Rogerson’s Quay,
Dubli%@\i adjacent to the River Liffey and
ve\“a remediation strategy based on a
Oﬁ&antiﬁed, site specific risk assessment. All

$ .\«‘?ﬁ’our waste licences issued for contaminated

by removing or treating the contaminantK\QQ&é) land remediation embrace new technical

blocking the pathway, or protecting @%@@\

receptor. The order of presentation of
remedial interventions is deliberat&o\f it
represents the Agency’s preferred hiega‘roc ical
approach to contaminated land n;@yﬁagement
(i.e. BAT). It is also importantto recognise
that the agreed remedial intervention is
arrived at from the risk assessment based on a
particular future use of the effected and
adjacent land, as well as having regard to
what is ultimately practicably achievable.
Land wuse change, and owners of the
remediated land have a responsibility to
periodically re-evaluate risk, based on, inter
alia, state of current knowledge, changes in
law, changes in land use, monitoring results,
etc. However, adopting conservative
variables for the risk assessment may mitigate
the amount of post intervention residual

-concern or liability. In the absence of a

definitive legal framework for contaminated
land management (water protection excepted),
professionally  undertaken  interventions
established on the trinity of SPR Analysis -
Risk Assessment and Suitability for Use - and
set against a preferred approach of
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approaches to remediation so as to deal with
the waste insitu if possible (ie. gravel
washing, soil stabilisation, and permeable
reactive barrier (PRB)) in order to meet the
requirements of national government policy’.

Of the 600 IPC licences issued by the EPA,
up to 100 IPC facilities are considered
contaminated, their cleanup or remediation
being dealt with by the IPC licence. Currently
up to 30 IPC facilities are understood to have
significant contamination. Six of the facilities
have a remediation strategy based on a site
specific risk assessment similar to the waste
sites above, and are using MNA®* technology,
hot spot removal, and/or pump & treat.

The Waste Management Act 1996 (Second
Schedule, Part III) establishes a list of wastes
and fourteen properties of waste, which might

! Section 34 Protection of Environment Act (Commencement Date
22 October 2003) will enable the Agency to issue a single licence at
the Office of Licensing & Guidance.

% The governing legislation for a waste licence is the Waste

Management (Licensing) Regulations 2000 (SI No. 185 of 2000).

3 Changing our Ways 1998, Department of Environment and Local
Government.

* MNA: Monitored Natural Attenuation.
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render it hazardous. These properties all need
to be examined in the case of contaminated
land remediation to determine if the
contaminated soils or groundwater are to be
regarded as hazardous or non-hazardous

Source: This article is a summary of: Doak, M.,
Carty, G. and Lynott, D. 2003. The Remediation

-of Contaminated Land in the Republic of Ireland.

Proceedings of Ninth International Waste

‘Management and Landfill Symposium, 6-10

October 2003, S. Margherita di Pula (Cagliari),

5
waste”. Sardinia , Italy

Furthermore, one of the aspects listed in
Article 2 of EU Commission Decision
2000/532/EC (one or more substances
classified as very toxic at a total
concentration greater than or equal to 0.1%
[equivalent to 1000mg/kg]) 1is key to
determining and - recognising hazardous
contamination of soils®.

This paper may be downloaded from the EPA
website; (
http://www.epa.ie/Waste/documents/

Table 1. Water solubility in:groundwater
of selected parameters (adapted from
Fetter, 1999)

Instances where groundwater is contaminated Parameter Water  Solubility  at
to hazardous levels are rare, based on the 25°C
limited solubility of many toxic substances as mg/l at pH 7
shown in Table 1. The exception would be Organics & '
benzene, which has a relatively high solubility Benzene > 1780
in groundwater, although benzene is rarely TOI‘}CH§ 500
found in its pure phase as it is normally a )@‘\}O@@ 200
component of a hydrocarbon mixture. c%‘bhtalene 32

. Q\\%@henanthrene 1.3
Its Holder in accordance with section 48(1) o \O:;\@‘ Pyrene 0.13
the Waste Management Act 1996 © Metals#
surrender a waste licence. The EPA receive: Barium 0.014
two surrender applications for brow Sﬁeld Cadm@um 27
remediation projects (100-1 and 10831). Both Arsenic 5
surrenders have been accepted by ¢iie EPA on Mercury 0.003
completion of the activities described in the Nckel 16
licence, and the sites were then made Zinc 0.7
available for development. .

: The solubility of metals such as cadmium
and zinc increase significantly with a decline
in pH value; acidification can lead to

* Soils and/or groundwater can only.be regarded as a increased levels of those metals in
] waste if discarded or intended to be discarded. groundwater.

The EPA commonly receives queries regarding diesel-
contaminated soils and whether they should be considered
hazardous waste if to be treated or discarded. The MSDS’s for
diesel/kerosene [CAS No. 8008-20-6] generally class these
hydrocarbons as ‘harmful or act as an irritant, may act as a
carcinogen for prolonged occupational exposure’, and the Dutch
Intervention Value is 5,000mg/kg (mineral oil). Using the same
Council Decision it is argued that the diesel contaminated soils
would need to breach 250,000mg/kg to be considered a hazardous
waste (one or more substances classified as harmful at a total
concentration greater than or equal to 25% [equivalent to
250,000mg/kg]). However, diesel product under capillary tension
can be released from the soils at concentrations much less than
250,000mg/kg if the soil is disturbed during excavation or
treatment. The liberation of diesel product in this way should be
regarded as the formation of a hazardous waste. Note:
diesel/kerosene chiefly consists of C10-C16 alkanes, but also has a
small fraction of aromatic compounds (xylenes, etc) and saturated
rings (naphthenes), which could render soils hazardous if at a total
concentration greater than or equal to 0.1%.

Malcolm Doak, Environmental Protection
Agency
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Acidising Adjacent Boreholes

A simple technique that might help a hydrogeologist’s sense of confidence when choosing to
drill a proper production borehole some metres away from a successful exploration borehole
in fractured/karst limestone.

There is a common perception amongst clients
and the general public that a successful well or
borehole has almost magical or mystical

properties. People often believe that the hole itself

produces the water or that the hole is more
. important than the resource that sustains it. People
are often, for example, concerned that if a new
borehole is drilled next to an existing high
yielding hole, then the new hole will, literally, dry
up the source feeding the old hole. The proper
view of a borehole is that it is merely an artificial
construction that allows access to a groundwater
resource and groundwater flow system. There is
nothing intrinsically special, unique or sacred
about a borehole, except that it should be
constructed properly to prevent the ingress of
shallow easily contaminated groundwater, and
should be developed so that it efficiently exploits

ferrophyllic bacteria are tedious. However two
years ago without much enthusiasm or optimism 1
drilled 4 boreholes at three corners of a large
industrial site. I deduced from the first three holes
that there was a northeast — southwest aligned
fracture zone crossing the site, and [ drilled the
fourth hole near the first hole and this confirmed
the deduction. After long pumping tests on the
exploration holes, I proposed to the client that, in
spite of my lack of optimism, there appeared to be
a groundwater flow system that was, within their
context, worth development. The first and fourth
exploration boreholes gave sustainable yields of
1,500 to 2000 g.p.h. I should add that a thick layer
40 feet deep of dry black boulder clay covered the
bedrock #nd the groundwater system was
confingd The piezometric level was about 1.5

g\egés below ground level.
SN :

the available and sustainable groundwater X

resources. A borehole is merely an access point ’\o\.}\é}l‘he client understood the value of a well field

into a groundwater system. QQ\’,\QQ rather than a single borehole source. Last year |
WO & drilled three proper production boreholes

A0

The hydrogeological community also has tc\gﬁéf
with their client’s irrational beliefs wheh Aitﬁ’ey
translate into fears and uncertainties reggrding
exploration boreholes and production boreholes.
Clients often want us to drill-out, or d¥fll down, an
existing, successful, exploration borehole because
of the fear that if we drill a proper production
borehole, five or ten metres away from an
exploration borehole, “we may miss the vein of
water”. Similarly they regard a properly
constructed production borehole as a failure if it
does not provide the same yield as a successful
exploration borehole. This perception is difficult
to overcome with confidence, in non-carbonate
sediments and igneous rocks, but the purpose of
this note is to provide comfort for hydrogeologists
when dealing with low yields from a production
borehole in carbonate sediments close to a
successful exploration borehole.

Two vyears ago I carried out a successful
groundwater exploration drill programme in west
Dublin, in my least favourite aquifer the Calp
(Dublin limestone). I don’t relish the Calp because
I find that long sequences of black shaley
limestone, plus the smell of hydrogen sulphide
and associated problems of iron, manganese and

16

complete with a high quality PVC pump chamber
casing, fully cement grouted into the overburden
and the upper bedrock. One production borehole
gave a yield of 2,000 g.p.h. but the other two gave
yields of 100 g.p.h. and 500 g.p.h. - a major
embarrassment after spending about €20,000 of
the clients money. The client’s engineer also had
the difficult task of reporting to his own board that
he had just spent a lot of the company’s money to
construct proper production boreholes (under
‘expert advice’) and had actually got less water!
However, even though it was difficult to convey
my confidence in the face of this apparent failure,
I was confident because there was obviously a
zone of high transmissivity near by, and all I
needed to do was to make a link.

I therefore used a very straightforward, and I'm
sure most would agree, a common sense
technique. In summary it consists of the following
steps:

¢ To pump the nearest exploration borehole

e To create a flow and gradient towards
this hole
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o To then put concentrated Hydrochloric
acid into the low yielding production
hole

e To pump the ‘exploration borehole to
waste but measure the pH

e When the pH suddenly drops, then divert
the flow (still containing some acid) back
into the production borehole in order to
increase the head differential between
production hole and exploration hole

» Keep on re-circulating the water until all
the acid had been neutralised.

The full details are mundane and as follows:

1.

‘Make

Wear boots, goggles, rubber gloves and
disposable overalls.

up an injection system to get
hydrochloric acid down to the open-hole
section of the low yielding production
borehole, i.e. where the bedrock is exposed in

borehole below the pump chamber casing.

This can consist of either continuous pipe, or

lengths of joined pipe, around 2” - 3” in©
diameter. The pipe materials must be ingst o

The width of the injection pipe allows thé

- concentrated acid to sink, mix and disperse’in

the injection pipe, and also to be  flushed
through at a reasonable rate by vggﬁ\r added
@)

above the acid.

Insert a tube for siphoning acid into the
injection pipe and secure the tube to the pipe.

Set up two or more 20 - 50 litre PVC
containers of muriatic acid (industrial grade
Hydrochloric Acid) on a stable surface
elevated above the top of the borehole and
injector pipe. Put a disposable, hand operated,
siphon pump into a container of acid and
connect to the tube to deliver acid into the
injection pipe.

Set up a flow through cell or container at the
pump discharge pipe for the exploration
borehole in order to monitor changes in pH.
Set up the pH meter to take continuous
readings.

Start pumping the exploration borehole and
discharge the water to waste. Monitor the fall
in water levels in the exploration borehole and

o)

L

§®\
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10.

11.

the "production borehole to be acidised in
order to determine ‘the nature of the
groundwater gradient between the two holes.

When the water level in the hole to be
acidised is drawn down a few centimetres
then start siphoning the acid into the injection

pipe.

Siphon 40 - 60 litres of acid slowly into the
injection pipe. The concentrated acid will
react with the water in the pipe and some heat
will be generated. However the water around
the injection pipe will cool the injection pipe
and the acid water mixture inside. The acid
will not immediately sink or disperse out
from the bottom of the injection pipe into the
water in the borehole. Therefore take water
from the discharge from the exploration
borehole and slowly top up the level in the
injection pipe. The water added at the top will
displace gthe acid down the injection pipe.
Calc lai)é pipe volumes and the amount of
wa&@? needed to flush the first acid through in

SaBout 10 - 15 minutes.
Os\& ou minutes

SY59. The first acid to leave the injection pipe and
S

enter the borehole water near the injection site
will be relatively dilute. This will start to react
with the limestone wall of the borehole and
carbon dioxide will be generated. You will not
notice bubbles of CO; immediately because
the CO, will be compressed by the weight of
water in the pump chamber casing above.
Therefore don’t be fooled into believing that
your calculations are wrong just because you
cannot see any immediate reaction.

Add a further 10 litres of water at the top of
the injection pipe to flush through another 10
litres of acid. Wait for 5 -10 minutes and then
flush through another 10 litres of acid. After
about 20 -30 litres of acid there could be a
noticeable frothing and perhaps surging in the
water around the injection pipe, caused by the
large volumes of CO, eventually reaching the
surface. This water is not particularly
dangerous, because any acidity will be dilute.

It is important to measure water levels in both
boreholes from the time that the acid has
reached the open-hole section of the borehole.
If the drawdown in the injection well does not
increase then it shows that acid has not yet
worked its way from the injection hole out
into the more permeable fractures or solution
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12.

13.

14.

15.

16.

cavities feeding the pumping borehole. If the
drawdown does not increase within about half
an hour then it is time to inject more acid into
the borehole.

Repeat the procedures above to inject acid
into the borehole.

Continue monitoring the water levels and the
pH of the discharge water from the pumping
borehole.

Eventually the sign of a breakthrough will be
a simultaneous fall in water levels in the
injection borehole and a fall in pH in the
water from the pumping borehole. The fall in
pH will be quite sudden and dramatic. The pH
will fall from around 7 to about 0.5 -1.5.

Divert all the pumped water into the top of the
injection borehole in order reuse the acid and
to keep acid flushing through the newly
opened fractures. It may be necessary to partly
close the valve on the discharge pipe and
reduce the pumping rate to avoid over filling
the injection borehole. However, keep the
head of water in the injection borehole as high
as possible in order to maintain a highS <
gradient between the two holes. It shouldgbe\&‘
possible to increase the discharge rate 0)
connection between the injection bore(kR) “and
the cavity system feeding the é@%mpmg
borehole improves. @

s
Continue pumping, and measuring the pH of
the pumped water. It will be probably
necessary to continue pumping overnight to
completely neutralise the acid. The water re-

David Ball, Consultant

s

circulating between the holes will probably be
a dark grey - brown colour from the un-
dissolved clay-shale fraction of the limestone.
The water may smell of hydrogen sulphide
from the sulphides in the limestone.

17. Start pumping the discharge to waste when
the pH has reached 6 -7, and pump until clear.

18. Install a pump in the production borehole;
pump until clear, then let water levels recover,
and then carry out a suite of step tests and a
constant discharge test. It is certain that the
yield of the production borehole will have
improved and the efficiency of the production
borehole probably will surpass the efficiency
of the original exploration borehole. This is.
because the acid moving between the holes
will have further opened up the cavities in the
limestone bedrock between the two holes. The
long-term sustainable yield will still depend
on the_overall transmissivity and storage in
the é\éoguifer and the recharge to the
%@ﬁndwater system.

N r§

mg the above technique, the yields of the two
ow yielding boreholes were increased from 100
and 500 g.p.h. to 2,500 and 3,300 g.p.h.

I have previously used this technique in Galway,
Limerick, Greece and Malaysia. 1 have used it for
boreholes that are up to 20 metres apart. It can be
used in any sedimentary formation where there is
either carbonate cement or where there has been
secondary calcite mineralisation partially in filling
fractures and joints.

18
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Fieldtrip to Gortadroma Landfill and Ennis

The 2003 annual IAH (Irish Group) fieldtrip
weekend was held in October and was based in
Ennis. A visit to Gortadroma Landfill in west
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Limerick was made on Saturday morning with the
remainder of the trip based in the Ennis area
focusing on flooding and water supply issues.
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The visit to Gortadroma was led by Ms.Eleanor

Boland, RPS-MCOS. The Ennis Flood study was
led by Anita Furey and Teri Hayes while the
Ennis Water Supplies were led by Catherine
Coxon.

Saturday 4™ October.
On Saturday morning the group viewed the

Aughinish Alumina (AA) site from a vantage
point as access was not allowed at weekend.
Bauxite is processed to extract alumina at the site.
The extensive red ‘mud stack’ spoil deposits a by-
product of processing were clearly visible. The
key hydrogeological aspects of the site were
briefly introduced by Fionnuala Collins based on
available hydrogeological reports.

At Gortadroma Landfill, the group were given an
overview of the development of the landfill by
Eleanor Boland, Project Engineer, RPS-MCOS.
This included a description of the impact of EU
and national legislation and of national and
regional waste management policy on the
development of the landfill; a background history
of the landfill; details of recent construction works
and current operational controls.

A

O

The group then walked over existing capped cell&‘ s

and viewed a new cell in which the lea
drainage blanket was visible. Leachate 1s\\‘Be£§1g
pumped from the four original un]mggoqbells
which are contained by a bentonite cut@cff wall,
Currently there are 9 other lined cells{/g&' ich have
been constructed according to modern engineering
standards. Leachate is redistributed in the newer
cells through series of HDPE slotted pipes in the
waste via a circulation chamber in the cap.
Alternatively leachate can be pumped from the
collection sumps within the waste to the on-site
leachate treatment plant.

Currently gas is being collected on site by a series
of wells (63 No.) in the waste connected to a ring
main by a manifold system, which draws the gas
to a gas flare. A gas collection layer is also
installed below the liner of the cap to distribute
the gas evenly over each cell and avoid localised
build up of gas. There are plans to harness the gas
and convert it to electricity, which can be fed into
the National Grid.

Fresh leachate from new lined cells and older
leachate from older unlined cells are combined
and treated in the leachate collection and
treatment area. The leachate treatment plant
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provides  biological  treatment,  secondary
clarification and tertiary polishing. It comprises:

a raw leachate storage lagoon;
~ a biological treatment lagoon;

an aeration basin;

a polishing lagoon & clarifier,

a sand filter,

a peat filter and

a treated leachate lagoon.

Currently treated leachate is being stored on site
and tankered off site to a wastewater treatment
plant. However once the system is properly
commissioned it is planned to discharge the
treated water to the White River in accordance
with the conditions of the waste licence emission
standards. '

Following lunch the group returned to the Ennis
area. At Clarecastle the barrage on the River
Fergus wagvisible. It was constructed in the last
centuryto control flooding by preventing high
Q;iepgs from reaching the town of Ennis and
e@‘vnrons

The group then visited Whelans quarry, at
Fountain Cross, north of Ennis, to look at the local
rock type. We were met by the manager — Louis
Grijalva. Confidentiality agreements were signed
such that site operations were not permitted to be
photographed. The discussion within the quarry
was led by Anita Furey.

The quarry was largely dry with only one
relatively small area where excavations had
reached the water table and some pumping of
groundwater was being carried out.

The northern quarry face was comprised of
largely competent rock with very little fracturing,
a shallow zone of epikarst and thin or absent
overburden. In contrast, overburden was
encountered on the southern side and the
limestone in this area was relatively highly
fractured and weathered.

Our final stop on Saturday was Drumcaranmore
swallow hole/Loughvella  turlough located
adjacent to a service station. The discussion of
flooding and water quality issues was led by Teri
Hayes, Catherine Coxon and Anita Furey. The
turlough was not present at this time of year so we
were able to view the swallow hole itself into
which a small stream of water was flowing. There
was a strong odour of animal manure around the
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swallow hole, which is used by’ grazing animals
for drinking water. Tracer studies have been
undertaken in this area and have identified that it
takes less than 12 hours for the water to reach
Drumcliff Spring from where public water
supplies are pumped.

Sunday 5" October.

On Sunday morning, the group congregated on the
banks of the River Fergus and the history of Ennis
flooding problems was introduced by Anita Furey.
Developers have pushed to build in the floodplain,
however to date this has been resisted by the local
Council.

Following this, we visited Poulacorey swallow
hole, north of Ennis town. Water from the
Ballygriffy River sinking in this swallow hole
passes to Drumcliff springs approximately 1 km
to the south in 7-9 hours. Potential hazards in the
vicinity include a graveyard, a farmyard and direct
cattle access to the sinking stream. In addition,
the sinking stream water has high levels of iron,
turbidity and colour due to its source on the
Namurian shale to the west, and this is reflected in
problems with those parameters in Drumchff
springs followmg heavy rainfall.

\\OQ
Mary Burke, Senior Executive Chemist with C‘%gééi

County Council, met us at Poulacorey s

hole: and then brought us to Drumcliff spgﬁﬁ S,
from which the water supply for Ennis is ‘\mped
We looked at the spring and sumps, and€xamined
the source protection maps for Drufvicliff drawn
up by the Geological Survey of Ireland. The need
for further implementation of source protection
measures was discussed, and additional alternative
water supplies for the rapidly growing Ennis area
were also debated.

The final stop of the weekend was the swallow
hole in the ground of St. Flannans college where a
discussion of further flooding issues was led by
Anita Furey. '

Fionnuala Collins, IAH (Irish Group) .
Fieldtrip Secretary

The IAH would like to thank the following:
o Eleanor Boland, Project Engineer (RPS-

MCOS)

e Sinead Kennedy, Executive Engineer,
Environment Section, Limerick County
Council.

e Catherine Coxon (Trinity College Dublin),

e Teri Hayes, Director (White Young Green)
and

e  Anita Furey, Project Manager (P.J. Tobin &
Co. Ltd)

e Enda Whelan, Whelans Quarry, Fountains
Cross, Ennistimon Road, Ennis. (with special
mention to Louis Grijalva);

e Mary Burke, Senior Executive Chemist,
Environment Section, Clare County Council,
New Road, Ennis, Co. Clare.

e Kevin Forde, Senior Hydrogeologist, URS,
Cork for summaries of the hydreogeological
aspects of Aughinish: Alumina and of
Drumcarranmore Swallow Hole/Turlough.

Papers/information sheets presented during the fieldtrip
are availablegti line at iah-ireland.org

Gortadroma Landfill Aeration lagoon
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Recent Developments in Mapping of Karst systems using Microgravity

Introduction

In September 2001, microgravity surveying
techniques were employed in north Roscommon
to aid the understanding of its karst hydrogeology.
The work was carried out as part of ongoing
research in TCD on the Karst Hydrology of
Roscommon, in conjunction with the Geological
Survey of Ireland and the Applied Environmental
Geophysics Research Group at Keele University.
Two main areas of north Roscommon were
looked at in particular, in the hope of using
microgravity to detect and delineate subsurface
karst landforms.

County Roscommon is situated in an area of low-
lying limestones, which in Ireland represent the
most important aquifers economically but the [east
known about. In these areas, the karst landforms
are often less apparent because they are usually
covered with a mantle of subsoil. Consequently,
little research has been carried out on them and
they are often not protected sufficiently from
pollution.  The basis of the research being
undertaken is to improve this knowledge of the
workings of hydrology in these low-lying
limestones areas and attempt to conceptualis
them. Roscommon was chosen as an examp{ﬁﬁ)@@
lowland karst due to its abundance of unngép\g)é“d
karst features and very high depend&%@\\ on
groundwater (which makes up 89% gf water
usage). >

N
QO

Geophysical setting

Previous successful geophysical work in the Gort
to Kinvara lowlands encouraged the GSI to use
microgravity in these two areas of Roscommon.
Two catchment - areas were highlighted for
potential work, where detailed field investigations
and water tracing experiment had been recently
undertaken. The two chosen areas were near the
towns of Boyle and Castlerea, where there are two
large public supply springs. The town of Boyle is
situated in a relatively low-lying area with the
Plains of Boyle to the south, the Curlew
Mountains to the northwest and Lough Key to the
northeast. The drainage density in the area is very
low with a total absence of surface drainage on
the entire uplands of the Plains of Boyle.
Rockingham Spring, which is the public supply
spring for the town, is located at the base of this
upland plateau Skm to the east of Boyle. The
geology in the area comprises rock units that are
Carboniferous in age.

They are mainly clean, well-bedded limestones,
which comprise of the Oakport and Ballymore
Limestones.

Till is the dominant subsoil type in the area and is
generally thin (less than 3m in thickness). The
situation for the area around Castlerea is similar.
There is an upland plateau located 3km east of the
town, trending east to northeast. Again there is a
noted absence of surface streams here. Much of
the area is underlain by Undifferentiated Visean
Limestone, which is described as pale grey, clean,
medium grained bedded limestone. There are five
main springs located along a fault line to the east,
two of which (Longford Spring and Silver Island
Spring) are used by Roscommon County Council
as sources of drinking water for the town and
surrounding rural population. Again the subsoils
are thin ip, the area, especially in the upland
plateau @e\gion where depth to bedrock is less than

3m. &
NS

oL & X
& Field Investigations and Dye Tracing

&
@Q\}\’\@&
P &
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A karst-mapping programme was undertaken in
November 2000 to help délineate the catchment
boundaries for these two sources. This mapping
revealed a high degree of karstification in both
these areas. Not only have clints, grikes and
epikarst been observed but there is also a high
density of karst landforms especially dolines and
swallow holes.

A particular feature noted, especially in the
Castlerea area were the linear assemblages of
collapse features (or dolines) and swallow holes
located at the bottom of dry valleys, suggesting a
highly developed, possibly conduit dominated,
underground drainage system. Water tracing
experiments were then undertaken to yield
information about the catchment areas of the large
springs, and also to aid understanding of
groundwater flow in these highly karstified areas.
Water tracing experiments enable subsurface
routes to be-identified, minimal groundwater flow
velocities to be estimated, areas of recharge to be
delineated, and sources of pollution to be
identified. Both experiments were multi-dye
traces involving four to five different dyes. These
dyes were injected simultaneously into the karst
system and separately identified from water
samples. Both of the dye tracing experiments
proved successful, providing connections from the
sinkholes in the upland areas to the springs. The
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experiments showed unusually rapid flow rates
(over 250m/hr) and very peaked dye hydrographs,
which indicate a weli-developed conduit flow
system with little storage capacity.

Microgravity

Gravity surveying involves the measurement of
subsurface geology on the basis of variations in
the Earth’s gravitational field generated by
differences of density between subsurface rocks.
Common applications of microgravity include the
detection of mining induced cavities, the
monitoring of fluid changes in hydrocarbon
reservoir and the monitoring of time varying
water levels in aquifers. In this case microgravity
was employed to detect voids or cavities and to
establish whether the groundwater pathways are
well-developed conduit systems as the field
mapping and dye tracing inferred.

Cavity detection is revealed by the minute
reduction in the gravitational acceleration as a
result of density contrasts causing an associated
missing mass over a void. The gravimeter used
was-the LaCoste and Romberg D-meter, which
consists of a measured weight on a spring scale.

anomalies to be seen clearly and to allow depth
estimates and density modelling to be done, the
data were then cleaned. Using ‘Gravmag’, a 2.5
dimensional forward modelling gravity software
package, a quick simple model of the data was
made. The calculated gravity from a simple shape
with a density in contrast to its surrounding rock
was compared with the observed gravity seen
from the measured field data. The calculated
gravity was made to fit the observed by changing
its size, orientation, depth and density and hence
produce a simple model. The Euler
Deconvolution’ method was used which is a
method that analyses the gradient of the curve
generated by the body’s gravity effect and finds a
solution by plotting where the body would be to
produce that gravity effect. Figure 2 shows Euler
Deconvolution solutions to the Silver Island
Spring Profile. All microgravity fieldwork and
modelling was carried out by Richard McGrath of
Keele University.
&

Results \(\é\\}

Six prqﬁles were surveyed in total (five in the

Céstlérea area and one in the Boyle area). Most
O‘i?@s}he results proved quite conclusive as the

The weight represents the Earth’s gravity, since Q\‘§Qés§\t)]utions began to cluster. The results obtained at

gravity is contained in the definition of weight. If:O

N

the value of gravity is large then the spring will BE S

more stretched out than it will at positions 2@5\1\1@
a smialler pull of gravity. -~ For this reason,

gravimeters respond only to the Q&rtical

component of gravity of an anomalous s. They

are extremely sensitive and can medsure minute

variations in the acceleration of gravity and have a

sensitivity of about 0.001 milligals (i.e.1000%0f
lecm™®) (McGrath, 2002).

Method

Microgravity was measured in two ways. Firstly
lines or profiles were carried out. Potential
microgravity profiles were identified adjacent to
springs and sinks, across lines of dolines and were
orientated perpendicular to the subsurface
groundwater pathway. Gravity was measured
every 5 meters along the profiles and base station
readings were taken every 1-1.5 hours. The sites
were topographically surveyed to Imm accuracy
on the same day as the gravity acquisition with a
Sokkia SET-3C Total Station. The data were
reduced in an Excel spreadsheet package called
‘GravReduce’, where a Bouguer density of
2.0gem™ was used. Figure 1 shows the Reduced
Bouguer gravity data at the Mewlaghmore site.
Due to the poor weather conditions during
surveying, the data was moderately noisy. For
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< . .
& the six profiles are summarised below.

1. Mewlaghmore: Modelling indicates a large
deep conduit, which is overlain by much
shallower smaller conduits. The main anomaly is
estimated to be 30m wide with a thickness of 6m
and a top depth of 26m. The smaller anomalies
are about 5-8m wide and 2-3m thick at a top depth
of 10m.

2. Longford Spring: The results showed two
conduits of equal size here. They have widths of
10m, with top depths at 11m and a thickness of

6m.

3. East of Longford Spring: Results suggest one
large conduit with a width of 10m, top depth of
11m and a thickness of 5m.

4. Silver Island Spring: This profile produced the
largest amplitude anomaly, and indicates a main
circular conduit at a depth of 8m with a diameter
of 17m.

5. Lissalway. Results here are inconclusive as it
took a considerable amount of processing to bring
out the very subtle anomalies here. The profile
suggests that there is one main anomaly at a top
depth of 4.5m, 10m wide and 2m thick.

6. Rockingham Spring: The profile here indicates
one main anomaly with a top depth of 10m, a
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thickness of 5Sm and a width of 10m. There is also
a secondary but still significant anomaly further to
the east, which indicates a deeper conduit with a
width of 12m, thickness of 3m and a top depth of
16m. Figure 3 shows the Gravmodelling of
Rockingham Spring gravity anomaly (McGrath,
2002).

Drilling

In August 2002 the Geological Survey of Ireland
carried out a drilling programme in order to
investigate these underground conduits in more
detail.  Further geophysical work was then
undertaken in order to accurately locate the best
sites for drilling. Two profiles in Castlerea were
chosen for more comprehensive investigation. The
methodology used was the same as before except
this time microgravity was carried out in a grid
system with readings being taken every 5m along
parallel profiles Sm apart. This gave a very
detailed microgravity map. Figure 4 shows the
map produced. Four successful holes were cored
in total in the survey with three in Castlerea, one
in Boyle. The results of the drilling programme

Longford Spring: No major cavities were found
in this core, although 3 medium-sized conduits
and two smaller ones were encountered. The first
15m were very fractured with 5 large fissures and
numerous clay filled layers encountered. Two
large fissures/small conduits (10m) were
encountered at 9m and again at 16.8m. One
medium sized conduit was encountered at 9.7m
with 25cm of soft sand and silt being recovered.
Another fracture zone was encountered at 18m
with 40cm of sand and silt recovered and 60cm of
rounded pebbles and missing core at 19m. From
20m onwards the limestone is very dolomitised
and weathered with many calcite geodes but with
a full core recovery.

Rockingham Spring: Highly karstified limestone
was encountered here with an epikarst layer to
6.5m with numerous air filled cavities including a
60cm cavity at 1m, where the drilling water
disappeared. A - large air filled cavity was
encountered at a top depth of 10m, with a
thicknegs>of 1.5m. Another large fissure was
encountered at 18.2m with a thickness of 40cm.

O@ﬁé\ est of core remained very fractured but with

. 0,
Mewlaghmore 1. This hole was drilled as a &Qoéj@b‘% 0% core recove.ry.

N
control in area where geophysics showed n Q\\”\é&}
anomalies. This hole is the most northern borehgfé &

are summarised below.

Conclusions
e@\%@ The purpose of the geophysical survey was to

marked in figure 4. Drilling revealed 100%
recovery of clean fractured limestoge. &The
limestone had numerous small so!\mﬁ%nally
widened fissures and cracks all the way’ through.
A fracture zone was encountered &?zsfeen 18.5
and 21.5m with dolomitisation rescdlting in 40cm
of a crumbly gravel material. No core was missing
and no cavities were encountered. Plate 1 shows a
picture of the core taken from this hole.

Mewlaghmore 2: The location for this hole was
picked as an example at the main geophysical
anomaly at the side of a large doline. Average
core recovery from this hole in total was only
55%. Bedrock was extremely broken and
fractured until 24m. A large fracture was
encountered at 10m with 60cm of soft sediment
and clay layers recovered. Another cavity was
encountered at 11.2m with a depth of 1.4m and
was presumed to be filled with clay and soft
sediment. Another large cavity was encountered at
16.6m with a depth of 1.7m. A major cavity was
encountered at 18.6m, with a thickness of 4.5m,
where only a few pebbles and gravely clasts were
recovered until 23m. There was 100% recovery
for the rest of core.  The limestone got
increasingly cherty from 30m onwards. Plate 2
shows an example of core taken from this hole.

24

determine whether the subsurface pathways,
previously identified by field mapping and dye
tracing from the sinkholes to the springs in the
two catchments, were conduit flow or diffuse
flow. The geophysical work was also used to
calculate the dimensions of the suspected cavities
and their depth below the surface. The results
from the microgravity demonstrated fairly
conclusively the existence of these underground
conduits, which are then backed up by the
evidence from the drilling. For example, the
anomaly found at Mewlaghmore suggests that
there is a conduit system rather than a single
pathway. This not only fits well with the field
evidence with its numerous scattered dolines and
sinkholes but also with the drilling. )

The control borehole in this area (Mewlaghmore
1), located only 40m away from the main anomaly
area and in the exact same lithology, showed how
accurately the cavity was located using
microgravity. This control borehole showed no
evidence of cavity development as the
microgravity suggested, with 100% core recovery
throughout.  The  geophysical work  at
Mewlaghmore 2 suggests a large deep conduit
overlain by smaller shallower conduits, which
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were subsequently proven by the drilling. The
dimensions and the top depths of the conduits
suggested from the geophysical survey are an
over-estimation but still provide a close indication
to the actual situation. This is also the case in the
Rockingham Spring area. The geophysics
suggested a main anomaly with a top depth of
10m, which is exactly where the cavity was found.
The thickness of this void was again an
overestimation but this could be due to the
numerous smaller shallower cavities found in the
top 6m that the geophysics didn’t account for.

The results from the Longford spring area were
less convincing with no major cavities found
despite the results from geophysics suggesting
two equal sized anomalies.

Lo

Instead numerous smaller conduits were found.
This could be explained by numerous reasons
including the wrong location of the borehole as no
detailed grid microgravity survey was carried out
here but the microgravity certainly demonstrated
that some voids or anomalies were present.
Overall, microgravity proved very useful in
achieving the objectives of this study. It proved
the existence of the subsurface cavities and
located them accurately. However, in a karstified
area like this where the bedrock is highly fissured
and the subsoil varies in thickness, the exact
dimensions and depths of the results could prove
inaccurate, especially where only a small amount
of geophysics was carried out.

Caoimhe Hickey, Trinity College Dublin & Geological Survey of Ireland

Richard McGrath, Consultant
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CONTRIBUTIONS FOR THE NEXT ISSUE OF THE NEWSLETTER

Contributions for the next issue should arrive before 1st May 2004 to:

The Editor, GSI Groundwater Newsletter,
Geological Survey of Ireland,
Beggars Bush, Haddington Road, Dublin 4.
Email: donal.daly@gsi.ie

ok o ok ok o e %k ok

The contributors are responsible for the content of the material in this Newsletter.
The views expressed are not necessarily those of the
Geological Survey of Ireland.
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Chapter 4  The Physical Causes of the Contamination
4.1 Overview

The physical causes of the contamination of the Walkerton water system in
May 2000 were the subject of extensive evidence. In this chapter, I consider a
variety of possible sources, including the three municipal wells operating in
May 2000, watermain construction along a section of Highway 9, possible
interference with the integrity of the distribution system, and the application
of biosolids or septage near municipal wells. In determining the causes, I review
several important sources of information, including the geology and
hydrogeology of the surrounding area, information respecting possible sources
of the Escherichia coli and Campylobacter contamination, meteorological data,
bacteriological sample results, records of the location of each well and the vol-
ume of water pumped by it, and epidemiological datg?),.
' \

manure that had been spread on a farm nest 1'5, although I cannot exclude
other possible sources. The manure wés s\plied in late April 2000, before a
period of significant rainfall occursi@%\ﬁm May 8 to 12. The survival time of
E. coli in soil is such that large rg;koré@rs of E. coli on the farm could easily have
survived after the manure agplication. DNA typing of the animals and the
manure on the farm reveéd%\é%\ . coli O157:H7 and Campylobacter strains on
the farm that matched thcgh(f?man outbreak strains predominating in Walkerton
in May 2000. An Augﬁst 2000 test demonstrated that as Well 5 pumped,
E. coli levels increased in Well 5 as well as in two monitoring wells between the
farm and Well 5. I note at the outset that Dr. David Biesenthal,! the farm’s
owner, engaged in accepted farm practices and cannot be faulted for the

: : N o

I conclude that the primary, if not the only, soutte of the contamination was
e
We

outbreak.

I conclude that the entry point of this contamination into the municipal drink-
ing water supply was through Well 5. The overburden in the area of Well 5 was
shallow, and there were likely direct pathways — such as fence post holes and a
reversing sprinig by the north side of Well 5 — through which the contamina-
tion travelled from the surface to the bedrock and the aquifer.

Further, Well 5 was a shallow well, whose casing extended only 5 m below the
surface. All of the water drawn from the well came from a very shallow area

' Dr. David Biesenthal is a veterinarian.
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between 5.4 m and 7.7 m below the surface. More significantly, this water was
drawn from an area of highly fractured bedrock. This fracturing, and the geo-
logical nature of the surrounding bedrock, made it possible for surface bacteria
to quickly enter into fractured rock channels and proceed directly to Well 5.
Raw water contamination by coliforms and fecal coliforms was indicated in
the initial pump tests in 1978 and continued to May 2000.

In the immediate aftermath of the tragedy, samples of raw water taken at
Well 5 consistently tested positive for E. coli. Significantly, neither Well 6 nor
Well 7 samples tested positive for E. col during this period. The only distribution
system samples testing positive for E. coli were from two “dead ends” that were
closer to Well 5 than to the other two active wells. A positive E. coli sample
from June 6, 2000, taken from a spring discharging near Well 5, indicated that
a large area of bedrock underlying Well 5 was contaminated.

The experts who testified at the Inquiry all agreed that Bre was “overwhelming
evidence” that contamination entered by way of &¥ell 5. I am satisfied that
although Well 6 and, to a lesser extent W@%ﬁay be vulnerable to surface
water contamination, the overwhelming e¥ @bs}mc points to Well 5 as the source
of the Walkerton system’s contamina@%&h\\x May 2000.
. S @

It is not possible to determine.t\k@ \gz@fct time when contamination first entered
the water distribution syscﬁm;&\%owever, I conclude that the residents of
Walkerton were probably gf{?t exposed to the contamination on or shortly
after May 12. It was atghis time that Well 5 was the primary supply well,
contributing the mosg@(‘l\gniﬁcant amounts of water to the distribution system.
This conclusion is supported by the epidemiological evidence, the evidence of
the health care institutions that treated the ill and vulnerable groups, anec-
dotal evidence from residents, and the timing of the heavy rainfall. It is also
consistent with the findings of the Bruce-Grey-Owen Sound Health Unit and
of Health Canada, which both concluded that the predominant exposure dates
were between May 13 and May 16, 2000.

The applicable government technical document relating to disinfection, the
Chlorination Bulletin, states that a water system like Walkerton’s must treat
well water with a chlorine dose sufficient to satisfy the chlorine demand caused
by substances in the raw water and to sustain a chlorine residual of 0.5 mg/L
after 15 minutes of contact time. The evidence is clear that if such a chlorine
residual had been maintained at Well 5, considerably more than 99% of bacteria
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such as E. coli and Campylobacter would have been killed. For practical pur-
poses this would have prevented the outbreak.?

In May 2000, the operators of the Walkerton water system chlorinated the water
at Well 5, but routinely used less chlorine than was required. The incoming con-
tamination overwhelmed the chlorine being added. However, the amount of
contamination was likely so great that the demand it put on the chlorine would
have overwhelmed even the amount of chlorine needed to maintain a residual of
0.5 mg/L after 15 minutes of contact time under normal conditions.

Nonetheless, the outbreak could have been prevented. Walkerton did not have
continuous chlorine residual or turbidity monitors at Well 5. Such monitors
could have sounded an alarm and shut off the pump when the chlorine re-
sidual dropped.’> Compounding this shortcoming, the Walkerton operators
did not even manually monitor. the chlorine residu@, levels daily during the
critical period. Daily monitoring would very likel%ﬁ‘ave enabled the operators
to take steps to significantly reduce the scope e outbreak.*
ps to sig y X é%ﬁ’

As the contaminated water spread th &@\the system, people began to fall ill.
The epidemiological data establishgﬁh&\)individuals started to experience symp-
toms around May 16 or 17, im@%%g‘ég an exposure date beginning on May 12
or soon afterward. This is cetf 2nt with the conclusion that significant rain-
fall from May 8 to 12 proﬁa%}?\caused the contamination from the farm manure
to enter the aquifer and thén spread to Well 5. The first test results indicating
E. coli contamination{\ﬁ the system were collected on May 15. On May 19, the
Walkerton Public®Utilities Commission (PUC) began to flush and
superchlorinate the system, and a boil water advisory was issued by the local
Medical Officer of Health on May 21.

At the end of this chapter, I review and reject a number of other possible
sources of the contamination, including new construction, breaks, repairs, and
cross connections in the distribution system, and the spreading of biosolids.

2 "This statement is subject to the qualification that a large increase in turbidity accompanying the
contamination may have prevented the chlorine from disinfecting the contaminants. In my view,
Y P y

it is most unlikely that this is what happened in May 2000.

¥ Y
% It would have been necessary to have a continuous turbidity monitor because it is possible,
although very unlikely, that an increase in curbidity would have accompanied the contamination,
thus interferring with the effective operation of a continuous chlorine residual monitor.
¢ &
# I note that it would not be difficule for any properly trained water operator to appreciate the
significance of the low or non-existent chlorine residuals and to take the appropriate corrective
action.
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4.2 The Multi-Barrier Approach to Municipal Water Systems

Before turning to a discussion of the circumstances giving rise to the outbreak
in Walkerton, it is useful to briefly describe the multi-barrier approach to en-
suring the safety of drinking water in communal or municipal water systems.

Experts at the Inquiry repeatedly stated that a multi-barrier approach is neces-
sary to ensure safe drinking water. This approach includes at least five elements:
the source of the water, water treatment, the distribution system, the monitor-
ing of water quality, and the response to adverse water test results.

4.2.1 Source

Drinking water comes mainly from two types of sources: groundwater (e.g.,
wells and springs), and surface water (e.g., lakes, rivers, reservoirs). Ground-
water is often the source of drinking water in smalfer communities, as is the
case in Walkerton. Larger communities in C%ﬁ%’\d&\ﬁ such as the City of Toronto,
are more often supplied with surface wat&?? @6\0
SO

Groundwater is genera.lly consider, @Ee less prone to microbial contamina-
tion than is surface water, becausg%\&g\r%undwater travels through the subsurface,
a filtration of particles occurs; '@ding the fileration of micro-organisms. The
travel times for groundwater, fitay be very long, making sudden microbial con-
tamination even less likelag\\zis a result, groundwater may require less treatment
than surface water doessIn some circumstances, however, groundwater may be
“under the direct influence” of surface water: surface contamination can travel
rapidly through natural cracks, fractures, or surface features such as springs or
ponds to gain direct access to groundwater. When this occurs, groundwater
should be treated and monitored with the same concern for sudden microbial
contamination as is the case with surface water.

4.2.2 Treatment

The main purposes of water treatment are to ensure that the water is safe to
drink and that it is aesthetically pleasing, with good taste and no odour.

The treatment of water attempts to eliminate three classes of contaminants:
(1) microbial contaminants such as bacteria (e.g., E. coli), viruses, and protozoa

EPA Export 25-07-2013:21:36:38



e R

Part One Report of the Walkerton Inquiry 109

(e.g., Giardia and Cryptosporidium); (2) chemical contaminants (e.g., metals
and pesticides); and (3) radiological contaminants.

Guidelines providing baseline safety standards have been developed by the fed-
eral, provincial, and territorial governments to address microbial, chemical,
and radiological parameters in drinking water. At the material times, these
guidelines appeared in two publications of the Ministry of the Environment
(MOE): the Ontario Drinking Water Objectives (ODWO) and the Chlorina-

tion Bulletin.

Disinfection is a treatment process designed to inactivate harmful or disease-
causing organisms. In North America, chlorination is the most common method
of disinfection. When chlorine is added to untreated or “raw” water, it reacts
with many common substances, including ammonia, iron, and organic mate-
rial (including micro-organisms such as bacteria). In %}fﬁcient amounts, chlo-
rine can inactivate disease-causing micro—organisg@?}

N

The amount of chlorine added to dis?%@jter is known as the “chlorine
dose.” Reactions, including those th&o \Qﬁ’ctivate micro-organisms, will con-
sume some or all of the chlorine dg@,\ﬁese chlorine-consuming reactions are
called “chlorine demand.” Thegﬁi@@ne dose minus the chlorine demand pro-
vides the “chlorine residual.fl(%&opresence of a chlorine residual, after enough
time has passed for the cﬁ%@ﬁ\]e—consuming reactions to be completed, indi-
cates that there was a suffisient amount of chlorine available to react with all of
the chlorine—demandggg substances, including the micro-organisms.

, ®

Section 3.1.2 of the Chlorination Bulletin (applicable in May 2000) provides
that a total chlorine residual of at least 0.5 mg/L after 15 minutes (preferably
30 minutes) of contact time before the water reaches the first consumer “will”
be provided at all times. It states that it is preferable that “most of the residual
be a free residual.” A free chlorine residual is the most effective disinfecting
agent; it must be contrasted with a total chlorine residual and a combined
chlorine residual. When chlorine is added to water, it dissociates into hypochlo-
rous acid and hydrochloric acid. Hypochlorous acid is the compound that is
the prime disinfecting agent in a free chlorine residual. However, it is very
reactive and will quickly combine with other compounds (e.g., ammonia) to
produce chloramines, which provide a “combined chlorine residual” and lower
the free residual. Although a combined chlorine residual is more stable and has
disinfectant ability, it will not act as quickly to destroy bacteria as will a free
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chlorine residual. The total chlorine residual less the free chlorine residual is
the combined chlorine residual.

A failure in the treatment process can occur if equipment malfunctions or if
there is a sudden change in the quality of the water and the treatment process
cannot respond quickly enough to the change in source water quality. When
the amount of contamination entering the system suddenly increases, the
chlorine demand usually rises. If the chlorine dose is not increased to exceed
the chlorine demand, the chlorine residual decreases. Where a fixed chlorine
dose has been injected, a decrease in the chlorine residual level indicates
increased chlorine demand in the water, a situation commonly caused by
organic contamination.

Additional treatment barriers, such as coagulation, sedimentation, and filtra-
tion, are often required for surface waters when chloroigge disinfection alone
does not provide for the adequate safety of the water supply.

&

O
P
i

S
4.2.3 Distribution System & éb\

O~
SO

The distribution system is the n dié of pipes between the water source/
treatment system and the con\ge%&s plumbing system. It also includes the
storage of treated water in WQ&Q?%W&I‘S and reservoirs. The fact that a distribu-
tion system itself exerts a chiérine demand heightens the need to maintain a
chlorine residual. In addjfion, contamination of the distribution system can
occur as a result of waférmain breaks, the construction of new mains, or the
infiltration of water from the surrounding ground into the distribution system

pipes.

In recent years, there has been an increased emphasis on the quality of the
water in the distribution system. The longer water remains in the distribution
system, the greater the risk of its quality deteriorating. It is believed that for a
distribution system to be secure, it should be built with as few dead ends as
possible because dead ends inhibit water circulation and create an increased
risk of nuisance bacterial growth and related water quality deterioration.
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4.2.4  Monitoring

Monitoring involves the collection of samples and the taking of measurements
to ensure that the system is working properly and that the water is safe. It
focuses on health-related parameters such as the presence of bacteria as well as
on aesthetic parameters.

Monitoring generally involves two components: (1) monitoring of raw water
and treatment process performance (e.g., the measurement of chlorine residual
or turbidity); and (2) the monitoring of the actual product — the treated water.
Because it is virtually impossible to monitor all possible harmful organisms,
“indicator organisms” are monitored; they indicate the possible or likely pres-
ence of a disease-causing organism. In microbiological monitoring, for example,
the total coliforms test measures a broad grouping of various bacteria, including
those associated with fecal contamination. If total coliforms are found in water
samples, additional tests are conducted to determige’if fecal contamination of
the water has occurred. Because most water—b.orge&%iseases are caused by micro-
organisms in fecal wastes, such a comam'@&}gj’é\n of drinking water constitutes
an unacceptable risk. &
SN

N

In addition to stipulating the 'Ox\gg}y disinfection process, the Chlorination
Bulletin also provides that {ééé%iqorine residual should be maintained in all
parts of the distribution @?@&." This has generally been interpreted to mean
that a detectable residu:yi\lc‘;sfioould be present in the distribution system.

&

&

4.2.5  Response

This component of the multi-barrier approach involves appropriate responses
to failing process measures or adverse water quality. For example, the failure to
detect a chlorine residual indicates that the chlorine dose is insufficient to
meet the chlorine demand, in which case, the disinfection may have failed.
Specific notification and operational procedures exist for adverse quality
measures such as microbiological results. These procedures include further sam-
pling to confirm an adverse result, flushing watermains, and increasing the
disinfectant dose. Another possible response to adverse results is issuing a boil
water advisory,

In summary, the multi-barrier approach includes five elements designed to
ensure safe drinking water in communal systems: a good source of water, effec-
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112 ’ Chapter 4 The Physical Causes of the Contamination

tive treatment of the water, a secure distribution system, continuous monitor-
ing of the system, and an appropriate response to adverse results.

4.3 Well5
4.3.1  Warning Signs at the Time of Construction

From its inception, Well 5 was recognized as a vulnerable well that might be
under the direct influence of surface water. I find, however, that no appropri-
ately thorough analysis of the well’s vulnerability was conducted from the time
of its construction in 1978 until the tragedy of May 2000. I discuss below the
initial hydrogeological and bacteriological results obtained at the time of
Well 5’s construction that indicated surface water influence.

Before bringing Well 5 online, Ian D. Wilson Asso‘zgiif%és Ltd., professional
engineers, submitted a report, “Testing of the Towh of Walkerton Well 4,
dated July 28, 1978.°> The length of the wel&@{s&?’g was 18 feet (5.5 m). The
Wilson report noted that the well had twg??@f}%r—bearing zones: one at 18—19
feet (5.5-5.8 m) and another at 23-2 W .0~7.3 m). The geological mate-
rials at 18-19 feet (5.5-5.8 m) w@@(\ééted to be “brown broken soft lime-
stone” and, at 23-24 feet (7.0fz\eﬁi Q@‘ﬁ “brown very fractured, soft limestone.”
The area from 0-8 feet (O—Zﬁi\ i) was brown, sandy, mixed clay with stones
and mixed sand with gravekdﬁd from 8-13 feet (2.4—4.0 m) it was brown,
broken, soft limestone wigh shale. A 72-hour pump test revealed dewatering
throughout the “shallqj\é\aquifer.” The water level in a test well 11 feet (3.4 m)
away lowered by 7.54 feet (2.3 m); in a test well 205 feet (62.5 m) away, it
lowered by 5.77 feet (1.8 m); and in a farm well 471 feet (143.6 m) away,
it lowered by 5.39 feet (1.6 m). -

The Wilson report noted that a wet area in the vicinity of Well 5 was spring-
fed partly through old disused concrete cribbings. During a pump test, water
flowing from two nearby concrete cribs was stopped completely, showing that
water normally reaching these two spring discharge points was intersected by
the well.

The report concluded that the aquifer was probably recharged from gravelly
spillway deposits to the west, southwest, and possibly to the south of the well.

3 Initially referred to as Well 4, the well subsequently became Well 5.
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It noted that these granular materials readily absorb precipitation, transport-
ing it through the overburden, where it would reappear at the surface as springs
or move downward to augment groundwater flow. The report noted: “Water
moving through these friable deposits to the bedrock surface would enter the
rock system in areas of fracture and weathering. Flow would then continue
along these fracture or fissure zones. Well [5] intersected two of these zones at
the test site.”

As a result of these concerns, the Wilson report recommended that the pump-
ing rate and pumping water level in Well 5 should be carefully monitored. The
report cautioned that “if due to overpumping the water level approaches the
upper water zone at 18 feet, the rate should be reduced or the well rested until
the level resumes a safe depth.” This was never made a condition of operation.

Bacteriological samples taken during the pump test jndicated that bacterial
contamination entered Well 5 between 12 and 24é1burs after the start of the

&
pump test (see Table 1). S
0(@ fé*\
Table 1 ~ Walkerton Well 5, Pumgo‘%éﬁ Results, 1978
Time After Pumping Started Tolalc@bQ@brms/ 100 mL Fecal Coliforms/100 mL
I
12 hours . \{\@%\{\&0 0 0
24 hours <?O®\ 4 2
36 hours & 8 0
48 hours QOQVI 12 12
60 hours 8 6
72 hours 2 2
72 hours® 0 0

The presence of total and fecal coliforms in the water raised concerns about
coritamination from the surface and led to recommendations that consider-
ation be given to controlling land uses in the immediate area. There was nothing
done in this regard.

¢ The results of this sampling “are difficult to explain,” according to [hL Wilson report, since it is a
duplicate of the preceding sampling.
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114 Chapter 4 The Physical Causes of the Contamination

The nitrate content of the water (up to 5.0 mg/L) was within the MOE’s
permissible criterion of 10 mg/L for nitrate measured as nitrogen, but was still
somewhat elevated. Nitrate is an oxidized form of nitrogen, whose most com-
mon source in water is chemical fertilizers; it may also result from organic
(human and animal) waste. Nitrates are highly water soluble, so they cannot
be filtered and do not degrade in groundwater. Unlike bacteria, nitrates do not
die off. Once they enter an aquifer, they persist in the groundwater. Nitrates
are often a sign of agricultural activities influencing a groundwater source.

In Chapter 9 of this report, I describe in detail the process that was followed at
the time Well 5 was approved by the MOE. It is sufficient for present purposes
to note that the Certificate of Approval issued on January 22, 1979 contained
no operating conditions.

4.3.2  Early Bacteriological and Chemical Resulg\\f’&
§

During the period 1978-80, two MOE er@%@’?ﬁmental officers conducted a
number of inspections of Well 5. Thesec'ff?sgféctions clearly revealed concerns
about surface water influence on Wel’Ssahd the potential for the well’s con-
tamination. These concerns were bised on the proximity of agricultural uses,
the shallow well with a shallogéou€rburden, fluctuating turbidity, microbio-
logical test results showing fe€3 sSliform contamination, and changes in spring
water pumping levels. At 3 time, however, no steps were taken to either
implement more stringept-analytical or testing requirements, or to make revi-
sions to the well’s Ce(ﬁﬁlcate of Approval. During the 1980s, when the MOE
did not conduct any inspections of this water system, these early inspectors’
concerns were lost to time.

The first inspections of the new Well 5 were conducted on several occasions in
1978 and 1979. The inspector’s report noted that the water level in Well 5
in March 1979 rose to between 3 feet (0.9 m) and 4 feet (1.2 m) below ground
level, later dropping continuously to a depth of approximately 11.5 feet
(3.5 m). The inspector concluded: “This increase in the pumping level coin-
cided generally with the spring thaw and period of rain. This appears to confirm
the relatively direct communication between this aquifer and the surface.” The
inspector recommended that Well 5 be monitored regularly to ensure that
the parameters such as nitrates, total organic carbon, and phenols, which indi-
cated contamination originating from the surface, did not increase beyond
acceptable levels. He also noted that it had been recommended that the Town
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of Walkerton endeavour to exercise some control over surface activities in the
area to the south and west of Well 5, and that any efforts to control land use
activities in this area should be continued.

Several routine inspections of the PUC works were carried out during the
period of June 1979-October 1980, approximately a year and a half after
Well 5 was put in service. The inspector concluded that Well 5 was a shallow-
drilled well susceptible to influence from surface activities due to the
shallow overburden protecting the aquifer. His inspection report records raw
water contamination by coliforms and fecal coliforms. In 1979, both coliform
and fecal coliform counts were as high as 32 organisms per 100 mL. In 1980,
of the 42 samples taken, four were adverse. The highest bacterial density was
260 total coliforms and 230 fecal coliforms per 100 mL. This water was seri-
ously contaminated: these levels of fecal coliform contamination should not
be found in a secure groundwater source. None of the treated water samples
was of adverse quality. The inspection report con@mded

The bacteriological quality of Wk reveals a variable bacteria
density in the raw water through the year. The variation in the
bacteria density reflects surfa¢e Q&vmcs within the influence of the

aquifer. Itis recommcndeg'}mell No. 5 continue to be monitored
on a regular basis in ﬁg‘fﬁture to confirm the suitability of the

water quality at all i&%@%

N

The turbidity results aﬁ%re also significant. The first report, in 1979, recorded
that turbidity in \5@81 5 had been tested on nine occasions and that turbidity
ranged from 0.10 to 0.54 formazin units (roughly equivalent to nephelometric
turbidity units, or NTU). At no point did turbidity exceed the maximum
acceptable concentration limit of 1.0 NTU as stipulated in the February 1978
version of the Ontario Drinking Water Objectives (ODWO). These turbidity
results must be contrasted with the results recorded in the second report. Ten
turbidity samples were taken between March 1979 and September 1980. Tur-
bidity ranged from 0.15 NTU to 3.5 NTU; it exceeded the maximum accept-
able level stipulated in the ODWO on two occasions (3.5 NTU and 1.8 NTU)
and was at the maximurm acceptable concentration of 1.0 NTU on one occa-
sion. This degree of fluctuation of turbidity and such peak concentrations would
not be expected in a secure groundwater source.

In the period 197880, the two inspectors both recognized the potential for
the contamination of Well 5 based on various factors: the shallow overburden,
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116 Chapter 4 The Physical Causes of the Contamination

the proximity of agricultural uses, fluctuating turbidity, microbiological test
results showing fecal coliforms, and the changes in spring water pumping levels.
I find that both the fecal coliform results and fluctuating turbidity, particularly
in light of concerns raised by the Wilson report at the time of the well’s con-
struction, should have prompted further investigations by the MOE. Indeed,
a former MOE approvals engineer testified that the fluctuations in turbidity
and the level of nitrates set out in the second report, combined with raw water
results from Well 5 indicating significant fecal contamination, were a cause for
concern and indicated potential surface water influence. He remarked that if
this kind of information had been received by him as a result of a monitoring
condition in a Certificate of Approval, he would have directed either a
hydrogeological or an engineering investigation to determine whether there
was direct surface water influence and whether a continuous chlorine monitor
should be required.

Indeed, after the May 2000 outbreak, a hydrogeolo%gfmvesugatlon under-
taken by Golder Associates Ltd., discussed below, oncluded there was direct
surface water influence on Well 5. 0& )
of?@\o
&Q S
4.3.3  Bacteriological Samplmé\\fgg@*«ﬂts. Wells 5, 6, and 7 and the

Distribution System, QI&%@—ZOOO

S

In this section, I review h‘gﬁ%oncql bacteriological sampling results from
January 1990 to April 20@ I conclude that the quality of water from Well 5,
raw and treated, deteriétated during that decade.

The data are not entirely reliable. This is in part due to an improper practice of
the Walkerton PUC operators to occasionally take samples at convenient loca-
tions other than those printed on the sample bottles and sample submission
forms. A significant number of samples were taken at the tap in the Walkerton
PUC shop that might have been labelled as either well samples or distribution
system samples. Other samples taken at the wells were labelled as having come
from some place in the distribution system. I refer to these practices elsewhere
in this report as mislabelling sample bottles or locations.

The reliability of the bacteriological sampling result is also affected by the fact
that water drawn from the tap at the PUC workshop is only a few minutes’

7 No records are available for the period October 1980-June 1990.
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travelling distance from the chlorine injection point at Well 5. Therefore, this
water did not receive the 15 minutes of chlorine contact time required for
complete disinfection. As a result, these samples tend to reflect the water quality
at Well 5. The importance of this fact is that the number of adverse samples
from Well 5 may have been higher than was recorded and, correspondingly,
the number of adverse samples from the distribution system and from Wells 6
and 7 may have been lower than was recorded.

Although I am not able to rely on the stated location of any sample as properly
indicating the sample’s source among the three wells, I am satisfied that the
bacteriological results demonstrate that Well 5 had a significant coliform
detection rate in the raw and treated water. The presence of coliforms in treated
water indicates inadequate disinfection because these bacteria are very vulner-
able to proper chlorination.

The Bruce-Grey-Owen Sound Health Unit kepté?\fl&ck of all sample results
during the period when the Palmerston Public k‘l%alth Laboratory was testing
the Walkerton water (January 1990 to Sﬁ@{é\er 1996). The results appear in
Table 2. & &

SN
N :
The Ministry of Health’s Palme@t‘%&%ublic Health Laboratory stopped testing
Walkerton’s municipal waterst eptember 1996, when the ministry’s public
health laboratories withdct%@\ rom municipal water testing as part of the

. Q7. .
government’s policy to prvatize that activity.

From September 19:9?(5\t0 April 2000, bacteriological testing was performed by
G.A.P. EnviroMicrobial Services Inc. under the direction of Garry Palmateer.
He prepared a summary of coliform and E. coli detections in the Walkerton
distribution system water from October 1996 to April 2000 (see Table 3).

Mr. Palmateer testified that in his experience (as well as that of the Ministry of
Health’s Central Public Health Laboratory in Etobicoke) the expected back-
ground level of total coliforms detection in a distribution system was approxi-
mately 4% and, for E. coli, less than 1%. This includes the level of total coliforms
one would expect to find in a distribution system due to biofilm growth, and
takes into account sampling errors for E. coli.

Tables 2 and 3 indicate that the quality of Well 5 water, both raw and treated,
appears to have been deteriorating over the decade. Coliform detection in
Well 5 raw water went from approximately 2.6% in the Palmerston laboratory
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118 Chapter 4 The Physical Causes of the Contamination

Table2  Walkerton Water Microbiological Sample Results
Provided by Palmerston Public Health Laboratory,
January 1990-September 1996

Number of

Sampling Location® Samples Total Coliforms E. coli

Positive Positive

Samples Percentage Samples Percentage
Well 5 raw 349 9 2.6% 1 0.3%
Well 5 treated 351 7 2.0% 1 0.3%
Well 6 raw 10 2 20.0% 0 0%
Well 6 treated 29 ] 3.4% 0 0%
Well 7 raw 335 12 3.600 2 0.6%
Well 7 treated 335 18 5.4% 5 1.5%
Distribution system 1,234 33 | 6 0.5%

"N
Total 2,643 82 3.10, O 15 0.6%
e
F3S
\QO N

N
Table3 ~ Walkerton Water Mic&ooi\@‘ogical Sample Results

Provided by G.A.P, EnviroMicrobial Services Inc.,
October 19962§fg\ 82000

QO
S
Number ofé\

Sampling Location® Sampless. Total Coliforms E. coli
QO{\ Positive Positive
Samples Percentage Samples Percentage

Well 5 raw 116 13% 11% <1%
Well 5 treated 115 8% 7% ! <i%
Well 6 raw 25 3% 12% 0 0%
Well 6 treated v 24 1% 4% 0 0%
Well 7 raw 98 3% 3% 0 0%
Well 7 treated 99 1% 1% 0 0%
Distribution system an 12% 3% 4 <1%
Total 948 41% 4% 6 <1%

4 Sampling locations may be incorrectly identified.
9 Sampling locations may be incorrectly identified.
pling y
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period to 11% in the G.A.P. laboratory period. Well 5 treated water coliform
detection went from 2.0% in the Palmerston laboratory period to 7% in the
G.A.P. laboratory period. Well 6 appears to have been undersampled in com-
parison with the other wells. Well 6 raw water had the highest coliform detec-
tion rate (20% in the Palmerston laboratory raw water tests and 12% in the
G.A.P. laboratory raw water tests). Well 7 treated water positive samples de-
clined from 5.4% in the Palmerston laboratory period to 1% in the G.A.P.
laboratory period. The E. coli results all fall within the normal background rate
of 1% or less. I will discuss the bacteriological samples taken immediately
before and after the May outbreak in section 4.7.

4.3.4  Geology and Hydrogeology

Both geology and hydrogeology are crucial factors in understanding why

the contamination in May 2000 was able to enter é}@’ell 5.
o

Geology refers to the study of rocks and; Eﬁé\sohd parts of the earth, and

“hydrogeology involves the study of th Q&nence, movement, and quality of

water beneath the earth’s surface. ;Rﬁq@eology of the area around Well 5 in-
volved a bedrock highly suscep%b‘?gq% fracturing. Well 5 drew its water from a
shallow, highly fractured roqk fie. The overburden — the area between the
top of the bedrock and thé&@fﬁce was very shallow. The significance of these
geological factors is thqtéq point source breach in the overburden could be
connected to a fracturgg channel linked to the aquifer. This could lead to mini-
mal natural filtratidi and a swift transport of living bacterla directly into the
aquifer.

The hydrogeological features of significance here include the speed at which
water will flow in such a highly fractured rock environment. They also include
the presence of springs near Well 5 that stopped flowing when the well pump
was operated and drew surface water into the well.!” Tracer testing conducted
after the tragedy revealed that surface tracer materials placed in those springs
were transported into the well within a few hours after the well was turned on.
These springs provide another route by which contaminated surface water could

swiftly transport living bacteria into the well.

0Tt is not known whether this also occurred when the well pump was not operated.
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120 Chapter 4 The Physical Causes of the Contamination

Well 5 is located near the southwest limit of the former Town of Walkerton,
near the end of Wallace Street. It was constructed in 1978 to a total depth of
15 m. The overburden (the depth from the surface to bedrock) is 2.5 m. The
bedrock surrounding Well 5 is composed of limestone and dolomite carbonate
rocks that are susceptible to dissolution and fracturing. The upper portion of
the bedrock below the overburden is a very permeable, highly porous, frac-
tured rock material, extending approximately 7.5 m. The casing of Well 5
extends to only 5 m below the surface. All of the water entering Well 5 comes
from a shallow zones ranging from 5.5 to 7.4 m below the surface.

Well 5 was equipped to be capable of pumping approximately 20.5 L/second
or 1,771 m?/day. This is just over 55% of the average daily flow required by
the Town of Walkerton. Farm fields that are fertilized with manure lie to the
west of Well 5. To the immediate north and east of Well 5 is a low, wet area that
receives discharge from one or two springs. &

All underground aquifers are replenished by surfacéwater. In a secure ground-
water source, however, surface water inﬁltr@&iﬁrough the overburden (gen-
erally a variety of soils, sand, silt, or claﬁ?é&\ again through bedrock. Such
natural filtration will often take yearsQ\‘gjgé\\e bacteria such as E. coli O157:H7
will live in water for weeks or m @&@: and in soil for six months or longer,
they are expected to be physj\@ag&ﬁ(?removed from the water flow and to die
during this natural ﬁltratioqob@géss. In a secure groundwater source, there is
no direct influence of surfaégeowater bacterial contamination on the ground-
water source. However, grtain factors may influence the effectiveness of the
filtration process, suchfas a relatively direct connection between surface water
and the aquifer. Where there is a direct connection between a well or aquifer
and surface water, living bacteria may directly enter the groundwater source
well.

4.3.5  DPoints of Entry

The area around Well 5 has a number of potential surface connections that
were possible means by which contamination entered the well in May 2000.
Among these are point source breaches in the area’s overburden, which allow
the rapid transport of water through the bedrock. Examples of possible point
source breaches include fence post holes on the nearby farm, sand or gravel
lenses, and improperly abandoned wells. Almost all of the water entering
Well 5 comes from a highly fractured and weathered zone of bedrock. Well 5’
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casing ends within this zone, which is riddled with a finely scaled network of
fractures in direct hydraulic connection with the overburden. Therefore, if
contaminants breached the overburden, they would enter the fracture network
and be carried to Well 5 in a short time.

Springs near Well 5 are another possible point of entry to the aquifer. There are
two springs within 30 m of Well 5: one on the north and the other on the
south side of the access road near Well 5. These springs have been observed to
stop flowing when Well 5 is being pumped. During the flow distribution pro-
filing conducted by Golder Associates Ltd."" on June 15, 2000, the spring
north of the access road stopped flowing, water lying on the surface of the
ground around the spring flowed back down into the ground, and within an
hour, turbid water entered the well. This phenomenon is known as a “revers-
ing spring”: the spring flows normally from the ground, then reverses and
flows into the ground. &

On September 19, 2000, a tracer test was ¢ ndg@yﬁd on this spring by Golder
Associates. Tracer materials were injecte Oﬁb«tﬁe vicinity of the north spring.
and Well 5 was operated. The tracer S .g&’lﬁrmed a direct surface water con-
nection at Well 5 through the norg@)&ﬁ\l\fng. Tracer materials were detected in
the water from Well 5 within Gmhqhtes (electrical conductivity from sodium
chloride} and within 77 mim;’l‘%éx\&odium fluorescein, a green fluorescent dye)
of their introduction in %fi)\&\‘i\/\lcinity of the north spring near Well 5. The
sodium fluorescein was alsé observed to appear in the south ditch, near the
well, where the south(\rggring discharges, while the south spring continued to
flow. Therefore, it igxf)ossible that surface water contaminated by bacteria may

have entered Well 5 through the north spring in May 2000.

Dr. Stephen Worthington, a hydrogeologist called by the Concerned Walkerton
Citizens, also conducted tests focusing on the connection between Well 5 and
the north and south springs. He agreed with Golder Associates that the north
spring may in certain conditions be a reversing spring, allowing surface water
to flow into the aquifer from which Well 5 draws water. When he conducted a
pump test, the springs on the north side of the road reversed in response to the

pumping.

" Golder Associates Ltd. prepared a report for the Municipality of Brockton after the outbreak.
The report is discussed in more detail below.
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122 Chapter 4 The Physical Causes of the Contamination

Dr. Worthington also observed the springs following a heavy (70 mm)
rainfall on June 22, 2001. The daily average discharge at the springs was
10 L/second to 20 L/second. Following this rainfall the discharge increased to
30 L/second. He concluded that at times of heavy rain, particularly in spring,
the flow from the springs is more than Well 5 can pump. He also found that
the catchment area for the springs goes across the field where the manure —
which 1 conclude was the source of the contamination ~ was applied. This
provides a link between the springs near Well 5 and the source of contamina-
tion. However, in his view, the discharge of the springs near Well 5 was prob-
ably greater than the pumping rate of Well 5 around May 12, 2000. This
makes it unlikely that the pumping of Well 5 drew local surface water into the
springs and then into the well in May 2000."

[ also note that in a report dated November 23, 2000, Dr. Worthington con-

cluded, on the basis of further fluorescein tracer tests, that surface water from
Silver Creek (see Figure 1 on page 127) travels rapidly to the springs near
Well 5. However, I am not able to conclude whither this is the case. The
results from these tests were equivocal. Dr&@'@f\t ington did no background
fluorescein analysis, and the small pcaksﬁ?@cted were consistent with periods
of rain that could have flushed back@i‘)‘gﬁd concentrations from surface pol-
lutants into the groundwater. §° Qé\

KO

In either event, I note that@e@%olomcal and hydrogeological features of the
area increased the risk of con{@z%unatlon entry to the aquifer. Water flow through
fractured limestone and golomite channels may increase dramatically, both in
terms of distance andapeed. Fracture zones within the bedrock may have a low
porosity that permits a very high velocity of water, and water (with contami-
nants) may enter an aquifer many kilometres from the well itself. Where a
relatively direct connection exists between the surface and a fractured channel,
living bacteria may flow into an aquifer because of the speed at which surface
bacteria are introduced into the aquifer by flowing through these fractures.
This is in contrast to the more normal steady infiltration through overburden
and bedrock, during which the bacteria are naturally filtered and die off. Direct
connections through features such as springs may also lead to the entry of
bacteria.

2] tend to agree with Dr. Worthington's conclusion in this regard.
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4.3.6 Groundwater Under the Direct Influence of Surface Water

Because groundwater under the direct influence of surface water is vulnerable
to contamination, additional treatment and monitoring steps need to be taken
to ensure the safety of drinking water. I am satisfied that Well 5 was a ground-
water source under the direct influence of surface water.

When Well 5 was approved in 1978, the 1973 version of the Chlorination
Bulletin was in effect. Although the bulletin did not use the phrase “ground-
water under the direct influence of surface water,” it used a similar concept,
providing that continuous and adequate chlorination be used when “ground-
water sources are or may become contaminated, as in fractured limestone areas.”

Because of concerns in 1978 that Well 5 was a groundwater source that might
become contaminated, the MOE recommended that the water from Well 5 be
treated with chlorine and that a chlorine residual %R?; mg/L after 15 minutes
of contact time be maintained. The preva&'}in Bractice was to make recom-

. . N .. .
mendations for matters of this nature, no‘%\gﬁnelude them as conditions in a

Certificate of Approval. oé,?%@6
S
' K
In 1994, the ODWO were an&é‘fi@@i to include the concept of “groundwater
under the direct influence aPsutface water.” This amendment was modelled

. . P .
on thé U.S. Environmental Brotection Agency’s Surface Water Treatment Rule.
One of the purposes of the 1994 amendment was to require continuous chlo-
- . & . , :
fine monitors for gr%@ldwater sources that wére found to be under the direct
influence of surfac®water.

The MOE did not, however, publish any technical bulletins or guidelines listing
factors that would indicate when a groundwater source was considered to be
under the direct influence of surface water. For the purposes of my analysis, 1
have reviewed four sources of information that may indicate direct surface
water influence on a groundwater source: ’ :

e Biological Indicators — The key biological indicators are fecal bacteria,
including £. coli, in raw water. Given the relatively short lifespan of these
organisms, the presence of fecal bacteria in a groundwater source indicates
the presence of a source of fecal contamination, a short travel time from
the surface, and a lack of adequate natural filtration by subsurface mate-
rials surrounding a well intake screen. Other biological indicators of sur-
face water influence include algae, aerobic sporeformers, Giardia,
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124 Chapter 4 The Physical Causes of the Contamination

Cryptosporidium, and human enteric viruses. The latter three pathogens
would also indicate a fecal contamination source, but they are not nor-
mally monitored.

¢ Physical and Chemical Indicators — A fluctuation of turbidity is not
expected in a secure groundwater source. Generally, turbidity should be
relatively low (i.e., less than 1 NTU) and should not fluctuate consider-
ably. Fluctuations in chemical parameters such as organic nitrogen or
nitrates, total organic carbon and pH, or the physical parameter of
electrical conductivity, may also indicate surface water influence. None
of these chemical or physical parameters is uniquely indicative of fecal
contamination. -

*  Hydrological and Hydrogeological Indicators — Any interaction
between surface water features (e.g., springs, pond@s?l and wells may indi-
cate that surface water is directly entering the @gﬁuifer from which the
well draws water. Fracturing of the bedrock, thiitness of overburden, point
source breaches, and improperly aban@.@’é\ wells may contribute to the

&

entr OfSLIrFace water.
Y 0&0 S
¢  Well Construction Indicate Q@‘Holes in the well casing, improperly
maintained backflow valv\gé,{&ﬁd other aspects of well construction may
provide a direct route EQ?Q' ace water entry.
¢
Y .
S
Using these four indicato@,\\l am satisfied that Well 5 was a groundwater source
under the direct inﬂu(@(c\e of surface water. The 1978 Wilson report, the early
MOE inspection reports, and microbiological tests taken in the 1990s revealed
the presence of £. coli in water samples from Well 5.

Physical and chemical tests also pointed to surface water influence. The fluctu-
ating turbidity results in the 1980 inspection report were significant. As a rule,
turbidity does not fluctuate in secure groundwater sources. The 1979 inspec-
tion report noted that an increase in the water level in Well 5 generally coin-
cided with the spring thaws and rains, which the inspector said confirmed the
relatively direct communication between the aquifer and the surface. The 1978
Wilson report noted that a pump test interrupted the flow of nearby springs.
Both inspectors in 1979 and 1980 raised concerns about the influence of sur-
face water. Finally, Well 5 was a shallow well with the casing extending only
5 m below the surface. All of the water-bearing zones were also very shallow
and in an area of highly fractured bedrock.
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In 1994, the ODWO were amended to provide extra monitoring for wells
supplied by groundwater sources under the direct influence of surface water
operating without filtration. Section 4.2.1.1 of the ODWO provided for con-
tinuous chlorine residual monitoring and turbidity monitoring by taking four
grab samples a day or by continuous monitoring. For simplicity, I refer to this
as continuous turbidity monitoring.'® After the amendment, the MOE did
not institute a program to reclassify existing wells.

I am satisfied that had the MOE instituted a program of reclassification after
1994, the information in its files was sufficient to show that Well 5 was under
the direct influence of surface water. At a minimum, there was sufficient infor-
mation to trigger an investigation that would have certainly revealed that situ-
ation. After 1994, the evidence that Well 5 came within this classification
increased as the years passed. E. coli continued to show up in bacterial samples
taken from the well. Between November 1995 and February 1998, there were
five separate occurrences of adverse results, including £, coli. Still no steps were
taken to reclassify Well 5, and, as a resulg, th.és\\?\/IOE did not require the
Walkerton PUC to install a continuous clﬁ@e{%\esidual and turbidity monitors.
&

v WA iy o :
Had Well 5 been so classified, ang\:{(}‘\i’%&\}the requisite monitoring equipment-

been installed, the contaminati%ﬁogfgering the well in May 2000 would have
been identified, and approprigtf9 arms could have shut down the pump. Con-
tinuous monitors would P&@@ﬁrevented the outbreak.
80

An important purposefof installing continuous monitors is to prevent con-
tamination from enfeoring the distribution system. In reaching the conclusion
that continuous monitors would have prevented the Walkerton outbreak, I am
assuming that the MOE would have required that any such monitors be prop-
erly designed for the circumstances at Well 5. The monitors would thus have
included an alarm as well as, in all probability, an automatic shut-off mecha-
nism, because Well 5 was not staffed 24 hours a day and because the town had
alternative water supplies —Wells 6 and 7.

Some might suggest that the operators of the Walkerton system would not
have operated these monitors properly. However, if the MOE — which would
have been responsible for approving the installation of these monitors — had
any doubt that monitors would be operated properly, the obvious step would

'3 As a pracrical matter, a continuous turbidity monitor, which costs only about $8,000, makes
more sense than taking four samples a day.
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126 Chapter 4 The Physical Causes of the Contamination

have been to require an automatic shut-off device or alternative fail-safe mecha-
nism. A shut-off mechanism would have involved only minimal additional
expense.

In Chapter 5 of this report, I reject the suggestion that the PUC operators
would have turned the pump at Well 5 back on if it had been automatically
shut off. For the same reasons, 1 also reject any suggestion that the PUC opera-
tors, even if properly trained about the importance of continuous monitors,
would not have responded appropriately to an alarm signalling that contami-
nation was about to enter the distribution system.

4.4 The Source of Contamination

4.4.1 The Area Surrounding Well 5 2
A\

Another important element in determining the ca&%\of the contamination in
May 2000 is identifying a source of cont@%\m@mn I am satisfied that the
primary, if not the only, source was thegﬁ%’ re application in April 2000 on
the Biesenthal farm near Well 5. In ég\%cuon I set out a description of the
farming and manure storage and ap ication practices used on that farm. As
discussed in the epidcmio]ogi evidence below, cattle from the Biesenthal
farm were found by DNQO ng to have the same strain of both E. coli
0157:H7 and Campy/obaq{e? as the predominant human outbreak strain in
Walkerton in May 2000 “am satisfied as to the strength of the link between
this possible source, @}E\ ocation of the farm and Well 5, and the outbreak of
illness and death in \X/’llkertpn.

In the spring of 2000, Dr. David Biesenthal was operating a cow calf operation
on land near Well 5, on Lots 18 to 21 on the concession south of Durham
Road. Figure 1, an aerial photo taken on September 9, 2000, shows the farm
and Well 5.

The farmhouse can be seen in Figure 1. The barn is to the east of the farm-
house. A small paddock surrounds the barn on two sides. There is a fence
around the paddock area where the manure storage pad was located, and another
fence around the yard. The fence post holes around the paddock were dug by
backhoe, to a depth of about 1.25 m. The fence post holes were approximately
2.4 m apart. The overburden was likely 2.5 m to 4 m deep, so the fence post
holes penetrated a significant portion of the overburden.
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Figure 1  Aerial View of Biesenthal Farm, September 9, 2000

Photo: Marc Bolduc, RCMP

QO\\ .&\

Dr. Biesenthal farmed a tgéaQof 133 acres (54 ha). As can be seen in Figure 1,
Lot 18 borders the w&ﬁ\\bank of Silver Creek. In 2000, it was the main area
used for grazing. Lot19 borders the east bank of Silver Creek and was used for
grain crops and cut forage. These two lots drain toward Silver Creek. Lot 20
was used for grain crop production and contains the livestock barn and yard.
There is also a small paddock used for calving and grazing for a brood mare;
Lot 20 also provided some cut forage. Lot 21 was used for cut forage. The land
and buildings on Lot 21 are the Gutscher property, formerly the Pletsch prop-
erty. Dr. Biesenthal took forage from Lot 21 but did not own the land. Most of
the natural drainage from Lots 20 and 21 is to the east, presumably feeding the
spring and wetland close to Well 5. The soil is loam. The depth to bedrock on
Lots 20 and 21 ranges from 1.5 m to 7 m.
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128 Chapter 4 The Physical Causes of the Contamination

4.4.2  Animal Husbandry and Manure

In 1999-2000, Dr. Biesenthal maintained a breeding herd of about 40 Limousin
cows and heifers. The cows calve mainly in the barn from December to April.
Animals from other operations are brought onto the farm in late April or early
May and are sold off in the fall, together with calves from the previous winter.
A maximum of 95 head of cattle may be on the farm during the spring and
summer.

During the late fall and winter, the cattle are confined to the barn, the associ-
ated concrete apron, and the small paddock that surrounds the barn on two
sides. In the spring, the animals are put out to the main pasture in the field to
the west of Silver Creek but are allowed access to the barn to drink. Silver
Creek has been fenced off and bridged to prevent animals from defecating into
the stream. '
& ,
On the Biesenthal farm, the manure is “solid marire.” The animals are pro-
vided with straw bedding; this is typical o@%@[ﬁ\y beef and dairy operations.
The cattle’s feces and urine are mixed wifhhe straw to form a solid manure
with about 19% dry matter. In Onta@fz&\l\e proportion of dry matter in solid
beef-cattle manure ranges from 1 g&g@ 63%.
S

S A

Manure is typically appliedq‘@;@\q\%?farm fields as fertilizer in the late fall before
freeze-up and in the spring l&ég)re planting. In November 1999, the Biesenthals
applied all the manure thsy had in storage — approximately 105 tons!* — to the
field on Lot 20 nortlsof the barn and paddock. The application rate was
approximately 12 tons/ha. Manure was incorporated into the soil within
24 hours after application by using a disc harrow. The depth of incorporation
was approximately 7 cm.

Manure accumulated from November through April was stored on an open
concrete pad in the paddock area. There was no runoff system to collect feces
or urine. The farmer used a tractor scraper to transfer manure from the barn
and the yard onto the concrete pad. The concrete pad was able to hold
approximately 200 days’ manure production.

A significant rainfall occurred on April 20-21, 2000. On April 22, approxi-
mately 24 hours later, 70 tons of manure stored on the concrete pad were

14 The system of measurement (Imperial, U.S., or metric) was not specifically identified.
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removed and spread on the east front field of Lot 20. Again, the application
rate was approximately 12 tons/ha. Within 24 hours, manure was incorpo- i
rated into the top 7 cm of soil using a disc harrow. About 73 tons of manure '
were exported to another farm.

The application rate of 12 tons of manure pef hectare represents approximately
120 g fresh weight per square metre, which is less than 25 g dry weight per

square metre. Fresh manure can contain between 10° to 107 fecal coliforms per
gram dry weight. Although few of the organisms would move below the culti-
- vation depth, and in the weeks after the application many would-have died, a
significant source of fecal coliforms was applied and incorporated into the soil
near Well 5 on April 22. At its closest point, manure was applied 81 m from

Well 5.

It is important to note that Dr Biesenchal’s manur%,handhng, storage, and
spreading practxces were consistent with what are@conmdered ‘best manage-
ment practices” by the Ontario Ministr of&rlculture, Food and Rural
Affairs. Therefore, although it is virtually€egeain that the contamination that
caused the outbreak originated on hx 4@ Dr. Biesenthal cannot be faulted.

Q
‘&\ Q(\éf

4.4.3  The Lifespan of E @%157 H7 in Soil .
<<° N
Studies done on the sur vx;yol of E. coli O157:H7 in various soil types indicate
survival times of at lea@b to 25 weeks. Dr. Michael Goss, chair of the University
of Guelph’s land st@&ovardshlp program, and Dr. Pierre Payment, an environ-
mental microbiologist specializing in waterborne pathogens and a member of

the Walkerton Commission’s Expert Review Panel, agreed that for loam soil,
studies have demonstrated the survival of £ coli O157:H7 at 25 weeks. Fur-

ther, cooler soil temperatures tend to promote longer survival times.

Dr. Goss testified that E. coli will survive longer when they are infiltrated into
the soil because they are not subject to drying or ultraviolet light as they are
when at or near the surface. The manure applied on April 22 was incorporated
into the soil within 24 hours of spreading. As a result, by May 12, most of the
bacteria in this incorporated manure were still likely to be viable, except those
exposed at the soil surface. Rain prior to May 12 would be expected to infil- _
trate the soil, thereby encouraging the movement of bacteria close to the soil .
surface into the deeper layers, where their viability is enhanced. In these cir- -
cumstances, E. coli in the front east field could survive for up to 6 months.
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4.5 Wells Supplying the System.in May

In seeking to determine the cause of the contamination, I have considered
which wells were pumping and thereby supplying water to the distribution
system during the relevant times. Through the critical period of May 10 to
May 15, Well 5 was the primary well, providing most of the water to the
distribution system.

Discrepancies exist between the manually prepared daily operating sheets for

Well 7 and the electronic Supervisory Control and Data Acquisition (SCADA)

system records. These discrepancies relate to the days on which Well 7 was

operated, as well as to the volumes pumped. The SCADA system generates
electronic records of pump operating times and water volume. I do not rely
upon the Well 7 daily operating sheet for the month of May 2000. The daily
operating sheet for Well 7 for May was rewritten on May 22 or May 23. It is
not accurate. For example, the daily operating sheet égiﬁtows that no wells were
operating within Walkerton’s water system durig the period from May 3
through May 9. This is impossible, because&%@ater system has, at most, two

days’ storage capacity. & eé\
SN
. . Q & .
I am satisfied that the electronic SGAIDA records more accurately depict when

the wells were operating than&é{z\&ﬁ%e daily operating sheets.!””> The SCADA
information shows reasonablfe &h()&i consistent pumpage cycling and pumpage
values. In the result, 1 ﬁl)dégl@oat:

3

. Well 7 did not @@(\erate from March 10 to May 2, 2000. Well 7 Was the
only well supplying the system from May 2 at 7:45 a.m. to May 9 at
1:45 a.m.

*  Well 5 operated continuously from May 9 at 9:15 a.m. to May 12 at
10:45 p.m. It started again May 13 at 2:15 p.m. and ran continuously
until May 15 at 1:15 p.m. It was oft until May 20 at 10:45 a.m.

e Well 6 cycled on and off between May 9 at 6 p.m. and May 13 at 5 p.m.
There is no data for some times before and aftef that period, but it seems
unlikely that Well 6 was turned on again after May 13 at 6 p.m.

15 I note that the SCADA darta for Well 6 are incomplete, partly because of a power failure on the
weekend of May 13-14. )
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*  Well 7 was turned on again on May 15 at 6:15 a.m. and operated until
May 19 at 10:30 a.m.

The chlorinator at Well 7 was removed before noon on May 3, and the new

chlorinator was not installed until May 19. Therefore, unchlorinated water was

supplied to the distribution system through Well 7 from May 3 at noon until

May 9 at 1:45 a.m., and again from May 15 at 6:15 a.m. until May 19 at
] 10:30 a.m. The evidence is that the new chlorinator was installed by noon on
| May 19.

As I conclude below, the epidemiological and other evidence indicates that the
water supply likely became contaminated on or shortly after May 12. Well 5
was the primary source of water from May 9 to the early morning of May 15.
Well 6 was the secondary source during this period. Well 7 was not in opera-
tion during this key period; it was turned on again at g:15 a.m. on May 15 and
operated without chlorination until shorty befognoon on May 19. I am
‘ satisfied that the exposure to the infection s&artg’é;‘(s\ome time before Well 7 was
‘ turned on and that there must have beecrgl? aﬁ\g{ﬁ\er source of the contamination.
1 O~ @

‘ The volume of water pumped into{\d?\gz@y\?\;tem is also important. As can be seen
in Table 4, Well 7 provided xllogtéo%ﬁ\‘xbaalkertox1’s water from May 3 to 9. How-

N ever, Well 5 was providing th€mdjority of the water to the distribution system
St from May 10 to 15, whick L d to include the crucial contamination period.
S
S\

S
Table 4 Summagg?}f Well Flow, May 2000: Volume Pumped (m3)'¢
oY

3 4 5 6 7 8 9 0 11 12 13 14 15 16 17

w T F S s M T W T F S s M T W

Well { 122 2[R} 4]l 12 {181111725{186811181 [ 151411530] 418 } 12
5 )

Well | 7 7 7 7 7 7 | NR } 8731 264 [ 989 1.104 NR ] NR | NR | NR
617

Well 122492891 12809 ]| 2813 1328813299 {29141 17 3 10 | 12 | 14 |} 548 129312470
7

Daily2268291012828/2832{3309/3317/29262701)1992]2867|2297|1528)|2078(3349 2482
Total :

!¢ NR = not recorded.

17 From May 3 to May 8 inclusive, May 10, and May 13, SCADA pumpage for Well 6 was calcu-
lated from midnight to midnight. The SCADA system did not properly record pumpage from
Well 6 on May 9 or from May 14 to May 18 inclusive.
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132 Chapter 4 The Physical Causes of the Contamination

4.6 Rainfall

Environment Canada meteorologist Heather Auld testified with respect to the
estimated rainfall in Walkerton in the April-May period. On April 20-21,
35.8 mm of rain fell in the Walkerton area. The cumulative total monthly rain-
fall for April was 50 mm. Rainfall estimates for early May appear in Table 5.

Table 5  Estimated Rainfall, Walkerton, May 1-12, 2000

Date Rainfall (mm) Cumulative Monthly Total (mm)
May 1 55 55

May 8 150 205

May 9 150 ‘ 355

May 10 20.0 555

May 11 125 A\\fg’ ' 68.0

May 12 700 N ACS\ 138.0

$&C

Environment Canada took into account gf itface weather, radar results, real
time measurements, and climate data @%ﬁ\}nate the rainfall amounts for May
8 to May 12, 2000. Walkerton rec@g\dﬁo mm of rainfall on May 12. It also
had significant rainfall in the p&&e\dﬁg days, beginning on May 8. A total of

oS

about 134 mm of rain fell in@é@a&k%rton during the five-day period of May 8 to

18 QQ

May 12. &6\0

Meteorologists measurg' the significance of rainfalls by “return periods.” A
return period estimate is the average time interval between an event level.
A 10-year return period for an event or storm would mean that an average of
10 such events could be expected to occur in a 100-year period. Ms. Auld
estimated that the 134 mm rainfall for the five day period from May 8 to
May 12 could be expected to recur, on average, once every 60 years for the
month of May. It was clearly a significantly wet period. The May 12 rainfall by
itself corresponded to a return period of less than 10 years. The record one-day
rainfall for Walkerton, recorded in 1964, was 125 mm.

Most of this very heavy rain on May 12 fell between 6 p.m. and midnight.
Environment Canada did not have records indicating the time of day at which

'8 Ms. Auld testified that between 130 and 140 mm of rain fell between May 8 and 12, and her
“best guess” was 134 mm.
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the rain fell, but a hydrology study completed several months later'? concluded
that approximately 60 mm fell between 6 p.m. and midnight, contributing to
a total of 72.4 mm for the entire day of May 12. This is consistent with the
Environment Canada daily estimate.

4.7 Adverse Samples

[ find that the bacteriological samples taken both immediately before and after
the May 2000 outbreak support the conclusion that Well 5 was the source of
the contamination in May. The turbidity data is inconclusive.

4.7.1  April 2000 Sampling Results

The April 2000 results from the Walkerton water s ‘??m indicate an emerging
issue concerning water quality at Well 5.%° On tQ@e of four April sample dates,
Well 5 raw water tested positive for total c@ﬁ‘\géﬁls. On April 3, Well 5 raw and
treated water and two distribution systgfr \K@sx\nples tested positive for coliforms,
whereas coliforms were not detec@ &E@\}samples from Well 6 and two other
distribution system samples. Og&%@:m 11, coliforms were shown to be present
in Well 5’s raw water. A pres\cﬁ%@%ve positive finding regarding one distribu-
. . $ oD . . .
tion system location was ridt gpnfirmed on further testing. The remaining dis-
tribution samples and Well'6 samples did not contain coliforms. On April 17,
both Well 5 raw and Well 5 treated water tested positive for total coliforms.
But total coliforms &ere not detected in distribution system samples. Finally,
on April 24, both Well 5 samples and the two distribution system samples
were negative. There were no samples from Well 7 in April 2000 because that
well was not operating from March 10 to May 2, 2000.

4.7.2 Early May Samples

Bacteriological samples taken on May 1 indicate that samples labelled “Well 5
raw” and “Well 5 treated” both tested positive for total coliforms and negative
for E. coli. All other samples from May 1 were negative. The next samples were
taken on May 8. Those samples were labelled “Well 7 raw,” “Well 7 treated,”

19 By Stantec Consulting Ltd., for B.M. Ross and Associates Lud.
2 These comments are of course subject to the mislabelling issue I discussed above.
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134 Chapter 4 The Physical Causes of the Contamination

“125 Durham Street,” and “902 Yonge Street,” respectively — the latter two
being two locations in the distribution system. All these samples were negative
for both total coliforms and E. coli.

4.7.3  May 15 PUC Sampling

Two sets of samples were taken on May 15. One set of three samples came
from the Highway 9 construction project, which is discussed in the next
section. The regular weekly samples submitted by the Walkerton PUC on
May 15 included four samples from the Walkerton distribution system.

The May 15 sample apparently containing Well 7 raw water did not contain
either total coliforms or E. coli. However, the samples apparently consisting of
treated water from Well 7 and the two locations in the distribution system all
came back positive for both total coliforms and £. cglz: The membrane filtra-
tion result for the sample labelled “Well 7 treateic%ad total coliforms greater
than 200 cfu/100 mL and E. colz of 200 (;;@\logﬁmL
e?

Allan Buckle, an employee of the W{}E@E’on PUC, testified that on May 15
Frank Koebel, the PUC’s forem clg@ked him to take samples from Well 7.
Mr. Buckle went to Well 7, aq@gﬁen he arrived there, the well was running
without a chlorinator. QdQA}\

& .
Mr. Buckle testified thqgfhoe arrived at Well 7 with four prelabelled sampling
bottles: one for the ra@?otap, one for the treated tap, one for 125 Durham Street,
and one for 902 Yonge Street. He said that he filled the sample bottle labelled
“raw water” from the raw water tap at Well 7 and filled two sample bottles with
water from the treated tap at Well 7. He stated that on his return to the PUC
" shop, he gave the remaining bottle labelled “902 Yonge Street” to Stan Koebel.
I have concluded that Mr. Buckle erred in saying he took the samples at Well 7
and that it is most likely that Mr. Buckle took the three samples at the PUC
shop, which is near and just down the line from Well 5.

It is clear that the locations shown on the three samples that Mr. Buckle says he
took were, in fact, inaccurate. All of the experts agreed that it was inexplicable
that total coliforms and E. coli could be absent in “raw water” at the same time
that a sample of the “treated water” was grossly contaminated (total coliforms
greater than 200 cfu/100 mL; £ coli 200 cfu/100 mL; heterotrophic plate
count (HPC) 600 cfu/1 mL). Further, even according to Mr. Buckle, the sample
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he had labelled “125 Durham Street” was incorrect; he did not go to
125 Durham Street on May 15. In addition, since Well 7 was operating on
May 15 without a chlorinator, it is most improbable that one sample from
Well 7 would be negative while the other two were positive.

Moreover, Mr. Buckle testified that he regularly misrepresented the sites of
samples. For example, on May 13, all the samples represented as having come
from two small waterworks unconnected to the Walkerton water system were
actually taken at the pumphouses for the sake of convenience. However, some were
labelled as distribution system samples. The PUC shop was a more convenient
location than was Well 7 for taking water samples for the Walkerton system.

Most importantly, the other evidence is overwhelming that Well 5 was con-
taminated but Well 7 was not. The logical conclusion is that these samples
were taken from a location near Well 5, most proba%ly at the PUC shop.”
Indeed, Stan Koebel ventured that this was the casg e, as much as anyone,
was aware of Mr. Buckle’s practices when ta&(lr;é@amples

Accepting that the May 15 samples cn§§€@om the PUC shop, it still remains
to be explained how one of those sa{@ DL was negative. There is no clear expla-
nation, although one posslblllt@‘a s from the fact that all service connec-
tions, like the PUC shop, alﬂ‘?%@ntlally dead ends. One possible explanation
for the May 15 results (assﬁn@hg that they came from the PUC shop) was that
the PUC shop’s tap had r@% been used over the May long weekend. The first
sample taken may havé_?%een clear water that had been in the pipe before the
May 12 storm. Th&remammg samples, even if they were taken at the same
location, would contain contaminated water that entered the system after the
storm. No one has suggested any other explanation.

4,74  May 15 Highway 9 Project Samples

All of the three samples taken from the hydrants on the Highway 9 new
watermain project on May 15,-2000, tested positive for both total coliforms
and E. coli in a presence-absence test. No numerical counts were taken.

¥ It is also possible that Mr. Buckle took the samples at Well 5. For the purposes of my analysis,
there is no difference.
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Allan Buckle testified that on May 15 he received a call and was told to pick up
four empty sample bottles and take them to the Highway 9 project. There he
was to meet PUC general manager Stan Koebel and a representative of the
contractor, Lavis Construction Ltd., at a hydrant they were flushing near the
Ministry of Transportation shed at the intersection of Highway 9 and Wallace
Street. Mr. Buckle testified that he took two of the bottles and filled them with
water from a hose attached to the hydrant. He stated that the contractor also
filled two bottles that Mr. Buckle believed were taken from another hydrant
near the Energizer Canada plant, on Highway 9 east of the Ministry of
Transportation shed.

Dennis Elliott of B.M. Ross and Associates Ltd., who was a site inspector for
the Highway 9 construction, also testified with respect to the collection of
bacteriological samples at the Highway 9 project. He stated that the collection
of bacteriological samples from the flushed line containing water from the
municipal water system began at 11:15 a.m. on May5. Mr. Elliott testified
that he and the contractor filled two sample bordes at the hydrant near the
Ministry of Transportation shed at Wallaggﬁﬁtz@et, and that a third sample
bottle was filled from the easterly hyd(gﬁ%bb at the Energizer Canada plant.
Mt. Elliott then took the three sampl@%ﬁ%e PUC office on Park Street, where
they had earlier arranged to shi &ﬁgésamples out with the reg,ulal Monday
samples. He had requested thatth@samples be marked “rush.”
QO\ K\O)

I note that Mr. Elliott’s testl{ﬂ%ny is inconsistent with Mr. Buckle’s. Mr. Buckle
testified that he took fogr bottles over to the construction site and that he
himself filled two of thidse bottles while the contractor filled two other bottles.
Testifying with the benefit of contemporaneously made notes, Mr. Elliott gave
evidence that he, together with the contractor’s foreman, Wayne Greb, filled
three bottles and that Mr. Elliott delivered those bottles to the PUC. On this
point, I prefer Mr. Elliott’s evidence. Only three bottles were in fact forwarded
to the laboratory for testing.

4.7.5  May 18 Highway 9 Samples

Because of the fact that samples taken on the Highway 9 project on May 15
were positive for total coliforms and E. coli, further samples were taken on
May 18 and submitted to MDS Laboratory Services Inc. in London. Two
samples were taken from the hydrant nearest the Ministry of Transportation
shed at the intersection of Highway 9 and Wallace Street. One sample
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showed a concentration of total coliforms of 26 cfu/100 mL and E. coli at
9 ¢fu/100 mL. The other sample showed total coliforms of 43 c¢fu/100 mL and
E. coli at 14 cfu/100 mL. The sample taken from the hydrant nearest the
Energizer Canada plant recorded total coliforms of 78 ¢fu/100 mL and E. coli
at 10 cfu/100 mL.

4.7.6  May 21-23 Samples

Stan Koebel began flushing and superchlorinating the distribution system on
May 19. A significant number of samples were taken by the Bruce-Grey-Owen
Sound Health Unit, the MOE, and the PUC in the period May 21 through
May 23. Very significantly, all of the Well 5 raw water samples showed con-
tamination by both total coliforms and E. coli. None of the samples from ei-
ther Well 6 or Well 7 showed any total coliforms orog. coli. Finally, the only
distribution system samples that showed either totaPcoliforms or £. coli con-
tamination were from two locations in the squthWwest area of town near Well 5,
both of which were at dead ends of the O};ﬁ\e&é\istribution system.
&

James Schmidt took samples Fro@ggﬁg\distribution system for the health
unit on May 21, May 22, and@ﬁ\@é\Zﬁb; they were analyzed at the Ministry
of Health laboratory in Lond@ 1 Of the 21 samples taken on May 21, only
two were adverse. The Yéigs Street and Highway 9 store sample had total
coliforms of greater thalylc‘gg(’) cfu/100 mL and E. coli at 69 cfu/100 mL. The
sample from the Bruce$County administration building had total coliforms of
2 cfu/100 mL and £ coli at 2 cfu/100 mL. The location of these two adverse
samples is significant. Both were located in the southwest end of town and
were closer to Well 5 than to either of the other two wells. More importantly,
each of the locations was at a dead end in the system. The water flow would
stagnate in the dead ends and, after contamination had been introduced, bac-
teria there would be less likely to be killed by flushing and increased chlorination.

On May 22, all of the distribution samples taken by the health unit tested
negative except for the same two locations: the fast food outlet south of the
intersection at Yonge Street and Highway 9, and the Bruce County adminis-
tration building on Park Street. Concentrations of total coliforms of grearer
than 80 cfu/100 mL and E. cols of greater than 50 cfu/100 mL were found in
the sample taken at the fast food outlet. For the sample taken at the Bruce
County administration building, total coliforms were 20 cfu/100 mL and

O
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138 Chapter 4 The Physical Causes of the Contamination

E. coli were 10 cfu/100 mL. The only well tested was Well 7, and both the raw

water and treated water samples were negative.

On May 22, John Earl from the MOE took samples that were tested at the
ministry’s central laboratory. Two samples were taken at 4 Park Street, one
from the raw water at Well 7, and one from Well 7 treated water. All these
samples tested negative.

On May 23, the MOE, the PUC, and the health unit took more water
samples. The samples taken by the MOE of the raw water at Well 5 showed
total coliforms in a concentration greater than 300 cfu/100 mL and E. coli at
100 cfu/100 mL. A sample of treated water taken from Well 5 showed
concentrations of total coliforms greater than 300 cfu/100 mL and E. coli at
120 cfu/100 mL. The samples taken from the treated water at Well 6 and the
raw water at Well 7 were clear on that day, as were the three distribution sys-
tem samples. @Q

&

On May 23, the PUC also took samples, v@f&\@v&:re tested by A&L Canada
Laboratories. The Well 5 raw samplesosg%hb%d total coliforms greater than
200 cfu/100 mL and £. coli at 33 cfu@ﬁéﬁ\nL. Well 7 raw and treated samples
were clear, as were the distributio \%/Qgt’)c;n samples. Finally, on May 23, all the
health unit distribution syster es were negative, except for the one from
the fast food outlet and t}z’e @tﬁgunty admir?istration bﬁilding. The results
for the samples taken on M&y 23 at the fast food outlet were total coliforms
of 17 ¢fu/100 mL andﬁ colf at 11 cfu/100 m1, while the Bruce County
administration build@ showed readings of total coliforms 2 c¢fu/100 ml and
E. coli 2 cfu/100 ml.

4.7.7  Soil and Water Samples Taken Near Well 5 After the Outbreak

Both soil and water samples taken near Well 5 after May 2000 revealed the
presence of E. coli. Soil bacteriological results from 23 bore holes at 12 locations
near Well 5 indicated the presence of significant total coliform bacteria above
the detection limit in all bore holes except one, and E. cofi in bacteria from
five of the 23 bore holes. Near-surface samples in some of the bore holes had
total coliform counts of 2,800 cfu/100 g, 1,000 cfu/100 g, 1,600 cfu/100 g,
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and 7,400 cfu/100g.?* Elevated E. coli counts were also noted for the same
samples, ranging from 70 cfu/100 g to 940 cfu/100 g. Mr. Palmateer’s evi-
dence was that typical surface and subsurface soil coliform populations can
exceed 100,000 cells/100 g and 200,000 cells/100 g, respectively, so these re-
sults are not excessive. I note, however, that the E. co/7 levels in these samples
near Well 5 were significantly higher than the levels in soil samples taken near
Wells 6 and 7.

Particularly important are pump test results obtained by Golder Associates
Ltd. from two monitoring wells located west-northwest of Well 5 in late
August 2000. Monitoring Well 12D is located on the Biesenthal farm, near
the paddock area, approximately 225 m west of Well 5. Monitoring Well 2D is
located 105 m west-northwest of Well 5, in a grassy area adjacent to the woods.

E. coli results after a 32-hour pump test are show%&in Table 6. The results
indicate continuing high E. coli counts on the Biegéhthal farm in late August
2000. They also demonstrate that as Well 5 pu ded, E. coli levels increased in
both of the monitoring wells and in W J:ff\ mplying some hydrogeological
connection between the farm and \X/\ .

S&
Table 6  E. coli Results Af@}illﬁmp Test (cfu/100 mL)
SN |
Monitoring Well 12D Qi$\%onitoring Well 2D Well 5
Before pumpihg >8,000 —{\&Ox N <10 <1
After pumping :z,gq@ig“ 900 20

Another significant result was a June 6, 2000, water sample taken from the
spring adjacent to Well 5, which had a count of 80 E. co/i cfu/100 mL. This
indicates that E. coli persisted in a significant region around Well 5 for at least
three weeks after the contamination and outbreak. Further, Dr. Robert Gillham
testified that this sprifig discharges a few gallons per minute, and it does so
continuously. In his view, this sample result from the spring indicates that a
large area of bedrock near Well 5 must have been contaminated.

22 Bacterial counts generally decreased in deeper samples in these bore holes. It is important to note
that bacterial levels in soil samples are expected to be much higher than they are in drinking water
samples, particularly for total coliforms, which include natural soil bacteria, in contrast with
E. coli, which are reliable indicators of fecal contamination.
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140 Chapter 4 The Physical Causes of the Contamination

4.7.8  DNA and Epidemiological Typing

The results of the DNA typing of animal and human samples are most persua-
sive. A clear link exists between the bacteria found in cattle manure on the
Biesenthal farm near Well 5 and the human outbreak strains of £. coli O157:H7
and Campylobacter. 1 am satisfied that the primary, if not the only, source of
the contamination was manure from this farm, although I cannot rule out
other possible sources of contamination.

Dr. Andrew Simor is an infectious diseases specialist and head of the Department
of Microbiology at the Sunnybrook and Women’s College Health Sciences
Centre in Toronto. An expert in molecular and epidemiological typing, he
testified about the molecular and epidemiological typing methods used to clas-
sify pathogens found in human stools, animal fecal samples, and water samples
during the Walkerton outbreak investigation. Polymerase chain reaction (PCR)
testing of E. coli O157:H7 involves extracting the DN rom an organism and
identifying verotoxin genes by enzyme immunoassty. PCR testing will con-

firm a verotoxin-positive E. coli O157:HZ  Vérotoxin-negative strains of
E. coli, even E. coli O157:H7, will not cag@%é}gman illness. PCR testing dem-
onstrates whether E. coli O157:H7 1sQ\k%Qfoxm -positive; it does not identify
whether strains of the bacteria t Q\éfrom different samples are related or
derive from a common source, & ©
o\ \\6’(\

Epidemiological typing is usqépto characterize organisms in order to determine
if they represent the samg%tram, such as a common source in an outbreak.

Epidemiologically related isolates derived from a single precursor share common
characteristics that differ from those of unrelated strains. There are hundreds,
if not thousands, of E. coli O157:H7 strains that can cause human disease. To
determine whether the same strain of E. colf O157:H7 is causing the disease,
microbiologists resort to typing the organisms found in fecal and environmental
samples. Three forms of epidemiological typing were used for that purpose in
this investigation: phage-typing, serotyping, and pulsed-field gel electrophore-
sts (PEGE).

*  Phage-typing involves characterizing isolates by their susceptibility or re-
sistance to a variety of bacteriophages, which are viruses that can infect
bacteria.
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*  Serotyping detects cell wall antigens; it is commonly used to type
Campylobacter. Both phage-typing and serotyping involve looking at the
properties of bacteria.

e Dulsed field gel electrophoresis (PFGE) is the gold-standard method of
typing. PFGE involves looking at the molecular properties (the DNA)
of the organism and is a type of “DNA fingerprinting.” In PFGE, en-

“zymes are used to extract DNA fragments that are then separated by size
on electrophoresis gel. This produces a particular DNA pattern. When
PFGE results have the same pattern, the bacteria are of the same strain.

The epidemiological evidence of the link between the human outbreak strains
of both E. coli O157:H7 and Campylobacter and those found on the Biesenthal
farm persuades me that the source of these bacteria was the Biesenthal farm.
Health Canada sampled potential animal reservoirs within a 4-km radius of
the three municipal well sites, as well as testing deeg:%%oppmgs in the vicinity
of the wells. All wildlife specimens were ne 1vg‘§6r Campylobacter and E. coli
0157:H7. Of the 13 livestock farms teste % pylocbacter bacteria were found
on 11 of the farms. E. coli O157:H7 @ @ampylobacter Jejuni were found on
only two farms. One was the Blese((ﬁ\h\d]"falm near Well 5, and another was a
farm within a 4-km radius of\’@éﬁ@@and 7.
\Q S

The Bruce-Grey-Owen SSL@ Health Unit report indicates that there were
174 confirmed stool sqméles of human E. coli O157:H7 infection. Of these,
94% were PEGE typg)ﬁ or A4, the same strains as were found in cattle and
manure at the Bieséhthal farm. In contrast, the PFGE pattern of the E. coli
found in cattle on the other farm, within the 4-km radius of Wells 6 and 7, was
PEGE type Al. There were only two human cases of PFGE type Al.

Importantly, while Campylobacter coli and C. jejuni were identified on both
the Biesenthal farm and the other farm, only the phage types of the
Campylobacter on the Biesenthal farm matched the predominant human
outbreak strain (phage type 33), and the majority of these isolates had a similar
surface antigenic profile upon serotyping to those seen in the human cases.
The phage types of the Campbylobacter on the other farm did not match the

human outbreak strains.

Since not all of the cattle on the farms were tested and the testing did not take
place until June 13, there may have been other strains present on, for example,
the Biesenthal farm that simply were not identified by the Health Canada team.
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142 Chapter 4 The Physical Causes of the Contamination

These findings show a reservoir of bacteria that match the human outbreak
strain in the vicinity of Well 5 during the time frame of the outbreak.
Although no samples were taken from the Biesenthal farm before the out-
break, Dr. Andrea Ellis® testified that it is reasonable to assume that these
f bacteria may have been present in early May or late April, given the ecology of

E. coli on farms.?

The evidence of typing is very strong. Based on available PCR, phage-type,
serotype, and PFGE results, I find that the £. co/; O157:H7 and Campylobacter
isolates from the vast majority of human patients and from the Biesenthal
farm cattle and manure were genetically related and that the farm was likely
the source of the vast majority; if not all, of the contamination.

4.7.9  Other Microbiological Evidence
v &

Raw and treated water samples taken from Well $on May 23 demonstrated
gross microbiological contamination, with tgﬁ@x‘l”& iform concentration greater
than 300 cfu/100 mL and E. colf at 102 gﬁ@iﬁO mL. These samples were sent
to the Ontario Ministry of Health aeﬁﬁggng-Term Care (MOH) laboratory
for PCR tests to look for the DNASpécific to E. coli O157:H7 bacteria. The
laboratory identified the verot@éﬁﬁ%&xle for E. coli O157:H7, indicating that
this bacteria had been pl‘CS@ﬁQﬁ% the water at Well 5. No E. coli O157:H7
bacteria were found in samplés of Well 6 or Well 7 water taken near the time of
the outbreak. Indeed, géi‘conﬁrmed E. coli O157:H7 were ever found in
Well 6 or Well 7 sampfes.

There was one anomalous result of an environmental sample taken from a pipe
at a pond near Well 6. G.A.P. EnviroMicrobial Services Inc. was retained by

23 Dr. Andrea Ellis is section head of the OQutbreak Response and Issues Management, Division of
Enteric, Food-borne and Water-borne Diseases, Population and Public Health Branch, Health
Canada.

2 In his report dated November 23, 2001, Dr. Stephen Worthington interpreted the health unit
data and concluded that the evidence “strongly suggests” that the bacteriological contamination in
May 2000 came from a number of different sources at a number of different farms. Dr. Ellis
disagreed. She is an epidemiologist. As such, she noted that: “Had the contamination actually
come from multiple wells and multiple farms then we would not expect to find almost 90% of the
patients infected with the identical strain of E. coli O157.” She also noted the consistency of
molecular sub-typing results across several different methods —~ PEGE, phage typing, and serotyping
— a consistency not found on any of the other livestock farms tested in the area of the wells and a
factor not considered by Dr. Worthington. I prefer the evidence of Dr. Ellis in this regard.
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the Ontario Clean Water Agency to conduct an environmental investigation
after the outbreak. There is an excavated pond about 100 m from Well 6. A
plastic pipe connects this pond near Well 6 to another pond on private prop-
erty, which in turn is fed by an artesian spring. A water sample taken from the
pipe by Garry Palmateer of G.A.P. on June 8, 2000, was found to contain
E. coli O157:H7. The MOH Central Public Health Laboratory confirmed
that the PFGE results from the E. coli O157:H7 water sample were verotoxin-
positive and matched the predominant human outbreak strain.

There is no obvious explanation for the presence of this strain of E. coli O157:H7
at that location on June 8. There are many possibilities: bacteria may have
been transported by an animal or bird to the pipe, or an infected human may
have shed the pathogen; ironically, it may also have been transported on the
footwear of someone involved in investigating the cause of the outbreak.
Apparently the pond is part of a decorative garden fertilized with compost.
Further, it is partly fed by a domestic well, and the gipe drains water from the
area of a private home and septic system. W atex@\r the explanation, this single
result from that location on June 8, wher lufed up with the other available
evidence, falls far short of suggestingx gd? coli O157:H7 entered the distri-
bution system through Well 6 durogigtﬁe May outbreak.
X

Fa
4.8 Expert Evidence<° A*\O)

s\o
The experts who testlﬁﬁ” at the Inquiry all shared the view that Well 5 was the
entry point for thecSntamination point into the system.”> Their opinions
were, in general, based on the factors I have discussed above. The remaining
issue is the pathway the contamination followed in travelling to the intake for
Well 5. Broadly stated, the issue is whether the contamination entered by sur-
face flooding in the area surrounding the well or by subsurface transport to the
aquifer. Although a definitive answer is not possible, it appears more likely that
the contamination entered through the fractures or conduits through the
bedrock and into the aquifer that fed Well 5, rather than by way of overland
flow. However, I cannot rule out the lattér or a combination of both. T will
briefly review the expert evidence.

25 In late November (aftér conducting further tests), Dr. Stephen Worthington seated chat Well 6
and/or Well 7 could have been a secondary source of contamination. His opinion, however, goes
no further than to state that Well 6 and to a lesser extent Well 7 may be susceptible to surface
contamination. There is no evidence to support a conclusion that contamination in fact entered

the system through Wells 6 and 7 in May 2000.
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144 Chapter 4 The Physical Causes of the Contamination

Dr. Robert Gillham is a professor of earth sciences and industrial research
chair in groundwater remediation at the University of Waterloo. He is also a
member of the Walkerton Commission Expert Review Panel. He testified that
the evidence that Well 5 was the source of the contamination was “overwhelm-
ing.” For him, the most compelling evidence was the hydrogeological condi-
tions at the well and the depth of the well, the E. co/i measured in both the well
water and the spring near Well 5 in June (indicating the presence of a large
body of groundwater in the vicinity containing E. colz), and the fact that an
identifiable source of contamination existed within the groundwater catch-
ment area of Well 5.

Conversely, the pumping schedule and conditions at Wells 6 and 7 made those
wells an improbable source. Dr. Gillham testified that although Well 6 was
vulnerable to surface contamination, that well was an improbable contributor
to the May 2000 outbreak. On June 8, 2000, E. coli O157:H7 was identified
in a single sample — from the pipe between two pond$™— not in groundwater
samples or well samples. Dr. Gillham was of the vck\%v that Well 7 would not
have contributed. He found that there was @X@xf any) evidence that Well 7

was vulnerable, and that there was no @cnce that it contributed to the

outbreak. «Q\f@\‘\}
N
Dr. Gillham further noted the g 1‘§1ce between the hydrogeological settings

of Wells 5, 6, and 7. The be«LQ) \(?racturmg at Well 5 is much greater than it is
at the other two locations. There is a highly weathered zone, with a close spacing
of horizontal and verticalfractures, which provides a good vertical connection
with the upper 3-4 Q?%f weathered bedrock. Much less water would move
through the vertical fracturing near Wells 6 and 7. He also noted that the
major water-producing zones for Well 6, and especially for Well 7, were sig-
nificantly deeper than those for Well 5.

Dr. Gillham noted a hydraulic connection to the surface of both Wells 6 and
7, but the degree of this connection is unclear. The chemistry of water from
Well 726 is very different from that of water from Well 5 or 6, which suggests
that each well has a different source of water. Dr. Gillham concluded that
“there remains no doubt that Well 5 was the source of contamination. It can-
not be stated that Well 6, and perhaps Well 7 to a degree, are totally absent of
risk. Nevertheless, there is no evidence that they contributed to the April and
May 2000 outbreak.” ’ '

26 Based on nitrate, sulfate, sodium, and chloride concentrations.
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Dr. Gillham considered three possible pathways of the contaminated water:

. an infiltration of contaminated water at the potential source areas, fol-
lowed by horizontal flow in the bedrock; -

. an overland flow from the source areas, resulting in the inundation of the
area around Well 5, followed by a rapid infiltration through springs and
seeps; and

. an infiltration at point sources in areas where the overburden has been

breached, followed by horizontal flow in the bedrock.

Dr. Gillham concluded that the first of these possible pathways — the infiltra-
tion followed by lateral transport in the bedrock — was improbable. He found
that the overburden acts as a semi-confining layer; the residence time in the
overburden could be up to a year, and he cited low @\}olz in soil samples as well
as generally low E. coli in the monitoring wellgc\%(/xth respect to the second
possible pathway, he found this to be to ically unfavourable, given the
rise of land between the Biesenthal fnéﬁ% Well 5, and found the hydrologxc
modelling to be inconclusive. He ]QE @\ged the continuing discharge of E. coli
from the spring near Well 5. Dé,\\wham found the third posible pathway -
point soutce infiltration ca \Py breaching of the protective overburden,
followed by rapid transpof«ot@\‘t e bedrock — to be the most likely explanation.
In preferring the third pgﬁﬁvay, he cited the high concentrations of £. cofi in
the bedrock at momto&gfﬁg Well 12 near the Blesenthal farmyard. He also cited
the August pump t€%5 in which E. cofi increased at monitoring Well 2, moni-
toring Well 12, and Well 5 after pumping.

A consulting engineering firm, B.M. Ross and Associates Ltd., was retained by
the Municipality of Brockton to investigate the cause of the outbreak. Golder
Associates Ltd. was subcontracted to carry out a hydrogeological study. Like
Dr. Gillham, the authors of the B.M. Ross report concluded that Well 5 was
the most probable source of the contamination. Daniel Brown, of Golder
Associates, was the senior hydrogeologist responsible for the report. He also
agreed that there was an overwhelming case for Well 5 being the cause of the
outbreak in May 2000. The factors leading him to this conclusion included
the shallowness of the overburden; the shallowness of the aquifer itself: a known
source of E. coli O157:H7 close to Well 5; the timing of the pumping of the
various wells, taking into account the incubation periods for E. coli and
Campylobacter; the laboratory results, including the heavy contamination of
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146 Chapter 4 The Physical Causes of the Contamination

Well 5 from May 23 to June 5 and the satisfactory results from Wells 6 and 7

in this period; and microbiological and epidemiological evidence.

The B.M. Ross report concluded that the mechanism for transporting con-
taminants to Well 5 could be either via the aquifer or by overland flow.
B.M. Ross developed a hydrological model suggesting that the combination of
saturated soil conditions due to rainstorms from May 8 onward, combined
with the intensity and depth of precipitation on May 12, could have caused
ponded water on Lot 20 of the Biesenthal farm to overcome a topographical
divide so that waters from the barnyard area could have reached Well 5. The
report concluded that the confluence of factors required for such ponding and
flow would be a very rare occurrence and may never have happened before.

Dr. Stephen Worthington is a karst hydrogeologist and, as noted above, was
called by the Concerned Walkerton Citizens. He also testified that in his opin-
ion, Well 5 was the overwhelming source of corltamir%\Q%h.27 Dr. Worthington
also stated that the overland flow theory was less likely than the point source
infiltration theory. He discounted the pogéﬁtiﬁ\ for overland flow causing
water to enter the aquifer through the reoxéiéﬁhog spring because of the volume
of water flowing from this spring in Ma His conclusion is consistent with
Dr. Gillham’s: some breach throu o\@t&é thin overburden in the proximity of
Well 5 allowed the bacteria to \gﬁ\Eg@@the aquifer. The shallowness of the over-
burden was critical to Dr. \go'\o%h%gton’s opinion.
S

A fourth expert testified sut the pathway of the contamination. Dr. Michael
Goss, chair of the Unigersity of Guelph’s land stewardship program, was criti-
cal of the overland flow theory. He noted that:

* by May 12, rain would have promoted the infiltration of bacteria that
were close to the soil surface into deeper layers;

. fall tining, root pores, tillage practices, and crop location and growth
would also encourage infiltration into the soil and help to prevent surface
runoff; and

. the crops showed no sign of damage from the significant ponding assumed

by the B.M. Ross model.

27 [ noted above the qualification to his opinion in his report of November 23, 2000.
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All of the experts support the conclusion that Well 5 was the source of the
contamination in May 2000. The preponderdnce of evidence indicates that
the contamination most likely entered Well 5 by way of a point source breach
of the overburden, and was then swiftly transported through the bedrock to
the aquifer supplying the well. I agree with this conclusion. T am, however,
unable to entirely rule out the overland theory.

4.9 The Timing of the Contamination

It is impossible to determine the exact time when the contamination first entered

the system. I conclude, however, that the residents of Walkerton were probably

first exposed on or shortly after May 12. This conclusion is supported by the

epidemiological evidence, the evidence of the health care providers that treated

the ill and vulnerable groups, anecdotal evidence fron%}ﬁesidents, and the tim-
0N

oi{\é\

ing of the heavy rainfall.

The main causes of illness and disease in&%@@opulation were two bacteria:
E. ¢coli O157:H7 and C. jejuni. The in \,\@ﬁ)‘n period for most cases of E. coli
O157:H7 and C. jejuni is approxixg@‘# Xthree to four days. In Walkerton, the
onset for illness of the 'majority&@»&(;@ses occurred after May 12. There was a
significant clustering of illness€s between May 17 and 19 and a smaller cluster
between May 22 and May@:}@\q
5 :

Well 5 was the main so‘gﬁ&? supplying the system from May 9 to May 15. Well 6
cycled on when needéd, though it appears to have been out of service from the
evening of May 13 onward as a result of an electrical mishap. Well 7 was not
operating from May 9 until May 15 at 6:15 a.m. The conclusion that the
contamination entered the system on or shortly after May 12 is consistent
with a conclusion that Well 5 was the source of the contamination and
inconsistent with Well 7’s having been the source. It does not rule out Well 6 as
a source of contamination.

4.9.1  The Onset and Clustering of Illnesses: Epidemiological Evidence

After the outbreak, the Bruce-Grey-Owen Sound Health Unit and Health
Canada conducted an epidemiological study of the illnesses and deaths associ-
ated with the contamination of the Walkerton water system. They concluded
that the predominant exposure dates were between May 13 and May 16.
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148 Chapter 4 The Physical Causes of the Contamination

Dr. Andrea Ellis supervised a Health Canada team assigned to conduct epide-
miological and environmental investigations in order to determine the outbreak’s
cause and scope. The epidemiological team developed a case definition to help
determine the outbreak’s scope. A “case” was defined as a person who:

. had diarrhea or bloody diarrhea; or
*  produced stool specimens positive for E. coli O157:H7 or C. jejuni; or
*  had hemolytic uremic syndrome (HUS); and

e experienced the onset of illness between April 15 and June 30, after expo-
sure to Walkerton water.

As discussed in Chapter 2 of this report, the health unit, using the case defini-
tion, estimated that 2,321 people became ill as a resalt of the outbreak. It
prepared an epidemic curve based on a person’s selfiteporting of the date of the
onset of illness (see Figure 2). The curve deg@g&rates that the onset of illness
for the majority of cases of illness begag?%b&%.r May 12 and continued until
early June. In general, a significant c@\s‘g&\rmg of cases of illness occurred be-
tween May 17 and May 19. A sy%t@d smaller cluster of cases of illness oc-
curred between May 22 and 2{(80

<<0 K\O)
Dr. Pierre Payment testiﬁegc&at the first general cluster (or peak of cases of
illness), occurring from May 17 to May 19, included cases of bloody diarthea,
whereas the second-@eneral cluster of cases of illness, occurring from
May 22 to May 24, did not. He concluded that the second cluster probably
involved a pathogen different from that involved in the first cluster. Dr. Pay-
ment also testified, on the basis of epidemiological information, that five peaks
of cases of illness occurred in the Walkerton outbreak. This observation sug-
gests the involvement of multiple pathogens. The peaks, or clusters, of cases of
illness are shown in Table 7. '

The health unit’s epidemic curve indicates a small number of people who
reported an onset date of illness before May 14 and whose stool cultures tested
positive for E. coli O157:H7. However, the stool cultures were not taken and
confirmed until late May. Accordingly, in Dr. Ellis’s view, it is not certain that
these people were experiencing illness due to E. coli O157:H7 infection before
May 14. One must therefore be careful in attaching a great deal of weight to

EPA Export 25-07-2013:21:36:40



Figure 2  Epidemic Curve, Walkerton, 2000 g
Number of cases (n=1335) Date of onset missing for 11 reported cases %
160 » EY
g
Boil water advisory o
140 7
Culture confirmed - ?_,
Culture negative & &
120 . Not tested @é‘ 3
>
| S 2
. O s\é <
100 AN
ST
Q&
w \0(\ S
g & ' RO
-]
() : . & \O
S5 S
PSRN
60 QO®
5\
&
\Y ‘
40 &
20
0
—_ — N [\] N N N w foe] —_ — —_ NS N NS N —_ E~Y ~J — -— — — N N (a4
b ~ [a) (%] (@2 el —_ -+ ~J [ N (o] O . < (%) o O N w o)
April May : June

4

it 25-07-2013:21:36:40




150 Chapter 4 The Physical Causes of the Contamination

these reports. This becomes important in trying to determine the time that the
contamination first entered the system.

Table 7  Clusters or Peaks of Cases of Illness, Walkerton,

May 2000

Type of Pathogen or Symptom Date of Peak
C. jejuni cases May 19-21
Cases involving bloody diarrhea May 1720
E. coff cases . May 19-22
Cases involving other symptoms May 1720

May 21-25
4.9.2  Other Evidence Regarding Onset Dates &

>

In addition to the health unit’s report recording th@‘%%lf-reported information,
the other major source of information abo@%@%utbreak was the institutions
responsible for treating those who becarg&? “This evidence indicates that the
onset of diarrhea began on May 16. %ﬁggﬁ‘\on a three- to four-day incubation
period, the earliest exposure appcg@@i&é%e between May 12 and May 14.
S

The Walkerton hospital e ity department’s records of patient visits and
telephone inquiries are anStmportant source of information. Before the
May 2000 outbreak, thé number of patients who visited the emergency
department of the Watkerton hospital each month was approximately 1,100.

In May 2000, there were 1,829 visits — 66% above the normal rate.

In April 2000, the maximum number of emergency room registrations for any
day in the month was 55. On May 16, May 17, and May 18, the number of
patients who visited the emergency department of the Walkerton hospital ranged
from 36 to 50, which the hospital administrator, Dianne Waram, testified was
within the normal range. On May 19, there were 48 visits to the emergency
room, which also was within the range of normal use. The people visiting the
hospital on May 19 included eight patients who had experienced three days of
diarrhea that had turned bloody, which prompted them to come to the hospi-
tal. Assuming an onset date of diarrhea symptoms of May 16 for these eight
patients and allowing for a three- to four-day incubation period indicates a
likely exposure date of May 12 or May 13.
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On May 20, and for two weeks after that , the number of visits to the Walkerton
hospital significantly exceeded the range of normal use. Table 8 shows the number
of patients examined in the emergency department from May 20 to June 3.

Table 8 Walkerton Hospital Emergency Department,
Patients Examined, May 20-June 3, 2000

Date » . Number of Patients
May 20 67
May 21 58
May 22 84
May 23 84
May 24 13
May 25 & w
May 26 \§® 106
May 27 ho%§j il
May 28 §Q%& 87
May 29 (.\\o*\:é“ 16
May 30 . \(\09:(;\0® 64
May 31 E 106
June 1 &&6\ 95
|lune 2 . OO@J 8i
June 3 62

A chart prepared by the Walkerton hospital documents the number of tele-
phone calls to the emergency department between May 14 and May 31 that
were related to the symptoms associated with £. coli. On May 14, May 15, and
May 16, the hospital did not receive any calls pertaining to £. coli~type symp-
toms. Table 9 shows the incidence of these calls from May 17 to May 28.

An additional 90 calls related to E. coli were made to the emergency depart-
ment by members of the public from May 29 to May 31, totalling 848 calls
from May 17 to May 31. Individuals reported diarrhea and vomiting and sought
information on measures they should take. Given that the first phone calls
were received on May 17 and May 18, a three- to four-day incubation period .
indicates a likely exposure date between May 13 and May 15.
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Table 9 Telephone Calls to Walkerton Hospital Emergency
Department Concerning E. coli~type Symptoms,
May 17-28, 2000

Date Number of Calls
May 17 1
May 18 4
May 19 6
May 20 121
May 21 141
May 22 51
May 23 80
May 24 137
May 25 ¥ é\\)&‘ 78
May 26 & ‘@0\ 29
May 27 &o)ox\é 47
(O "
May 28 O\Qo&\}\ 63
Total 0@&0;@ 758
&

Donald Moore, the adminigﬁ?tor of the Brucelea Haven nursing home,’testi—
fied that the first cases ofillness occurred there on May 17. Using a three- to
four-day incubation gériod suggests a likely exposure date from May 13 to
May 14.

Catherine Reich testified that she called Mother Teresa School on May 18 to
tell the secretary that her daughters were ill and would not be attending school.
She was told by the secretary that 20 other children were ill and out of school.
Ms. Reich’s daughters had been sick since May 16. At abour 8:30 p.m. that
day, one of her daughters was admitted to the Owen Sound hospital under the
care of Dr. Kristen Hallett. Also on May 18, in the afternoon, a young boy was
admitted to the Owen Sound hospital under the care of Dr. Hallett. This boy
had bloody diarrhea as of the evening of May 18.

On May 19, JoAnn Todd, administrator of the Maple Court Villa retirement
~ home, reported an enteric outbreak among the resident population when three
residents became ill with vomiting and diarrhea.
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Further, on May 20, a third child (age two and a half) was admitted to the
Owen Sound hospital with gastroenteritis. On May 21, this child experienced
abdominal cramping, fever, vomiting, and bloody diarrhea. After developing
symptoms of HUS, she was transferred to London, and on May 23 she died as
a result of E. coli O157:H7 infection.

The health unit received the first laboratory results from the Owen Sound
hospital indicating the presence of E. coli O157:H7 in a patient’s stool sample
on May 20. Later results indicated that C. jejuni was also present in many of
the patients.

4.9.3 The Onset of Illnesses Leading to Death

The Office of the Chief Coroner and its Expert Revxggv Panel identified seven
deaths associated with the Walkerton outbreak. I &er‘mon about the deaths
is summarized in Table 10, in order of the Qnsetdate of illness. This evidence
is consistent with the conclusion that tlé% ?{@tamlmtlon probably entered the
system on or shortly after May 12. & &

Table 10  Deaths Assocnate@v\gﬁﬁ the Walkerton Outbreak, 2000
\\ N\

@ %?Outbreak Cause Death or

Date of Onset Date of Death _ <°° Contribute to Death? Probable Outbreak Organism
May 18 May 22 aéb*v Contribute B E coli O157:H7

May 18 Mayﬁ) Cause E coli O157:H7

May 19 July 25 Contribute C jejuni

May 19 May 24 Cause E coli 0157:H7

May 20 May 29 Contribute . C jejuni

May 20 May 30 Cause E coli 0157:H7

May 21 May 24 Cause £ coli Q157:H7

As mentioned, the average incubation period from infection to onset of symp-
tomns for both E. coli O157:H7 and Campylobacter is three to four days. This is
consistent with the evidence regarding the incubation period for the person
who died on May 23, who was the"only non-resident of Walkerton to die as a
result of the outbreak. The period between her last exposure to Walkerton
water and the onset of her symptoms provides a general indication of the length
of the incubation period for E. coli O157:H7 in the Walkerton outbreak. Her
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154 , Chapter 4 The Physical Causes of the Contamination

Jast exposure to Walkerton water was on May 14, and the date of the onset of

her symptoms was May 18. Therefore, her likely incubation period was four

days, which is in keeping with the experts’ evidence.

Since the maximum incubation period for £. coli O157:H7 is eight days and
the shortest period is approximately one day, the outside exposure dates for the
five people whose deaths were caused or contributed to by £. coli O157:H7 —
who all began experiencing symptoms between May 18 and May 21 — are
May 10 and May 20. However, given that the evidence indicates that the aver-
age incubation period for E. coli O157:H7 is three to four days, it is likely that
these five people were exposed to the E. coli O157:H7 bacteria between
May 14 and May 18.

Similarly, given that the maximum incubation period for C. jejuni
established in the evidence is 10 days, the earliest possible exposure dates for
the two people whose deaths were contributed to by Srjejuni — who began to
experience symptoms on May 19 and May 20, respectively — are May 9 and
May 10, respectively. Since the evidence m@%\t’& that the average incubation
period for C. jejuni is three to four daysebﬁ@se two people were probably ex-

posed to the C. jejuni bacteria betweq@%ﬁy 15 and May 17.

& \&\é

’\
4.10 The Chlorine Dosagﬁe@‘i’ Well 5 and Residuals in the System
C)o
Given my conclusion t * the contamination entered the system through
Well 5, why did the chibrine added at Well 5 not disinfect the water by killing

the bacteria?

To reiterate, essentially the chlorine dose minus the chlorine demand equals
the chlorine residual. It is the chlorine residual thart assures disinfection. If the
chlorine demand exceeds the chlorine dose, there will be no chlorine residual
remaining to achieve disinfection. When heavily contaminated water enters
a source such as Walkerton’s Well 5, where the chlorine dose administered
at the wellhead was regularly below 0.5 mg/L, the chlorine demand exerted
by the contamination could completely eliminate the chlorine residual,
permitting viable bacteria to enter the distribution system. It is important
to specify a treatment requirement in terms of chlorine residual because chlo-
rine demand can change as a result of fluctuating raw water quality. If chlorine
demand rises, then the chlorine dose must be increased to ensure that the
chlorine residual is maintained.
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Water from Well 5 was disinfected by a sodium hypochlorite injection system.
The sodium hypochlorite contained 12% chlorine. The solution was diluted
with water in a mixing tank before being injected into the water that was
pumped from the well to the distribution system. There is some uncertainty
about how much the Walkerton PUC diluted the sodium hypochlorite before
injection. PUC records reported a “dilution factor” of 10/30, which I take to
mean 1 part sodium hypochlorite solution to 3 parts water (a dilution factor of
1 in 4). Based on information obtained from Stan Koebel through his counsel,
the dilution factor actually used by the PUC was closer'to 1 in 6 ~ that is, 1part
sodium hypochlorite to 5 parts water, based on mixing 5 gallons of sodium
hypochlorite with water to make 30 gallons of solution in the mixing tank.

Dr. Peter Huck, a professor and NSERC chairholder in water treatment at the
University of Waterloo and a member of the Walkerton Commission Expert
Review Panel, calculated the maximum chlorine dosecBossible at Well 5, based
on his assessment of the capacity of the feed piimp used at the well in
May 2000, the flow recorded by SCADA a.ta%‘é\nd assuming no dilution of
the 12% sodium hypochlorite solution. @%c ncluded that in these circum-
stances, the maximum chlorine dose t ,t\@%uld be placed in the water leaving
Well 5 was 2.3 mg/L. Assuming {(h\g\é?\l}formation provided by Stan Koebel
about a 1-in-6 dilution factor, %‘Pi;l@ck calculated that the maximum chlorine
dosage at Well 5 would be rgﬁ to approximately 0.4 mg/L. This is signifi-
cant, because it means thatSeth its chlorination practices, the Walkerton PUC
could not possibly have nget the Chlorination Bulletin’s requirement of main-
taining a chlorine resoigﬁ\al of 0.5 mg/L after 15 minutes of contact time.
O

Stephen Burns, of B.M. Ross and Associates Ltd., calculated the chlorine dos-
age at Well 5 in a different manner than did Dr. Huck. Mr. Burns calculated
the average for January through April 2000 based on chlorine consumption
records and recorded pumpages. Using this information, Mr. Burns calculated

the average dosage at Well 5 to be 0.44 mg/L.

The evidence of both Dr. Huck and Mr. Burns is that it was highly unlikely,
given the practices of the Walkerton PUC, that a chlorine dose of 0.5 mg/L

was ever introduced into the water at Well 5.

There is no reliable evidence of the chlorine demand of the raw water entering
any of the wells before the outbreak. It is, however, clear that in order to cause
the degree of illness evident in May 2000, a significant glut-of contamination
entered the system and was not disinfected at the well site.

EPA Export 25-07-2013:21:36:40 % ;



156 Chapter 4 The Physical Causes of the Contamination

There is also no reliable information about the normal chlorine demand of the
Walkerton water distribution system before May 2000. Mr. Burns noted that
in early June, prior to the extensive swabbing and superchlorination program
implemented by the Ontario Clean Water Agency, the difference between
residuals at the pumphouses and those in the distribution system was generally
greater than 0.6 mg/L. This would seem to indicate a high chlorine demand in
the distribution system. That high level of demand would be a function of the
chemistry of the water, the large amount of iron piping, the extensive biofilm?®
in the distribution system, and other conditions of that nature. Mr. Burns was
of the view that on the basis of his calculations of average dosages, and the
demand exerted by the distribution system of 0.6 mg/L, on average, there
would under normal circumstances have been no chlorine residual in the dis-
tribution system.

I am reluctant to place too much weight on the 0.6 mg/L difference between
chlorine residuals at the wells and in the distributio %)}steni as measured in
early June 2000. Chlorine demand may in some gitcumstances be a function
of chlorine dosage. For example, as more c}giﬁ\m% is applied, interactions may
occur that would not otherwise have ocgfitged, such as more biofilm dissolu-
tion or interactions with iron pipin ﬁrly June, the system had been sub-
jected to significantly higher thag}\@r@z\}'lous chlorination levels, including the
superchlorination initiated on Max?9, as well as significant flushing. The chlo-
rine demand in the systenp@gé%hred in early June may well have appeared
higher as a result of higher gh?orine dosage. The chlorine demand at the lower
chlorine dosage typicall@a‘pplied by the PUC would likely have been substan-
tial but possibly lowgr than the 0.6 mg/L dosage that was estimarted in

June 2000, when high chlorine doses were applied to the system.

However, 1 conclude that it is likely that the chlorine residual level in the
distribution system under normal operating conditions was very low. I say this
on the basis of the dilution practices at Well 5, the practice of the PUC staff to
keep chlorine doses at low levels, the degree of interactions with iron piping,
and the amount of biofilm in Walkerton’s water distribution system. If the
incoming contaminated water in May 2000 had an unsatisfied chlorine
demand - as it surely did — then the residual in the system, if there was any,
would likely have been be consumed quite rapidly. '

*# Biofilm is an accumulation of bacterial growth on the inside of water distribution system pipes.
The biofilm in the Walkerton water distribution system consisted primarily of Leptorhrix, a harmless
soil bacterium.
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4.11 Chlorine and Turbidity Monitoring at Well 5

Continuous chlorine residual and turbidity monitors would have prevented
the outbreak. It is very probable that daily chlorine residual monitoring would
have significantly reduced the amount of contamination that entered the system.

During the relevant time, the MOE had two requirements for monitoring
chlorine residual for groundwater sources. The first applied to the more vul-
nerable groundwater sources: those that were under the direct influence of
surface water. Section 4.2.1.1 of the ODWO provides that groundwater that is
under the direct influence of surface water and not undergoing filtration should
be monitored for disinfectant residual (equivalent to free chlorine) by continu-

ous monitoring.

It also required that groundwater sources under the di§¢Ct influence of surface
water should monitor turbidity levels, using a grab sample, every four hours or
by continuous monitoring. For the sake of simpticity, I will refer to this re-
quirement relating to turbidity as a req&&@nt for a continuous turbidity
monitor. It is important to combine ¢ ,tg@uous chlorine residual monitoring
with effective turbidity 1n011itorin§Q°]@>\s}oxne instances, turbidity can reduce
the disinfection effectiveness of ghforfhe. In section 4.2.1.1, the ODWO states
that “[v]iable coliform bacté.ﬁ\ba?ve been detected in waters with turbidities
higher than 3.8 NTU eveiao\o@\\\t%e presence of free chlorine residuals of up to
0.5 mg/L and after a con\@& time in excess of thirty minutes.”

&

Increases in turbidi§~may indicate excessive contamination, even when chlo-

rine residual monitoring may not disclose the problem. Turbidity rises can
interfere with disinfection because they are often accompanied by substances
that result in increased chlorine demand. Turbidity may also result from aggre-
gated bacteria and particulates in which bacteria can be embedded and thereby
protected from disinfection.

For the reasons set out previously, I have found that Well 5 was a groundwater
source under the direct influence of surface water; it therefore should have had
continuous chlorine residual and turbidity monitors.

There is a strong probability that when the contamination entered Well 5 in
May 2000, the increased chlorine demand overwhelmed the chlorine dose being
applied at the well; resulting in inadequate disinfection of the water.

ary
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The Chlorination Bulletin sets out chlorine residual monitoring requirements
of treated water before it enters the distribution system. Section 3.1.2 of the
Chlorination Bulletin provides:

The chlorine residual test must be performed as frequently as needed
to ensure that an adequate chlorine residual is maintained art all
times. Such considerations as raw water quality and the resultant
variation in chlorine demand, and changing flow rates must be taken
into account. '

Under this requirement, chlorine residuals are taken manually by waterworks
operators. This is the method ostensibly employed by the Walkerton PUC.
For years, dating as far back as 1979, the operators of the Walkerton
PUC purported to monitor chlorine residuals on a daily basis. Daily entries of
chlorine residuals were made in the daily operating sheets. At the time Well 5
was approved in 1979, it was agreed between the kerton PUC and the
MOE that chlorine residuals would be monitored ditily. Through its inspection
program, the MOE was aware that the PU@;u@orted to take residuals daily,
and it accepted this procedure. ch?@\o

SO
Until the spring of 1998, the WaLl@g{Q\eﬁn PUC operators used a colorimetric
chlorine residual analyzer that @,g@%le to measure chlorine residuals up to a
level of 0.5 mg/L in units ot:{o\i%@nth (e.g.,0.1,0.2,0.3, 0.4, 0.5, and so on).
After 0.5 mg/L, the next p%g le measurement was 0.75 mg/L. In early 1998,
they began using a morogkophisticated HACH digital chlorine residual ana-
lyzer, which measureddfésiduals in units of 0.01 mg/L.

The evidence at the Inquiry disclosed that for many years, the Walkerton PUC
operators did not regularly take chlorine residuals on a daily basis. Rather, the
PUC employees who attended the well house would usually write a number,
nearly always either 0.5 or 0.75, in the appropriate column of the daily operat-
ing sheet, falsely indicating that a residual had been taken and an acceptable
reading obtained. On some occasions — it is not clear how often — chlorine
residuals were in fact taken. It was never the practice of the Walkerton PUC
operators to take turbidity readings during their daily attendances at the well
sites.

I will set out my conclusions about the conduct of these operators in greater
detail in Chapter 5 of this report, when [ discuss their roles in these events. It
is sufficient for the purposes of discussing the physical cause of the events of
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May 2000 to note that their practice was, on most occasions, not to take chlo-
rine residuals and to make misleading entries in the daily operating sheets.

This practice continued in May 2000. The daily operating sheet for Well 5
shows chlorine residuals for each of the nine days that Well 5 operated during
the period from May 1 to May 15 as being 0.75. Given that the quality of raw
water varies and that the instrument used in May to measure chlorine residuals
measurer in use in May was calibrated to measure differences as small as
0.01 mg/L, there is no possibility that these were accurate numbers. No one
suggested that they were. Of particular relevance to the issue of the physical
cause are the entries for May 10 to May 15 inclusive. Each entry, as I have said,
was 0.75. If the contamination entered the system during this period, as I have
found that it did, and if chlorine residual readings had been taken, they would
have disclosed either no chlorine residual or a residual significantly less than
0.75. I have no doubt that during this critical perigd, no chlorine residual
readings were in fact taken at Well 5. That is most @\irtunate, because if daily
chlorine residual readings had been taken uri@‘é\this period there is a strong
likelihood that the chlorine demand of ¢ JAncoming contamination was such
that no residual would have been pres gﬁ%d that the appropriate measures —
either increasing the chlorine doszég@;qé%‘%utting off the well — could have been
SR

taken. ééé} K

RN

One possible exception to({ﬁ;@\oint that taking chlorine residual readings would
have disclosed the inconé'\r%’g contamination arises from the fact the readings
might have been tali@ﬁ‘\ precisely when there was no contamination in the
incoming well watés. That seems most unlikely, given the enormous amount
of contamination that was disclosed by test results from samples taken on
May 15 and the fact that the raw water at the well days later continued to be
massively contaminated.

Another possible exception to the effectiveness of daily chlorine residual moni-
toring as an alarm mechanism would be the presence of high turbidity, which
in some circumstances could possibly preclude a drop in the chlorine residual.
However, given the massive amount of contamination that entered the system,
it is most unlikely that high turbidity operated in this manner at the time the
Walkerton water system became contaminated in May 2000.
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Until the outbreak, there was a dearth of data concerning turbidity at Well 5.2
In the aftermath of the outbreak, turbidity was closely monitored and some
very high turbidity levels were detected in samples taken from fire hydrants.
I am satisfied, however, that these readings do not support a finding that there
was a major influx of turbidity in conjunction with the contamination.

On May 24, the Central Ontario Analytical Laboratory tested turbidity at 33
locations. Of the 33 samples, 19 exceeded the maximum acceptable concen-
tration for turbidity. I am reluctant to place any weight on the May 24 results
as indicating that excessive turbidity entered the water system after May 12.
What appear to be very high distribution system results were, in fact, taken
from hydrants that were not flushed immediately before they were sampled.
Therefore, a sample containing 85 NTU was taken from a hydrant near
Walkerton Daycare, but it is not known when the hydrant was last flushed.
The same is true of an 18 NTU reading derived from a sample purportedly
taken at “Sacred Heart High School.” These high reagi\b%s do not reflect water
quality throughout the distribution system. blmlla&s}\r they do not assist me in
determining whether turbidity entered the s@%{;@? on May 12 or afterward and
do not indicate turbidity levels at Well 5 é?gb e time of contamination.
\)\

Importantly, there is no evidenc 6F, éloudy water or excess turbidity being
observed by residents of Walk Pﬁt any time after May 12. Cloudiness in
water starts to become v1sxbL@*a§‘8f\le 5 NTU, and the ODWO established an
aesthetic objective of 5 NTFtor turbidity at the point of consumption. Had
there been a turbidity prghlem in the distribution system during the outbreak
that resulted in coungsof anywhere near those found on May 24, it is most
probable, given the outbreak, that residents would have recalled it.

Assuming, however, that there was turbidity, turbidity samples should have
been taken daily. They were not. Section 4.2.1.3 of the ODWO provides that
daily turbidity monitoring was voluntary unless routine microbiological sam-
pling indicated no adverse water quality. Clearly, Well 5 did not come within
this exception.

# Turbidity in the Well 5 water was measured on ten occasions in 1979-80. On two of these
occasions, the turbidity levels of 1.8 NTU and 3.5 NTU exceeded the maximum acceptable
concentration, and on another it was at the maximum level of 1 NTU. Over the next 20 years,
turbidity was recorded on only six occasions. In each instance, it was below the maximum acceptable
concentration of 1 NTU.
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The failure of the Walkerton PUC to take daily turbidity samples is another
example of a government guideline that was not followed by the PUC. How-
ever, it should be noted that MOE inspectors, although aware that turbidity
monitoring was not being conducted, did not object. Nevertheless, the point
is that if there was turbidity, proper monitoring should have disclosed that
problem.

That brings me back to the failure of the PUC to take chlorine residual read-
ings daily, as it was expected to do. Had it done so, it is very likely that the
PUC would have discovered the incoming contamination within 24 hours or
possibly 48 hours. The result of this monitoring — the monitoring that the
PUC ostensibly did and that the MOE expected it to do — would not likely
have prevented the outbreak, but it could have led to steps that would have
greatly reduced the outbreak’s scope of the illnesses and probably reduced the

number of deaths in the community. &
. NS

Before leaving this issue, there is a further maggt%\(; that needs comment: the
requirement for chlorine residuals is tha @‘j\gv of 0.5 mg/L after 15 minutes
of contact time be maintained. Th oL inutes of contact time give the
contamination an opportunity to g&r\é?ts full demand on the chlorine. Chlo-
rine residual readings taken be@? minutes of contact time may therefore
be higher than would be the@%@ after the full 15 minutes. It is not clear that
when the PUC operatorsﬁic@\\a y did take residuals, they waited 15 minutes
before obtaining a readu@ However, in the end, that does not matter — be-
cause, as | have foundbc?UC operators did not take residuals during the critical
period. &

4.12 The Operation of Well 7 Without a Chlorinator

Well 7 was operated without a chlorinator during two periods in May:
from May 3 to May 9 and from May 15 to May 19. In these periods, Well 7
was Walkerton’s only source of water. This raises the question of whether oper-
ating Well 7 without a chlorinator caused, or contributed to the extent of, the
contamination of the water distribution system.

3 Because I consider it unlikely that there was turbidicy in sufficient amounts to have rendered
chlorine residual monitoring ineffective, I do not, in this report, analyze the failure of the MOE to
require daily turbidity monitoring.
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The total volume of the system, excluding the standpipes, is approximately
1,100 m?. The average length of time that the water resides within the system
is less than one day. This means that on an average day, all the water will be
used up and replaced by new water within 24 hours. The total volume of the
standpipes is approximately 4,900 m’, only a portion of which is active vol-
ume. Normally the standpipes are kept reasonably full to provide both the
required pressure and water for fire protection.

When Well 5 began pumping on May 9, Well 7 had been providing water
without chlorination since May 3. Given the average residence time of water
in the system and the practice of maintaining low chlorine residuals, there was
essentially no chlorine residual in the distribution system when Well 5 began
pumping on May 9. Dr. Huck was of the opinion that if most of the E. coli
entering Well 5 did so on the May 12 weekend, it is unlikely that Well 7’
operation without chlorination from May 3 to May 9 had a significant
impact. The reason for this opinion is that between May 9 and May 12, the
unchlorinated Well 7 water would have been largely displaced. Since the dis-
tribution system is not homogeneous, there @%@ave been specific areas where
the earlier presence of unchlorinated W@?@&later might have made a differ-
ence, but Dr. Huck stated that with @‘%&\\g information it was impossible to
quantify any such effect. I accept {Eﬁl\ck’s opinion, and agree that the opera-
tion of Well 7 without a chlo,r'g&&@ﬁfrom May 3 to May 9 did not cause or

. ~ \ °, . L. .
contribute to the extent of @Q@Qﬁtammatlon in May 2000.
¢

,\C)

Well 7 was also operated tthout a chlorinator from May 15 to 19. Well 5 was
turned off on May 15t 1:15 p.m. and was not turned on again until May 20.
Starting on the late afternoon of May 19, Stan Koebel superchlorinated the
system. The contamination had entered the system by the time Well 7 was
turned on without a chlorinator on May 15 at 6:15 a.m. The operation of
Well 7 without a chlorinator did not add to the contamination. The contami-
nated water from Well 5 would have remained in the system for at least
24 hours after Well 5 was turned off on May 15 at 1:15 p.m. It remained in
dead ends for much longer.

The effect of operating Well 7 without a chlorinator in this later period was to
exclude any disinfecting assistance that might have been provided by that well’s
water mixing with the contaminated water in the distribution system. Both
the ODWO and the Chlorination Bulletin merely require the level of chlorine
residual in the distribution system to be “detectable.” In this system, even if
the chlorination in Well 7 had been maintained at the proper level, it is unlikely
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that achieving only a “detectable” disinfectant residual in the distribution sys-
tem would have been an amount great enough to significantly eliminate bacte-
ria that had entered through another source.

The general purpose of a distribution system disinfectant residual is to depress
biofilm growth and potentially to address point source disturbances
in the distribution system; it is not intended to eliminate massive contamina-
tion that was not eradicated at source. It is impossible to measure the extent to
which operating Well 7 without a chlorinator from May 15 to May 19 may
have contributed to the extent of the distribution system’s contamination, but
it is fair to say that it would likely not have been great.

4.13 Wells 6 and 7

Much of the information regarding Wells 6 and 7 @Efﬁeen dealt with above in
the discussion of my reasons for finding that tlgé(e\vidence supports contami-
nation entering through Well 5. The mi Mglml water samples indicated
gross contamination at Well 5 imm g&y after the outbreak and no con-
tamination at Wells 6 and 7. Ther%ﬁb’@eqr epidemiological link between the
farm beside Well 5 and the é@ggﬁmam human outbreak strains of both
E. ¢coli O157:H7 and Campy@&%?er The pumping schedule of the wells indi-
cates that Well 5 provxded@%gﬁt of the water in the crucial period of May 10 to
May 15. Having dlscussqg that evidence thoroughly above, in this section 1
focus on the hydrogeo(lﬁglcql setting of Wells 6 and 7 and their physical con-
struction. | find it n(@st unlikely that either Well 6 or Well 7 caused or contrib-
uted to the outbreak of May 2000.

Well 6 is located approximately 3 km west of Walkerton in the former
Brant Township, adjacent to Bruce County Road 2. It is slightly more than
3 km northwest of Well 5. Well 6 was constructed in 1982 to a depth of
72.2 m. Depth to bedrock was 6.1 m, with a casing to 12.5 m. Well 6 is equipped
to be capable of pumping approximately 16.9 L/second to 21.3 L/second, or
1,460 m*/day to 1,832 m?/day. This represents approx1mately 42-52% of the

water requirements of the system.

Flow profiling carried out by Golder Associates Ltd. found that 50% of
the flow was found at a depth of 19.2 m; 5% from 27.7 m to 29.3 m; 25%
from 34.4 m to 35.3 m; 15% from 47.2 m, 50.4 m, and 54.0 m; and 5% from

61.6 m or greater. The Golder investigation concluded that much of the water

EPA Export 25-07-2013:21:36:40




Pies s L 44 LA

164 Chapter 4 The Physical Causes of the Contamination

comes from intermediate producing zones that are hydraulically connected
to shallow water in the nearby wetland and to a nearby private pond.
Dr. Robert Gillham was of the view that there was probably less than 1 m of
overburden between the bottom of the pond and the top of the bedrock, and
very little protection for the aquifer.

Dr. Gillham also noted a connection between Well 6 and springs in the area.
However, given that the first water-bearing zone is approximately 17 m below
the surface, this connection between surface water and Well 6 is not as direct
or extensive as that at Well 5.

Four holes in the upper section of Well 6's casing were observed during Golder
Associates Ltd.’s investigation. It is not known whether these holes played any
part in the occasional adverse bacteriological sample results that have been
observed in the raw water from Well 6, but it is unlikely that they contributed
to the contamination in May 2000. Two test wells (Tg@g%-SZ and TW2-82) are
located near Well 6. Their potential to contaminage Well 6 was also assessed;
the results were inconclusive. o?\ 0;?}“

Well 7 is located approxnmatdy 357 r@gﬁ}west of Well 6. It was constructed
in 1987 to a total depth of 76.2 nn @@th to bedrock was 6.1 m, the well with
casing extending t0,13.7 m. [57 is capable of pumping approximately
50.8 L/second to 56.8 L/sqé?)qf’or 4,390 m’/day to 4,908 m?/day. This is
about 125-140% of the ave\fage daily water use. Disinfection is provided by a
gas chlorination system o@mlar to that at Well 6. Since Well 7 is capable of
supplying the entire déinand for the system, it is also equipped with a standby
diesel generator.

Water-producing zones based on flow profiling by Golder Associates Ltd.
indicated that 50% of the flow came from below 72.4 m; 10% from between
72.4 m and 68 m; 30% from between 68 m and 51.5 m; and 10% from
between 51.4 m and 45.7 m.?! Well 7’s water-producing zones are significantly
deeper than those at Well 5. At Well 5, 100% of the water came from a depth
of 5.5 mto 7.4 m. Well 6 drew 50% of its water at 19.2 m, a level deeper than
Well 5. At Well 7, at least 88% of the water came from a depth of 45.7 m.

3 Dr. Worthington offered a different incerpretation of this data. According to this interpretation,
29% of the flow comes from below 67 m in the well, compared with the 60% ateributed to this
zone by Golder Associates Lid.
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Both Wells 6 and 7 are artesian. However, because the top of the wellhead for
Well 6 is elevated above the static water level in the well, that well does not
discharge when it is not being operated. Well 7 discharges to surface when
not being pumped. In May 2000, a 100-mm-diameter overflow pipe at Well 7
discharged water to the adjacent wetland when the well was not in use. This
overflow pipe was equipped with a flap gate to prevent surfacé water from
entering the well if the overflow pipe were submerged. If the pump was not on,
water would flow from the pipe and there would be no problem. Some con-
cern existed that if the pump was operating, surface water could enter through
the flap gate into the well.

One small area of significant casing corrosion was found in Well 7 at a depth
of 11.7 m. A test well (TW1-86) is located 2.1 m north of the Well 7
pumphouse. There is no indication of a seal around the casing at surface. It
was determined that there is a poor cement bond thgoughout the 14.2 m of
casing associated with this test well. These features epuld allow surface water or
shallow groundwater to infiltrate this test velk@l\d ultimately affect Well 7.
Golder Associates Ltd. noted a hydraul‘@%\@rﬁ\lection between TW1-86 and
Well 7 between depths of 44.8 m andQ \)\&@ m.

There is a possible hydraulic cog’ﬁg@ﬁon between Wells 6 and 7. When Well 6
was pumped, the water levels\\é2 feased in both Well 7 and the pond adjacent
to Well 6. However, becé@m@of the depth of the water-producing zones in
Well 7 (45 m to 75 m), aé&’m the light of certain water chemistry results, it is
unlikely that Well 7 V&é\aﬁg\under the direct influence of surface water, and hence
it is unilikely that itGvas the source of the contamination.

Differences in water chemistry (high sulfate/low chloride in Well 7, high chlo-
ride/low sulfate in Well 6) suggest different sources of water for
Wells 6 and 7. Furthermore, the relatively high nitrate concentration in Well 6
(2.52 mg/L t0 9.34 mg/L) and the low nitrate concentration in Well 7 suggest

a surface connection for Well 6 but no surface connection for Well 7.

4.13.1 Soil Samples

In August 2000, Golder Associates Led. drilled 15 bore holes at nine locations
in the vicinity of Wells 6 and 7. Sixteen soil samples from six of the bore holes
were analyzed for total coliforms and £. coli. The results indicated the presence
of total coliform bacteria above the detection limit in at least one sample from
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166 Chapter 4 The Physical Causes of the Contamination

each bore hole and the presence of E. coli in only one sample from one bore hole.
Most of the counts were very low — less than 10 cfu/100 g to 40 cfu/100 g. The
highest number of total coliforms was found in a near-surface sample that had
a count of 1,600 cfu/100 g. The only E. coli count was from a bore hole sample
at the detection limit of 10 cfu/100 g. The occurrence of bacteria in the bore
hole samples for the areas of Wells 6 and 7 was notably lower than in
bore hole samples from the area of Well 5, discussed above.

4.13.2 Pump Test Results

Golder Associates Ltd. also conducted pump tests of Wells 6 and 7 in late
August and early September 2000. Those pump tests included the monitoring
of water levels in nearby surface waters, private wells, and special
monitoring wells. When Well 6 was pumped, water levels decreased in both

Well 7 and the pond closest to Well 6. é\\‘f
' &

Well 6 is susceptible to direct inputs of sl@ﬂﬁ(@ groundwater because it has
a shallower producing zone at 19.2 c;f?étﬁoroundwater quality tescs for
Well 6 indicated variable water qu@i})*%&}nitrate levels, turbidity, and iron
concentrations fluctuated widely Qg@é zones. Well 6 exceeded the ODWO
for hardness, iron, turbidity,\g& aluminum levels. Nitrate ranged from
2.52 mg/L t0 9.34 mg/L in@q@dividual sample zones. The majority of bac-
teriological results were neggﬁgle from each zone. Although individual samples
from two zones yielded injftal positive bacteriological accounts, replicate samples
from each zone yielded'no organisms.

Water samples from Well 7 were of good chemical quality, and only one sample
had any bacteria (2 cfu/100 mL). ’

Following the pump test, the results of bacteriological analyses for Well 6
groundwater samples showed low levels (1 c¢fu/100 mL to 26 cfu/100 mL) of
total coliform organisms in 12 of the 20 samples collected during the 48-hour
test, and no detectable E. coli bacteria. In addition, 11 of the 16 samples showed
low but detectable levels of aerobic sporeformers, an indicator of surface water
influence. Two of the 11 samples from Well 7 showed detectable aerobic
sporeformers, and no detectable total coliform or E. coli bacteria were found.
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4.13.3 Other Hydrogeological Evidence

Dr. Worthington also considered Wells 6 and 7. There are two springs rela-
tively close to Wells 6 and 7. At what Dr. Worthington designated “Spring B”
and described as “very close to Well 7,” the flow in February 2001 was about
13 L/second, increasing to 25 L/second.in April and May. By the beginning of
July, Spring B was backflowing into the aquifer and potentially contaminating
it. By late July, Spring B had dried up. Dr. Worthington was of the view that o
when Well 7 was pumped, electrical conductivity changes at Spring B occurred 5
in response, with a lag time of one to three hours. He also noted thart during a
72-hour pumping test at a test well near Well 7, the discharge of Spring B
dropped by 5.2 Lisecond. In his view, these factors show a probability that
when the spring discharge is low, surface water can be drawn into the aquifer
and can travel directly through karst conduits into the pumping wells.

In July 2001, Dr. Worthington found that when Woe% | 7 had been pumping
continuously, Spring B ceased flowing, reve sed\f?s flow, and then began flow-
ing into the aquifer. On that day, Well 7 @s&e@posmve for total coliforms.

When asked directly whether the Q@qk&rge from springs A and B would have
backed- up and been a source éiﬁg‘g\smble contamination, Dr. Worthington
replied: “I think that it wouL O1mposmble that there was backflow into the
aquifer.” In his view, cont?m@\:atlon by surface water at springs A and B would
generally occur at times ¢f low spring discharge (i.e., low water flow). I find
nothing in Dr. Wortg\iﬁ?gton’s November 23 report to change this assessment.

4.14 Other Possible Sources of Contamination

The Inquiry also heard evidence about seven other possible contamination
entry points to the Walkerton water system (see Table 11). I examine each of
these possible contamination entry points below. In my view, it is most
unlikely that the contamination was caused by any of these possible entry points.
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Table 11 Additional Potential Sources of Contamination
of the Walkerton Water System

Location Type Specific Locations Possible Entry Mechanism
New construction * Highway 9 (Kincardine Highway) * Contamination could enter when a

+ Old Durham Road new main is opened to an existing

« Ellen Avenue main if the new main is contaminated.
Fire events « Orange Street near Willow Street * System depressurization during fire

could allow contamination to enter.

Breaks and repairs * Four locations in March 2000 * The system is locally depressurized to
carry out repairs; this could allow
contamination to enter.

Storage structures « Standpipe No. 1 « Contamination could enter through

(standpipes) « Standpipe No. 2 overflow or a vent.

Cross-connections * Private wells (8 locations) « If the well or cistern is a source and if
« Cisterns (many locations) it is pressurized to a level greater than
* Sanitary sewage facilities system pressures, contamination could

be dischagged to the system.

o f t§r€ is a connection between the

sew@ge collection and water distribution
& dsys ems, contamination could enter.
. QO
Flooding of the distribution ]+ Flooding occurred May 12, 2@93 \0\ « If the distribution system was
system Qo ’ @6 depressurized and open at a flooded
N location, contamination could enter.
O S
Biosolids and septage * Fields adjacent t%ﬁ%&@, 6, and 7 | Entry could occur through a well.
(\& O * The aquifer ;ould be contaminated by
Q\_\J\\é&\ surface spreading.
.
4.14.1 New Constructlog\o

A\

Extensions of the waggt distribution system were occurring at two separate
locations in the middle of May 2000: Highway 9 (the Kincardine Highway)
from Circle Drive west to Wallace Street, and Old Durham Road east of Elm
Street. A third location, Ellen Avenue, in the southern part of the municipality,
had a new watermain constructed in March 2000. The new main remained
connected but was isolated from the existing mains by means of a closed gate
valve until May 16.

For the existing water distribution system to become contaminated as a result
of new construction, it would be necessary for contamination to enter the new
watermains and then pass into the existing main when the two are opened to
one another. It would also require the new main to have a higher pressure,
which could occur either by pressurizing the new main (such as would occur
during testing) o, alternatively, by depressurizing the existing main while there
is some pressure in the new main.
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4.14.1.1 Highway 9 (Kincardine Highway)

Construction on the Highway 9 watermain project began on April 6, 2000.
The project involved the replacement of 615 m of watermain in the south-
western part of Walkerton, along Highway 9, between Wallace Street and Circle
Drive. It was at the system’s southwestern extremity, on a dead end. The con-
sulting engineer on the project was B.M. Ross and Associates Ltd., and the

contractor was Lavis Construction Ltd.

On April 17, Lavis Construction began to install the new watermain. The
installation was completed on May 11. Swabbing was carried out to remove
debris from the watermain. The valve near the intersection of Circle Drive and
Highway 9, referred to as “15+999,” was opened on May 11 to enable water
from the distribution system to fill the main for swabbing. The valve was again
opened on May 12 because water from the distributio&.system was required to
move a chlorine solution through the new watermgin. The chlorine solution

remained in the watermain during the Weelxe.ndx%% May 13-14.
N &

S A
The chlorine solution was flushed fr(@ﬁi&%}onew watermain on May 15. The
. . . WS U .

valve at Circle Drive was again o é??q&"to allow water from the distribution
system to enter the new main. gﬁx\@kﬁ\ng continued until the chlorine residual
had decreased to 0.8 mg/L.f\K@ 0samples were taken: two from the hydrant
near the Ministry of Trans‘p%@%tion shed at the intersection of Highway 9 and
Wallace Street, and one \f@(r’n the hydrant at the Energizer Canada plant, east
of that intersection. &

§
All three hydrant samples tested positive for total coliforms and E. coli.
Dennis Elliott of B.M. Ross testified that although total coliforms were
commonly detected in the first sampling after the standard construction industry
disinfection process, this was the first occasion in his experience when £. coli had

been detected in samples from a new watermain that had undergone that process.

Further disinfection flushing and sampling were undertaken. The new
watermain was rechlorinated on May 17, and water was drawn from the distri-
bution system through a hydrant. The chlorine solution remained in the new
watermain from the afternoon of May 17 to the morning of May 18. Flushing
began on the morning of May 18. Again a valve was opened, allowing water
from the distribution system to enter the new main. When the chlorine
residual had decreased to less than 1.0 mg/L, a second sampling was taken at
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170 Chapter 4 The Physical Causes of the Contamination

the same three sites. All these samples also tested positive for both E. coli and
total coliforms.

On May 18, Mr. Elliott had a discussion with Frank Koebel regarding the
connection of the new main to the old Canadian Tire building (now known as
the Saugeen Fuel and Filter building). It was explained that the owners of
Saugeen Fuel and Filter were anxious for the construction area to be cleaned
up before the firm’s grand opening. The connection was also necessary to
address fire protection concerns. As a result, on May 19, before the results
from the second sampling had been received from MDS Laboratory Services
Inc., the new watermain was connected to Saugeen Fuel and Filter. The own-
ers of the building were told not to drink the water and were asked to leave a
tap running to prevent backflow from the new watermain.

Until May 19, the new main at the Highway 9 project was connected to the
existing system only when it was necessary to fill the’new main with water.
The direction of the flow on these occasions was &way from the existing sys-
tem. However, on May 19, the new valve cosﬁ@é\ ing the watermain to Saugeen
Fuel and Filter remained open.
R

Steve Burns of B.M. Ross concludk {@zt the Highway 9 watermain construc-
tion did not cause or contrxbv.g&\&& the contamination. His reasons included

the following: <<o* Q\O’

R
s\o
. The watermain wa 'tuated on a dead end. There was little risk of water

moving from thePdead end to the distribution system.

*  The circumstances of the connection made it unlikely that there was

backflow.

e The connection of Saugeen Fuel and Filter to the distribution system
occurred on May 19, after the water in the system had become
contaminated.

*  The likely source of contamination in the samples collected from the
Highway 9 project on May 18 was from Well 5.

Another consulting engineering firm, Dillon Consulting Ltd., also investigated

the potential for this new watermain to have contributed to the contamination
of the Walkerton water system. Dillon Consulting reported as follows:
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Although we identified some potential areas where local contami-
nation could occur, there appears to be very little possibility that
these events could have contributed to the general contamination
of the water system. The location of the connection on a dead end
main, and the only conduit between the new and existing mains
being through a closed valve, further suggests that any contamina-
tion would have difficulty migrating to the remainder of the distri-
bution system.

On the basis of our review, there appears to be a very low likelihood

that the activities surrounding the construction of the main con-
tributed to the general contamination of the water system.

For the reasons given by Mr. Burns and Dillon Consulting, I am of the
view that the Hmhwqy 9 construction did not gmse or contribute to
the contamination.

§Q§
S
S
4.14.1.2 Old Durbam Road o{@
Q"\Q&}\

This new watermain is located %}m Durham Road, in the northeast part of
the community. The main, agt ension of an existing dead end main on Old
Durham Road, was comtf(?c@é‘d to provide service to a new municipal indus-
trial park. Its connectxogffo the existing distribution system occurred on
May 19, 2000. The preg%ct consultant noted that the connection was made in
relatively dry condi€fons and that no specific problems were identified. The
new watermain is located approximately 600 m from Standpipe No. 2. There
were no reports or indications of any depressurizations of the system occurring
at or about the time of the connection.

I conclude that the Old Durham Road construction did not contribute to the
contamination of the Walkerton water system. This conclusion is based on
the following reasons:

. No connection of the new watermain to the existing watermain occurred
until May 19, 2000, which is after the onset-of-illness date.

. The watermain was a dead end connected to a dead énd with a closed
valve between the existing and new watermains. It is not possible for
water to transfer from a (new) non-pressurized system to an (existing)

EPA Export 25-07-2013:21:36:4



172 Chapter 4 The Physical Causes of the Contamination

pressurized system. If the valve leaked, water would flow from the exist-
ing watermain to the new watermain.

*  No depressurization of the existing system is reported to have occurred;
depressurization would be a prerequisite for contamination to enter the
existing system.

*  The watermain is in the outer part of the water distribution system; this
location reduces the probability that any contamination would spread
quickly through the system, as did occur.

4.14.1.3 Ellen Avenue

Approximately 150 m of watermain was constructed on Ellen Avenue between
February 14 and March 2, 2000. The watermain We}g\\fﬁxshed, pressure tested,
and chlorinated in March. On March 7, a bactedological sample was taken
and submitted to the Ministry of Health l@@ﬁ)ries for analysis. The results
were reported on March 8 as 0 toral colﬁ@? and 0 E. coli.
SN
On May 16, construction perso Qg{é‘tfvorking at a house on Ellen Avenue
attempted to use water from a (kding service connection, but no water was
available. This indicated that s\h% new watermain was still isolated from the
distribution system as a resultof closed valves. The PUC was contacted, and it
opened the valves on thefsame day.
S

Garry Palmateer of G.A.P. EnviroMicrobial Services Inc. provided an opinion
concerning whether or not stagnant water that had tested satisfactorily in early
March could have caused the observed E. coli contamination. He concluded
that in his opinion, “it was essentially impossible for the contamination of the
water main to have occurred to the extent to cause the outbreak of E. coli
0157:H7 in Walkerton, Ontario.”

4.14.2 Fire Events

During urban fire events, firefighters typically connect pumping equipment to
fire hydrants. There is the possibility that the pumping equipment could reduce
local system pressures to the point where contamination could be pulled into
the water distribution system, through leaking pipes or cross-connections. For
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the contamination observed in Walkerton to have been the result of a fire
event, at least one of the following occurrences would have been necessary:

. a fire event in April or early May 2000, near a connection to the water
system;

*  local depressurization of the distribution system;
*  asource of E. coli O157:H7 contamination near the fire;
*  ameans of entry to the system (i.e., a cross-connection); and/or

*  hydraulic conditions in the water system capable of causing the contami-
nation to be distributed throughout the system.

The only fire event between April 5 and May 30, .?.(\Q{)gf in which a connection
to the water distribution system occurred was o\gpj\/[ay 1. The fire occurred at
11 Orange Street, in the northeastern p éi@é;he system. Connections were
made to the distribution system at tw&ﬂéi@tions near the fire. At no time was
the water distribution system dg@q@%rized. The recollection of on-site
firefighters as set out in the B.MY R8s report was that system pressures were
approximately 550 kPa (80 Exs‘égﬁle fire occurred at a level lower than that of
most of the water systenf(ogé&\e system supply points (including Standpipe
No. 2) are between Otange(’Street and the balance of the distribution system.
Further, no apparent arce of E. coli O157:H7 was identified in the area of
Orange and Elm Steéets. 1 am satisfied thar the fire events did not cause the
system contamination in May 2000.

4.14.3 Breaks and Repairs

Watermain breaks and repairs are another possible means of contamination.
Repairs usually involve isolating the break location by closing adjacent system
valves, excavating down to the watermain, installing a clamp over the break,
and then opening the valves to repressurize the watermain. Break locations are
typically wet, and disinfection is not normally practical. Theoretically, con-
tamination could occur at the point of the repair and then be distributed
throughout the system when the main is repressurized. For the contamination
in Walkerton to have resulted from a watermain break and repair, the following
conditions would have been necessary:

B
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. a source of E. coli O157:H7 contamination near the break location; and

e water system hydraulic conditions capable of causing the contamination
to be distributed throughout the system.

The Walkerton PUC “Water Leaks Record Book” lists four leaks for the period
January 1 to June 1, 2000; they all occurred in March (see Table 12). The
break locations are dispersed throughout the water distribution system. Each
location was observed in June 2000; all are urban locations within easy reach
of travelled roads or parking areas. None is located in obvious drainage path-
ways for agricultural runoff.

Garry Palmateer of G.A.P. EnviroMicrobial Services Inc. provided an opinion
regarding the probability of a watermain break or repair in March 2000 caus-
ing the observed contamination. He noted two hypothetical possibilities:
é\\)
. a simultaneous sanitary sewer break, at thedWatermain break location,
that would cause raw sewage to enter@ﬁi’&atcrmain; or

*  cow manure being flushed mto@‘hg&?ﬁam during the repair.
X (\é\

No sanitary sewer breaks occg&g& on the dates of the watermain breaks in
Walkerton. Further, there aﬁ Sobvious sources of cow manure near any of
the break locations. Al thq&%%u the locations could be affected by surface
runoff, they are all in r or parking areas and it is unlikely that the runoff
contained manure. Fiftally, bacteriological analysis results for samples taken
from the distribution system in March and April 2000 were reviewed.
Although total coliforms were identified in April, none of the samples showed
E. coli contamination. I conclude that breaks in or repairs of the water distri-
bution system did not cause the contamination in the system.

Table 12 Watermain Break and Repair Locations, Walkerton,

March 2000
Date of Break/Repair Location . . Type
March 22 130 Wallace Street Watermain break
March 23 McGivern Street at Ridout Street Watermain break
March 27 ‘ Colborne Street at Lutheran Church Watermain break
March 28 6 Amelia Street Watermain break
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4.14.4 Storage Structures (Standpipes)

The Walkerton water systein has two standpipes for storage. They are located
in the southwestern (No. 1) and northeastern (No. 2) part of the distribution
system. It is possible for storage facilities to become contaminated through
openings such as overflows and vents. Birds and animals have occasionally
been known to enter at these locations. During the initial stages of the water
distribution system investigation by B.M. Ross & Associates Ltd., both
standpipes were completely drained and examined. They were thén gradually
filled and placed back in service. Each standpipe was filled until water passed
through the overflow. In late May 2000, staff of Collingwood Utilities Services
inspected Standpipe No. 2. They reported that no sources of contamination
were observed. Staff of the Ontario Clean Water Agency (OCWA) reported
similar results with respect to Standpipe No. 1. Further, the mode of operation
of the standpipes is to fill and empty from a single pi%. on the basis of system
pressures and demands. If a standpipe became contg\ga?\nated, it would be highly
unlikely that contamination would spread uig\fély throughout the distribu-
tion system, as it is reported to have do%:;ﬁyé\comamination would tend to
Q

stay in, or near, the storage structure. (&7
| L
No source of contamination w, "\o\@@cerved in either standpipe. In addition,
E. coli O157:H7 is typicall \ci%&colated with cattle or sewage. The standpipe
overflows and vents are 06&0 \\top of the structure and are therefore not sus-
ceptible to agricultural cofptamination. I conclude that there is no probability

. N X . N
that the water storage(\sﬁfuctures were the source of the contamination.
c§

4.14.5 Cross-Connections

A cross-connection is a physical connection, direct or indirect, that provides
an opportunity for non-potable water to enter a conduit, pipe, or receptacle
containing potable water. In the Walkerton water system in May 2000, there
were cross-connections to the distribution system from several private wells
and several hundred cisterns, each of which was a possible source of contami-
nation. Cisterns are storage tanks, typically located in the basements of homes,
designed to store rainwater from a roof’s runoff systems. Cistern water is gen-
erally “softer” in terms of calcium carbonate hardness and is frequently used
for laundry systems.
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Activities undertaken by OCWA during the disinfection of the water distribu-
tion system established that there were approximately 30 private water systems
(wells) and approximately 470 cisterns, many of which were cross-connected
to the municipal distribution system.

Private non-potable systems, including cisterns and wells, can be a source of
contamination if they discharge contaminated water into the distribution
system. For this to occur, they must be contaminated, they must operate at
pressures greater than those in the distribution system, and there must be no
functioning backflow prevention device (i.e., check valve, closed gate valve, or
backflow preventer) between the private system and the communal distribu-
tion system.

Professional staff from B.M. Ross visited eight private wells on May 24, 2000,
to establish whether or not the connected well was a likely source of
contamination. Water samples were also taken. Wit e exception of the one
well at RR 4, Walkerton, which had a sample result 3 units for total coliforms
and 0 for E. coli, all other locations had ;;gﬁ%{ﬂg results for both parameters.
During the disinfection of the dlstrx%ﬁ%ﬁ (f?ystcm contractors working under
the direction of OCWA identifie %gkﬂltlonal cross-connected wells. All these
wells were located on residenti ‘@\?)emes in the developed urban areas. With
the exception of the wateQ{s’y@% at the Energizer Canada plant, all of the
systems are small. Even 1g\tﬁey were contaminated, it would be extremely
unlikely for the contamigfation to be distributed throughout the water system
from a single small ggurce. Inspections at the Energizer Canada plant con-
firmed that check valves or closed gate valves were in place.

In conclusion, although the multiple cross-connections to private systems and
cisterns represented a potentially serious problem (that has since been addressed),
I find it unlikely that any of these systems was the cause of the outbreak in
Walkerton.

4.14.6 The Flooding of the Distribution System

On the evening of May 12, 2000, heavy rains fell in Walkerton and the sur-
rounding area. Surface flooding occurred in several locations in Walkerton.
For surface flooding to interact with the water supply and cause contamina-
tion, it would be necessary for the surface water to be contaminated and for

it
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one of the following additional situations to occur:

e inflow to a wellhead or similar water supply source; or

. inflow to a reservoir opening (i.e., a vent); or '

e inflow to a watermain that is depressurized and open to the atmosphere.

The water wells and storage structures were visually examined for openings
during the last week of May 2000, and it was determined they were not subject
to flooding. '

With respect to the water distribution system, it has been established that no
depressurizations of the system occurred on May 12 or May 13. The Walkerton
PUC did not report any. There were no fire events and b0 breaks in the system.
Further, a review of the SCADA pumpage records gonfirms that one or more

~ well pumps were operating continuously at.ng\é\(’r\lal discharge rates, which

o D .
indicates that there was normal system preﬁ\@ ation.

. &
- oSS .
Although significant surface ﬂoodlgg‘%l\@\’occur on the evening of May 12 and
. - xS . . .
morning of May 13, there was w@arem interaction between the flooding

- and either the storage structu{(e’g@ro the water distribution system.

e
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4.14.7 Biosolids andSeptage
OQ
@)

The Inquiry also heard evidence as to whether the land application of biosolids
or septage in the Walkerton area could have caused or contribured to the con-
tamination. Biosolids and septage are regulated under the Environmental
Protection Act,*? the Waste Management Regulation,” and the 1996 Guide-
lines for the Utilization of Biosolids and Other Wastes on Agricultural Land.
Under the Waste Management Regulation, biosolids, or “processed organic
waste,” means waste that is predominantly organic in composition and that
has been treated by aerobic or anaerobic digestion or other means of stabiliza-
tion. It includes sewage residue from sewage works that are subject to the pro-
visions of the Ontario Water Resources Act.>* Hauled sewage, also known as

32 Environmental Protection Act, R.S.0. 1990, c. E-19.
33 Waste Management Regulation, R.R.O. 1990, Reg. 347.
34 Onzario Water Resources Act, R.S.Q. 1990, c. O-40.
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septage, includes waste removed from a cesspool, a septage tank system, a privy
vault or privy pit, a chemical toilet, a portable toilet, or a sewage holding tank.

Biosolids may be applied to land only in places where an MOE district office
has approved such an application by way of an Organic Soil Conditioning Site
Certificate of Approval. Septage also requires a Certificate of Approval for a
hauled sewage disposal site. These sites are subject to inspection by the MOE.

In the fall of 1999, biosolids were spread on three sites in the vicinity of
Walkerton. The last dates of spreading on those three sites were September 16,
September 20, and October 19, 1999. Each of the sites is north and east of
Wells 5, 6, and 7. Indeed, the three sites are all east of the Saugeen River
watershed, so they are on the other side of the watershed divide from the wells.
The closest site for a land application of biosolids to Well 5 was approximately
3 km north and east of Well 5. Although Certificates of Approval for biosolids
application had been issued for sites closer to Well 5, ¢there was no land appli-
cation of biosolids on any of these sites in 1999\9&%000
0&
Regarding septage, there are no applggp@ septage sites in the immediate
Walkerton area. The closest sites areg?t Hepstow, northwest and downstream
of Walkerton. Before May 2000@5%@ were no sites upon which septage was
&
applied near the town of Wa ]g&z@h
& A\\0)

In the fall of 1999, it was gé{ermmed that biosolids from the Walkerton sew-
age treatment plant we@hot acceptable for disposal on land because of their
heavy mineral conteg® As a result, the last land application of these biosolids
was the October 1999 application mentioned above. After October 1999, no
biosolids from the Walkerton sewage treatment plant were land-applied on the
sites for which Certificates of Approval had been issued.

I am satisfied that there was no septage application in the area. Further, I
am satisfied that with regard to the application of biosolids, both the dates (in
September and October 1999) and the location (on the other side of the Saugeen
River divide, 3 km from Well 5) rule out the fall 1999 land application of

biosolids as the source of the contamination in May 2000.
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3

4.15 Summary

The conclusions I have reached in this chapter are as follows:
The primary, if not the only, source of the contamination of the Walkerton
water system was manure that had been spread on a farm near Well 5,
although I cannot exclude other possible sources.

The entry point of the contamination was through Well 5. Well 6 and, to
a lesser extent, Well 7 may be vulnerable to surface contamination. How-
ever, there is no evidence to support a conclusion that the contamination
entered through either Well 6 or Well 7 in May 2000.

The residents of Walkerton were probably first exposed to the contami-
nation on or shortly after May 12.
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