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HARRISON HOT SPRINGS

VILLAGE OF HARRISON HOT SPRINGS
NOTICE OF MEETING

No.\‘rurz,‘ff} ‘F‘Zczfrz;}teo(

AND AGENDA

SPECIAL COUNCIL MEETING

Date:
Time:
Location:

Thursday, December 08, 2011
8:00 a.m.

Harrison Hot Springs Resort and Spa
100 Esplanade Avenue, Harrison Hot Springs
Coronet Room

[y

. CALL TO ORDER

(a)

Meeting called to order by Mayor Facio

2. INTRODUCTION OF LATE ITEMS

|

3. APPROVAL OF AGENDA

1
4. ADOPTION OF COUNCIL MINUTES
Item 4.1
5. BUSINESS ARISING FROM THE MINUTES
Item 5.1
6. CONSENT AGENDA
ltem 6.1
i. Bylaws
ii. Agreements Item 6.ii
ifi. Committee/ Tiem 6.iii
Commission
Minutes
iv. Correspondence fal:f:, 6] iv
Letter from BC Water & Waste Association - November 18, 2011 -
Page 3

UBCM In The House — November 24, 2011







{

DELEGATIONS AND PETITIONS

MNone

8. CORRESPONDENCIE

Item 8.1
9., BUSINESS ARISING FROM CORRESPONDENCE
10. REPORTS OF COMMITTEES, COMMITTEE OF THE WHOLFE AND COMMISSIONS
11. REPORTS FROM MAYOR
L. Facie - verbal
12. REPORTS FROM COUNCILLORS
13. REPORTS FROM STAFF
_ Ttem 13.1
O} Water System Supply Report of Operations Manager — September 12, 2011 Page 7
and Treatment Re: Water System Supply and Treatment
03 Relay for Life Event Report of Community Economic Development Officer — December 5, 2011 Hem 13.2
Re: Relay for Life Event Paged?
Recommendation:
THAT Council authorize staff to issue a Special Event Park Permit for the
.Canadian Cancer Society to host the Relay for Life.
O Sasquatch Days « Az Report of Community Hconomic Developrnent Officer — Decemnber 5, 2011 Trem 133
Inteventteral Celebradon | Re: Sasquatch Days — An Interculturval Celebration Fage 191

Kecommendation:

THAT Council authorize stail to engage the Sis’ailes indian Band in hosting
the Sasguaich Days with a commitment of a contribution from the RMI of
$10,000 towards the eveni in 2012.







Ll Bozd Heserve Transier

Report of Direclor of Finance — Decembper 6, 2011

Item 13.4
Re: Road Reserve Transfer Fage 113
Recommendation:
THA'T Council approves the transfer of one hundred thousand dollars
($100,000) from the Road Reserve towards the construction of the McCombs
Drive Bridges Replacement Program.
L Enterim Audit Report Report of McConnell, Voelkl, Village Auditor — December 12, 2011 Frem 13.5
Re: Interim Aundit Report — Verbal Page 115
14. BYLAWS
. {iem 14.1
1 Bylaw Ne. 495, Recommendation: Page 117
Community Works Reserve
Fund
THAT Bylaw No. 995, Community Works Fund Reserve be read for a first,
second and third time.
3 Bylaw MNo. 996, Capital PR,
Works, Machinery and Recommendation: ftem 14.2
Equipment Resexrve Fund Page 119

THAT Bylaw No. 996, Capital Works, Machinery and Equipment Reserve
Trund be read for a first, second and third time.

15, QUESTIONS FROM THE PUBLIC (PERTAINING TO AGENDA ONLY)

16. ADJOURNMENT

RESOLVE to close the meeting to the public pursuant to Section 90 (1) (a) (c) (d) () (i) of the Community Charter







andl previdhing

Dear Mr. Tiscale, Chiel Administrative Officer : R

: Bt R e S
v ivhaking Weoier Weel 2052 ~ May 157 5 18

Drinking Water Weel is a campaign mpanu_uu by the BC Water & Waste Association and endorsed by the Provinee of
BC to raise awareness of the value of waie

BOWWA s inviting évery cormmunity in BC te participate in Diinking Water Waeek, May 13-19, 2012, Our goal is for ihL
pnblw to develop a better understanding of whare thely water comes from, where it ends up, and the many people
and processes involved slong the way. Through this prograim, we also hope to instill public confidence in the
individuals whose job itis to provide us with safe diinking water, manage wastewater and proiect the environment,

This year, we are forming a network of “Drinking Water Weel Community Liaisons.” These are individuais in
commuinities across the province who will receive inforraation, updates and yesources from BOWWA, We would also
like for thesa individuals to champion awareness in thelr communities fitl}'ing Drinking Water Week. We kindky as!
ihat you appeing & person to be this eontact withis your ovge mm?x 3. Plense supply this to us by Moy, 38, 40

=

“wWe hope you will take part in the campaign, BOWWA wiil prnvidrﬁ avariety of resources and materials that cen he
customized with vour loca togo and messaging.

The following are a few ways you can participate:
¢ Proclaim Drinking Water Weel in your community {sarmple proclamation wording available).
o Hold an event o engage your community and dedare vour commiiment.
o Host tours of locat watersheds and water treatimeant facilities.
e Customize an advertoriof supplied by BOWWA and Bt ack Press, oue print media sponsor, wifth your own Iogo
' and content to print in your tocal Biack Press cammnmw newspaher,
o Make use of customizable advertising templates for print and bus shelters,
¢ Take partin and promote the ‘Community Water Challenge’ {details to be announced soonl).
e Distribute children’s activities and informationat posteards provided hy BOWWA (also customizable).
o Link to the Drinking Water Weel wehsite, which includes water stats, consenvation tips, and dowsloadable
TESOUFCES! W, a’rmfcmc wiaterweak org.

Fovmnore information, and o provide us with a Community Lialson, please contact Alana Tees, BEONRS
Covarunications Coordinator ot aleas@howwa. org @ oy G-6

Gur goalis to reach as many communities as possible with these vital messages. Let’s work together to make it
hapren, With your help, we ook forward {o a successiut Drinking Water Week 2012,

Please pass this letter on to other decision makers in yo L LY, water "rnd wasiewater ITIANEERTS and siaff.

Yours sincerely,
( .Q f’_‘,é}»;au] A0

Daisy Foster, CEO
RO Water & Waste Associaiion
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Wieal 20172 Comnitiee Contacie

falhne Reglan PositlonfOrganization E-rviail Flhons
Aimy Walizford Fraser Valley Water Conservation Brogram awakeford@abboisford.ca G04-853-2281
Caordinator, City of Abboisford ext. 5286

Carolyn Stewart

Souih Okanagan

City of Penticton

carolyn.stewari@panticien ca

250-490-2562

Corlnne Jaclson | South Ckanagan | Communications & Research corinne. jackson@obwh.ca 250-469-6271
Coordinator, Olkanagan Basin
Water Board
Deborah Walker | Capital Regional | Demand Management dwalker@crd.be.ca 604-474-9657
Distitct Coordinater, Capital Region
District .
Gil Bogaard Rootenays Utilities Supervisor, City of ghogaard@nelson.ca 250-352-8245
Malson
Gina Layte- Northern BC Env. fUtllity Div., City of Prince glayieliston@city.pg.be.ca 250-561-7600
Liston George
Heather Mitchell | Kootenays Program Manager, Water hmitcheli@cbt.org 250-344-2445
Initiatives, Columbia Basin Trust .
lennifer Bailey Meiro Water Conservation Programs, ennifer.bailey@vancouver.ca 604-873-7351
Vancouver City of Vancouver
laimi Garbutt tnterior Environmengal Educator, City of | jgarhutt@kamioops.ca

Kamioops

250-828-3377

leremy Sagebiel

Sunshine Coast

Engineering Technolopist, Water

& Roads, City of Powell River

jsagebiel@cdpr.bc.ca

604-485-8658

Karen Prentice

Sunshine Coast

Drafisperson/Survey Assistant,
City of Powell River

korentice@cdpr.be.ca

604-485-8606

Kevin Reilly

Capital Reglonal
Disirict

Demand Management
Coordinator, Capital Regional
District

kreilly@crd.be.ca

250-474-9689

Koreen Gurak

Migd 1sland

Communications Manager,
Comox Valley Regional District

keurak@comnxvalleyrd.ca

250-334-6066

Lusisa Richardson

Northern Island

Water Conservation &
Watershed Awareness

l_rich@shaw.ca

250-823-9918

Margaret Birch

fMeirc
Yancouver

Environmental Services
Coordinator, City of Coquitlam

miirch@coqultlam.ca

602-827-3483

Meal Klassen

South Okanagan

Water Smart Coordinator,
H20kanagan Water
Conservation

neal@getwatersmart.com

250-868-3339

Sharon Peters

Meiro
Vancouvey

Superintendent SCFP, Wetro
Vancouver

sharon.peters@metrovancouver,
Org

604-314-4739

fRenee Clark

Morth Dkanagan

Vifater Quality Manager, o
Regional Distéict of Moph{ |

renees.clark@rdno.ca

250-550-3747

Vivginia Savrazin

Yulcon

Okanagan B
Project Manager, Wai;_és‘ 8
Wastewater Treatmeny, Yitkon
Engineering Services ¢

ysarvazin@yes-group.ca

867-G68-200C
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Awvditor General for Local Govermment Act

(Bilf 20, 201 1) Introduced

Sumimary and Timing

Minister da Chong introduced the Auditor General
for Local Government Act (Bill 20, 2011) in the
Legislative Assembly taday.

The Bill is available at:
hitp://www.leg.bc.ca/39th4th/1st_read/gov20-1.him

The Bill provides the mandate, powers and duties

of the Auditor General for Local Government
(AGLQ), establishes an audit council, and sets out an
administrative and accountability structure for both.

If enacted, the audit mandate for the AGLG would
consist of performance audits of the operations (see
definitions) of municipalities, regional districis,
greater boards (i.e., Greater Vancouver Water District
and Greater Vancouver Sewerage and Drainage
District), and any organization that, under generally
accepted accounting principles, is controlled by

a municipality, regional district or greater board.
Additional entities may be added to this audit
mandate by Cabinet regulation.

The Bill was introduced on the last day of the current
Legislative Session, and as a result, is not expected
to receive Royal Assent this Session. UBCM's
understanding is that the Legisiature will adjourn at
the end of the day, and any Bills currently in process,
including Bill 20, will be considered in the Spring
Session, which we expect will begin in February,
2012,

Key Provisions in the Bill

The following is a summary of key provisions in the
Bill, and it is not intended to be exhaustive. For
certainty with respect o the proposed provisions,
please refer to the Bill.

AUDITOR GENERAL, EMPLOVYEES AND

DELEGATION (SECTIONS 2, 5-7, 11, 12)

o The AGLG is appointed by Cabinet on the
Minister's recommendation, after the Minister
has considered the recommendations of
audit council; only a qualified individual {see
definitions) may be appoeinted; appointment term
is 5 years and an AGLG may not be appointed for
mare than 2 consecutive terms; a similar process
to suspend or remove the AGLG in limited
circumstances and appoint an acting AGLG is set
out; and

o The AGLG may appoint a deputy and other
employees, retain other persons, and delegate
most powers or duties.

AGLG MANDATE AND PERFORMANCE
AUDITS (SECTIONS 3, 4, 13-17, 23, 24)

e The AGLG's mandate and powers are focussed
. on performance audits and recommendations;

o Performance audits are conducted “to provide
local governments with objective information
and relevant advice that will assist them in their
accountability to their communities for the
stewardship of public assets and the achievement
of value for money in their operations”;

o The AGLC decides what performance audits
are to be conducted, but these must be in
accordance with the annual service plan;

wwwir.ubcm.ca



Performance audits consist of a review of specific
operations of a local government to evaluate
such things as the extent to which: operations
are undertaken economically, efficiently and

effectively; or procedures to monitor economy,
efficiency and effectiveness are sufficient;
Performance audit reports must provide
recommendations arising from the review fo the
local government; the local government is given
an opportunity to comiment on the proposed
audit report, and a summary of the local
government's comments must be included in the
final audit report, which must be published by
the AGLG;

The AGLG may provide information about
recommended practices arising from
performance audits that may be applicable or
useful to other local governments;

If permitted by regulation, and if this does not
interfere with other audits, the AGLG may
undertake a performance audit for a local
government upon its request;

The AGLG may not call into question the merits
of policy decisions or objectives of a local
government;

The AGLG may not act as a financial/attest
auditor for a local government;

The AGLG must be provided access to things
like records and information needed to conduct
a performance audit and may compe! persons to
answer questions or produce records;
Confidentiality provisions are included for audit
information, proposed reports and proposed
comments.

AUDIT COUNCIL (SECTEONS 18-21)

o

At least 5 audit council members are appointed
by Cabinet for terms of up to 3 years, on the
Minister’s recommendation, after the Minister
has consulted with UBCM, and representatives
of business, taxpayers and local government
professionals; members must have knowledge,
skills, education or experience in one or more

of: accounting, auditing, or local, regional or
provincial governance; and

The role of the audit council is to: make
recommendations for the AGLG appaintment,
suspension or removal and appointment of an
acting AGLG; comment on and recommend
changes to the annual service plan; comment on
AGLG reports, including performance audit and
annual reports; disseminate information about
performance audit report recommendations and
recommended practices; and review and monitor
the performance of the AGLG, including having
a statement on the AGLG’s performance included
in the annual report.

ANNUAL SERVICE PLAN, ANNUAL REPORT,
ANNUAL AUDIT AND BUDGET PROVISIONS
(SECTIONS 8, 9, 10, 22, 25, 26)

@

AGLG must submit to Treasury Board an annual
estimate of costs; Treasury Board may adjust the
estimate before approving it;

AGLG must annually prepare financial
statements, which must be audited by an -
independent auditor appointed by the Minister;
AGLG must prepare an annual service plan,
including at least: the approved estimate;

for each of the current and two future years,

its goals and objectives, and measures to
determine progress respecting these, general
criteria to determine the need for and priority
of performance audits, and themes on which
performance audits may be based;

AGLG must prepare, in respect of the previous
year, an annual report, including at least: the
activities of the AGLG; the audited financial
statements; and progress in relation to the goals,
objectives and measures established for that year
in the annual service plan;

AGLG may prepare other specified reports; and

Reports must be distributed to audit council,
and in some cases, the Minister, and all must be
published.

Page 2
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Consistenicy with Poelicy Paper principles

The UBCM membership considered a Municipal
Auditor General Policy Paper at the 2011
Convention, and endorsed the following resolution:

THEREFORE BE IT RESOIVED that UBCM, while
disagreeing on the necessity o create an office of
the Municipal Auditor General, due to the fact that
requirements of such an office are already met under
existing local government legislation and regulations,
endorse in principle the policy paper and instruct the
UBCM Fxecutive to continue negotiations with the
provincial government,

The Policy Paper set out a number of principles
intended to guide policy development for this
initiative. The following identifies how key elements
of the Bill relate to these principles.

Consultation beiween the province and local
governments is critical

s UBCM has been consulted on the drafting of the
legislation.

e UBCM must be consulted prior to audit council
appointments.

Changes should build on existing systems, avoid
duplication and meet specific objectives

e The AGLG is specifically precluded from
undertaking audits currently required under local
government legislation (i.e., financial audits now
performed by independent auditors).

System changes should maximize public
accountability benefits while respecting local
autonomy and recognizing local capacity

e Performance audit provisions treat each local
government as a separate government entity,
thereby respecting local autonomy.

e The legislation requires the Province to pay the
cost of the AGLG, which recognizes the limited
financial capacity of some local governments to
support these additional costs.

Legisfative empowerment of a MAG should not
exceed that typical of a federal or provincial AG

e The legislation prohibits the AGLG from calling
into question the merits of policy decisions or
objective of a local government.

e Performance audit provisions and powers in
refation to this do not appear to exceed those
provided to the Provincial Auditor General.

Administrative and governance structures should
strike a balance between auditor independence and
auditor accountability to the governmenis within its
audit mandafte

o  Auditor independence is provided through
provisions such as fixed terms of office and
providing AGLG the sole discretion to choose
which audits to undertake.

e Auditor accountability is provided through the
annual service plan and report requirements, as
well as audit council responsibility to monitor
the AGLG's performance.

e Composition of the audit council is not consistent
with the Policy Paper’s recommendation that the
AGLG be accountable to the local governments
within the audit mandate. The Policy Paper
recommended this be achieved through
appointment of audit council representatives
from the local government system, which is also
consistent with existing Canadian precedent for
Municipal Auditors’ General.

e Instead, the legislation provides for audit
council appointments by Cabinet, upon
the recommendation of the Minister, after
consultation with a range of interests.
Appointees must have knowledge or expertise
in at least one of a number of specific areas,
but there is no requirement that appointees
be representatives of the local government
system. Consequently, the approach taken in
the legislation is both inconsistent with existing
precedent, and inconsistent with the Policy
Paper’s principle that the AGLG be accountable
to local governments within its audit mandate.

Page 3
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VILLAGE OF HARRISON HOT SPRINGS
HARRISGH HOT SPRINGS

Rty Refrashed
REPORT TO COUNCIL
TO: Mayor and Council DATE: September 12, 2011
FROM: lan Gardner, Operations Manager FILE: 5340-03-01

SUBJECT: Water System Supply and Treatment

ISSUE: For Council to consider the options of Lake Water Supply and Treatment or
Ground Water Supply and Treatment to comply with the Operating Permit with the
Ministry of Health.

BACKGROUND: Currently the Village's water is supplied from Harrison Lake
through an intake, pumps, chlorination station to a reservoir and out to the
distribution system.

In November 2009 The Ministry of Health sent the Village an amendment to
the operating permit to include Treatment {o have 4 log removal of viruses, 3 log
removal of Giardia cysts and ococytes, and 3 log removal of Cryptosporidium cysts
and oocytes. Commonly known as 4-3-3 removal. Research and costing for
treatment was done. A Cartridge Filtration system with post Chlorination was
recommended and a budget of $450,000.00 put into place. Since then, further
investigation has revealed that, due fo the high turbidity levels in the Lake source a
Cartridge Filtration system cannot handle the turbidity levels we are experiencing.
The need for a more complex Filiration Treatment System was required.

Civic Consultants provided the Village with a study to determine the needs fo
fully deal with the Treatment issues. Options were presented to Council in July 2011.

Lake Supply Option: Extension of the Intake line to deeper water, upgrading
the 3 intake pumps and a Filtration Treatmeni Plant. An estimated cost of
$1,715,000 was indicated.

Ground Water (Deep Well) Supply Option; To develop a Deep well pumping
system and installation of a Green Sand Filtration Treatment Plant. An estimated
cost of $1,148,927 was indicated.
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The risk of centamination by outside influences is exiremely higher in a2 Lake
surface water scurce than in a Deep Well ground water source. The Ministry of
Healih has historically shown preference o a Deep Well Ground Source overa
Suriace Waiter Source. This was indicated by the Ministry of Health’s Senior
Engineer Tin Tun ai a Council meeting of July 11, 2011.

Positives and Negatives of Lake Supply and Treatmeni vs. Ground Water
Supply and Treatment;

l.ake Water Supply (Surface) and Treatment
Positives (pros) Negalives (cons)

o Abundant supply of source water
io meet demand

o Will have excellent water quality

o High contamination risk of water
source from ouiside influences

L . o Treatment needad for removal of
aiter Treatment viruses, Giardia, Cryptosporidium and
Turbidity.
o Higher Operation and Mainienance
cosis

e Interuption of water supply during
eonstruction
o Higher project cost

Ground Water Supply (Deep Well) and Treatment

Positives (pros) - Negatives (cons)
o Abundant supply of source waier o  Trealmeni needed for removal of
o meet demand- Manganese and Sulfide
o Will have excellent water quality
after treatment

o Very low contamination risk of
water scurce from oufside
influences

o  Lower Operation and
Maintenance costs

o No interrupiion of water supply
during construction

o Lower project cost

since July it has been determined ihat, the operating cosis for the Lake
Source Treatment will exceed the operating costs for the Ground Waier Source

L=
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Treaiment by approximaiely 25% TO 35%. The life expectancy for each freatment
plant opiicn is 25 years.

The Hydrology report indicates thai, the quality and quaniity of waier in ithe
aquifer is acceptable as a source for water supply and will meet the requirements
needed. If a second well is needed in the fuiure {o supplement the primary well for
community growih needs, there is capacity in the aquifer io accommodate the
requirement.

On Monday August 22, 2011 the Fraser Health Authority informed us, via
email, they are taking exira Water Distribution samples to test for THMs. THM
{Trihalomethane) is a byproduct preduced from the combination of Chiorine and
organic matier primarily found in Chlorinated waier systems with high turbidity levels,
such as our sysiem is currently experiencing and has for several years. We also sent
samples in for testing by our independent Laboratory for analysis. Chlorine dosage
was increased to help offset the effects of higher Turbidity.

On Wednesday August 24, 2011, the Fraser Health Authority Inspecior
visited ths Village io do an oinsiie system check. She requesied we post a Water
Quality Advisory, because of the continuous high turbidity levels in our Distribution
system. This Advisory will remain in place until we have deali with the turbidity issue.

During our discussion the Inspector was asked aboui Chlorination if we went
{o a Ground Water Deep Well Supply source. The Inspector indicated we would have
to still Chlorinate the system until, the Village, could prove {o the Ministry that, the
Village has thoroughly cleaned the entire Water Distribution system due to the
ongoing Turbidity issues and the Tact the older distribution lines have nevey been
cleaned properly by ‘pigging’ the lines. This would entail cleaning from the Reservoir
through the enfire Distribution system. During the Line cleaning process we would
also install water sampling stations. These would be above ground stand-alone
sampling pedestals at various locations throughout the water distribution system.
This will eliminate obtaining samples from house taps and Fire Hydrants, both of
which are undssirable sources. Approximaiely 10 uniis would be needed. The
estimated cost to do this is $131,000.00 for Line and Reservair cleaning and $15,000
for water sampling pedestals. These costs would apply to both Treaiment options.

it was also learned from the Inspecior that, if freatment of a Surface Water
Supply does not meet the 4-3-3 log removal, Uliraviolet Light (UV) disinfection has to
be installed as an addition to Chlorination. As stated in Civie Consuliants report in
July the Treatment option, A-C Water Treatment Plant, for the Lake Water Supply
will enly achieve 4-2.5-2.5 log removal. Therefore, a UV Disinfection system will
have fo be added to'this option. Estimated cost is $50,000 - $70,000.

The following is fo surnmarize the cost estimates of the twe Supply and
Treatment opfions, taking into consideration all the information provided.
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Lake Waier supply and Treaiment

s Intake exiension $850,000
o Upgrade of Pumps $150,000
o Treatment Plant $702,000
o UV Disinfection $ 70,000
o Cleaning of Reservolr and Lines $ 131,000
o Water sampling Pedestals $ 15,000
Total $1,918,000

Ground Waier supply and Treatment

o Well and Pumping system - § 130,000
o Treatment Plant $ 931,000
o Cleaning of Reservoir and Lines $ 131,000
o Water sampling Pedestals $ 15,000

Total $1,207,000

POLICY CONSIDERATIONS: (if any)

RECOMMENDATION: THAT Council approves proceeding with the Ground Waier
Supply and Treaimeni option. .

Respecifully submitied for your
consideration;

/ J

A Gardner "
Operations Manager

DIRECTOR OF FINANCE COMMENTS:
Either opiion will involve a significant portion of the cosis {o be funded by borrowing.



/ /?;‘?%?,J;;:ﬁ;e

D@@%ULL%GS
Director of Finance

CRHIEF ADMINISTRATIVE OFFICER COMMENTS:

I concur with the recommendation.

ST / 7 i “\”Qz e
T&d Tisdale

~ Chief Administrative Officer

11
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The Minisiry of Headlih has divected the Village of Harrison Hot Springs e pro \fide treatment {o the
Village water system. This divective was issued in a letter d ited Nov. 6th, 2008, from Ms. Jeniene Luiz,
CP.H.L stating;

As a follow up to the Viliage of Harrison Hot Sorings Council resoiution of April 18, 2007
regarding the treatmeant of the Village's water supply, the following tenns and conditions wers
added {o the operating permit

On or before Decembsar 31, 2010, the {inished waier supplied by the Viilage of Harrison Hot
Springs water sysiem must have L‘TCQFQOFIC‘ treatment that achieves the Jollowing:

o Alleasta 4og {89.9 9%) reduciisn and/or inactivation of viruses

= Atleasia 3-og (88.9 %) reduction and/or inactivation of Giardia cysis and ococysts

o Adleasta 3-log {29.8 %) reduction andfor inactivaiion of Cryptosporidium cysis and
oocysis ’

Please advise Fraser Hsalth in writing as to how the Village of Harrison Hot Springs infends to
meet the above lerms and conditions.

Village stait was unaware of the extent of the works and the cost that this would entail until they tried to
implement the objectives. The deadline to have this woilc done has passed and the Village and the
Ministry are anxious to have the works completed.

The rernoval and/or inactivation of Géardia cysts and Crypiosporidium oocysts from raw water are
complicated by thelr small size and resistance to commonly used oxidanis such as chlovine.

nypfOSpOFidtum cocysts are harde: to eliminate but are for LU“'IB_LC]_Y much less common in Canadian
suiface waters.

1t is possible to reduce the viability of Giardia cysts by 99.9% using chlorination alone it long contact
fimes are mqm red. Ozone and chlorine dioxide are much better disiniectanis but both are expensive and
result in the formation of vnwarded by-producis (particularly chlorite formation in the case of chlorine
dioxide). Ozone is a betier choice but is unreliable when turbidity is high (as can be the case for the
Village's Lale supply) or variable because cysts are protected in flocculated particles.

Thactivation of C_ryp tosporidium oocysts by ehlorination alone is irapractical but ozonation can be
sffective when vsed propeily.

Filiration followed by chlonnation is a practical and cost efiective answer to solve the piehlem. The
estimate for ihis solution is in the range o f ' 0 000 (BI Purewater). Based on this estimate, the Village

set a budget for this solution at £450,000.

However, upon further investigation, if was determined that the TSS (total suspended solids) of the Take
upply runs from 3 - 5 mg/l (during noimal pe ods‘k to 15 mg/l (or higher) during storms or periods when
T ©

jami e

the Lake tuens over. The filteation of water with 2 T85 of 4 - 5 mgfl and above, is c@:npl cated by the
need to backwash a;ci/e—r replace filters too Oi'en. The higher levels of TSS result in a large increase in
the operations and maintenance costs which negates the cost advantages for this solution.



T

h the aid of coagulation/flocculation. This is the
achieve high remaoval/inactivation vates of cysts and gocysts in turbid water to meet {
the Ministry of Health and the Canadian Drinking Waler Guidelines.

=

Reverse osmosis (RO) plants are the high end solution. Not ounly do they reivove cysts and cacysis, they
also remove a wide variety of tmpuriiies and bacteria. However, the cost for this solution is too
exorbitant for a small community.

The Village therefore continned on with the invesiigstion of the nud priced freatment sysiems.
t)

Project Details

Civie Consultanis provided the Village with a study to determine their present and fisture water
requirements. The present maxiunum daily water demand (MIID) is 30 Vsec at 565 kPa and is borne out
by the Village records. 'this is without any effort at water conservaiion. With water conservation
policies i place, 1t i3 estimated that the cusrent capacity could be matntained to the year 2018.

The Village asked three manutactures (B Purewsier, Corix and Timbro) to provide concept and Class C
budgets for sohitions to the problem. :

BI Purewater, the company that provided the initial estimates, did not provide a propesal. Their primary -
treatment product is cartridge filtration plants. Once they were informed of the level of TSS in the Lake,
they decided not to submit a quote. The problem with 'TSS was discussed previously in this Brief.

The proposals received were as follows;

t. A-C (Absorbent Clarifier) Water Treatment Plant by Corix Water Systems.
The AC water reatment plants use a combination of hydraulic “tortuous path”
tocculation/clarification {iltration and rapid rate filiration to produce a superior quality of potable
water, They are suitable for stable, well or surface waters where turbidity levels seldom exceed 50
NTU. ‘ '

‘The final water quality is
o lessthan 0.1 NTU final turbidity. .
o 2.5 log, multi-barrier protection against Giardia and Cryptosporidium.

Enclosed are conceptual design drawings for the AC System. For more information go to

wwve keywin.mb.ca/files/OWS_ACU20Waier¥%20Treatment %20 ant pdf

H

I

Trident Model TR-210 A by Siemens Water Technologies

4. 7-Box 3-18 Ultzafiliration Water Treatment System by GE

13
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A-C Wiater Treatment Plant by Corix Watar Sysiems
i

HST 12%

Trident Model TR-210 & by Siemens Water Technologies
Miscellaneous 10%

Engineering 10%

HST 12%

Cutligan Hi-Flo 50 Series Industrial Water Filier System
Miscellaneous 10%

Engineering 10%6

HST 12%

§1,089,717
$108,972
$119,869
$158,227

$1,476,784

$656,220
565,688
$72,757
$95,379
$890), 204

Z-Box 5-18 Ulirafiltration Water freatment System by GE 51,092,063

Miseeitaneous 10%
Engineering 10%
HST 12%.

$109, 206
$120,127

5158,563

51,479,964

Based on the above, the cost to provide treatment of the Lake suppliéd water should be $700,000.
which includes HST.

The initial quote from 1DL of $483,415 included excentions, 1have gone back to them to get them o
remove the exceptions.

The new esiimate is $518,000.
The changes to the previous proposal inclhude

a2} Added dry chlormation system
b) location of plant moved to flat area next to old reservoir up steep access road.
c) 3 phase power is located at the site and no additional power pole is required to connect power to

building
d) cut into raw water forcemain to new ressrvolr and connect raw water line from lake pumps to raw
water iatale
&} connect plant treated \f'at =1 ling and back wash line to the forcemain section going fo the new reservoir
Ty connect plant backwach waste line to existing reservoir overflow ling to rock pit.

The above works assumes thet no rock blasting or removal is reguired and the existing forceman and
!;

overtlow pipe are within 5



A well as the requiremenis Tor ireatment by the Minisiry ol I‘ealt the Village water supply
N

alsoa concern. The intake is located approximately 1 kam oif shove in aboui 3.5 meters of water
Tevels. It poses arisk Tor pmposeind or aceidenial contamination. T*OW@V& to date, 1o problen 1
occurred,

The two solutions to reduce or climinate { 1 e vigk are;

- to move the infet further cut into deeper water (move than 18 meters) whichk will reduce the
risk, or

)

- change the sappl v of water from the Lake o a 0imee::aed gi‘OL.L"EdVJELLEEI source wiich will
eliminate the risk.

I. Civie Consultants provided the Village with a report entitled © H arvison Hot Springs Water Sady MNov
20077, This Repori looked at relocating the inlet out to deeper water to reduce the sisk of contamination.
The cost was estimaied to be about $850,000 for the relocaiion of the 1 gl and an additional $156,000 to
change the pumps to obtain the same capacity. As well, the water wonld still require treatment to achieve
the Ministiy of Health requirements.

To reduce the risk of Lake Water contamination and to meet the Ministry of Health requirements the
estimated cost would be approximately $1,715,000 (velocated inlet plus treatment).

. Providing a ground water supply and incorporating a ground water protection plan, the visk of
pu*p oseful or accidental contamination is virtually 61]_@111&16@.
The new requiremenis from the Ministry of Health apply to surface water or grommdwater under the direct
influence of surface water (GUDT). Iihs source of supply was changed firom Harrison Lake to a ground
water supply that was not under the direct influence of surface water, these new requirements would not
apply. GUDI wells arve generally less than 18 meters deep.

The cost to switch over to a ground water supply, if an adeguaie supply of ground water meeting the
Guidelines for Canadian Drinking Water Quality were found, would be approximately;

Well Driiling : 515,000
Hydrology Report $7,000
Capacity Testing 55,000
Chemical Testing SEO0
Well Construction 560,000
Pipe Work 450,000
Well Protection Plan : $25,000
_ $162,500

Contingencies 20% 532,500
HST 12% 523,400
$218,4G0

This soluiion would obviously be the least expensive solulion f an sdequate supply of ground water
meeting the Guidelines for C&I&GLW__DdE,Iilg Water Quality could be found. The Village explored this
option by drilling a 206 mm test well. Sufficient water was found but nzformjaiph the water did not

P, P T

meet the Cangdian Guidslings, The water is bigh in manganese and hydrogen suiph lde (Hy5).

15
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age conducted a demonstration treativent project to detes

for the parameiers not meeting the Guidelines., A “green sand” 1
a three day testing program underiaken, The mangenese and the HoS§ wers sucecesstully rtemoved fo
acceptable limits
The Village obiained concepiual cstimnates for a “green sand” treatment plant with the following results.
1 Corin PE-4B5-3WTP S679,415
Miscellaneous 20% 5175,88
Engineering 10% $75,530
HST 32% | $99,699
' $930,527
2 Aerzlater Type H Plant by Siemens S578,577
Miscellaneous 10% 557,858
Enginearing 10% 506,643
HST 12% : 127,569
' 41,190,648
3 Hi-Flo 50 Cullsorb Filter System by Cuiliga ' $593,589
Miscellaneous 10% $149,718
Engineering 10% $119,831
HST 12% 5158,176
$1,476,314

in total, the cost to convert the Lake Supply to a Ground Water Supply would be approximately
$1,148,927. This would meet the Ministry of Health requivements and eliminate the risk of
contamination. '

I have enclosed a copy of the estimate for the PF - 485-3. As with the AC Plant, there are exceplions with

the quotation. I have made allowance for these by adding a 20% miscellaneous amount,

Another major factor that will affect the decision is the cost of operations and maintenance. Ag can be
seen Trom the initial concept of applying a siraight forward Gltering system, the costs for Iabour and

filiers would be excessive. BI Purewater's primary {reatment planis are cariridge filter plants. Due to the
high levels of turbidity, they decided not to provide a guete for their plants.

The effect of the turbidity problem is demonstrated in the existing water lines. When the public works
crews fhush the lines, the mains run extremely divty vntil most of the settled solids are flushed oui. The

muek in the lines also catises problems with the chlorine residual values and can lead to fhiling test resulis
in the water system. '



Alum is the coagulant that is gen v added to the raw water (o prec
contarninanis and encourage suSPcz d‘ﬂ pariicles to group together in ﬁ"D form of ﬂﬂcas”. A5 the vwater
PASSES pwa‘.'d through the upflow clarifier filter, these grow and are removed by the coarse media. The
clarified water then passes on o the downtlow rapid gravity filter for final polishing. ohds that

lme W fithin bmh ﬂwc Upﬂew and downilow filters are periodica Lj, removed by avicmatically

The more turbid the water is, the more frequent the backwashing program will be. Manual operation of
the backwashing process may be required due to fuctuating levels of TSS. Manual operations require
labour which can be expensive. As well, backwashing also requires energy demand and is a

1o al negative {or
water conservation.

The ground water supply does not have the TSE or turbidity problem that the Lake supply does. What is
being filtered outis the excessive manganese. This is in much lower concentrations than the TSS and
therefore requires much less backwashing than the AC plants does. The backwashing can generally be
done on an automatic schedule to redoce opevational Iabour cosis.

The regeneration of the potassium permanganate does add costs but it mostly dons on an automatic basis.

Vo this point, we have not done a detailed analysis of the labour cosis for each process,

17
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Theie ave other works that wﬂl
Supﬁiy ot a Ground Water 3 t
the years due to the uge of ’1‘1 tu‘rbid Fake Supply. These LﬁEiLS need o be c‘iec,ne 1, Treating the water at

[Alis
the source will not protect the users from the saﬂds or silts alveady in the system.

To clean out the lines propeily requires a process kuown as "pigging” the lines. A series of small
polyethylene foam cleaning devices are put into the pipe line through a five hydrant barrel. They are also
1emeved from ano ther fire hydrant barvel down the line. A short video of this process can be seen at
WWW_ VOLHE uho. comwalch?v=aliji-Ts87Tw .

We have contacted ABC Pipe Cleaning for a rough budget estimate. Their TESPONSE Was that it would be
intherange of § /. The Village has m of mains for an estimate of §80,000 (temnporary
puesstimate} for this work. A contingency amcunt of 35% should be added for a total estimate of
$121,000 (which includes HIST) . The total should be added o either the Lake Supply Grani application
or the Groundwater Supply Grant application.

Before an application for a Graut is made, a more detailed estimate for the pigging process should be
obtained.

It the lines are cleaned, the Ministry of Health has stated thai they would counsider not requivin,
chlorination of the groundwater supply. The Lalke Water Supply would need ehlorir atiop_ uher case.

As wwell, the Ministry of Health would like to see proper sampling poits on the water system. Currently
samnples are being taken from individual home taps and or iire hydranis. This methodology is not
accepiable.

The proposed sampling ports would be similar to those used in the Distiict of Kent. For budgetary
puIposes, I have esu:iaua(; that 10 sampling ports should be installed at a cost of §1,000 each for a total of
$10,060 plus contingencies plus HST.

3

Commistite from Coblz on the comgavizon Belwsen an AT plant ana Capiriore tlilerplanis.

I‘-“

Tomest GCDWQ guidelines a 1 micron carrioge fitter must ba installed. We know of one nlant up norh in which
the owners specifiea and ordeved a cariridge fiter plant. The daia they presentzd indicated the turbidity was <2
NTU, However there wers incldances this spring in which the LLFbIDiLy went much higher. The town was changing
filters every day ot great expense. His our experience that anything over 2 MTU for a 1 micron filter will greafiy
increase caiuidge filler replacement

The AC plant on the other hand will handle trbidity up o 25 with normal OpCl’&TlOﬂ Higher turhidities aie possible
however backwashing will increase considerable 2s will aperator atiention. { is gives the Village & significant
safely factor from turbidity increases. Under 25 NTU, one essentially pays only for extra Chmmcats as the turbidity
increases. i is difficult to predict how much ihe chemical use will increase wa:h higher turbidity, bui it's probably in
the neighhorhood of 20%. .



disconneet it

Civic is aware of a cartridge plant that was supplied fo
filters had to be changed two or three times a day.
to cope with Lha turbidity.

The estimate for the gevndwate‘r supply included an esiimate for the f‘oﬂsi“u iion of a well and the

mstallation of a well pump. We have since obtained a more detailed estimate from Corix. Their estimate
is as follows;

he scope for the well puimp eglipment includes:
Well pump znd cables, cfw lesk deteciion and overload proteciion
iow water level detector
Well pipe
pitless adaptor
Pump confrols and starfer added to WTP PLC
Locatl well discennect {equipment will be in the WTP building)
60m power and instrumentation cable (WTP to well}

o I I o B o & o e B

Grundfos Pump information

Pump to handle 485 usgpm water at (149.8 psig) 346 1t TDH ai the worst case scenario (.e. filter is plugged),
pump will deliver 550 usgpm water at (125 psig) 289 ft TDH when filter is completely clean.

The system will regilire a modulating valve at dischargs © keep ilow rate constant at 400 usgpm. (More is
available if needed it the fuitre)

" One only Grundfas maodel 47 53601 Il stainless steel submersible well pump end, 8" dia. pump
with 8" FNP'T eonnection; shlp wt. 107 lbs

Cne only Grundfos 6% dia, 60 g, 36458 miator for above pump, 34507pm, 575y, 3ph, 80hz, 13000 Ibs maxi.
thiust capable, std. 312" long motor lead; ship wt. 380 ibs

Note 1: TWUB-4 pump cable good for 550 i continuous run on 80hp, 575 volt application
MNema 4 starier required, A/B J45 heater for overload relays or equal, nverload
relay aimp seis at 67.0 to maxi. of 72.6 (80hp, 575v molor rated at 64.4 amps)

Hote 2: Pumps specs to be fine tuned upon detait design

instailation scope:
o Install force main from well fo WTR SOm
Instali well pump, cable and sensors
o Install 50m of wg cable and local disconnect
o insialt well head protection 1m deep, 5 meter radius, plastic sheet, benionite seal
Total cost of well pump, cablaes, instailation, well head protection, etc. is $45,000

o]
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The cost for 2 well would be;

Well drilling 12,000 compleie
Hydrology Report % 3,000 underway
Capacity testing % 5,000 complete
Chemical Testing 5 500 complete
3 phase power to well head $20,000
Well Construction $45.000
$85,500
Contingencies 20% $30,200
HST 12% $13.884
$129,584
Previous estimate was $218,400

in Summary the Lake Supply Treatment System should cost approximately;

Treatment Plant (including contingencies and HET) $702,000
Cleaning the lines (lacluding coniingencies and HS8T) $121,000
Sampling Poris (including contingencies and HST) ' $ 45,000

Total 3838,000

The Groundwaier Supply and Treatment System should cosi approximately

Treatment Plant (including contingencies and HST) $£931,000
Well and pumping system {including contingencies and HST) . $130,600
Clezning ine lines (including centingencias and HST) $121,000
Sampling Ports (including contingencles and HST) ‘ 5 15,000

Tela $1,197,000

Operating Costs

1. Cartridge Filtration Bystem was not estimated dee to the wnknown number of filter changes.

2. ACPLANT (assumes 10 WTU lake water)

Chemiecals: Polymer, Alum, Soda Ash. ‘Total $538.30/week

Power: Mostly due to pumping to WTP from pu"nafy puImps Total 3381 .92/week

Power: Due to pumping from WTP to reservoir - Total $124.33/week

Operating Labour 2 howrs/day. 4 howrs/wesk for chemical replenishiment. .

Total 14 hours/weelk Assume labour costs @ $40/hour ‘Total $560.00/weelk
$1,604.55 week

Total cost / m” (based on a MDD of 2,247 m’°/day) $0.10/m?

3. PRESSURE FILTER

Chemicals: EmnO4 Total $164.50/week

Power: Mostly due to well pump o Total $556.50/week

Labows howr/week 14 Assume labowr costs @ $40/hour Total $560.00/week
$1,2.81.00/week

tal cost / m (based on a MDD 0f 2,242 m*/day) $0.08/m”

The life expeciancy of the two systerms is an average of 25 years, The tanks themselves should tast for



We have asked Corix to provide some assurance that H25 and Mary
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The eponed va IUC s al
"Mzanganese Tests

GCDW(Q aesthetic objective: <0.05 mg/l
Raw water average: 0.12 mg/l

Treafed waier average 0.008 g/l
Axverage removal efficiency 93%

Sulphide Tests

GOUDW( assthetic objective: <0.05 mg/l

Raw water avetage: 0.023 mg/l 400 gpm value 0.027 mg/l
Treated water average (.007 mg/l

Axerage removal efficiency 70%

Tha resulis indicaie that all measured treated .Iczl.e pal rameters were within GCDWQ by a %?f iargin. This result
is inﬂlith\!’u that the ma“gane&-e green sand filer sysiem would safely and ecenomically me HriS s potshle
water objecives,

The pilot test oparator also indicated that the water laste quality was good with only very faint odours before

treatmeant and no odours following ireatmsnt.
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PITE AL ASSOCIZTES
GEOTECHMIGAL AND ~ e
HYDROGEOLOGICAL COMSULTANTS Our filer 3127

213 260 WEST ZSPLAMEDE
HORTH VANCDUVER, B.C. e F e T
' ¥
CANAEDA - VTH 367 uu,E tember 2, 20171

TEL: (504) 856-5551 / FAX: (6D4) 983-7288
vy piteau.com

Civic Consuliants Lid.
410 — 3" Sireet

New Wesiminster, B.C.
V3L 282

Attertion: Lome Davidson, P.ENG.

Dear Sirs:

Be: Grounawater Supply Test Well, Harrison Hof Springs

It response to your recent reguest for commet on the grou nowater supply test well installed in
2010 in the Vilage of Harrison Hot Springs, Piieau Assosiates Engineering Lid. (Pileau) is
pleased to provide the follewing letier to cuiline our opinions on well efficacy, water guality and
developmeni risks associated with use of this sile for converiing the communities water supply to
a local groundwatier source.

BACKGROUND

f March 2010, A & H Drilling Lid. under contract to Corix Water Systems (Corix), completed
installaiion and pump testing of a 31.7m (104" test well within a 41m (135" borehole on
commuaily property in the Village of Harrison Hot Springs (Fig. 1), Piteau understands that the
ohiective was io tes! for local poteniizl o convert the community water supply from a suriace
water source o a groundwater source to mitigate drinking water quality problems exparienced by
the community, Including issues with turbidity and the potential for microbiological contamination
associated with a stiface water supply. The future water demand is 25 Lfs (400 Usgpm).

Based on apparent suiphide odours noted during drilling and subseguent exceadance of
Canadian Drinking Waier Cuidelines aesthetiic objectives for manganese from water guslity
testing, a field filtration test was conducted by Corix in 2011 (Corix, 2011) to test the efecliveness
of Greensand and activated carbon filker media for removing these jons. They reporied that
manganese fesis showed 93% sverage remaoval efficiency and 70% average remova! efficlency
for sulphide, reducing concenirations of the respeciive lons o weall below walter auality guidelines
at a pilot plant scale.

WELL HYDROGECLCGY AKND CONSTRUCTION

A test well was dilled o 41m (13 ) epth into an uncontined sand and gravel a U{f r. Thig
compoeeition is consistent with the highly produciive Agassiz — Seabivd {s; and Aguifer which hes
been mapped o extend from below raser River, fhrough Agessiz and below ha’r rieon

: 3
k { i
Springs and Harrison Lake (Fig. 1). This aguifer colmprisea genefaii‘ coarse-grained alivvizsd
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Civic Consulianis Lid _
Attention: Lorng Davidson, P.Ena. - Gepiember 2, 2011

scdiments and overbank deposits associated with the Gustermnary path of the Frasey Riverand §
local tributaries exdending as far novth ag Harrison Lale.

The drillet’s log Tor the {est well is mdudcd as Appenaix A. The well consists of 200mm (87)
casing with 2 4.9m (16'2") length of stainless steel well wire-wound screen exposed to sand and
gravel between depihs of 26.8 and 31.7m (87.8 and 104", The screen slot size used was 0.5mm
(0.0207). The static waier level at the tim2 of well construction was 3.4m (11) below gm&md

REVIEW OF PUMP TEST DATA

Corix Water Systems conducted a variable-rate aquifer pumping test on the test well on April 13
and 14, 2010. According fo the well test record (Appendix B), the well was pumped at rates of
5.0, 8.3, 13.6, 17.2, and 25.5 L/s (80, 131, 216, 284, and 404 USgpm) for intervals each lasting
20 minuies, and the final inferval was exiended provide a tolal test duration of 1,180 minutes
{19.7 hours). Although not indicated in the well test record, it is understood that the pumping rate
was (ncreased o 315 L (500 USgpm) during the initial “consiant-rate” portion step of the fest,
hetween about 80 and 200 minufes after pumping began.

The pumping test results are iflustrated on Fig. 2. Drawdown is plotted versus the logarithm of
fime from the beginning of the test. The aquiler transmissivily estimated from the portion of the
drawdown curve between 80 and 200 iminuies using the Cooper-Jacob (1948} mefhod is
estimated at 5.3 1 10° m%fs. This was calculated using the recorded flow rafe of 25.5 Lis. The
actual rale recorded during this portion of the test may have been greater, which would vesuli | ina
higher value of transmissivity. \Water level recovery data was insufiicient {o provide a reliable
estimaie of Fansmissivily.

Sxdrapolating the portion of the drawdown curve between 20 and 200 minuies o 100 days vields
a projected drawdown of 12.9v (42.3"). Using this value in a calculation of safe vield based on
an sllowable drawdown atier 100 days equivalent to 70% of the available drawdown (Table 1)
resulis in a value of 28.4 Lis (450 USgpm).

A commonly accenfed design cancepi is that water wells should be constiucted with sufficient
open area within the well sereen so that during pumpmg the calculated enirance velocity will not
xoeed 0.1 feel per second (fsecona). The basis for this is that it is helleved fo mainiain friction
fosses fo a minimum, and to minimize potential for chemical encrusiation and/or corrosion of the
screens. The maximum capacily of the test well based on this limiting citteria (Table 1) would be
16 Lis (241 Usgpm). However, as the scientific basis Tor this 0.1 #t/second threshold is unclear,
and it is judged {hat pumping the {est well at ra’[cs v to 25 Lis (400 USgpm) is unlikely fo result in
any noticesble decrease in isng—m m well pedonnance. Neverheless, it is recommended that
aiy new production wells should be designed {o eal ieve a 0.1 fi/second screen enfrance velociiy,

PITEAU ABSOCIATES ENCINEERING LTD.
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Civic Consultants Lid.
Afientior: Lome Davigson, P.Eng. -3~ September 2, 2011

REVIEW OF WATER QUALITY ANALYSIS

A summary of ali available water quality analyses is provided in Table li, including two water
guality samples taken in 2010 following well construciion, and one during the fitiration testin
2011. All analyie concentrations were found to be below Canadian Drinking Water Guideline
maximum 2ccepiable concenirations and aesthatic objectives, except for manganese, which
ranged from 0.112 to 0.115 mgiL, versus the aesthetic objective of 0.05 mg/l.. Sulphurous smells
noted from water samples and the high fofal sulphur content suggests that dissolved sulohide
(H,3) may exceed aesthetic guidelines. Corix (201 1) indicated that sulphide concenirations were
elevated, bui the average concenfration of 0.023 mg/l. does not exceed the 0.05 mg/l.. The
souree of this analysis was not availzble at the iime of this repori. Cifaciory mcnc.aimn. of the
presence of sulphide dissolved in the well water observed during drifling and {iliration tesis
indicate the water s chemically yeduced.

CONCLUSIONS AND RECOMMERDATIONS

Piiegu has completed a review of availahle data from the Harrizon Hot Springs test weil program
including a review of pump test and water quality data and offers the following conclusions:

1. The relatively high transmissivity and calculaied susizinable yield indicate that the local
aguifer below the test site will likely susiain a groundwater flow sufficlent to meet a
demand of 25 L/s (400 USgpm).

2. Preliminary waier qualuy analyses of samples fromi the test well indicate most major
element concentrations are below de@ﬁab[e Etmus aF &t concentrations wall below the
maximum allowsble concentrations and aesibsiic objactives ouilined by the Canadian
Drinking Water Qualily Guidelines. Torix (261 1)} demovisirated thet concenirstions of
those elemenis which exceed, or potentizlly excead, the guidetines (manganese and

sulphide, respectively) can be reduced o achieve levels below the water quality
guidaelines.

3. The test well is situated within a region uiilized for residential and agrculiural puiposes,
ang is in close provimity to natural mineral springs. Groundwater guality anelyses should
therefore he expanded to include potential contaminants from these sources, which could
include bacieria, nuirienis {(ammonia, niltite, & nitrate), pasiicides and herhicides, and
radionuclides.

4, An analysis of the potential for gmunduumcr te he under the direct influence of surface
: water shotld be undertaken before the groundwater s utilized for drinking water
purposes. Providing ihiaf the well is more than 100m (3307 fiom the nearest surface
watercourse, and that there are no E.Coli or coliform bacteria present in the groundwater
from the well, & is kely that a determingstion that the weli s not under the direct influence
of suiface water can be made. '

FITEAU ASSOCIATES ENGINEERING LTD.



- Civic Consuliants Lid.
Attention: Lorne Davidson, P.Eng. -4 eptember 2, 2011

oy

it is recommended that the canture zone(s) for alt new supply wells should be estimatad o
enable definition of a welihead profection zone, and ot:\fc[c}pmom of an aquifer protection
plai.

6. Due to the aspparent heavy uilizaticn of the aguifer llusiraied by the density of reporied
groundwater wells in the aquifer (Fig. 1), and the aniicipated stress this well will apply to
the aguiter, an analysis of the poteniial for local wall inlerference in ihe vicinity of the test
well is advizable 10 ensuras that the abilities of other wells i the vicinly sve not affecied.

LIMITATIONS

This letier of opinion has been prepared using a standard of care consisient with that expected of
- scientific and engiheeting piOtCSEEGt’ia[S underiaking similar work under sitnilar conditions in B.C.
No warranty is expressed or impilied.

This letier of opinion is prepared for the sole use of Civic Consuliants Lid. and their client, the
Village of Harrison Hot Springs. Any use, interpretation, or refiance on this information by any third
parly, is at the sole risk of that party, and Piteau accepis no liability for such unauthorized use.

CLOSURE

We trust these commenis are sufficient for your present nesds. Please contact the aither of the
undersigred if you reguire further assisiance.

Yours fruly,

PITEAU ASSOCIATES T‘i\u[NEERlNG LTD.

David J. Tiplady, P.Eng.

Principai Hydrogeologist
Vice President — Groundwater

MiSD TR

ALL.

PITEAU ASSOCIATES EMEINEERING 1LTD.
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duration of discharge ef a well using groundwaler siorage, In American Geophysical
Union transactions, V.16, ppb18-524.

FITEAU ASROCIATES ENGIMEERIMNG LTD.
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TABLE |
TEST WELL VIELD CALCULATION

LEVELS ARND RATES LR TEST WELL
CASING ELEVATION {ESTHI TE) in-geod 10.97
STATIC WATER DEPTH mr-bgt 4.27
STATIC WATER ELEVATION 2 m-geod 8.71
ESTIMATED INTERFERENCE FROM OTHER WELI 82 mm
ALLOWANCE FOR SEASONAL WATER LEVEL REDUCTION m 2.00
ESTIMATED MINIMUM STATIC DEPTH? m-bgl 68,27
DEPTH TO TOP OF WELL SCREERN m-bgl 2877
DEPTH TO PUMP INTAKE? m-Hgt 2477
RECOMMENDED LOWEST PUMPING DEPTH ® m-bg! 2277
AVAILASLE DRAWDOWWN © m S 2050
FACTOR OF SAFETY m : 0.30
MAXIMUM ALLOWABEE DRAWDOWN 7 m 14.35
PUMP TEST LENGTH min 1180
FINAL WATER DEFTH m 13.87
DRAWDOWN AT END OF TEST ’ m 9.60
PROJECTED 100-DAY DRAWDGWN ‘ m 12.90
PROJECTED 100-DAY SPECIFIC CAPACITY ® Lisimi 1.68
TEST PUMPING RATE /s 25.5
mday 2202
USGPM 404
1GPM 337
CALCULATED LINEAR YiELD ° bis 28,36
ESTIMATED SUSTAINABLE SAFE YIELD '° Lis »25.5
miday >2203
USGPM =404
IGPM >337
SCREEN LENGTH ‘ m 4.9
OPEN AREA o’/ m 1016
TOTAL AREA m” . 0.5
MAXIMUM SCREEN CAPACITY M s 15
m*fday 1311
UsSGPM 241
IGPM 200

PR BN i o I R

HAProjecti3 1274201 1\[Safe well yiskl Mar2010 production wellv2 xis]Well yield
Static water elevaiion at time of fest.
No knowr well interferenca
Estimated minimum siaiic depth is feken as measured siatic depth

Assumes pumnp intake is 2m sbove tha base of lowsst screen (i.e., moior im above botiom of screen and motor 1r'1 inlength}.
Calculzted as 2m above the pump iniake

Difference betwean recornmended lowest pumping level and estimated sistic elevation.

Allowable drawdown eguals available imas({ 1-facior of sefely). No facior of saizly used for dewetering desion.

Specific capacily Is pump test rate divided by drawdown at end of pump test.

Calcuiated linear yield is the allowsble drawdown times the 100-day =pecific capacity.

Estimaied sustainabls vield is the calculated linsar vield where this Is less than the fest pumping rate. Forlinzer vields greater
than the pump test flow rete, ihe susiainable vield meay ba nonlinear and therefore the pump iest rata provides a minimum
guldeline susiainable safe yield.

Masdenum scresn capacily is cateuleted as screzn opening area times recommended maximum enteance Vclor‘uy of 0.1 ifs.




WATER GUALITY ANALYSES 2018/2011 AND DRINKING WATER GUIDELINES

Sample 1D

Date Sampled
Bhysical Tesis

Hardness * {as CaCO3)

Total leials
Aluminum {A-Tolal
yAntimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba}-Total
Boron (B)-Toizl
Cadmium (Cd)-Toial
Calclum (Ca)-Toial
Chromium (Cr)-Total
Copper (Cu)-Total
“Hron (Fe)-Totel
Lead (Ph}-Tetal
Magnesium (Mg)-Total
Manganese {(Mn}-Totzl
Mercury (Hg)-Tofi
Molybdenum (Mo)-Toial
Nickel (Ni)-Toia
Potassium (iK)-Total
Selenium (Se)-Total
Silver {Ag)-Toial
Sodium (Na)-Tofal
Sulfur (8)-Totai ®
Uranium (U)-Tota
Vanadiunt (U)-Tofal
Zinc (£n)-Total

UNITS

ma/l.

maiL
mg/l
ma/L
ma/l
mg/l
mafl.
mgiL
mgfl
mgfL
mall
mgfi
mafL
mafl
mg/i.
mafl.
g/l
g/l
mgiL
mgfl.
ma/l
mg/L
mg/L
mafi.
mg/L

CWELL SAMPLE

WELL SAMPLE  SAMPIE

CoOwWG ® CDWG *
#11 #27 alzogg 2 CUIDELINES MAC  GUIDELINES AD
14-APR-10 14-APR-10 27-Api-i1
i27 126 see below sec below
<0.010 <0.010 <{.003 0.4
<0,00050 <0.00050 <0.0005 0.008
0.00453 0.00448 0.00570 0.07 -
0.023 0.032 0.035 1
<0.10 <0.10 <0.05 5
<0.00020 <0.00020 <0.0001 0.005
36.9 3.7 39.1
<0.0020 <0.0020 <0.001 0.05
<0.0010 0.0018 <0.0002 1
0.062 0.103 0.078 0.3
<0.00650 <0.00050 <0,0002 0.01
8.40 8.35 8.985
@.q%2 2.115 3115 0.05
<0.00020 <{.06020 <{1,00005 0.001
0.001
0.001
1.80 1.88 2.5
<{0.0G10 =0.0014% <(.0001 0.01
<0.00002
2.9 28 3.1 200
057 0.96 <3
<0.00010 <0.00010 <0.0001 0.02
<0.005
<0.050 <0.050 <0).005 5

Notes:

1. Sample resulis fom April 14, 2010 following well consiruction

i

2. Sample resulis from Corix {2011} pilet siudy

HAProject3 127201 1\Water Quality Sumimary 30Aug11.xisxjResuifs of Analysis

3. Canadian Drinking Wafer Quality Guidelines - Maxdmum accepiable concenirations (GCOWQ, 2010)

4. Canadian Drinking Water Quelity Guidelines - Aesthefic objecilves (GCDWQ, 2010)

5. "Generally, hardness levels between 80 and 100 mgil. (a5 CaCO3) are considered accepizhle; levels greater than 200 mafl are
considered poor but can be tolerated; those in excess of 500 mg/L are normally considered unaccepiable.” (GCDWQ, 2010)

6. Canadian Drinking Water Quality Guidelines - Aesihetic ohjective for sulpiide (H,S) is 0.05 mg/l. (GCDWQ, 2010}

29
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i3 27201 1\ Tsst Well Porinina rats Teston

HiA o

i

0= Step 1 @O0 G —~ _ _
A Q=50LUs (80 USgopm) o T e
v
] LA AAM AR AN Shap 2 Thels {1935) Recovery Meihod I
Q=83 L/s (131 US Drawdown vs \'
17 8.3 Lis ( gpm) T, = 0.183%28.5 Lis1*0,001 |
s, (0.35 m) :
= 1.3 107 mfs (1142 m¥fday) ¢
A Siep 3
Q=136 Lis (216 USgor)  © !
EiS Pump Test ?‘”.;
s, O Recovery after Gth timestep = Step 4 i
Er;m — = Pymp Test linearfit 0=1781/s (784 USgpm) ,_1
= R . . i !‘
= \-—n —_ Recovenj linear it !}:..L . | _
=2 I '
= H
g & — !
& Step & e
s . Q=255 L/s (404 USgpm) i & J
o : B -~ " : |
% = T - 31/:5:-1.\ ﬁbﬁlfwﬁ;“}‘ O |2 !
! - <2 4 Bz
b Cocper Jacab (1946) e i |
Drawdown vs Time e ;!
T, = 2.303%(28,5 1/s)"0.001 - i i
Ly N— 4**{0.883 ) ~ - ; |
ia = = 5.3 % 107 s (457 m¥day) e (
‘ ~¢Ty ;
= Field Coniractor: Gorix Utilties Variable Rate Test " PIO J??‘t%d fl1~a:ru?qw11
Test Start; Agril 13, 2010 @ 16:00  Constant Rate Analysis: 25.5 Lis (404 USgpm) j 2tter 100 qays = 12.9m
Test Duration: 1180 min Pre-test Static Water Level: 4.27m (14 1)
16 T T T TV T T T T T = ) J
8.1 1 10 100 1000 10000 100000 1000000
Elapsed Time (min) or Recovery Time (/")
Cooper and Jacob {1948} FARTIES Wi UcH PIEAD ACGROIATES EMENEER NG LTD- A5 HOT EATRED IE0 A SOMTACT,

T=2.303*Q*0.001

4miAs

Thels (1335

| CIVIC CONSULTANTS LTD

- VILLAGE OF HARRISON HOT SPRINGS

PITEAL ASSOCIATES

GEQTECHNICAL AND HYDROGEOLOGICAL CONSULTANTS

T=0.183"*Q*0.001

| SEMI-LOG FLOT OF WATER LEVELS IN HARRISON HOT

B UATE: '

MILS AUG 11

250 | SPRINGS TEST WELL; VARIABLE RATE PUMP TEST RESULTS  emsmr—{mr—
| AND CALCULATED TR/~ "SMISSIVITY ot | 2 |




APPENDIX A

A& H DRILLING WELL RECORD

33



[EINTa
I¥ A & I

] A5887 CHTLLTWACTH. CENTRAL ROAT CHI

TEL: {(604y794-5544 CELL: {6

GO 31 2810 mvowE: 1678
OWNER: 495 HOT SFETNGS ROAD
ADDRESS: 410-2TH STREET CITY: HARRIBONM HOT SFRINGS
CITY: NEW WESTRMINSTER, BC V3L, 2582 MAD: &3 ZOME: 19 UTM BASTING: 5884355
PLHIONE: ELEVATION: 36 FEET  UTM NORTHING: 5461207
CONSTRUCTION X ACCURACY: 39 FEET WELLIDPLATE# 29881|
CLOSURE : ALTERATION:. |
FROM TO WELL LOG INFORMATION '
] 4 |SAND GRAVEL/FILL START DATE: MARCH 29 2510
4 10 (CLAY GRAVEL WITH WOOD C OWLBTIGN: MARCH 30 3010
E[3] 17 SILTY SAND ] IRIGNO: 5 TYPE: DUAL R@'TARY
17 36 |SAND GRAVEL DROLER:  JOHN MeDONALD WHH04110301
38 35 [MEDIUM SAND/SOME GRAVEL HELPER: BILL CLARKR
35 45  |[MEDTURM SAND/WOOD MEXED CASING SIZE: 3 INCH
45 80 |FINE SATD W.EB. SURFACE CASING: 1% INCH
25 35 |FINE TO MEDIUM BAND SURFACE CASINGDEPTH 15 BEET
85 110 [MEDIURM TO COARSE SAND SOME GRAVEL SMALL CASING SHOE: i INCH )
115 | 135 [FINE SAND
HOLE DEPTH: 134  FEET INCHES
CASING BAOTTOM: &2 FEEY INCHES
STICK. UF: 2 FEET & INCHES
OPEN HOLE FROM: FEET TO: FEET
I SCREENS
NO. OF SCREENS: THRER
SLOT: 20 SLOT: 26 SLOT: 20 U
SLOT: SLOT: SLOT:
SCREENLENGTI: 16 FEET 2 INCHES
TOR AT: 87 FEET i) INCHES
BOTTOM AT 104 FEET INCHES
K PACKER: YES BAILBOTTOM: YRS
RISER: WG TAILPIPE: HO
TRON COMNTENT APPROX 0.5 P.PM. o ‘WELL PRODUCING
BEMARKS: PULLED BACK TO 104 FEET L IAPPROXIMATE FLOWRATE : 300 GPM
WELL SHOULD BE PUKP TESTED APPROXIMATE STATIC H20 i1 FER
SET I3FERT OF 12 INCH SURFACE CASING AND BENTOMITE SEAL | ISET SCREEW & DEVELOE: o 55 HOURY |
S | |RECOMMENDED PUMP SETTING: s |

HIProfecd3 1ZNCIc Daia InTASH \Well Log for Firshell Tast Wall delShaeit
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Water Systems

T - el e [ E ot Bleqioat
Village of Barrison Hot Springs Page:



Obiective of the study

To determine if removal of ur zeceptable levels of Manganese and Hydrogen Sulphid

from a well water source is pessfbie using Greensand f‘i"{sz‘ nedia at a gurnped ﬁaw rate
equivalent to what would be required to service the comenunity's freated water needs.

the parameters required in the Canadian Drinking Water

Fah
Ot

Provide raw waier analysis o
Guidelines (CDWG).

Description of water source
Harrison Hot Springs well head behind the fire hall. The well was drilled and tested for
draw down characterisiics in April, 2010 by Corix Ulilities.

Seurce water testing paraieiers

Sourcs flow rates for testing: 10 and 400 GPM

Time line: 3 days of testing with 2 samples taken per day.
The first 2 days at low flow, 3rd day at high flow

Filtering parameters

Filter Media used: 610 mm (24"} of Greensand plus, 505 mm (12") of anthracite
The Pilot Plant flow rafe for the testing: 1 Litre/min. (0.264 gal/min.)

Surface area of the filter: 12.57 so.in. (0.0a? sq.dt.)

Surface leading: 3.03 GPM/ eq.it.

Batch regeneration of the media was accomplished using Potassivm Permanganate
powder. See the "Testing Methods" section at the end of ihe document for details.

Analvsis
Analysis of the water samples was by Maxxam Analytical, Burnaby BC.

Results of lab analysis
A summaiy ot the comparison of the Guidelines for Canadian Drinking Water Quality to
the Maxxam lab resulfs is as follows.

General Diinking Water Parameter Test:
All raw water measured parameters were below regulated and aesthetic limits except for
Manganese.

Manganese Tests
GCDOWQ aesthetic objective:  <0.05 mg/l

Raw waler average: 0.12 mg/l
Treated water average 0.008 mg/l
Average removal efiiciency 93%
Village of Hairison Hot Springs Fage
Well Water Pilot Stidy
Aprit 2011

o]
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Sulphide Tests
GCDWQ  aesthetic objective: <0.05 mg/l

Raw water average: 0.023 mg/t 40 gpm value G027 mg/l
Treated water average (.007 mg/l
Average removal efficiency T4%

The resulis indicate that all measured ireated water parameters were within GCOWQ by a

safe margin. This result is indicative that the manganese green sand filter system would
safely and economically meet VHHEs potable water objectives.

The pilot test operator also indicated that the water taste quality was good with only very
faint odours before treatment and no adours following treatment.

Please see the test results below.
Pictures of ths pilot equipiment and sits ave included on the last page

p

Please note that the Mn and H2504 test results for the first day's tests are included as part
of the CDW spreadsheets.

A compleie copy of the Maxxam Analytica! analysis documents is available from Corix
Water Systems on request.

Sample results
Day 1 - 10 GPM well flow rate.
One Raw Water sample taken at the same time as the fivst filtered (Filtered 1) sample.

" Raw Water sample taken for CDWG analysis.
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Coriz Water Systerns Inc.
Wasaam Job & B131477
Fapart Baior 20171/04/27

RESULTS OF CHEMICAL ANALYSES OF WATER

Tz 1 [ 1J2688 NET I T T AJanon T ) i
Sampling Dal l 2011704718 12:15 20140414 ]2011(0411&1 1215 [2011/6e19 1500 [ ! |
1215 i

COCH | GUBEERT G03507 | G367 CIgIAGUT | |

l Units 1L - COWG, Z400L | 200 - BW T25TL - 70N, - RBL |G Bateh

WMICROBIOLOGY, |MNSULPHIDE | FILTEREP 1 FULTERERD 2
120ML METAL MUSULEHIDE | SISULPHIDE

ANICNE .
Wilre (M) | mgl. [ 0,005 ] | | [ n.ogg | Afiodsad
Caleulnled Pararmatorg ;
Flkar and 1109 Presermlion | NA | I FED | FELD ] FIELD Wik | ONSITE
Tolal Hardhoss {CaC0a} il 146 i | [ 0.5 4800416
llale fbl] | mat [ <002 | | P 0.0z ¢ AB0033q |
Misc. [hergshios ]
Fuaride (F) T emil_ | 0.07 [0 I 1 G.0% | 4090208 |
Allealinlly Tralal ne CacOy | _mgh | 140 | | RN ET DAL l
Alaiinliy (PP as Cacom) | mef ) 0.5 ] i 0,5 [ 4861i0d
Bigarhonale (HGO3] o | 170 | I 0.5 4801180 |
Carbonate (CO3) moit | <0.3 i 1 0.5 d‘am{
Hirdroxlde {OH} magil. 20,6 1 | 1" 05 | 4poiiss

Anlang

|
Olssolved Sulphale (SO} g/t .0 i 1 T 05 [ dspaany |
Dissolved Cakrlds (G} T il 3.5 | I I [Ths ) deodans l
WISCELLANEQUS
Trug Colour iSol. Unil_| < H | dnnapsy
Sylphige g 8 T ooy | 1,007 ] 0,005 D005 | dioegay
Mutrlents
Nitrale phus Miteilo (b [l 1 0,02 1 | | [ 0,0F [ 4n0dag2
Physizal Broperties
Concluliylly I uSlemr | e I ! 1 I« T4s01ig6
o A Utz | 610 ] | | | [P EREER)
| Physical Pyaperiies
| Towl Dissalved Solids gl | 470 I T | o] A80g60s
{Turbigly 1 oHTY§ 0.8 ! ! ] IR

Wi = dot Aplicabie
FDL = Heperable Delection Limil

Fage 2ol
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waxxam Job ¥ B181477
Heporl Dale: 2011/04/27

Curix Waler Syslemns Inc.

ELEWENTS BY ATONIC SPECTROSCOPY {WATER)

AJ2300

 idsarn 10 | [ AJ298g | AEET7 | i 08 | i
Sampling Dale ! 2000AT 12s 1 2011/04H 4 !2011.’0/\119 12:15 | 207141071880 , [‘
12:15

CocH i SOS3R0T | "GOgeeQyY _ §_  C03360Y Co3u607 { o

Unity | 1L - COWE, Z40ML | 12005 « RW TZ0WL - [IONL ROC ™ [OG Bateh

WCROBIOLOGY, |MWSULPHIDE | FILTERED 1 FILTERED 2
12001 METAL NMSULEHIDE | MU PHIDE

| Dissolved Netnls by ICEME o
Digzolvet tdungannse (Mn] | vl | [ 114 [ [ T 2 | ARDIBA0
Tolal Malals by ICPWS
(Tolal A um 18] g, I [ 006525,
Tolal Antlngny (S5 wiel, L o5 4806525
Tolal Arsenic {As} KL i 01 BQEB2E
Tolal Barivim (Baf g, 1 AH0R52E
Tolal Bown (0] U uh, 1 i} Ap065e5
Tolel Coadmlum (G | 1 0.01 4BOEERS J
‘Tolal Chramlum [Ce) ufl, 1 ARAGERS
Total Cobgll [Ca) gL 10y 4608525 |
Totsl Gooaar (Gu) igfl, 0.2
Tolal lan [Fo) ugfl i [
Tolal Luag (P 1L ) | 0.3
Tokat Mangangse {in} upil. I 1 AB0GES
Talal ierciry (a) | _urgh. [ 0.05 4BOBSAG
Tatal WolybOorum {a)__ 1ty ] I
Total Nigkal M T ugil 1
Polal Selgniun {Se [T i [N
|Toial Siver (A | NTT ] |_o.0z
Tolat Uranium (U} Ui X | 0.1 AG0RGRE
Total Vanadium (V) eyl <5 | 5 4806EEG
Telal Zing (2] gl -5 ] 5 An08525
Tolal Galclurn {Su] wmol | 391 005 ABO1200
Total Magnazhurae (o} [T 5.94 | |_005 4601203
Toldl Polusgim () | ol | 245 | 0.0y (801203
Talal Bocllum (Ma) Tmel. | 211 | 1 |_owob 1701207
Totnt Sulphur (S | mel | <3 1 I | |3 Vahoizos |

DL = Reporiania Datuclion Limi

Page 3ol &
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- Carlx Water Sysienis Inc,
Maxkam Job 1 8131477
Aeport Dale: 2011/04/27

ELENENTS BY ATOMIC SPECTROSCOPY WATER)

Mg [0 ! I AJz3E8 { . AJ2003 AJ3307 T /330G I
Sampiieg Daig 201 1/04/19 12115 2OTTAAAY T~ [ 2013040 SETE | 20790470 15:00 ‘
12018
cach G33507 GO33607 G0a3a07 [ codaney !
Unils 1L - GOWG, 24001} {20ML - By TZOME - T20K1L - RDOL QG Balch
MICROBIOLOGY, |MWSULPHIDR l FILTERED | FILTERED 2 [
A0 RETAL MMSULPIIDE ¢ MN/SULPHIDE

|ETscaivad Matats by ICEWS

Pisﬁolved Mantanese (il | ued ] ] 111 | 5 i ] [ [ 4604040
5

wlal Matads by IGPMS

Fowal Alrninum (A ™ weit <1 T I ! 3 | ipnooes
Tolal Anfimony [5h) gl 0.5 T | | 05 ' ADOBERS
Total Argapin [As] sl 5.7 | i 07 | 4Bo6s2s
Total baldm {Bo) 1 gl 6 | e Tl d6od5es
Tola Boron () il <50 ! | B0 | amogsas
Total Godmium (S eyl 20.01 ! ot i A06EES
‘Folal Chmmium (Cd) vl =i I 1 K] AE0E52S
Total Gobatt {Go) ug/l <05 | o5 ABORS2E
|Tetul Cuppar () = <hd | [ ABDE52S
Total jrgn (Fe) gl 7T I 5 1605525 |
Talol Leag (R i, <02 0.2 ABIGEEE
| Total Mangangse (Mn) g, 115 [ q006ERS |
Tolizl Bereury (Hal [T .03 f 0.05 | 48068525
Toal Mulybanum (Pg] | g, 1 ; TR
Total Mickal (i uail <1 1 [4BOGTES
Tolal Snlenlum (8o} gL «0,.1 0.4 ) AB0GsES
Tatal Sitver [Ad] gL, 20,02 ] 002 | 4606526
Tolal dranlum (U} g/l <01 | . 8525
Totzl Vanadlum [} ugdl «5 I 5 AB0BERE )
| Folal Zing {7n] | i P \ 5 <nd55es |
Toial Golniur (G | gl 3.1 i | 006 | 4Byidng
ol flognesiom Higy T inat B0 | | pos 4ngiz0g
Towd Polussium K] gl 213 ] DS v dBoinoy |
Tolal Sodm (o) o | RRE | 1 j 1 oos | dspiEea |
Total Sulhur 13) [T <3 i [ |3 fenoiegs |

ML = Raporiable Dalacken Limil

Pagne 3ol B
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waxxam Job i B132044
Repor Dale: 2011/04/26

1031 adr

RESLULTS OF CHEMICAL ANALYSES OF WATER

¥

wlavram 1D | AJGADA L5405 AJE40G AB407 £JBA0B 1 AJBICT |
Jampling Dale 2011704720 11:20 [2011/04720 51:20 [20tHiode Tr2p [2614007R0 420 2o11RG20 T5:00 [2011/04/20793:45 }
[

dues 1978 )

HEL

JieleleT] i GLIZE00 CI0a360s GO33EN6 G33606 [ETERI t Qo308
Unils | 120ML.- FILTER | 120ML- FILTER 4Z00MLA 120ML- 4Z0MLA SAONL-
} 3 R MR 1 RW SULFHIDE |FILTERED 3 N FILTERLED 3 FILTERED 4 M FIL,TERED
Cafculaled Parameators
Fillgr and MO Prosarvalion | NA_| Rl |

SULEHIOE SULPHIDE
WA L ONSITE |
|MISCELLANEDUS |

[Einghlde g, ] 0.7 [ [ o007 } [ 0.007 [5.005 [andgdos |

o

FpL |[QC Baich

21 9]

7]

M

I FIELD | ] EIELD |

o3el

o1 38 1o

ELEMENTS BY ATOMIC SRECTROSCORY (WATER) o2}

Wamwan 15 i AdBE0n ] AJGA0E AGI0T |
Sarmnling Pula | 2011/00720 11:20 F 2011/00720 11:20 201104720 1300 ]
[
| L !
7

[efev]]) GO33605 G{306006 2030606
Unjta 4200« FILTER 3 (AW N L1200 - FILTERED § MW {12004 - FLTERER 4 Nb| ROI

Bissplyed Malnis by [CPMS
Digsolve Mangsnese (anl_| Ll { 114 f

T =
QC Baioh =

< 1 1 T T [ imaraqt \ 4]

NiA = ol Appilcebls
Rl = Aeporlable Detegtion Limil

Pagg 2ol S =
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Eh - Corix Waler Syzlems Inc.
b=t faxxam Job i 2152087 Client Profect & HARRISON WELL TEST
I§i' Heport Date: 20 1/04/28 Site Aeterenca; HARRISON HOT SPRINGS
M 3 -
s RESULTS OF CHEMICAL ANALYSES OF WATER
%]
ae Tlaream 1 T N N T ) R [ENEEEE
jas} Sanpling Dote r 2011704/ ‘ 20TH/oaf21 201104721 1260 ‘ ZOTTIGHIZT
et 4o:00 10:00 . 1200
d {cocy | |~ ©Ooggesue ¢ GnAGG0R (GU33638 |__Gaasstp
9\ } Unilta i FILTER & N | MLTERED § | FILTERED 6 HW } FILTERED G oL TG Baich
; i MESYLEHIRE [ MNSULBHIDE | MAMSULPHIDE || Rin)SULRHIDE
LA [Erteiata #a i 8 ters
= {Filter and HNOY Preservulion | 1A I FELD [ __FED | FIELD [ FELD [ Thik CNSITE
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Testing method, defails and notes

KMonday, Apsil 18ih

I iraveled to Harrisen Hot Springs on the morning of Aprit 18th. The pilot equipment was
picked up from ovr yard by Corix Utilities and arvived at site shortly afterward. It was
placed (and operated) outside near the W@H liead at the back of the fire hall.

Corix Utilities installed a 10 GPM pumip for the fivst set of tests. Power for the pump was
provided from the distribution panel in the fire hall via cur connection box. The first day
Was spcm setting up the equipment and making the cennections for power for the filter
skid and 10 GPM pump. After set-up was completed the plant was run overnight.

Tuesdav, April 19ih

The plant raa all night without incident and the clearwell was full to allow for
backwashing. The filicr media was soaked in a 0.5% KMNO4 solution for about an hour
then backwashed vntil clear. The plant was put bacl on line and ron continucusly for the
2 days of testing at the 10 GPM flow rate.

Samples were taken as follows:

CDWG 12115
Raw water - Mn 12:15
Raw water - Sulphide 12:15
Filtered water - Mn 12:15
Filtered water - Sulphide  12:15
Filtered water - Mn 15:00
Filtered water - Sulphide 1500

The samples were delivered to UPS depot in Chilliwack for overnight shipping to

Maxxam Analytical.

Wednesday, April 20th

Samples were taken as follows:

Pilot plant had run all night without incident.
Raw water - Mn 11:20
Raw water - Sulphide 11:20
Filtered water - Min 1126
¥iltered water - Sulphide  11:20
Filtered water - Min 1330
Hiltered water - Sulphide  13:30

'The samples were daiwered ¢
Maxxam Analyiical.

After the last semples were taleen at 13:30 the Corix Utilities
P pump and porisble generator.

o UPS depot in Chitliwack for overnight shipping to

s erew arrived with the 40
The 16 GPM pump was removed and the 400 GPM

putp installed and tested. The media was backwashed and soaked overnight na 0.5%

EMNO4 solviion,

Village of Harrigon Hot Springs Page: 10
Well Water Pilot Study ‘
April 2011
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Thursday. April 21t

started (8:30). The plant was run until about 13:00 and samples taken as follows:
Raw water - Mn 16:00

Raw water - Sulphide 16:60
Filtered water - Mn 16:00
Filtered water - Sulphide  10:00
Raw water - Mn 12:00
Raw waier - Sulphide 12:00
Filtered water - Mu 12:00

Filtered water - Sulphide  12:00
The samples were delivered to UBS depot in Chilliwack for overmight shipping to
Maxzam Analytical.

The wates level in the well was measured when the Utihitics crew arrived to remove the
puitp. Water level before starting the pump was approx 14" below the well casing.
Adter 5 hours of pumping at 400 GPM the water level was 42.7 ' below the well casing,

Two raw water samples were tzken to determine how pumping at the high flow rate will
affect the ameunt of Mn and Sulphide in the water over time.

t 13:00 the pump and gesierator were stopped and the equipiment disconnected, packed
up and loaded on the Utilities trucle for shipping.
‘The fast set of samples were hand delivered to Maxxam Analytical in Burnaby at 16:00,
as there was no delivery service available from Chilliwack due to the Easter Friday
holiday.

Tlote :

Tt was mentioned by Dave Harris that there was a strong Sulfur odor during the initial
400GPM draw down test when the well was bored in April of 2010. This was not the case
during this testing. Although there was some odor present it was not overpowering.

Mo edor or taste of Sulfur could be detected from the filtered water in the clearwell.

Repost compiled by:
David MacKay
Corix Water Systems
Langley, BC
Z011/4/29
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Oetoher 7003
Turbidity

Guideline

Waterworks systems that wse o surface water source or a groundwaier source under the
direct influerice of surface water should filter the source water 1o meet the following health-
based turbidity limits, as defined jor specific treaiment technologies. Where possible, filtration
systems should be designed and operated to veduce turbidity levels as low as possible, with a
treaied water turbidity tavger of less thon 0.1 NTU at all times. Where this is not achievable, the
ireated water turbidity levels from individual filters shall be:

1 For chemically-assisied filration, less than or equal io 6.3 NTU in ai lzast 95%
of the measurements made, or ai least 95% of the time each colendor monih and
#not exceed 1.0 NTU ot any fime.

2. For slow sand or digtomaceous earth filivation less than or equal jo 1.0 NTU in
at least 95% of the measurements made, or ai least 95% of the time each calendar
month and nor exceed 3.0 NTU at any time.

3 For membrane jiltration, less than or equal to 0.1 NTU in at least 99% of the
measurernents made, or at least 99% of the time each calendar month and not
exceed 0.5 NTU at any time. If membrane filiration is the sole treotment

technology employed, some form of virus inactivation’ should follow the filtration -

process.

It is not expected that all water supplies will be able to meet this revised turbidity
guideline immediately. Therefore, suplimentary treatment should be considered in the interim to
ensure delievery of a safe drinking water.

HExeentive Summary :

Particles of matter are naturally suspended in water. These pasticles can be clay, silf,
finely divided organic and inorganic maiter, plankion and other microscopic organisms.
Turbidity is a reasurement of how light scatters when it is aimed at water and bounces off the
suspended particles. It is not a measurement of the particles themselves. In general terms, the
cloudier the water, the more the light scatiers and the higher the turbidity.

The best means of veducing turbidity and safeguarding a drinking water supply is to
apply a multiple-barvier approach (i.e., source to tap) to protect drinking water. The focus of this
approach is to lock af the entire drinking water supply, identify potential and existing hazards
and then develop strategies to deal with each of the hazards.

Treatment plants can reduce turbidity by filtering particles out of the water. All Gltration
systems should be designed and cperated to reduce turbidity levels as low as possibls. The
iveated water turbidity target is 0.1 NTU at all times, However, sven though effective filiration
can be accomplished using any one of a number of technologies, the actual levels of turbidity

' Some form of virus inactivation is required for all technologies. The difference is that chemically-assisied, slow sand and
diatomacaous earth filiers are credited with log virus reduciions and membrane filiers receive no credi,

j—
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achieved will vary from techiclogy to technology. For this reason, the turbidily guideline is
broken down by type of technology. '

The most important consideraiion when dealing with turbidity is to make sure the levels
remain low and fairly constant over time. Coneerns are most likely to vesult froin a spike in the
tevel of turbidity, due elther to an increase in the amount of particulate matier in the source water
{(e.g., from heavy rains) or o a breakdown in the treatment process (e.g., inadequate coagulatien,
a ruptured filter). Because it might otherwise be difficult fo notice a spike in turbidity when only
one filter in a plant is not be working properly, the guideline applies fo each individual filter
within a filtration system.

Health considerations

It is important to control turbidity in public water supplies for both healih and aesthetic
reasons. Suspended matter can contain toxins such as heavy metals and biocides and can also
harbour microorganisms, proteciing them from disinfection. Recent research has correlated
turhidity levels with treated water supplies being contaminated with Giardia and
Cryptosporidium. These microorganisms can cause outbreaks of itlness. As such, turbidity may
be used as a health parameter to indicate the safety of water leaving a filiration system. Because
turbidity can affect the microbiological quality of drinking water, this guideline should be read in
conjunction with the bactericlogical guidelines. Excessive turbidity may also be associated with

‘unpleasant tastes and cdours.

In addition, high turbidiiy can lead to an increase in the amount of disinfection by-
products that form in treated water. Trihalomethanes (THMs), for instance, are a group of
chemical compounds that form when chlorine reacts with organic material in water. By filtering
out the organic matter to reduce turbidity, treatment plants also reduce the amount of THMs that
may form in the water. For more information on these disinfection by-products, see the THMs
guideline and supporting decument.

‘The nature of turbidity and its health implications vary with the type of source watex.
Turbidity in surface water and groundwater that comes into contact with surface water (referred
to as groundwatier under the direct influence of surface water), however, is generally organic in
nature and may contain toxins, harbour pathogens, or lead to the formation of THMs. Turbidity
in secure groundwater supplies (i.e., not under the influence of suriace water) is generally non-
organic and should pose no health threat. The health-based guideline and target for turbidity
therefore only apply to surface water sources and groundwater under its mfluence.

Analytical and Treatment Considerations

Turbidity is easy and inexpensive to measure. In addition to beug 2 indicator for
determining the relative safety of drinking water, it is 2 useful tool for assessing the
performance of water ireatiment processes.

Turbidity is measured in nephelometric turbidisy units, or NTU, using a device called a
turbidimeter. Modern turbidimeters can make measurements of 0.1 N'TU or lower. Levels of
turbidity in raw waters can range from 1.0 NTU fo more than 1000.0 NTU. Levels vary at
individual locations over time.
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A number of sindies indicate that properly designed and well-operated conventional,
chemically-assisted and divect {iltration water ireatrnent plants can readily achieve a safe
finished waler with turbidity levels lower than 0.2 NTU. Mesting the guideline level of 0.3 WTU
or these systems should be straightforward. Slow sand and diatomacecus earth filiration plants
n consistently achieve a safe finished water turbidity levels of less than 1.0 NTU. Membrane
fitration plants can consistently achieve finished water turbidity of less than 0.1 NTU. For all
filiration techmologies, these limits are achievable and expected in 95-99% of measurements, but
a target of 0.1 NTU should be sought at all times.

zh
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Application of the guideline

The health-based turbidity guideline applies to drinking water produced by sysiems that
use either a surface water source or a groundwater souice under the divect influence of surface
water. The goideline is applied to individual fitter furbidity. However, good operating practices
suggest that both the individual filier turbidity and the combined filter turbidity should be
continuously monitored. Drinking water taken from pristine sources may be exempt from the
filtration requirements if it meets all of the criteria outlined below (see “Criteria for the
exclusion of filiration in waterworks systerns™).

Surface water is defined as all waters open to the atmosphere and subject to surface
nunotf. Groundwater under the direct infiuence of surface water is defined as “any water beneath
the surface of the ground with (i} significant oceurrence of insects or other macro-organisins,
algae, organic debris, or large-dismeter pathogens such as Giardia lamblia, Cryptosporidium, or
(ii) significant and velatively vapid shifts in water characteristics such as turbidiiy, temperature,
conductivity, or pH which closely correlate to climatological or surface water conditions.””! Key
issues that should be considered when determining whether groundwater is under the influence
of surface water are given in Appendix A )

The health-based turbidity guideline does not apply to secure groundwater sources, t.e.,
those not under the direct influence of surface water. Turbidity in these cases is non-organic,
should pose no health threat and should not hinder disinfection. However, for effective
operation of the distribuiion system , it is good practice to ensure water entering the distribution
system has low turbidity levels of avound 1.0 NTU.

Bdonitoring turbidity levels ‘

For chemically-assisted filtration (i.e., continuous feed of a coagulant with mixing ahead
of filtration), source water turbidity levels should be measured at least once per calendar day
directly in front of where the first treatment chemical is applied. Treated watey turbidity levels
irom individual filiers should be continuously measured (with an on-line turbidimeter)at
intervals no longer than five minutes apait at 2 point upsiream of the combined filter effluent line
or the clear water tank.

For slow sand or diatomaceous earth filtvation, water turbidity levels from individual
tilters should be continuously rneasured (with an on-Hoe turbidimeter) at intervals no longex
than five minuies apart at a peint upstream of the combined filter effiuent line or the clear water
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o

ank. However, the frequency of monitoring may be reduced to one grab sample per day if it can
be demonsirated thas this frequency gives a reliable measure of filter performance.
For membrane fltration, treated water turbidity levels from individuat fitters should be
continously measured (with an on-line turbidimeter) at intervals no longer than five minutes
apart at a point upstream of the combined filier effluent line or the clear water tank. An
individual membrane filter may be defined as a unit or group of membrane stacks or cartridges
within a train that may be valved and isolated from the resi of the system for testing and
maintenance. Process designs should include a minimum of two parallel trains, if practical.
Consideration should be given to installing on-line tuibidity meters to analyze the water unique
to each "individual” filter. ‘

Use of altermative filtration technology by waterworks systems

A waterworks system can use a filfration technology other than the technologies
stipulated if, in combination with disinfection, it reliably achieves at least a 3-log reduction of
Giardia lomblia cysts and Cryprosporidium oocysts and a 4-log reduction of viruses. Pilot
studies or equivalencies from other jurisdictions should demonsirate that the technology meets
these criteria.

Criteria for exclusion of filtration in waterworls systems
Filtration of a surface water source or a groundwater source under the direct influence of
surface waisr may not be necessary if ¢/l of the following conditions are met:

i. Overall inactivation is met using 2 minimum of two disinfectants:
° ultraviolet irradiation or ozone to inactivaie cysts/oocysis;
° chlorine (fiee chlorine) to inactivaie viruses; and
° chlorine or chloramines to maintain a residual in the distribution
syster.

Disinfection should reliably achieve at least a 58% (2-1og) reduction of
Cryprosporidium cocysts?, a 99.9% (3-log) reduction of Giardia lamblia cysis
and 2 99.99% (4-log) reduction of viruses. IT mean source water cyst/oocyst levels
are greater than 10/1000 L, more than 99% (2-log) reduction of Cryptosporidiuimn
oocysts, and 99.9% (3-log) reduction of Giardia lomblia cysts should be
achieved. Background levels Tor Gigrdii lamblia cysts and Crypilosporidium
oocysts in the source water should be established by monitoring as described in
the mosi recent “Protozoa” guideline document, or imore frequently during
periods of expected highest levels (e.g., during spring sunoff, or after heavy
rainfall).

2. Prior to the point where the disinfectant is applied, the number of Escherichic coli
bacteria in the source water does not exceed 20/100 ml. (or, it Escherichio coli
data is not available, the number of total coliform bacteria does not exceed
100/160 mb) in at least 50% of the weekly samples from the previous six months.

" Studies on human voluntesrs have demonsirated that Cryplosporidivm oocysis are less infectious than Glardia cysis by about
one order of magniuds.



3. Average daily source water turbidity levels measured at equal intervals {at least
every four hours), iminediately prior to where the disinfectant is applied, range
around 1.0 NTU but do not exceed 5.0 NTU for more than two daysina 12-
month period. Source water turbidity also does net show svidence of protecting
microbiological contaminants.

A watevshed control program {e.g., profecied watershed, conirelied discharges,
etc.) is maintained that minimizes the potential for fascal contamination in the
source waier. ‘

A

Considerations for gronadwater systems

In keeping with the multi-barrier approach to drinking water guality management,
systeims using secure groundwater sources should:

L Ensure groundwater wells are properly constructed, are located in areas where
there is minimum potential for contamination, and have appropriate wellhead
protection measures in place. These source protection measures protect public
health by reducing the risk of the drinking water source becoming contaminated.
Ensure freatment is sufficient to achieve 4-log reduction of viruses by
disinfection. It is important to confirm that elevated turbidity levels will not
cormpromise the disinfection process.

3. Maintain a chiorine residual throughout the distribution system and ensure water
quality is monitored and maintained. Well-designed and operated distribution
systems ave key to providing safe, clean drinking water 1o consumers.

N

Tdentity and Seurces in the Environment

The sources and nature of turbidity are varied and complex and are influenced by the
physical, microbiological and chemical characteristics of water. In surface waters and
groundwater under the direct influence of surface water, turbidity can vary significantly over
time which has important implications for drinking water treatment processes and the
microbiological safety of the deinking water, Particulate matter is frequently a source of nutrients
for microorganisms and can protect micreorganisins firom both chemical and ultraviolet light
disinfection. Particles contributing to turbidity may also carry undesirable chemical

contaminants such as heavy metals. Turbidity can seriously affect the safety and acceptability of
drinking water 10 consumers,

Deseription of turbidity

Turbidity is a “measure of the relative clarity of water.”™ Turbidity in water is caused by
suspended and colloidal matter, such as clay, silt, finely divided organic and inerganic matter,
and plankton and other microscopic organisms. However, turbidity is not a direct measure of
suspended particles suspended in the water. 1t is, rather, a measure of the scaitering effect such
particles have on light. A directed beam of light remalins relatively undisturbed when transmitted
through absolutely pure water, but sven the moleculss in a pure fluid will scatter light to a
certain degree. Standard Methods for the Examination of Water and Wastewater defines
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turbidity as an “expression of the optical prop
rather than transmitied with no change in diree

eity that causes light to be scatiered Enﬁ absorbed
ction or flux level through the sample.”™

In samples containing suspended solids, the manner in which water inte '[fﬁl s with lighi
iransmittance is related to the size, shape and composition of the particles in the water and to ﬂﬁe
wavelength (colour) of the light that falls on the particles (incident lighi).” A minute parm;ie
absorbs the incident light falling on it and then re-radiates the light in all directions.

The deteciion, measurement and visual perception of turbidity is influenced by a number
of factors. Particle size has an impact on the direction in which light is scattered and on the
intensity of scaltered light of difiering wavelengths (e:(}lou:s). The shape of the pariicle also
influences light scatiering, as does the refiaciive index of the water and the colour of the
particles.

Light scatiering intensifies as particle concentration increases. However, as scattered
light strilkes more and more particles, multiple scattering occurs, and absorption of light
increases. When particulate concentration exceeds a certain point, detectable levels of both
scattered and transmitted light drop vapidly, marking the upper limit of measurable turbidity. By
decreasing the path length of tlight through the sample, the number of particles between the light
souree and Yight detector is reduced, extending the upper limit of turbidity measurement.

Because several factors affect the intensity of light scattering, it is not possible to relate
scatiered light measurements directly to the number or weight of suspended solids in a given
volume of water with any accuracy. Direct correlaiions can be made only if such factois as the
size, distribution, shape refractive index and absovptive capacity of the suspended solids causing
the torbidity remain constant; this can only bc achieved in a laboratory and is therefore
impractical and unnecessary in most cases.”

Sources

Levels of turbidity in raw water can range from less than 1.0 NTU to more than 1000.0
NTU. The particles that cause turbidity in water range in size fiom colloidal dimensjons
(approximately 10 nm) to diameters of the order of 0.1 mm and can be divided into three general
classes: clays, organic particles resulting from decomposition of plant and animal debris, and
fibrous particles from asbestos minerals.®” Clay particles generally have an upper diameter limit
of about 0.002 mm, but can be as farge as 0.02 mm. Biological organisms may also cause
turbidity. :

Particulate material in natural waters is mostly made up of eroded soil pariicles from the
swrrounding area. Coarser sand and silt fragments are at least pastially coated with organic
material. Clay pa;ticles are composed of ¢lay minerals, usually phyllosilicates, as well as non-
clay material, such as ivon and aluminum oxides and hydroxides, quariz, amorpnous silica,
carbonates and keldspar » Clays and organic particles are often found together as a cldy organic
complex.”® To a certain extent, it is artificial to treat the organic (humic) component in isolation
from the inorganic component when considering the behaviour of suspended matter. However,
humnic subsiances have a much higher adsmpuve capacity than clays (870 meq/100 g and 30

100 meq/100 g, respectively?); the effect of humic components likely predominates in many
instances. '
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Other particles in raw water and drinking water supplies includs the group of naturally
occurring hydrated silicate minerals with fibrous structures known as asbestos; inorganic
precipitates, such as metal (ivon or manganese) oxides and hydroxides; and biological organisms,
such as algae, cyanobacteria, zooplankion, and filamentous or macrobacterial growths.™” Due
to the numerous types of source particles and their implications in the ireatment process, raw
water quality monitoring for turbidity should be done at least daily, and preferably more often.
Relationship between turbidity ang other water guality parameters

Table 1 summarizes some of the relationships between the source of turbidity and water

quality/treatment implications.

Microbiological characteristics

Relationship between turbidity and the presence of pathogenic/non-pathogenic organisms

The mierobiological quality of drinking water can be significantly affected by turbidity.
Microbial growth in water is most extensive on the surfaces of particles and inside loose flocs,
both naturally occurring and those tormed during ireatment(see section “Treatinent
technology™). This growth occurs because nufrients adserb to surfaces, allowing bacteria to grow
meore efficiently than when in firee suspension.’®” Similarly, viver silt has been shown to readily
adsorb viruses.”® .

Studies of distribution systems have shown conflicting findings with respect to turbidiiy
and microorganisms. Haas et ol * noted that increased values of pH, temperature and turbidity
were associated with increased concentrations of microorganisms. HPC mcreases that parallel
increases in wrbidity have been found at turbidity levels lower than 2.0 NTU.® Similarly, work:
by Goshko et ol.®' found positive correlations between HPCs and turbidities in the 0.83-8.89
NTU range. On the other hand, a study reported by Reilly and Kippin® suggested that tusbidity
around 1.0 NTU does not affect the frequency with which sither coliforms or HPC organisms
oceur in the analysis.

Table 1: Torbidity and implications for water quality and water treatment

Source of turbidity Possible water quality/chemistry Treatment implications

implications
Inorganic pasticles - raiseflower pH and atkalinity - major influence on cozgulation,
(silt, clay, natural - source of micronutrients flocculation and sedimentation design
precipitants, e.g., - affect zeta poiential - harbour/protect microorganisms
CalC0;, Mn(,, Fe,0,, - source of metals and metal oxides
elc.) - cloudy/tusbid appearance

- aifect tasie y
Organic particles - source of eneigy and nufrients for - high disinfectant demand
{decomposed plant microorganisims - potential {o forin chiorinated organics
and animal debris, - cause colour ~ potential to form ozonation by-
humic substances) - hmipatt taste anc odour proaucts

~ SETVE as precursors for the formation of - high coagulant dose

chlorinated or ozonaied compounds - reduce clarifier overflow rates

7
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Souce of turbidity

Possible water quality/chemistry
implications

Trestinent implications

- possess ion exchange and complexing
properties that include association with
toxic elemenis and micropollutanis

- affect pH

- affect zeta potential

Cincrease floceulation/sedimentation
times

- harhour/protect microorganisms

- reduce filter runs

- can compete with pollutant compeunds
for adsorption sites in activated carbon
adsorption

-~ can precipifate in the distribuiion

sysieimns

Biological organisims

(algae, cyancbacteria,

zooplankion,
filamentous or
macrobacierial
growih)

- impart taste and odour

- poiential source of toxin (microcystin-LR)
- disease transmission

- corrode tanks, pipes, sic.

- stain fixtures

- cause aestheiic problems due to s ouﬁhing
of growths from tanks, filters, reservoirs
and distribution system

- plug filters

- high disinfectant demand

- need multiple barriers to ensure
effective microbizal inactivation

- flotation may be more effective than
sedimentation

- mierobial inactivation required

In water with turbidities ranging from 3.8 to 84.0 NTU, Sanderson and Kelly® found
coliform organisms even afier the water was treated with chlerine (free chlorine residuals
between 0.1 and 0.5 mg/l, after a minimum contaci time of 30 minutes).

Huck ef al %

in their investigation of Crypfosporidium removal by granular media

filiraiton, noted that an increase in turbidity associated with suboptimal coagulation and
breakthrough at the end of filtration runs resulted in deterioration in oocyst reduction, even at
turbidity levels less than 0.3 NTU. Utilities should therefore carefully consider the effects of
reducing coagulant dosage. To avoid breakihrough, plants should specify a maximum head loss
and filter run times and should consider using particle counters to monitor for early

breakthrough.

Effect of

f turbidity on disinfection

ParthuIaLe matter (e.g., organic, inorganic, higher microorganisms) can protect bacteria

and viruses from the effects of disinfection. LeChevallier ef of.,%

studying the efficiency of

chlorination in killing coliforms in uniiltered surface water supplies, found a negative correlation
with turbidity. A derived model predicted that an increase in turbidity from 1.0 1o 10.0 NTU
would resulf in an eighi-fold decrease in the disinfection efficiency at a fixed chlorine dose. A

FaZalili]

study by Hoii,”™ which examined the efficiency of disinfection at furbidities of 1.0 and 5.0 NTU
on pehovn us and sewage etffluent coliforms, found that vivuses and coliforms that adsoibed to
organic matier were more resistant to disinfection than those that adsorbed to inorganic material
such as elay and aluminum phosphate For organic particulaies, a reduction of turbidity from 5.0
to 1.0 NTU reduced the concentrations of disinfectant-resistant organisms approximately five-

Lold.

_,

o0

Hoff and Geldreich®™ reiterated that particulaie characieristics have a significant impact
pr tection effects. Studies with ozone by Sproul ef al.®® confin
ded litile proiection to a variety of test organisms at 1.0 and

med that alum and benfonite
5.0 NTU, whereas faecal
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material and, in pariicular, human epithelial carcinoma celis did provide protection. Chlorine
dioxide studies by Scarpino ef al.”’ suggested that temperature and turbidity affected the rate of
inactivation of bentonite-adsorbed poliovirus. At 25°C, turbidities in exeess of Z.29 NTU
rednced inactivation rates.

Fres-living nematodes are relatively common in Noyvth American municipal water
supplies. Nematodes of the Rhabditae family are known to ingest pathogenic bacteria and
viruses, and hence are able to protect these pathogens from chlorine disinfection.” Studies
indicate that more nematodes are found in higher-turbidity raw and treated waters.”"” In a study
of the San Francisco water supply, coliform organisms wers dstected at cklorine levels of 0.35
mg/L or greater. Crustaceans apparently harboured the coliforms; on passing through a spigot,
the crustaceans rupiured, and viable coliforms were released.” In laboratory tests, various elays
and hurnic acid were shown to protect Klebsiello aerogenes from ulivaviolet light disinfection.™

Chlorine (as hypochlorous acid) reacts readity with orpanic matter containing unsaturaied
bonds, phenolic gioups and nitrogen groups, giving rise to taste- and odour-producing
compounds” and trihalomethanes.” Hence, waters with high turbidity from organic sources may
give rise to a substantial chlorine demand. This could result in reductions in the fiee chlorine
residual in distribution systems as protection against possible recontamination. For Ottawa River
plants, Otson ei al.”’ noted that increased pre-chlorination dosage requirements were strongly
correlated with increases in turbidity. a Oregon surface waters, chlorine demand had a positive
correlation with both turbidity and total organic carbon levels.® The resuliant model suggested a
180% increase in chlorine demand for a turbidity inerease from 1.0 to 5.0 NTU,

In the United States, well-operated slow sand filiration plants may be allowed to have
higher turbidity in filter effluents if there is no interference with disinfection and the turbidity
level never exceeds 5.0 NTU."® Non-interference with disinfection may be assumed if the
finished water meets the coliform maximum contaminant level and if there are fewer than 10
heterotrophic plate count bacteria per mL during times of highest turbidity.”®

Effect of turbidity on microbial enumeration

The presence of wurbidity may interfere with the quantification of bacteria and viruses.
Bacteria are enumerated by counting the number of visible colonies that form on nutritive media
when bacterial cells are incubated on the media Tor a fixed period of time. This process assumes
that each colony represents one cell; however, a single colony could emanate from a particle
confaining many bacterial cells adsorbed on its surface. Fewer'cells than were actually present
would then be recorded. This phenomenon would also lead to an underestimation of bacterial
numbers with the most probable number technique.

Geldreich ef ol.” noted that turbidiiy in a potable water sample may make membrane
filtration impractical because of the volume of water the filter can pass, the chavacter of the
suspended material and the thickness of the deposit on the surface of the membrane. Although
crystalline or siliceous materials may not be a problem, other substances may clog filter pores or
cause a confluent growth to develop during incubation, hampering microbial enumeration.
Caoliform masking has been observed with membrane filiers, with false-negative results
occurring 17, 45 and more than 80% of the time for turbidities of less than or equal to 1.0, 5.0
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and more than 10.0 NTU, respectively ® Additional studies suggested that levels of turbidity
per se (up 1o approximately 10.0 NTU) did not greaily affect coliform discovery, alihough
associated non-coliform bacteria seriously inhibited deteciions.”

Viruses can also be adsorbed on or within particulate matter and may be very difficult to
remove; 1% recovery is not unusual. ® A review of virus detection methods coneluded that no
simple and accurate system for enwimerating viruses in highly turbid waters was available.”

Relaiionship beiween Turbidity Removal and Microbial Qualiiy of Treated Water

Historically, filtration has been shown to substantially block disease-causing organising
from entering into the drinking water supply.*! During coagulation, protozoa, bacteria and
viruses, along with ofher scurces of turbidity, become trapped in ihe floc and are removed by the
fifter »% However, sometimes floc breaks through filter beds; such breakthroughs have been
shown to be accompanied by an increase in virus penetration, even though the turbidity of the
finished water remained below 0.5 NTU.»

Studies have shown a correlation between decreased filtrate turbidity (down to 6.1 NTU)
and reduced bacterial and algal counts.® Increases in the turbidity of filter effluent can signal the
potential for inereasing passage of unwanted organisms, even if the turbidity in the effluent is
less than 1.0 NTU. For example, increasing concentrations of Giardia cysts can oceur with
turbidity increases of only 0.2-0.3 NTU.F-#

The Pennsylvania Department of Environmental Protection, in its 1996 Regulatory
Basics Initiative Program report ,* gave its view of the relationship between turbidity and
pathogen oceurrence in finished filtered water. It stated that a relationship exists between
turbidity spikes and Giardia breakthrough such that a stable filter with low furbidities that
experiences a 0.1 NTUJ increase in turbidity can experience a 10- to 50-fold increase in cyst
breakthrough from disturbance of the media.

In evaluating plant performance using endospores, researchers found that the log
reduction of spores was similar in magnitude to the individual reduction of turbidity, total
particles and particles in the Cryptosporidium oocyst size range. More important, spore removal
closely paralleled particle and turbidity removal in response to coagulant dosage under all the
water guality conditions examined.”®

In examining relationships between turbidity and parasites, it was found that for every
log removal of turbidity, a 0.89-log removal was achieved for Giardia and Crypiosporidium.”!
Conversely, increases in filtrate turbidity paralleled increases in the risk of Cryprosporidium
breaking through the filter due to floc material breaking through that contained, or was
associated with, occysts, These increases occurred even with efficient chemical coagulation. Tt is
therefore reasonable to assume that during the filier ‘ripening’ period at the beginning of a ruit,
when turbidity is often greater than normal for the filter, the risk of Cryprosporidiuim
breakthrough is higher.”

Table 2 shows average potential removal credits estimated for Giardia lamblia,
Cryptosporidium and viruses, when treated water meeis the prescribed turbidity limits. The log
reduction credits outlined in Table 2 are based on the mean or median removal established by the
US EPA as part of the Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR).!

Facilities that do not meei the reguirements, or facilities that believe they can achieve a higher
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fog credit than is automatically given, can be granied a log reduction credit based on a
demonstration of performance by the appropriate regulatory agency.

T

Vable 2: Gigrdio lapiiia, Crypéosporidian and virus potentis] reduciion crediis for varicus technolozies,
s PEOSE P

- i
Technology Cystfoooyst credit © ) Virus credit
Conventional filtration ® 3.6 log 2.0 log
Birect filtration 2.5 log 1.01og
Slow sand cor dizfomaceous carth 3.0 log 2.0log
filivation ©
Micro- and uliratiliration, Removal sfficiency demonsirated No credit for micro- and
nanofiltration and reverse osiosis through challenge testing and ultrafiltration; for nanofiliration
verified by direct integrity testing and reverse osmaosis, removal

efficiency demonstrated through
challenge testing and verified by
divect Integrity iesiing

Notes:

“Conventional/direct/stow sand/diatomacecus earth filiration should be followed by free chlorination to obtain
additional virus credif.

PMicro- and uitrafilivaiion should be followed by free chlorination for the inactivation of viruses.

‘Depending on cysi/oacyst levels in source water, additional treatipent i3 required using ultraviolet light, ozone,
chlorine or chiorine dioxide (refer to profozoalvirological quality supporting documents for the level of inactivation
required and the CT/IT tables for various disinfectanis).

Chemical characteristics

Because of their adsorption capacity, suspended particulates have the ability to entrap
undesirable organic and inorganic compounds; as such, an indirect relationship exists between
turbidity and the chemical characteristics of these compounds in water. Most iinportant in this
respect is the organic or humic component of turbidity.

Hurnic substances are able to bind substantial amounts of mefals and hydrous oxides
together, forming complexes. An excellent review of metal-humate complexes, the mechanism
of their formation and their properties is provided by Schnitzer and Kaho.” The ability of a
number of natural waters in Ontario to complex copper has been demonstrated, with complexing
capacities of up t0 2.35 pmol Cw/i, (0.149 mg/l) being repovied.” A wide variety of heavy metal
ions were found to be complexed in sediments of the Ottawa and Rideau rivers. A positive
correlation between the unit surface area of the sediment and the concentiation of adsorbed
metal ions was observed.” In a study of mereury sorpiion and deserption characteristics of
Ottawa River sedimenis, it was found that sorption rates were higher for organic-rich sands.
Desorpiion of mercury was diificult, with less than 1% of the mercury being leached during a
seven-hour contact period.*® The strength of some metal-humate complexes may lead to
negative errors in the analytical measurement of trace metals in natural water samples 1f turbidity
exists.”

One method that is used to remove undesirable metal ions during water reatment is
adsorption with activated carbon. This process is aided by the presence of organic matier.”
Organic molecules are also adsorbed by natural organic matter. DT, for example, is solubilized

in 0.5% sedium bumate solution by a factor of at least 20 over iis solubility in pure water.”

[
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Berbicides such as 2,4-D, paraguat and diquat can be adsorbed onte clay/humic acid particulates,
the adsorption being greatly influenced by metal cations present in the himnic material.'"”’ The
presence of turbidity, therefore, might also interfere with the detection of biocides in water
samples,

trihalomethanes, a group of chemical compeunds that includes chloroiorm,
bromodichloromethane, chloredibromomethane and bromoform. The Canadian deinking water
guideline for trihalomethanes is based on the known health effects associated with chloroiorm.
Mosris and Johnson'®! observed a relationship between raw water turbidiiy and trihalomethane
concentration in finished lowa City water. In laboratory tests, Stevens and co-workers'” found
that trihalomethane production was reduced if the water was filtered prior to chlorination. Harms
and Looyenga'” also reported that raw water turbidity was positively correlated with ehloroform
concentration in a South Dakota water supply. Sirategies for addressing turbidity have
implications related to controlling the potential formation of trihalomethanes, including the
removal of organic maiter, the use of alternative disinfectants, disinfectant application points and
dosages, and ihe use of activated carbon.'®

For plants using aluminum salts as coagulants, highest particulate aluminum
concenirations (>200 pg/l.) were measurad when the turbidity was greater than 0.5 NTU.' The
results of the study suggest that filtered water turbidity should be less than 0.1 NTU to minimize
particulate aluminum concentrations that contribuie io residual aluminum.'”

At the ashestos levels commonly found in drinking water (of the order of 10*-10°
fibres/L.),'® very little, if any, correlation has been observed between iurbidity and asbestos
concentration. "' However, a general bui non-linear relationship has been reported at high
levels of ashestos (10°—10"! fibres/L).'" Further studies.on treatment efficiencies for ashestos
removal have resulted in a recommendation by Logsdon and co-workers'!™!! that plants
designed for asbestos removal should produce filtered waters with turbidities of 0.1 NTU or
lower. McGuire et of.'"? suggested that this objective would help but not necessarily guarantee
low asbestos counts (<10° fibres/L). Boatman'" reported that turbidity could impede asbestos
analyses because of restricted filter volumes. Asbestos-cement pipes are used in some localities
to transport drinking water, and it has been demonstrated that water with an aggiessivity index of

S
less than 10 can cause the release of asbestos fibres into the drinking water."

Physical characteristics

A considerable body of evidence suggests that a large part of colour in water arises from
colloidal particles. These tiny particles have physical and chemical properties that allow them to
stay suspended in the water, rather than seitling down or dissolving. Black and co-workers™
used electrophoretic studies to demonstrate the predominantly colloidal nature of colour in
water; 1t has been claimed that about 50% of colour is due to a “colloidal fraction” of huinic
substances.” True colour is therefore defined as the colour of water from which turbidity has
been removed.’

The relaiionship between high turbidity, in both raw and filiered water, and taste and
odour has long been recognized.” Algal growths, actinomycetes and their debris also contribute
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to taste and odour problems.”? At 5.0 NTU and above, there is an increasing visual detection,
o

which many consumers rind unacceptable,
X

Amnalytical methods

Turbidity is measured using the nephelometric method. Nepheloinetry determines
tuebidity using the intensity of scattered lght. Table 3 lists four nephslometric methods that mest
the eriteria of the American Water Werls Association/American Public Health Association
(AWWA/JAPHA) or the U.5. Environmenial Protection Agency (USEPA) and one International
Organization for Standardization (ISO) criteria for determining turbidity in dvinking water.

Table 3: Recognized Analytical Methods for Measuring Turbidity in Drinking Water”

Method Ciiation Description

Nephelemetric AWWAIAPHA 2130B*  Tangsten lamp2200-3000°K and one or moie

P P
peipendicular detectors (& filters) with speciral
response peak of 400-600nm. Light path <10 cm.

Nephelometric USEPA 180.1° Tungsten lamp@2200-3000°K. snd one or more
perpendicular detectors (&filters) with spectral
response peak of 400-600nm. Light path <10 cm.

Opiical 180 70278 Tungsien famp (&iilters),Diode or Laser as radiation
source at 860 nm (or 550nm if sample is colourless)
with a perpendicular detector and aperture angle 20-30°

GreatLakes Instruments  USEPA GLI 27 Lwo perpendicular §60nm light sources aliernatel
g Y
pulse each 0.5 seconds & two perpendicular detectors
alternately measure “reference” aud “active” signals.

Hach Fifter Trak TUSEPA 10133'%  Laser Diode @660 nm at 90° to detector/receiver (light
path <10 cin) which may use Photo-Mulidplier Tube
and fibre-optic cable. Range iz 0-1000 mNTU s,

Notes:
® Additional methods may be approved before this guideline is revised/updated 1n the future.

Mephelometric turbidity instrumentation varies in design, rangse, accuracy and
application. The design of nephelomeiric instruments should take into account the physics of
scattered light. As noted in a previous section (Identity and Sources in the Environment), the
size, shape and conceniration of the particles affect the intensity pattern and disiribution of the
scattered light., Small particles less than one-tenth of the light wavelength will scatier light
unitormly in both forward and backward directions. As the particle Size approaches and exceeds
the wavelength of the incident light, move light is transmitted in the forward direction. Because
of this intensity pattern, the angle at which the light is measured is a critical factor; the current
international standards have determined the most appropriaie angle to be 90 degrees.® As noted
above in a previous section, as the concentration of particles increases, iote particles reflect the
incident light, which increases the intensity of the scatiered light. As the concentration exceeds a
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61



62

Turbidity (10/03)

certain point determined by the specific optical characteristics of the process, the particles
themselves begin to block the iransmission of the scaitered light. The resuli is a decrease in the
intensity of the scattered light. The intensity at which vartous wavelengths of light are reflecied
or absorbed is also determined by the colour of the liquid and the reflecting surface. Industry
standards require nephelomeiers fo operate in the visible or infrared ranges: 400—600 and
800-900 nm, respectively.’

All these iaciors, along with the optical geometry of a particular instrument, cause
measured values between instiuments to vary widely; thus, criteria for instrument design have
been developed to minimize these variables. Manufacture of turbidimeters is guided by
recommendations provided by the U.S. Bavironmenial Protection Agency'® and the International
Organization for Standardization (IS0 7027).2 '

Using special experimentation methods with a quaitz jodine light sousce, the
nephelomeiric response of exhaustively filtered de-ionized water has been shown to be
0.022-0.003 NTU." Air bubbles and dirty sample tubes can cause false high readings for
turbidity; very turbid samples or samples with colour due to dissolved substances will give low
readings.*!?

For a finished water turbidity goal of 0.1 NTU, rigorous standard operating procedures
and a high level of quality control are required; a small numeric changs may resuli in a large
percent change. ™" However, according to USEPA Analytical Methods for Turbidity
Measurement (180.1 and GLI 2) and Standard Methods for the Fxamination of Water and
Wastewaier (2130B), ithe sensitivity of nephelometers is such that furbidity differences of 0.02
NTU or less can be detected in waters having a turbidity of less than 1.0 NTU.*%" All three
methods cite “reporting to the nearest 0.05 NTU where the turbidity range is 0-1.0 NTU.” Thus,
the practical lower limit of the standard nephelomeiric method can be considered to be 0.1 NTU.

Laser turbidimeters have recently entered the market. The manufacturers claim that these
instruments are far more sensitive than the standard turbidimeters; purporiing to accurately
measure in the mNTU range. The USEPA has approved a laser turbidity method, “Method
10133, Determination of Turbidity by Laser Nephelometry.” '*° Currently they are not widely
used in the indusiry.®

Torbidity, as defined by the above methods, is a non-scientific measure of particle
concentration. Electronic particle counters are now available that ave capable of accurately
couniing and recording the iumber of particles as a function of size (often in the 1-150 pm
range). Although theve is a general relationship between particle counts and turbidity (below 1.0
NI, a firm correlation does not exist.'$18

A simple conversion factor relating particle counting and turbidity measurements is not
possible because the two techniques differ findamentally in terms of discernment. Particle
counting measures two characteristics of particulates: particle number and particle size. Samples
with identical clarity can be distinguished on the basis of these two features; one sample may
contatn many small particles, whereas another may coniain few large particles. Turhidity, og the
other hand, cannot distinguish between two samples of identical clarity and different particulate
composition.'”

-
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Particle counters are an excellent ool for optimizing treatment processes and for
detecting the onset of filter breakihrough. Particle counters are resiricted 1o performance
verification only, and no Hmit is sef as a maxiroum acceptable concentration for the number of
pariicles in the treated water.

Treatment technology

Turbidity is reduced by removing paiticles from the water through filiration. Adequate
filtration can be achieved by a variety of technologies: chemically-assisted filiration, slow sand
filtration, diatomaceous earth filtration, membrane filtration or an alternative proven filtration
technology.

Chemically-Assisted Filiration

The chemically-assisted filtration process generally includes cherical mixing,
coagwlation, flocculation, sedimentation (or dissolved air flotation) and rapid gravity filtration.
Aluminum and ferric salts are used as primary coagulants. Cationic and anicnic polymers are
most commonly used as flocculation aids, and both, along with nen-icnic polymers, have been
used as filter aids. The coagulants and polymers are used to destabilize the generally negatively
charged colloidal particles, which allows aggregation to oceur via chemical and van der Waals
interactions.2*® The resuliing (much larger) particles are filtered out when the water passes
through sand beds or other single-, dual- or mized-media granular filters. In systeins where the
combined water from all filters is monitored continucusly, this treatment process is capable of
producing water with a turbidity of less than 0.3 NTU; turbidities of less than 0.2 NTU have
been demonstrated to be achievable on an ongoing basis. Filter loading vates generally range
from 3.0 to 12.0 m/h. 2

Changes in alkalinity, colour, turbidity and orthophosphate concenirations affect
coagulation reactions, and the properties and rate of settling of resulting floc particles.
Temperature aiffecis efficiency by influencing the rate of chemical reactions and the viscosity of
water, thereby affecting the particle setiling velocity and the filter backwash rate. The lower the
temperature of the water, the more difficult it is to treat the water.

All filiration plants should provide for continuous monitoring of the effluent turbidity
from each individual filier, as well as for continuous monitoring of the combined filtered water
turbidity trom all filters. Continucus monitoring is required because shori-term turbidity spikes
represent a process failure and potential health risk. Peak turbidity levels in the filtered water are
a particular concern immediately after filier backwashing; therefore, alt filters should be
designed so that the filtered water immediately after filter backwashing is directed into a waste
stream (* filter-to-waste’ provision). When operating the filtsrs, every effort should be made to
minimize the magnitude and duration of turbidity spikes.”

Discharge of filter backwash water into a raw water reserveir should not be permitied
unless the filter backwash water receives off-line treatment, or is returned to a loeation upsiream
of the coagulant dosage point, so that all processes of a conventional or direct filiration plant are
employed. The ofi-line treatment may be acceptable depending on the method vsed to treat the
backwash watex.
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Following filiration, turbidity in a waterworks may inerease if any o

ocour
o coagulants escape into the filtered water;
e dissolved metals oxidize;
3 bacteria and other micraflora grow;
e chemicals are added for siability or corrosion control;
o deposited materials (especially in low-flow parts of the system) are resuspended;
or
0 pipes corrode or lines bneai( 2930

Uncovered disiribuiion system reservoirs may also lead to increased turbidities, mainly by
encovraging biological production.”

In 1989, the American Water Works Association Research Foundation sponscred a study
that deniified design provisions and operational practices at high-rate filiration plants. For the
study, vesearchers chose 21 plants that were successiiil in producing finished water with turbidity
of less than 0.2 NTU.*" In choesing the participating plants, consideration was given to
geographic coverage as well as diversity of raw water types and freatment processes. In a
different study, the Pennsylvania Department of Environmental Protection undertool
perionmaice svaluations of 150 surface water treatment plants that used filtration from 1988
1990 and found thai a goal of 0.2 NTU was achievable for most plants.*> An internal r&por‘t,
prepared in 1995 ior the same depariment, also found that filtration plants can readily achieve
finished water with turbidifies of less than 0.5 NTU and that most plants can achieve less than
0.2 NTU.* In pilot tests involving treatment of Boston’s low-turbidity surface water supply wuh
dissolved air flotation, the turbidity goal of 0.1 NTU was met in more than 90% of the runs.™
Operational studies at specific plants have indicated that low turbidities in plant effluent are
readily achicvable when competent operations are in place.”* In another study, it was
demonsirated that well-operated conventional ireatment plants or direct {ilivation plants that
produce water with low turbidity (less than 0.5 NTU) can achieve up to a 3-log reduction of
Giardia cysts and up to a 2-log reduction of viruses.” The same study demonsirated thai source
waters with low raw water turbidity require filter effluent turbidities to be substantially lower
than 0.5 NTU in order to effectively remove Giardia cysts and viruses.

The U.5. Environmental Protection Agency’s 1997 Notice of Data Availability for
Interim Enhanced Surface Water Treatment Rule shows that systems serving greater than 10 000
people are able to meet low turbidity limits. The same study indicated that chemically-assisted
filtration is able to achieve a 2-log reduction of Crypiosporidium through filtration.”®”” The US
EPA has now concluded that conventional treatment plants in compliance with the IESWTR or
LTIESWIR achieve an average of 3-log reduction of Cryptosporidium. Divect filtration plants
achieve an average of 2.5-log reduction of Crypiosporidiuim.'*

Slow sand {iltvation
In Siow sand i n, fitier effectiveness depends on the formation of schinutzdecke,
which is a layer of ba eria 1 e and other micvoorganisms on the surface of the sand, and the
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formation of a biopopulation within the sand bed. Raw water passes through the sand bed where
physical, chemical and biological mechanisms remove contaminanis. 'The most impoitant
removal mechanism has been atiributed to the biological process. Mo chemicals are added, nov is
there a need o baclewash.

Researchers have observed variation in the ability of slow sand filters to reduce turbidity.
Fox et ol found that when water was filiered at 0,12 m/h, after an iniifal ripening period had
allowed the biopopulation to become established on new sand, the ireated water turbidity was
consisiently less than 1.0 NTU. Raw water turbidity ranged from 0.2 to 10.0 NTU. Cleasby ef
al*! reported that typical effluent turbidity was 0.1 NTU for raw water with turbidity ranging
from fower than 1.0 to 30.0 NTU, except during the first two days aiter scraping of the
schrmutzdecke. Pypeir® observed slow sand filtered water with turbidity of 0.1 NTU or lower
50% of the time and 1.0 NTU or lower 9% of the time; raw water turbidity in this study ranged
from 0.4 to 4.6 NTU. Slezak and Sims* reported that niearly half of the 27 slow sand filisation
plants they surveyed produced filtered water turbidity of 0.4 N'TU or lower; at the same time,
15% of the plants produced water with an average turbidity of 1.0 N'TU or higher. Consistent 3-
log reductions of particles sized from 2 to 4 pm upwards were also observed in this study. The
size vange of 7-12 pm is considered fo be representative of the size of Gigrdio cysis. Bellamy ef
al. ™ studied the water treatment efficiency of slow sand filiration to ascertain removal of Giardia
cysts, total coliform bacteria, heterotrophic plaie count (HPC, forrnerly known as standard plate
count) bacteria, particles and turbidity. Results showed that slow sand filtration is an efiective
water ireatment technology. Using a biclogically mature filter, Giardia cyst vemoval was
virtually 100%; total and faecal coliform vemoval was approximately 99%; particle removal
averaged 98%; HPC bacieria removal ranged from negative to 95%, depending on the influent
concentration; and turbidity removal ranged from 0 to 40%.* The US EPA has now conclided
that slow sand filtiation plants in compliance with the IESWTR or LTIESWTR achieve an
average of 3-log reduction of Cryprosporidium.'

Slow sand filtration is apprepriate for use when raw water turbidities ave relatively low
(e.g., <10.0 WTU).

As is the case with chemically-assisted filtration, a “filter-to-waste’ feature should be provided
so that the filtered water iinmediately after filter cleaning is directed into a waste stream.

Diatemaceous earth filivation

Diatomaceous earth filters operate by passing water through a thin layer of diatemaceous
garth about 3 min thick supported on a septuin or filter element. To prevent turbid water from
clogging the filter, a small amount of diatomaceous sarth is continually added as body feed to
maintain a permeable filter cake. Once the headloss across the filter cake becomes (oo great or
the filter cake begins to slough, the filter is removed from service and the filter cake is washed
and reused. New precoat is applied, and the cycle starts again.

Diatomaceous earth fikiration has been shown to atiain excellent removal of Giardia
cysis over a broad range of operating condifions. Cyst remnovals exceeding 99%, and often

-

99.9%, were reported by Lange ef ol * for filiraiion rates 0 2.4-9.6 m/h and for temperatures
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n 3.5 to 15°C. Logsden et al *® veported that when sufficient diatomaceous earth and body
d were used, removal of 9-pm radioactive beads was nearly always 99.9% or higher. EI':U
same study reporied that 11 filter suns were made with Giardia muris cysts af filiration vates of
2.2-3.5 m/h. Cyst removal exceeded 89% in all runs and exceeded 99.9% in tive of the runs. The
US EPA has now concluded that diatomaceous earth filivation plants in compliarice with the
[ESWTR or LTIESWTR achieve an average of 3-log reduction of Cryptosporidium.

Diatomaceous earth filivaiion is appropriate and effective in treating waters with low
mibldﬁy Lopgsdon ef al.* repoyted that turhidity reductions of 56-78% were aiLcuHSd with
diatoraceous earth when raw water turbidity ranged from 0.95 to 2.5 NTU. Pyper* reported zn
average turbidity reduction of 75% with an effluent quality of 0.5 NTU.

As is the case with chemically-assisted filiration, a “filter-to-wasie’ feature should be
provided so that the filtered water immediately after filier backwashing is disected into a waste
sirearm.

i"h 3:‘7

Membrane filiration

Four membrane treatment processes are currently used in the water industry, and all
involve pressure-driven semi-permeable membranes. The imost appropriate type of mermbrane
depends on a number of factors, including targeted materials to be removed, source water quality
characteristics, treated water quality requirements, membrane pore size, molecular weight cut-
off, membrane materials and system/ireatment configuration.”” The four processes are:

1. Reverse osmaosis: a high-pressure membrane treatment process originally developed to
remove salts from brackish water.

2, Nanofiliration: a low-pressure reverse osmosis process for the removal of larger cations
(e.g., calcium and magnesium ions) and/or organic molecules.

3. Ultrafilfration: a lower-pressure membrane process characterized by a wide band of
molecular weight cut-off and pore sizes for the removal of dissolved organics and
particulates.

4. Microfiliration: a low operating pressure membrane process used to remove

particulates, including pathogenic cysts. #1.48

Reverse osmosis and nanofiltration are very sffective for absolute removal of cysts,
bacteria and viruses.” Ultrafiliration (porve size 0.01 um) and microfiliration (pove size 0.1 pm)
are effective for absolute removal of Gierdia cysts and partial removal of bacteria and viruses.”
Filirate turbidity can be achieved consisienily at or below 0.1 NTU.S*!

Prefiliration and/or the addition of a scale-inhibiting chemical may be required to protect
membranes from plugging effects, fouling and/or scaling.

I¥ membrane filtration is the sole freatment technology in use then a form of virus
inactivation should be incorporated inio the treatment train after ihe filtering process.

‘Filter-to-waste” feature should be nrovided for initial Stal't—up and commissioning of the
membrane system and for emergency diversion in the event of a membrane integrity breach.
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Health considerations

Mierebial :

‘The most important health-related effect of turbidity is probably its ability to protect
microorganisms from disinfection. Turbidity, which has been shows to be correlated with the
contamination of water supplies by Giardia and Cryptosporidium,'’ serves as a surrogaie
measure Tor indicating the risk of contamination by these pathogens. A dramatic increase in
turbidity levels at one of the Mitwaukee water treatment plants (levels many times higher than
those of the preceding 14 months) was associated with the outbreal of crypiosporidiosis in April
1893, when move than 400 000 pecple developed symptomatic gasirointestinal infections as a
consequence of exposure to contaminated drinking water."™ An outbreak of giaxdiasis in Rome,
New York, where an unfiltered bui chlorinated water supply was used, has been cited as
illusirating the problem of particulates possibly protecting pathogens and interfering with
marginal disinfection.!™ In another incident, high turbidities (>4.0 NTU), resulting from poor
plant operation coupled with a malfunctioning chlorinator, were considered as causal {actors in
an outbreak of giardiasis.™ A

In most water treatment plants, Giardia removal is a physical process involving
coagulation, floccilation and filiration; chlorine contact times alone are insufficient fo result in
complete destruction or removal.'! Monitoring turbidity can therefore be a useful indicator of
plant performance, including cyst removal. Studies have shown that small increases in turbidity
{(about 0.2 NTU) can result in significant passage of Giardia cysts.*" It has been suggested that
0.1 NTU should be set as a goal or objective for ireated water.M¥12112 Giardiasis problems
have, however, occurred where turbidity limits have been met, and it should not be agsumed that
achieving a turbidity Hmit will by itself prevent waterborne disease. '

A study in Philadelphia by Schwartz er al,?* which asserted a correlation between levels
of trbidity and hospital admissions of elderly residents with gastrointestinal illnesses, highlighis
the fact that meeting the turbidity limits does not necessarily mean that disease can be prevented.
The authors found that an increase in the weighted average turbidity of approximately 25%
{0.035 NTU) was associated with a 9% increase in hospital admissions of elderly residents wit
gastrointestinal illness 9-11 days after exposure, even though the recorded average turbidities
were well below the regulated limits. A similar study by Aramini ef 2. has demonstrated a
relationship between reported gastrointestinal illness and turbidities in excess of 1.0 NTU, the
previcus Canadian health-based drinking water guideline. Using a generalized additive modsl,
the anthors demonsirated that excess turbidities during the period 1992—1998 could explain
2.1%, 0.8% and 0.9% of emergericy-associated, gastroenteritis-related physician visits by
persons residing within the three water distribution areas, respectively. In addition, 1.3%, 0.2%
and 0.3% of gastroenteritis-related hospitalizations of persons residing in the same three areas
were explained by variations in turbidity. It is evident from these stadies that change in turbidity
levels in drinking water is 2 potential indicator for breakshrough of pathogenic organisms and
increased consumer risk.

()
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Hudson,'” using 1953 data on infectious hepatitis and raw water turbidity for 12 U.8.
cities, observed that infectious hepatitis incidence was greater with higher turbidity. A similae
relationship appeared to exist between turbidity and cases of policmyelitis, atihough this finding
was based on a smaller sample.!’” Shaffer er al.''® reported deteciion of poliovirus in waters with
chiorine concentrations greater than 1 mg/L, and turbidities less than 1.0 NTU, which indicates
that protection from disinfection oceurs even af very low turhidity levels. Although a study of 16
U.S. cities in 1361 failed to reveal a clearly defined relationship between hepatitis incidence and
tinished water turbidity, the authors stated that, because of the many factors involved, it should
not be inferved thai there is none.'"” The infectious hepatiiis epidemic in Drelhi, India, occasioned
by the massive contamination of the raw water source of a treatment plant by sewage, was also
accompanied by a significant increase in raw water turbidity. BEveit though chlorination was
practised, it was apparently insufficient to inactivate the infectious hepatitis virus."® The
protection from disinfection offered by organic or celludar material in particular has been
reported in other studies 5

Chemical

Particulate matter in water is not usually a potential chemical hazatd in itself, but may
have indireci effecis.”® The concenirations of both heavy metal ions and biccides are usually
much higher in suspended solids than in water. The possibility therefore exists that when such
contaminated particles enter a different environiment, such as the stoinach, release of the
pollutants could oceur, with potentially deleterious effeets.

The metal-igand binding in humate complexes can be represented by the equation:™

MY+ HA =M A, +mH

where:

o M™ = the metal ion

° H,_ A = humic geid

° M A, = the metal complex.

If, for instance, the hydrogen ion concentraiion is increased by stomach acid, the equilibrium
will be displaced in favour of the free ion and the undissociated humic acid.

Similarly, the absorption of some herbicides, in particular s-tiiazine compounds, by soil
organic maiter, has been demonsirated to he pH dependent. Maximum absorption eccurs ai pH
levels in the vicinity of the respective pK. values of the herbicides (i.e., pH levels of about 4-6).
Lowering or raising the pH decreases absorption and hence may lead 1o the release of free
herbicides.”

Other considerations

Execessive turbidity has ofien been associated with unacceptable tastes and odours.
Turbidity in excess of 5.0 NTUJ also becomes visually apparent and may be objected to by
consumers. In some cases, if the level of turbidity is not lowered to reduce the organic loading
advance of applying certain chemicals, it may lead io other health concerns {e.g., the formation
of trihalomethanes).

in
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As noted above, turbidity measurement does not indicate the type, number or mass of
pariicles. Howsver, because of the ease of analysis and relative inexpensiveness of the
equipment, it is a very useful tool to assess the performance of water trealment processes —
especially for conventional surface water systems. Moreover, turbidity can serve to signal
potential coniamination problems or difficulties within a distribution system. Drinking water
should be aesthetically pleasing. Every effort should be made fo keep the turbidity as jow as
possible by flushing and cleaning the pipelines. For assthetic purposes, turbidity ShouIc noi
exceed 5.0 NTU within the distribution system, especially at the point of consumption.

Rationale

Twrbidity is a characteristic of all water supphies. In surface waters and groundwaters
under the influence of surface water, furbidity is a concein for both health and aesthetic reasons.
in these waters, the particulate matier that creates turbidity ean contain toxins, havbour
microorganisms and interiere with disinfection. In addition, organic matier in the water can react
with disinfectants such as chlorine to create by-products. These by-products may cause adverse
health effects.

While turbidity may be measured in secure groundwater supplies (.e., not under the
direct influence of surface water), it is not a concern in treated water from these sources provided
it does not hinder disinfection. It is good practice to ensure water entering the distribution
system from a secure groundwater supply has a low turbidity level around 1.0 NTU.

Turbidity is effectively reduced through filiration, using one of a number of common
technologies. The most important consideration when dealing with turbidity is to reduce its level
as low as possible and minimize fluctuation. For this reason, while the target is to reduce
turbidity levels to below 0.1 N'TU at all times, it is considered accepiable for treatment plants to
achieve the following levels based on the type of fechnology used. Lhe levels of turbidity in

treated water should be:

1. For chemically-assisted filiration, less than or equal te 0.3 NTU in at least 95% of

the measurements made, or at least 95% of the time each calendar month and not
xceed 1.0 NTU at any time.

2. For slow sand or diatomaceous earth filtration, less than or equal to 1.O NTU in at

[east 95% of the measuremenis made, or at least 95% of the time each calendar
month and not exceed 3.0 NTU at any time.

3. For membrane filtration, less than or equal fo 0.1 NTU in af least 99% of the

measurements made, or at least 99% of the time each calendar month and not

xceed 0.3 NTU at any time. If membrane filtration is the sole treatment
technology employed, some form of virus inactivation should follow the filter
DIOCESS.

Most problems associated with turbidity ave caused when the level of turbidity in the
treated waier spikes. Spikes can occur when the natural levels o particulate matter {nicrease in
the source water, when the {iliration rate increases or when an individual filter breaks down. In
order to quickly figure out that a filtey is malfunctioning and to identity fhch one it is, this
guideline applies to individual filters within a system.

21
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Turbidity measured to be less than 5.0 NTU is not discerneble to the naked eye but at
higher levels the particnlate matter in water may cause colouy, taste and odour concerns for
consumers. For this reason, uitlities should try to mainiain the level of turbidity in the
distribution system to below 5.0 NTU. An aesthetic objective has not been set in order to avoid
contusion with the health-related guideline.
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Appendiz A

Betermining if Groundwater Is Under the Direct Infiuence of Surfacs Water”

Determining whether groundwater is under ithe influence o

g
T

surface water is a complex

process. While there 1s considerable variation in the circumstances that may result in
groundwater becoming contaminated with surface water, some key issues that should be
considered include:

227

Gealogy
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Hydrogeology
L
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What are the characteristics of the aquifer deposit (i.e., lithology, siratigraphy and
structure)?

How was the deposit created (i.e., geomorphology)?

What is the ape of the deposii?

Is it a confined, semi-confined or uncontined aquifer?

If the aquifer was created during a vecent geologic event (i.e., alluvial
deposiis/post-glaciation), is it likely to be connected to an existing surface water
body? Is it susceptible to land surface use and influences? What are the
consequences? What is the level of rigk?

If the aquifer was created during an ancient geologic event (i.6., unconsolidated
deposits or bedrock deposits/pre-glaciation), is it likely to be connected to an
existing surface water body? Is it suscepiible {o land surface use and influences?
What are the consequences? What is the level of risk?

What are the effects of local topography {e.g., mountains, foothills, piains)?
What are the effects of local geology and geologic events (i.e., facies changes,
complex geology, glaciation)?

Do the aquifer characteristics (1.e., hydraulic head, intrinsic permeability,
hydraulic conductivity, fransmissivity, storitivity) imply direct surface water
and/or land surface influence(s)? '

Is there evidence of local surface water “discharge/recharge” to/from the aguifer?
What is the direction of groundwater flow (i.e., hydraulic gradient)?

What is the consequence of pumping groundwater from the aquiter (cone of
influence)? Is there a change in gradient?

Hydrochemistry

o0 o

mEn

Is there evidence of water quality similarities between the aguifer and surface
water (i.e., chemisiry, temperature, bacterial count)?

Is there evidence throngh environmeital isotope analysis CH, MC, %0, %11)?
What is the chemical age of the groundwater (i.e., mineralization)? How does it
compare with that of the local surface water? '

Is there evidence of a hydrochemical facies change?

What is the level of bacterial contamination in ihe aquiter?

30



Lond use issues

Ll What types of tocal land use arve theve (e.g., agricultural, industrial, municipal,
recreational)?

Soil hovizon
b What iype of soil is there?

Tools for making the assessment

Cross-sections, isopach maps, topographic maps and geological maps

Aquifer pumping test, groundwater modelling and groundwater monitoring
(observation wells, piezometers), soil percolation tests

Local water balance exercises (groundwater vs. surface water recharge/discharge)
Isctope analysis

o di

a2
iy
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From W]k;pedza the free encyclopedia

Tirihalontethanes (THRMs) are chemical compounds in which three of the four hydvogen atoms of methene (CH,y) ars replaced by
halogen atoms. Many tribalomethanes find vses in indusity as solvenis or refiigerants. THMSs are also environmental pollutanis, and
many are considered carcinogenic. Trihalomethanes with z2ll the same halogen atoms are called kzlefovms.

'Caontents

i 1 Table of common trihalomethanes
o 2 Industrial uses

; p 2.1 Refiigerants

o 2.2 Solvents

i)

3 Water pollutants
4 References
3 Exiemnal links
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Takle of commeon trikalomethanes

Commen trihalomethanes (grdered by molecular weight)

a:i‘VI—&ﬂemﬂar L l E
; - TWPAC name CAS registry numher Commen name E Other names
{ fermula ‘1
gCHi?g triflucromeihane 1 75-46-7 fluoroform ' Freon 23, R-23, HRC-23
R U S e
! J' |
(CHCIFz  ichloredifluoromethane 175-43-6 . chloredifivoromethane { R-22, HCFC.22
i i .
li---v-:r—v—- ———— - )
’ECHCIg trichloromethans 07-66-3 chloroform lealhyl trichloride
I?r__,, J— S . _ :._._._,.Aw__., .
;CPEBle bromodichloromethane | 75-27-4 " ldichlorobromomethane { BDHCM
S S LU SV —
| » !
%CI_BTZCL dibromochloroimneihane ] 124-48-1 i chtoredibromomethane | CDBM
SO OO : U S NV,
ECHB T3 fribromomethane 73-25-2 bromoform methy! tribromnide
A U P SO I O
i ; _ . L .
'i CHI, irllodomethane 175-47-3 iodoform imethyl friiodide
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Industrial uses
Refrigerants

Triflugromethane and chlorodifluoromethane are both used as refiigerants in some applications. Trihalomethanes released to the
environment brealk down faster than cliloroflucrocarbons (CFCs), thereby doing much less damage io the ozone layer (if they contain
chloring). Chlorodifluoromethane is arefrigevant HCFC, or hydrochlorefluorocarbon, while flucroform is an BFC, or hydrofluorocarborn.
Fluoroform i3 not czone depleting.

Unfortunately, the bieakdown of trihalomethane HCFCs does still result in the creation of some free chlorine radicals in the upper
atmosphere and subsequent ozone destruction. Ideally, HCFCs will be phased out entively in favour of entively nonchlorinated

vefrigerants.

Solvenis
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Chloroform is a very conumon solvent used in or Gamc chemisiry. Ii is a significantly less polas solvent than water, well-suited to
dissoiving many organic compounds.

Although siill toxic ané poteniially carcinogenic, chloroform is significantly less harmiul than carbon tefiachloride. Because of the health
and regulatory jssues associated with the use of carbon tetrachloride, in modern chemisity laboratories chisroform is used as a cheaper,
cleaner aliermnative wherever possible.

Water poifuiants

Trihalomesthanes are formed as a by-product predominantly when chlovine is used to disinfect water for drinking. They represent one
group of cheinicals generally referred o as disinfection by-products. They resuli fom the reaction of chlorine and/or broming with
organic matter present in the water being ireated, The THMs produced have been associated through epidemiciogical studies with some
adverse health effects. Many governments set limits on the amount peumssﬂjla in drinking water. However, trihalomethanes are only one
group of many hundreds of possible disinfection by-producis—ihe vast majorify of which are not monitored—and it has not yet been
clearly demnonstrated which of these are the most plausible candidate for cavsation of these health effects, In the United States, the EPA
limits the total concentration of the four chilef constituents (chloroform, bromoform, bromodichloromethane, and
dibromochloremethane), referred to as fotal trihalomethanes (TTHM), to 80 parts per billion in treated water.

Chloraform is also formed in swimming pools which are disinfected with chlorine or hypochlarite in the batoform reaction with organic
substances (£.g. urine, sweat, hair and skin particles). Some of the THMs are quile volaiile a2nd may easily vaporize into the air. This
malkes it possible to inhale THMs while showering, for example. The EPA, however, has determined thai this exposure is minimal
compared to that from consumption. In swimmers uptake of THMs iz greatest via the skin with dermal absorption accounting for 80% of
THM upialccm. Exercising in a chlorinated pool Increases the toxicity of a "safe" chlorinated pool atmosphere® with toxic effects of
chlorine bypreducts greater in young swimmers than older swimmerst.
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Environ. Health Petsp., 105 (6), 636-642
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External links

r National Pollutant fnventory - Chioroform and trichloromethane (http:/fwww npi.gov.av/database/substance-
infofprofiles/23 himl)

m How Ozone Technology Reduces Disinfection Byproducts (hitp://www.biozoune.com/firihalomethanes html}

o Testing for Trihalomethanes (hitp://www.caslab.com/News/testing-for-trihalomethanes-in-your-water-tthm. him)

r EPA - Trihalomethanes in Dhinking Water
{htip:/iyosemite.epa.goviwater/owrcoatalog nsf/9da204a4b4406ef885256ae0007a79¢7/bed4adTc3 18325852 56b06 007255691
COpenDocument)

Retrieved from “hitpt/en.wikipedia.org/wiki/Trihalomethans"
Caiegories: Halomethanes | Halogenated solvents | Refiizerants

o This page was last modified on 22 March 2011 at 03:47.

n Text is available under the Creative Commons Attiibution-ShareAlike License; additional terins may apply. See Terms of use
for details.
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a non-profit organization.
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The maximum acceptahble concentration (MAC) for tifhalomethanas™ (THMs) in drinking water is
0.100 mag/L (100 ug/L) based on a locational running annual average of a minimum of guarterly
samples taken at the point In the distribution system with the highest potential THM levels.

The maximum acceptable copcentration (MAC) for brarnodichloromethane (BDCM) in diinking
waiter fs 0.016 mg/t (16 ug/L) monitored at the point fni the disiribution system withr the highest
potential THM levels.

Utilities should make every effort to maintain concentrations as low as reasanabiy achicvable
without compromising the effectivenass of disintection.

2.0 Executive surmmary

Trihalemethanes are a group of compounds that can form when the chlorine used to disinfect
drinking water reacts with naturally occurring organic matter (e.g., decaying leaves and
vegetation). The use of chiorine in the treatment of drinking water has virtually eliminated
warerhorne diseases, because chiorine can kill or inactivate most microorganisms commaonly found
in water. The majority of drinking water treatment plants in Canada use seme form of chlorine to
disinfect drinking water: to treat the water directly in the treatment plant and/or to maintain a
chlorine residual in the distribution system teo prevent bacterial regrawth. The heaalth risks from
disinfection by-products, including trihalomethanes, are much less than the risks from consuming
water that has not been disinfected. Utilities should make every effort fo maintain concentrations
of all disinfaction by-products as low as reasenably achievable without compromising the
effectiveness of disinfection.

The trihalomethanes most commonly found in drinking water are chloroform,
bromodichloromethane (BDCM), dibromeochloromethane (DBCM) and bromoeform. OF these,
chloroform has been most extensively studied, and there are some sclentific data avaitable cn
BDCM. However, insufficient data are available tc develop a guideline for either BBCM or
bramoform. Since chloreform is the trinalomethane most often found in drinking water, and
generally at the highest concentrations, the trihalomethane guideline is based on health risks
linked to chloreiorm. This guidetine applies to the total concentration of chicroform, BDCM, DBCM
and bromeform.

This Guideline Technical Docurmnent reviews all the health risks assodatad with frihalemethanes in
arinking watey, incorporatng multiple routes of exposure 1o irihalomethanes via drinking water
including ingestion, and both inhalation and skin absorption from showering and bathing. 1
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assessas all identified health risks, taking inte account new studies and approaches, and applies
appropriate safety factors. Based on this review, the guideline for total trihalomethanes in drinkin
water is established at 2 maximum acceptable concentration of 0.1 mg/L.

Although the concentration of BDCM is included in the conceniration of tithalomethanes in the
guideline, a separate guideline for BDCM is also deemed necessary. The guideline for
bromodichloremethane in drinking water is established at a maximum acceptable concentration of
0.016 myg/L.

Chioroform is considered to be a possible carcinogen in humans, basead oni limited evidence in
xperimental animals, and inadequate evidence in humans. Animal studies have shown links
etween exposure to specific trinalomethanes and liver tumours in mice and kidney tumaurs in

both mice and rats; some studies in humans show data that are consistent with these findings.

Human siudies are suggesting a link hetween exposure to irihalomethanes and colerectal cancers.

Human studies also suggest a link between repreductive effects and exposura to high levels of
trihalomethanes. Heowever, an increase in the concentration of trihalomethanes could not he linked
to an increase in risk, suggesting the need foirr moare studies.

Preliminary animal studies indicate that BDCM and other trihalemethanes that contain bromine
may be mere toxic than chlovinated trinalomethanes such as chloroform. For this reason, and
based on the availabllity of scentific data for BDCM, a separate guideline was also developed for
BDCM, BDCM is considered to be a probable carcinogen in humans, with sufficient evidence in
animals and inadequaie evidence in humans. Animal studies have shown tumours n the large
intestine in rats. Among the four trihalomethanes commenly found in drinking water, BDCM
appears o be the most potent rodent carcinogen, causing tumaours at lower doses and at move
target sites than the other three compounds.

Exposure to BDCM at levels higher than the quideline value has also been linked to a possible
increase in reproductive effects (increased risk for spontanacus alzortion er stilibirth) above what
can narmally he expecied. Further studies are required to confirm these effects.

Levels of trinalomethanes, including BDCM, are generally higher in treated surface water than in
treated groundwater, because of the high organic content in lakes and rivers, and will be higher in
warmer moenths, because of the higher concentrations of precursor organic maLCrlals i the raw
water and especially because the rate of formation of disinfection by-products increases at higher
temperatures. Trihalomethanes levels are also affected hy the choice and design of treatment
processes. Recent data indicate that, in general, averaga trihalomathanes levels in Capadian
drinking water supplies are well below the guideline. However, some systems show average levels
well above the guidelines; these systemms serve only a small proportion of Canadians {less than
49%) and are generally smaller treatment systems with limited ability to remove organic matter
hefore adding the chiorine disinfectant. It should be noted that the presence of brominated by-
products such as BDCM will also depend on the prasence of bromine in the scurce water.

Trinalomethanes and haloacetic acids are the two major groups of disinfection by-products found
in drinking water and generally at the highest levels, Together, these two groups can be used as
indicators for the presence of all disinfection by-products in drinking water supplies, and their
control is expecied to reduce the levels of all disinfection by-preducts and the corresponding risks
o health. A guideline for haloacetic adids is expactad to be gvailable in 2006-2007.

e appreach to reduce exposure o rihalemethanes is generally focussed on reducing the

T
formation of chiorinated disinfection by-producis, The concentrations 9 trinzlomethanes and other
chlorinated disinfection b\f products in diinking water can be reduced at the treatment plant by
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removing the organic matter from the water before chlorine is added, by optimizing the
disinfaction process or using alternative disinfection strategies, or by using a different water
source. It is critical that any method used to control trihalomethanes levels must weot compromise
the effectiveness of disintecticn. The Federal-Provincial-Territorial Committee on Drinking Water
alse recornmends that every effort be made not only To meet the quideling, but to maintain
concentrations of trihalomethanes as low as reasonably achievable.

Date Modified: 2009-04-24
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By Zeme Satterfield, . B., NESC Enginesring Scientist

SuRMmETT :

Line pigging is an internal pipe-cleaning process used to remove biofilms or other foreign matter
from the inside of water pipes. If performed correcily, line pigging will renew the flow rates to
resiricted piping systemns and reduce pumping pressures. This Tech Brief discusses some of the
technigques and processes used in cleaning waterlines in distributions systems.

Lime Plgging | Pigs range in size from 2- to 48-inches in

Line pigging (or line swabbing, as It sometimes | (iameler and can be made tof_’ydefjn varying
known), is the process of cleaning distribution leng_%hs;.styles, and COﬂfigu%auoﬂs LOF SPECHIC
lines by inserting a small device known as a ?‘PPnC&:wﬂS'FNOTE only ase Eilgs }13‘?6- tor clean-
pig nlo the lines and pushing it through 1r_1g b_uL also 1ot I?SPE_CE_mg _Lhe l}flsld‘e_ ot .
them. The term “pigging” originated in the gas pinelines and determining interior dimensions.
and oil indusiry, where metal discs connected i wlgainm |
by a rod were moved through the ofl pipelines Pragirg

reteiines really necessany?

=

to remove buildup of paraffin wax on the Statez and municipalities typically do not
internal wall of the pipe. The action of metal | Feduiire regular pigging or swabbing of distri-
on metal made a squealing noise like a pig bution lines in water systexns. Some may only.
and the name stuck. More and more, pigs are require pigging after initial construction of a
heing used. to clean pipelines in all types of new line {o remove any debris left in the line
industry including waterlines in munieipal becanse flushing alone will not always clean

distribution systems. the dirt and debris out of the line.

A pig is the object, usit-
ally bullet shaped, that is
pushed by the water in
the pine in the direction
of normal flow. The pig
can be made of different
materials (foam, steel,
plastic, polyurethane),
but generally is food-
grade silicon, which is
tough yet flexible and safe
to be in coniact with
drinking water.

o
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One reason to pig a waterline is that 211 distri-
bution Iines tend tc have a biofilm coating the
inside of the pipe. The bacteria are dormant
until certain conditions activate the bacteria,
causing protlems. Regular flushing will not
eliminate this biolilm. Regular pigging with
flushing will reduce or eliminate biofilims.

A second veason to pig a line is inadequate
water flow. More flow (volume) of water may be
needed to suppori development or a growing
population in the water system or to provide
adequate water for fire fighting. In areas of
water systems where increased development
has caused water demand to surpass the flow
output of an existing line, the system will usu-
ally need to replace the existing waterline with
a line that can support the demand needed. If
the existing flow is restricied due {o excessive
deposits, bowever, pigding may be the solution
to the problem.

Third, most states require a miniynum of a 6-
inch diameter waterline when connecting a fire
hydrant to provide adequate flow. After years
of sexvice, the inside of the pipe can become

resiricted with deposits making the fire
hydrant less effective if not useless for is

¢ intended job. I fire flow is needed, the selution
i in the past has been fo replace the whole

! waterline, which is very costly and fime con-
suming. Pigging may restore adequate flow for
fighting fires at a raction of the time and cost.

! Finally, pigging waterlines may lessen com-

| plaints from water customers reparding the
very samne depesits that have or can restricted
iire flow. These deposiis are unwanted foreign
matier such as iron oxide (ved water), alumn,
calcium carbonates, barium sulfide and sedi-
ment. Pigging, in most cases, provides a solu-
tion. Cleaning these deposits can also reduice
pumping pressures iin areas of water systeins
that have booster pump stations. Increased
pumping pressures can result in line leaks
and pipe zilures.

The procedure starts by determining if the
waterline can be pigged. Not every water line is
a candidate for line pigging. Is the water line

so corroded that pigging can cause faflure?

T
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Does the waterline have reducers {i.e., the line
getling smaller) that can cause the pig to get
stuck? Does the line iave mecreased pipe
diameter sizes where the water pressure wounld
be insutficient to move the pig?

One of the mnain things to look at is the condi-
tion of the nterior of the pipe. I the pH of the
water is low, the inierior of the line could be so
correded that pigging could result in failure. If
in dowubt about the condition of the line, refer to
past line repairs or talk to operators who have
worked on any repairs of the particular line.

Much of this informadtion can be obtained from
as-built drawings or operators who have fized
leaks or insizlled the original waier ine. The
line will have io be dug up to lannch the pig.
At that time, o visual inspection shoald be
done to determine if pigging is possible.
Another option is to use a low density foam
pig in any unknown line and examine the
foam pig for wear paiterns, iears, or gouges.
This may even help determine if the line can
be successiully cleaned with a pig.

Before the pigging begins, it's usefvl to have
information about the line:

1.Locate and mark all valves and meters.

2. Approximate ail elbows and fittings in
the line (again, refer to the as-built draw-
ing if available}.

3. Know the pressure and flows in the lines.
This will also help determine if any flow
increase and possibly pressure decrease
was achieved by the pigging.

The more you know before you stari, the
fewer surprises you'll encouster once you
start pigging.

Once the Boe has been inspected and
appears suitable, the actual pigging begins. A
pig is inserted inio the line to be cleaned by
means of a lanncher. This is simply an over-
sized barrel with a reducer mating to the
existing line. This allows for easy insertion of
the pig, because the pig’s outer dlameter is
larger than the pipe's internal diameter to
mainiain a good seal. Once in the launcher,
clean waier is iniroduced to send the pig on
its way. This is nsually the same water that
is in the lne fom a nearby flushing hydrant
or iire hydrant, or a fanker trucl, The pig's
path is determined by direction of flow and
by isclating the Yne to be cleaned by closin
valves to laterals, if present.

NATIONAL ENVIRONMENTAL SERVICES CENTER

the waterline is in service, you musi notily

| your customers about the water interruption

and possible dirty water afier bringing the line

! back in service. If the waier line has a lot of

unwanted deposiis, it mmay be wise to pudl 21t

i water meters just before the pigging process

starts and flush at the connection at the end of
the process before vou replace the meters.
Foreign matier could stop-up the meter ot cause

{ the meter to malfunction. The debris could also
: gel into the customers’ plumbing and cause
i problems such as plugging the zerators on the
{ fmucers, dishwashers, or washing machines.

IT the waterline o be pigded has severe sealing

i {tuberculation) due to iron oxide (red water),

alumn, calcium carbonates, barium gulfide, or
sediment, a progressive of stepped approach

i raust be taken to avoid getting a pig stuck or
i losing a pig. This approach is siply using a
{ smaller diameter pig at first and working your
i way up meremenially to the inside diameter of

the pipe. The stepped technigue will minimize
the risk of the pig getting stuck or large
amounts of debris plugging the Ine by clean-
ing a little bil at a thme.

Ariicles about locating distibution lines and
;. valve exercising programs are available on
the National Envitonmenial Services Center
Web site at www nesc.wviledu/dwe.

! There are many different types and sizes of
i pigs. For waterline use, some nonstandard
;: pigs include:

= Gaunging pigs are mainly used afier con-
siructing the pipeline or before pigging
an old line to determine if there are any
obstructions in the pipeline.

= Profile pigs are gauging pigs with muld-
ple gauging plates used to help map the
inside condition of the pipe walls.

> Magnetic cleaning pigs are used to pick
up ferrous debris left in the pipeline.

e Transmitter pigs or detector pigs are
used io map out the location of pipeline
or help locate a stuck pig.

= Spheres are round for ease in negotiating
short radius 830-degree elbows, irregular
turns, bends, and sweeps.
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a positive seal, stopping the bypass.
Repeat step one above.

i~

1. Back the pig up by applying pressute from
the opposite end of the waterline using a
pump or possibly & pumper fire truck,

5.1 a foam pig is used and gels stuck
super-chlorinate mixiore (3,000 to 5 OOO
ppm) it 2 slug form can be used o dis-
solve the pig. The line must be flushed
and iested to be sure the chlorine resid-
ual is allowable limits afier the super
chlorination,

Water sysiemns ave advised noi to underizke

{ line pigging on. theiv own. Shop around and

; find a reputable company with experience in
is to find and retrieve it, but you must identify |} line pigging with water lines. Start with an

the cause. Usually one of two conditions exists area of the water system that the line location,

when a pig is stuck: fluid bypassing around i size, type, and condition are all known and the
the pig (not Dushmg the pig) or 2 blockage of | lines can he dug up easily il needed.
the flow.

! Referoncess

In water distzibution systemns that have lnops

Chem Tech Services. 2007. Various Information. Accessed at
and mulfiple tee connections a pig can find its |

wiwiy.chemtechservices.com/ pigging. hitm.

way out of the work area and get lost. It is ! Girard Industries. 2007. Technical Information on Pipeline

fmportant to loeate all valves and close off the | Pigging. Accessed at www.girardind.com/articles/art-of

lines that are not being pigged and know the | . E[gg[”g‘;ﬁ”'_ ¢ Syst 0007, Vasi Iformati
. n { Hyglenic Figgin ystems. . Various ormation,

direction of water flow. Accessed af. hiip: / /hpspigging.com/ services. iiml,

If you lose a pig, a smart pig such as a detec- & Kershaw, Richard, Dafe unknown. “Innovative Pigging

: Y i ot T g - ; pﬂg he 1 hed b Solutions For Pipelines,” Tech Notes: A Pipeline & Gas
OF PIg O ITAnSImILEr pig can be Jaunchec 0§ joymal Fact Sheet. Chesterfield, UK: Pigfels Etd.

help find the lost pig. A fransmitfer can also i Pigs Unlimited. 2007. Various Mnformation. Accessed at

be installed in the cleaning pig so that a i www.plgsurdimifed.com/asp fabout.asp.

second pig dees not have to be launched to i Rader, Larry. 2003. "On The Trail of the Elusive Water Leal.”

help locate it if it should get lost or stuck. On Tap (Summer). Morgantawn, WV: National Drinking

ot ; b ek e Water Clearinghouse.

_S?J:iemnfs i ptlg g? S leuCk because of a ! U. S. Environmental Profection Agency. 1999, Microbial and
roxen 0¥ shilt gate valve. ! Disimfection Byproducts Rules Simuliuneous Compliance

Frocedures for dealing with a stuck pig or fluid Guidance Manual. Washmgton D-C.

going around the pig:

1. Increase the Hne pressure and flow rate,
but do not exceed the safe limits of the
pipeline allowing for age and/or condi-
tion of the iine. The flow rate and pres-
sure can be increased with a pumper
and tanker fire truck.

2. Release pressure rom the line and drain
the Line back toward the launcher.
Releasing pressure allows the pig to relax
to its normal shape and may even cause
the pig to back up in the line. After pres-
sure has dissipated completely for sev-
eral minutes, re-pressurize the line in an
attempted fo drive the pig through the

estriction. This may be repeated fwo or

hree thues.

\\.

):
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' NEsC Engineering Scientist Zane Satterfield is a

licensed professionaf engineer and previously
worked for the West Virginia Bureau of Public
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Bill To:  Fraser Health Authority Project: totiD: 829760
Repoit To:  Fraser Heaith Authoriy 10; Village of Harrison Springs Conirol Number;
207 - 2776 Bourguin Crescent Name: THM Pate Received:  Aug 75, 2011
Abboisford, BC, Canada Location: Date Reporied:  Aug 30, 2011
V25 8A4 LSO Report Number: 1465090
Attn:  Jeniene Luiz PO
Sampled By: Acct code:
Company:
Reference Number 822700-1
Sample Bale Aug 24, 2011
Sample Tims NA
Sample Location
Sample Deseription  Village of Harrison
Hot Springs
Matriz Water
Analyte Units Resuiis Results Resulis "‘D“‘i"i‘igit““m
Trialomethanes Sereen - Water
Chiorcform mgfl. 0.038 0.001
Bromodichlorormnethane migil <0.001 0.001
Dibromochloromethane mgfl. <0.001 0,001
Bromoform malt <0,001 0.001
Totat Trihalomethanes maft 0.038 0.001
Trihalemethanes - Surrogaie Recovery
Dibromofluoromethane EPA Surrogate % 105 868-118
Toluene-d& EPA Surragate % 101 85-115
Bromofluorobenzene EPA Surrogate % 92 BB-1145

Anproved by:

Mathien Simoneau
Operations Manager
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Homea > Environmental & Workpiace Health > Reports & Publications > Waier Quality > Guidelines for Canadian
Drinking Water Quality - Summary Table

Prepared by the
Federal-Provinciat-Territorial Committee on Drinking Water of the
Federal-Provincial-Territerial Committee on Health and the Environment

December 2010

Help on accessing altemative formats, such as Portable Document Format (PDF), Microsoft Word
and PowerPoint (PPT) files, can he obtained in the alternate format Relp seciion.

Toor | (PDF Version - 150 K)

Teble of Conténss
introduction
Membershio of the Federai-Provingial-Territorial Coernrnittes on 2rinking Water
New . revisaed, reaffirmead and upcoming guidelipnes
Table 1. New and revised gujdetines
Table 2= Guidance decumenis
Table 3. Reaffirmed guldelines
Table 4. Uncoming documents
Guidelines for microbiological parameters
Bacteriolooical guidelines
Pretozos
Viruses
Turbidity
Guidelines for chemical and physical parameters
Table 5. Health-based and aesthetic aguidelines for chemical/physical parameters
Table 6. Parameters without numerical guidelines
Table 7. Parameters that have heen archived
Guidelines for radiolegical parameters
Tabie 8. Health hased quidalines for radioloaical parameters
Fntroduciion

The Guidelines for Canadian Drinking Water Queality are published by Health Canada on behalf of
the Federal-Provincial-Territorial Committee on Drinking Water (CDW). This summary table is
updated regularly and published on Health Canada’s website

{www. healthcanada.gc. ca/waterquality). it sunersedes all previous versions, as well as the
published boolklet of the Sixth Edition of the Guidelines for Canadian Drmkmg Water Quality.

Thesa guidelines are based on curvent, published scilentific research related to health effects,
aesthetic effects, and opera‘tional considerations. Health-based guidelines are established on the
hasls of camprahensiva review of the known health effects associated with each centaminant, on
exposure levels and on the availability of treatment and analytical Lcchﬂoioglcs Aesthetic effects
(2.g., taste, odeur) are taken into account when thesa play a role in determining whather
CDHCLF’ICFQ \r\riii consider the water drinkable. Operational considerations are factored in when the

L

nresence of a substance may Interfere with oy impalr 2 treatment process ar technclogy (eg.,
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Guidelines for Canadian Drinking Water Quality - Summary Tavle Page 7 of

turbidity interfering with chlorination or UV disinfection} or advarsely affect drinking water
infrastructure (e.q., corrosion of pipes).

The Federal-Provincial-Territcrial Commitiee on Drinking Water estabiishes the Guidelines for
Canadian Drinking Water Quality specifically for contaminants that meet ali of the Tfollowing
criteria: :

1, exposzure o the contaminant could lead to adverse heslih efiecis;
2. the contaminant is frequently detected or could be expected to be found in a large number
of drinking water supplies throughout Canada; and
" 3. the contaminant is detected, or could be expecied 1o be detected, at a level that is of
nossible health significance.

if a contaminant of interest does not meeat all these criteria, the Federal-Provincial-Territorial
Comimities on Drinking Water may choose not to establish a numerical guideline or develop a
Guideline Technical Document. In that case, a Guidance Document may be developed.

Guidance Documents undergo a process similar to Guideline Technical Documents, Including public
consultations through the Health Canada website. They are offered as information for drinking

-water authorities, and help provide guidance relating to contaminants, drinking water management

issues or emergency situations. Consuitation documents, Guideline Technical Documents and
Guidance documents are available from the Health Canada website
(www . healthcanada.gc.ca/waterquality). -

in general, the highest oriority guldelines are those dealing with micrebiological contaminants,
such as hacteria, protozoa and viruses. Any measure taken to reduce concentrations of chemical
contaminants should not compromise the effectiveness of disinfection.

Inquirles can be directed to: waler eau@he-sc.ge.ca

Membership of the Federal-Provincial-
Water

Alberta Department of FEnvirenmeant Dy, Donald Reld

British Columblia Ministry of Health Services My. Barry Boetiger

Manitoba Deparbment of Water Ms. Kim Philip
Censervation

New Brunswick epartment of Health and Ms, Karen White
Wellness

Newroundland and tabrador Department of Environment Mr. Haseen Khan
and Conservadon

Northwest Territories Stanton Terriorial Health Mr. Buane Fleming
Authoricy

Nova Scofla Departrnent of Environment Ms. Judy Machonald

. and Labouy

Nunavut Territory Department of Health and My, Peter Worlaman
Social Services

Ontario Ministiy of the Environment Dr. Satish Peshpande

Prince Edward Island Department of Envirenment, Mr. George Somers

: Energy and Forastry

Québec Ministére du Développement  Ms, Caroline Rohert
durable, de I'Environnement et
des Parcs

Saskatchewan Depertment of the Environmerit Mr. Sam Feryis

Yukon Territory Department of Health and Ms. Patricia Brooks
Soclal Services

Canada Department of Health 2. Tohn Cooper
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Federal-Provincial-Tervitorial Commitiee on Health and the Mi. Peter Workiman
Environment (CHE)
Envirenment Canada/Canadian Councit of Ministers of the Dr. Doug Spry

Environment

Health Canada (Water, Air and Climate Change Bureau, Safe  Ms. Anne Vézina
Environmenis Directorate, Healthy Environments and
Consumer Safety Branch)

o . RS .. S, p
Newr, revised, reaffiraied and up

Guidelines for several chemical, physical and microbiological parameters are new or have baen
revised since the publication of the Sixth Edition of the Guidelines for Canadian Drinking Water
Quality in 1996. These new and revised guidelines are presented in Table 1.

Table 1. New and revised guldelines

‘Bacteriolegical

| E.coli - | 0 per 100 mL i 2008 |
Total coliforms i Goper 100 m! '7 - 2006 .
t H eterotrophic plate count No ancrical guldehnef ; 5006
f Emerglng paLhoUenc ‘ No numbrlcat gmdelme 1 l 5006 {
fPlOLOLOa No ancr[cai gudcimeé - E p ;
| : required None 1 2004 i
: — — R
}:Emenc viruses ' No nurﬂrzlalﬁ’le%umelme | None 2004

Turbidity | os/Looawtr | sowu | 2004
H J—— RO U A S, SN — PPN

Aiummum Nane 189¢

Antimony T T oo0s oo Nome 11997

Raer to section on Guidelines for microbiological parameters.

;bBased on conventional ireatment/slow sand or diztomaceocus earth fiftration/menmbrane filiration.

Ot T T : = PSP = LS . PR PR T : _ -

; This is an operaticnal guidance value, designed to apply only to drinking water treatment plants using sluminum-based
icoagulants, The cperational guidance values of 0.1 mg/L applies to conventional treatment plants, and 0.2 mg/L 2pplies
'to other types of treatment systems.

]
i

9Tha sepa ra’ae guideline for BOCM was rescinded based on naw science. addendum to the THM document. In ceriain
‘situations, the Federal-Provincial-Teiritorial Committee on Drinking Water may choose to develop guidance documenis:

ffor comamnams ihat do not meet the criteria for guideline development, and Tor specfiic issues for which operational or
-managerment guidance is warranted.




i

sl Toozs

Benvene 0.005

E{,gmme e None ,
;zif'i—rillonrrle T i i No numerical éiiuf‘feiw‘; - Noner ' o 25095
\ required . S ‘
Chiodie L 50 2008 |
Cyanobadieia ixins-microcysin 0.0015 2000
Fooride | a5 o 1996 |
irSFEﬁ;(déﬁi}f&e 7 Nonumerical guideline ooe
i G Wscqu[red )

ﬁéTOECEIIC ACICTS——_[ (—Z)L_al _(_E‘EAES) _____ _‘E‘ _7_7-__0;6%6_7‘7_ i‘"'} -

2 W'ELhyi 4—Ch[0TODhCﬂOA\;’aCEL[C acig-m o '_-._mﬂ:; S ;—

{(MCPA) e e O R

ethyl tertiary- b{icyl ether (EETB“ES N B ) Q_.E:T.Sd AUN_EE"l(f___

| richioraethylene (FCE) ol omos i 805
l!rihalomethaﬂes——imal(lHMS)d 0.160 . Ba1po
Cesim-137(¥Cs) 4 i0Bar | 108/

l dine-131 () ' 6 Bo/L * 6 Ba/L

tead210 (%) I D E X" TR -

Radium-226 (PRa) | 0:5BgL | 0.6Bg/L

Strontum-s0 (S . S8l i SBy/L

Tritium CH) 7000 Bo/L 7000 B/l

i*Refer to section on Guidelines for micrabiclogical parameters.
i’PBased on conventional treatment/slow sand or diatomaceous earth filtration/meambrane filtration.

:“This Is an operational guidance value, designed to apply only to drinking water treatment plants using aluminum-bhased

icoagulants. The 0peraL|ona[ guidance values of 0.1 mg/L applies to conventional treatment plants, and 0.2 mg/L applies
LD other types of ireatment systems.

fdfhe separate guideline for BDCM was rescinded based on new science. See addenduim to the THM decument. In certain
isituations, the Federal-Provincial-Territorial Committee on Drinking Water may choose to develop guidance documenis: |

for contarningnts that do not meet the criteria for guideline developmant, and for specific issues for which operational or
‘management guidance is warranted.

rop of Page

In certain situations, the Federal-Provincial-Territerial Committee on Drinking Water may choose o
develop guidance documenis: for contaminants that do not meaet the criteria for guideline
development, and for specific issues for which aperational or managemeant guidance is warranted.

\—:

)
]
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Tabie ridanae docurments
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The Federal-Pravincial-Territorial Committee on Drinking Water has established a sc Ecnce—based

process to systematically review older guidelines to assess the need to update them.

. provides the list of parameters whose gulidelines remain appropriate and have been reaffirmed as

a result of this review. Health Canada and the FPT Caommiites on Drinking Water will continue io
moniter research on these parameters and recommend any revision(s) to the guidelines that is
deemed necessary. :

Tablae 3. Reaffirmed guldelines (2005)

Ashestos Cyanazine Tron Tasia
Azinphos-methyl Diazinon Magnesium Temperature
Bendiccark Dicamba Malathion Terbufos
Benzo(a)pyrena 2,4-Dichlorophenol Methoxychlor 2,3,4.6-
Bromoxynil Diclofop-methyl Metribuzin Tetrachlorophenoi
Cagmium Dimethoate Cdour Toluene

Calcium Diguat Paraquat 2,4, 6-Trichlorophenol
Carbaryl Diuron Pentachlorophenol Trifluralin
Carbofuran - Ethylbenzene Phoraie Xylenes

Chloride Gasoline Picloram Zinc

Colour Glyphosate Silver

2 outlines documents which are being or have heen developed and are awaiting approval
Lhrough the Federal-Frovincial-Territorial process.

Table 4. Upcoming decuments (not yet finalized/approved)

Amr‘loma L : .Th preparation®
Carbon teu‘ach[or !

~In preparation®

Chmmlum

chh[oroethane, 1,2

D;chloromemane

E co!r

Enter[c \nruses

["luorade

i %aero’u ophlc plam coum

I\iL te/ Nitrite

[\ NlLl Dcodlmmhy!a mine (KDE"TI‘)

P QLO/ 0a GTh

‘T prcpaiauo“r

-PFinal guidelne technical document or quidance document in breparation for final approval/oosiing.

B gy . . . o . - e
Guideline technical document or guldance documeant heing prepared for public consultation.



Tetrachloroethylene

iTotal colifonmns

Turbidity

iIn preparation

E\Jiny{ chloride

i

éaF!'naI guideline technical document or guidance docurnent in preparation for final approval/posting.

-;bGufdeh’ne technical document or guidance document being prepared for public consuliaiion.

Currently available detection methods do not allaw for the rouline analysis of ali microorganisms
that could be present in inadequately treated drinking water. Instead, microbiological quality is
determined by testing dirinking water for Escherichia coli, a bacterium that is aiways present in the
intestines of humans and othear animals and whose presence in drinking water would indicate
faecal contamination of the water.

The maximum acceptable concentration (MAC) of Escherichia coli in public, semi-public, and
private drinking water systems s none detectable per 100 milL.

Testing for £ cofi sheuld be carried out in all drinking water systems. The number, frequency, and
location of samples for E. coli testing will vary according to the type and size of the system and
jurisdictional reguirements.

I coliforms

The MAC of total coliforms in water leaving a treatment plant in a public system and throughout
semi-public and private supply systems is none deteciable per 100 mL.,

For distribution systems in public supplies where fewer than 10 samples are collected in a given
sampling period, no sample should contain total coliform bacteria. In distribution systems where
greater than 10 samples are collected in a given sampling period, no consecutive samples from the
same site or not more than 10% of samples should show the presence of total coliform bacteria.

Testing for total coliforms should be carried out In alt drinking water systems. The number,
frequency, and location of samples for tatal caliform testing will vary according te the type and
size of the system and jurisdicticnal requiremenis.

No MAC is specified for heterotrophic plate count (HPC) bacteria in water supplied by public,
semipublic, or privaie drinking water systems. Instead, increases in HPC concenirations above
baseiine levels are considered undesirable.
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No MAC for current or emerging bacterial waterborne pathogens has been established. Current
hacterial waterborne pathogens include those that have bean previcusly linked to gastrointestinal
illness in human populations. Emerging bacterial waterborne pathogens include, but are not Himited
to, Legionellz, Mycobacteriur avium complex, Aeromonas hydrophila, and A C}'!"“OD::CLQI pylori.

~

Although Giardia and Crypitosporidivim can be responsible for severe and, in some cases, fatal
gastrointestinal illnass, it is not possible to establish MACs for these protozoa in drinking water at
ihis time. Routine methods available far the detection of cysis and oocysts suifer from low
ecovery rates and do not provide any information on their viability ar human infectivity.
Nevertheless, until better monitoring data and information on the viability and infectivity of cysts
and cocysts present in drinking water are available, measures should be implemented to reduce
the risk of illness as much as possible. If the presence of viable, human-infectious cysfs or cocysis
is known or suspected in source waters, or it Giardia or Cryptosporidiur has been vesponsibie for
past waterborne outhreaks in a community, a treatment and distribution regime and & watershead
or weilhead protection plan (where feasible) or other measures known to reduce the risk of illness
should he implemented. Treaiment technolegies i place should achieve at least a 3-log reduction
in and/or inactivation of cysts and oceysts, unless source water quality requires a greater log
reduction and/or inactivation.

Although enteric viruses can be resnansible for severe and, in some cases, tatal ilinesses, it is not
possibie to establish MACs for enteric viruses In drinking water at this time. Treaiment
technologles and watershed or wellhead protection measures lknown to reduce the risk of
waterberne outbreaks should be implemented and maintained if source water i5 subject to faacal
contamination or i enterlc viruses have been responsible for past waterbome authreaks. Where
treatment is required, treatment technologies should achiave &t least a 4-1og reduction and/or
inactivation of viruses,

Waterworks systems that use a surface water source or a groundwater source under the direct
influence of surface water should filter the source water to meet the following health-based
turbidity limits, as defined for specific treatment technologies. Where possible, filtration systems
should be designed and operated fo reduce turbidity levels as low as possible, with a ireated water
turbidity target of less than 0.1 NTU at all tmes. Where this is not achievable, the treated water
turbidity levels from individual fiiters:

1. For chemicaliy assisted filtration, shall be less than or egual to 0.3 WTU in at least 95%
of the measurements made, or at least 95% of the time each calendar menih, and shall not
exceed 1.0 NTU at any time.

2. For slow sand or diatomaceous carth filtration, shall be less than or equal to 1.0 NTU
in at least 95% of the measuremeants made, or at Icas" 895% of the time each calendar
month, and shall not exceed 3.0 NTU at any time.

w

For membrane filtration, shall be less than or egual to 9.4 KTY in at least 92% of the
measurements made, cr at least 99% of the time cach calendar month, and shali not exceed
0.3 NTU at any time, If membrane filiration is the sole treatment technclogy employed,
some form of virus inactivation® should follow the filtration process.

L2
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VILLAGE OF HARRISON HOT SPRINGS

HARRISON HOT SPRINGS

Ajmfl}}’&“(t:t;, ??.gjﬁrejﬁeo(

REPORT TO COUNCIL
TO: Mayor and Council DATE: December 5, 2011
FROMI: Andre Isakov, FILE: 8100-0L

Community and Economic Development Officer

SUBJECT: Relay for Life Event.

ISSUE: Staff have received an Park Special Event Application from the Canadian Cancer
Saciety. The staff would like to seek direction from Council on this special application.

BACKGROUND: The Canadian Cancer Society is wishing to host a fundraising event along the
beachfront by the lagoon. The Society has submitted a Park Special Event Application. The
event request is for june 9™ and 10™. The event would involve estimated 150 to 300
participants. The participants will be taking part in a non-competitive relay event in teams of
8 to 12 individuals. The teams will aim to walk or run non-stop for 12 hours from 7 pm to 7
am in efforts o raise money and awareness for cancer research.

The event is expecting to bring both visitors and attract positive attention., However, Council
review and direction is required as this event is proposed to go all night and may involve
some noise and light pollution discomforts for the residenis in the area. The event
organizers are promising to work closely with the community to minimize nuisances and
address any noise or light concerns.

RECOMMENDATION:

THAT Council authorize staff to issue a Special Event Park Permit for the Canadian Cancer
Society to host the Relay for Life.

Respectfully submiited for your
consideration;

.'";/ /’g /’\
A AYS
/f/\. -i/{'(" By __i

Andre lsa?kov
Community & Economic Developmeni Officer
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DIRECTOR OF FINANCE COMMERNTS:

()
Dalle Catirtice

Director of Finance

CHIEF ADMHNISTRATIVE OFFICER COMMENTS:
]
4 'y
VA éﬁ}/

Ted Tisdale
Chief Administrative Officer




11-68-"11 12:85 FROM-Canadian Cancer-EF¥R H84-h83-3511

H&Eﬂ;lﬁﬂié ﬁ&i SPRINGS | VILLAGE OF HARRISON HOT SPRINGS
ﬂiu\ﬁ-mbe% sﬁ?u.fm:»hm SPRCIAL EVENT PARK /RACILITY USE PEERMIT
APPLICATION

Name of Applicant: .HT“.‘T AA, b({ ¥eny M
On behalf of: C{Mm Mau Camcok Q@«ﬁw}w
Address of Applicant: Q2L \{ ovay CA.
Challsons by B
Phone Nomber: - boy- 1al -3 P E-maif: *‘“f&“ Xe f\.@ IOC. < Cangnl con,..
¥ax Number: Les{ -1 - Ao

Eveni: (LQL{L{_( CDF L&.»«QQ”_ Irate of Events s
] Wedding [0 Pamiiy Reunion E1 Wiemorial Hal
[ #ace/ Competition [ Sestival % Other

*Wote — please provide map of race roufe / [ayout of event on heach front, include iny necessary road closires
andd plan for evend,

Bstimated number of participanisy 160 - 3e0 D&‘M&@& } V50 - 3D !?.Qio oe_, “Qaf* "‘L(#Q-

Lochtlon of event: JJ}@ :LQJ‘ r&(p’(ﬁ— ! \ui th,mgﬁ_ a,,m[ Qd%\*“ég

Additionat Yaformation; Larrup& &V'{' 2 -l pﬂﬁ?{(;{ i V\.{)d\-r-* C_f)uPQ.‘l’ ’L‘BJQ_
et [ j
m\ pef Ordu ’[( Fads W oy del VeCOs ook VLA “@fk{

More. *ru.fjrﬁ‘* U'}mﬁf,xl) m m{‘m’;

In consideration of the issnanee of this Parinit, the Applicehs ngrees to tha teems and conditions sef oyt ore the atreched rules
s reghilavions,

«aﬁw Dater JOE)L) % Jot
Applléﬂt’s Slgnntm,{ \

CAL, Viliage of Harvison Mok Springs Dates

Giher Licenses requived:

Completed farm & apilication fees to be retirned to: Village of Harrisan Hot Sbr‘nngs PO Box 160 Harvison Hok Sp;ing§ BC YOMILKD

UAReceptian\Forms\Special Events\Spedial Event Application Form.2000.doc

T-767 PEOBL/08E2 F-11p,Q
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VILLAGE OF HARRISON HOT S5PRINGS

HARRISOH HOT SPRINGS

/1)’9\7?}!'&«(’&} gafl’e;h@.o(

REPGRT TO COURNCIL
TO: Mayor and Council DATE: bDecembers, 2011

FROM: Andre Isakov, FILE: 7800-01
Community and Economic Development Officer

SUBIJECT: Sasguatch Days — An Intercuftural Celebration.

ISSUE: Staff have received a proposal from the Sts’ailes Indian Band for the Village o be a
hosting partner in the Sasquatch Days. The staff require Council’s direction in this matter.

BACKGROUND: The Sts'ailes Indian Band has approached the Village of Harrison Hot
Springs, Tourism Harrison, and the Harrison Festival Society in an effort to form a
partnership to bring back and host the Sasquatch Days along the beachfront in Harrison.

Attached to this report please find the following background documents provided by the
Sts’ailes Indian Band:

& Event Proposal;
e Appendix with a budget.

Very specifically, Sts’ailes Indian Band is requesting the following from the Village:
e Representation on the organizing committee;
s 510,000 to cover part of the expenses associated with the event,

The requested financial contribution is expected to be matched by a grant and be added to
by contributions from the Sis’ailes Indian Band, Tourism Harrison, and Harrison Festival
Society. The Sts'ailes Indian Band will be the main event managing entity.

The 2012-2016 Resort Development Strategy does have $20,000 identified for events in
each of the funding years of the strategy. It is possible to use some of the Resort
Development Initiative {(RMI) funding to host the Sasquatch Days. The event is expecting to
bring both visitors and attract positive attention to the community.
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RECOMMENDATEION:
THAT Council authorize staff to engage the Sts’ailes Indian Band in hosting the Sasquatch

Days with a commitment of a contribution from the RMI of $10,000 towards the event in
2012,

Respectfully submitted for your

considerationy
/CZZ@M
ﬁ/]—\ndre Isakov /7

Community & Economic Development Officer

DIRECTOR OF FINANCE COMMENTS:
& aﬁ);! {_’)

ale.Lourtice
Director of Finance

CHIEF A%I’RATIVE OFFICER COMMENTS:
7 A Ly

/ \Ted Tisdale /}
Chief Administrative Officer
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Sasquatch Days — An Intercultural Celebration

Event:
Organization:

Main Contact:

Event Goal:

Date of Event:

Location of Event:

INTRODUCTION

Sasquatch Days — Am Intercultural Celebration
Sts’ailes Indian Band

4690 Salish Way -
Agassiz, BC VOM 1A1

P: 604-796-2116

F: 6004-796-3946

Paula Cranmer-Underhill, Tourism Officer
Sts’ailes Development Corporation
Paula.Cranmer-Underhill@chehalisband.com
Office 604-796-2116, E. 240

Cell  604-997-4417

To establish Sasquatch Days and ignite community spirit and
integrate cross-cultural learning and activities in a welcoming,
safe, fun environment based around Sts’ailes culture and history,

regional culture and history, and international immigrant cultures.

Last weekend of May/ First Weekend of June.

Harrison Hot Springs, BC on the beach and grass areas facing the
Harrison Lake.

The 2012 Sasquatch Days would consist of canoe races, activity tables for people to
observe and learn First Nation arts and crafts, slahal games, Salmon BBQ and a
Sasquatch Parade. This event would be reminiscent of the Sasquatch Days many years
before in Harrison Hot Springs combined with the spirit of other Sts’ailes community

activities. In being consistent with the yearly canoe season, the end of May/ first weekend

in June is the ideal time to host the event.

A brief history of the original Sasquatch Days will be shared follow by a description of
each activity. A draft schedule and estimated costs are also included.

BACKGROUND

Historically, the Sasquatch Days in Harrison Hot Springs was a very popular event. A
highly successful event, it drew thousands of people in 1938. This grand festival

consisted of the canoe races, games and activities, and the Sasquatch Parade that included
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Sts’ailes people dressed in fraditional wear. One Sts’ailes member, Ambrose Point, would
wear a full Sasquatch suit. Sts’ailes honours the Sasquatch. The very name “Sasquatch”
derived from the Sts’ailes language; “Sa:sq’ets”. The sacredness of the Sasquatch is very
prevalent within Sts’ailes teachings.

After Sasquatch Days no longer took place, Sts’ailes continued with their own
recreational and community activities; mainly the Sts’ailes Days where the community
would gather to host soccer, hockey and canoe races among other family/community
activities. There have been many incarnations of these events, such as the Sts’ailes Youth
Tournament, Sts’ailes Canoe Races, and Family Fun Day. In all these gatherings, the goal
was to lift the spirit of the community and to display the talent and athleticism of our
people.

REVIVING THE SASQUATCH DAYS

Today, in partnership with the Village of Harrison Hot Springs, Tourism Harrison, and
the Harrison Festival Society, and other emerging partners, Sts’ailes proposes to revive
the Sasquatch Days. We envision the new Sasquatch Days to have canoe races, activity
tables, slahal, medicine walks, cultural boat tours, Sasquatch Parade, and traditional
salmon BBQ. The following is a brief summary of the each activity.

A table of estimated costs for these activities can be found in the attachment
“APPRENDIX 17 which also includes further details for each activity. These are in
DRAFT form and may be adjusted.

I. Canoe Races

The canoe races may attract spectators, including canoe race enthusiasts, fans,
family members, new immigrants, diverse cultures, and tourists looking to
experience authentic First Nation cultures. For Sts’ailes, the canoe races are a
time to gather and share culture and athleticism. This event gathers all generations
— Elder, Youth and Adult. Sts’ailes canoe clubs advocate drug and alcohol free
lifestyles and healthy habits. Much time and dedication goes into training for
canoe racing. Hosting a canoe race is also a great deal of work and requires ample
funding. Nonetheless, the success of gathering the people and sharing a long-time
tradition is worth it.

2. Activity Stations
There are a number of Sts’ailes community members who have talents that are

unique to the culture. Each artist will have an activity table where s/he setsup a
display of their work. They will demonstrate their craft throughout the day and




they can welcome people to learn their craft. For instance, a cedar weaver can
make a cedar bracelet as people watch, learn and try. Because their craft is so
unique and highly valuable, we would like to pay the artists for their time. This is
a general practice Sts’ailes does for most of their gatherings that have these
activity stations. The standard price is $150/full day and $75/haif-day for each
artist. Whether an artist is paid for a full day or half a day depends on each artist’s
availability. Table 2.0 displays the maximum amount to pay artists. Although we
will not allow commercial vendors, artists will also sell their handcrafted works.

Sasquatch Parade

The Sasquatch Parade is an exciting venture for Sts’ailes. The Parade could
consist of inviting the Sts’ailes people to be a part of the parade and wear their
traditional regalia. People could also drum and sing and dance traditional dances.
Sts’ailes would also have members wear a Sasquatch mask and regalia.

There are many possible options for how to pursue organizing the parade.
Currently, the most appealing would be to invite all Aboriginal people,
immigrants, and other Canadians to the parade with a theme, such as “Honouring
Our Culture”. Each group who partakes in the parade will display their culture.
This could be an open “fun” parade or a competition for 1%, 2™ and 3™

DRAFT SCHEDULE OF EVENTS

Friday:
2:00pm-8:00pm Parade registration table open
Canoe registration open
Saturday:
8:00am — 11:00am  Canoe registration open
8:15am Call for parade participants
8:45am Final call for parade participants
9:00am Sasquatch Parade to the Opening Ceremony area
10:00am Opening Remarks
Elder Prayer
Welcome Dances
: Cultural Sharing
11:00am First Cultural Boat Tour Departs (every 2 hours)
First Medicine Walk Departs (every 2 hours)
11:30am _ Artisan Activity tables open
Final call for canoe racing registrations
12 Noon Interactive Cultural Sharing Stage
Pow wow/ Hoop Dancing
1:00pm Second Cultural Boat Tour Departs (every 2 hours)

Second Medicine Walk Departs (every 2 hours)

s
et
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1:30pm
3:00pm

4:00pm

5:30pm
Sunday:

9:00am

9:30am

10:00am

11:00am

11:00am - 1pm
1:00pm

1:00pm
2:00pm
2:30pm

Canoe Races

Last Cultural Boat Tour Departs

Last Medicine Walk Departs (every 2 hours)
Traditional Salmon BBQ Dinner

Interactive Cultural Sharing Stage/ Open Mic
Sasquatch Story Telling

Opening Remarks

Elder Prayer

Interactive Cultural Sharing

Canoe Races

Calls for Program Draw

Artist Activity Tables Open

Call a Program Draw every half hour

First Cultural Boat ‘Tour Departs (every 2 hours)
First Medicine Walk Departs (every 2 hours)
Interactive Cuitural Sharing Stage

Last Cultural Boat Tour Departs (every 2 hours)
Last Medicine Walk Departs (every 2 hours)
Final Program Draws

Artisan Activity Tables Close

Closing Remarks

Sasquatch Days — an Intercultural Celebration is a way of connecting diverse
communities. The revival of Sasquatch Days can ignite community spirit; provide cross-
cultural learning, in a welcoming experientially rich, safe, fun environment. For
Sts’ailes, gathering for such events are a way of bringing the generations together to
share athleticism and culture. For many new immigrant societics, and established
Canadian Society, multigenerational gatherings provide a needed opportunity practice
cultural teachings, to share among the generations, and to give families much needed
special memory filled experiences that they can share with their friends and families

locally and around the world.

souaieh Days
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APPENDIX I — Estimated Costs for the Sasquatch Days — an Intercultural Celebration

Table 1.0 ~ Canoe Races

ITEM

COST DETAILS

TOTAL

MC (Master of Ceremonies) — The MC is a valuable asset to the races and the entire
event. The MC provides race information and scheduling, announces activities,
provides advertisement for local businesses, keeps the crowd energy going, and
provides consistency to keep the races on schedule.

1 MC @ $150 honorarium/day

8300

Designated area & parking for canoes — this is for racers to store their canoes. Canoe
racers have their canoes on their vehicles and need to have easy access to the beach to
bring their canoes to the water or the designated area.

Volunteers set up

Travel Assistance — Traditionally, the canoe race host provides travel assistance to the
canoe clubs attending the event — this is viewed as a “thank you™ and builds good
relations. This money often comes full circle when Sts’ailes racers travel to other races
and receive travel assistance from the hosts. Canoe clubs must register for this ahead of
time. The travel assistance these canoe clubs receive could potentially re-circulate into
local business for travel needs (i.e. gas, food, accommodations).

Anticipated #of Island Canoe Clubs:
6 @ $200

Anticipated # of Mainland Canoe
Clubs:
12 @ $150

" $3000,

Honorarinm for Judges — Judges are the most important part of the canoe races. They
ensure safety of the racers and fair play during the races. A minimum of three boats
with two judges per boat are needed for this task.

6 judges @ $125/day (for two days)

T S1500°

Boats for the Judges — Pay the boat owner gas for the use of their boat.

3 boats @ $150/boat

TS50

Canoe race payouts — This is the prize money. These are awarded both days. Sunday
is the “Championship Day” where the payouts are a little higher. This entices racers to
stay the full weekend. The amount of the payouts reflects the number of racers who
will attend. There may be other categories other than the ones mentioned in Table 1.1 —
Sts’ailes will provide the funding for these other categories.

See Table 1.1 for details

e Seé
Table
L

TOTAL

3250
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Table 1.1 - Canoe Race Payouts

CATEGORY FIRST SECOND THIRD -TOTAL
SAT SUN SAT SUN SAT SUN S
Single Paddle —- WOMEN $20 each $25 each $15 each $20 each $10 each $15 each 8105
Singe Paddle - MEN $20 each $25 each $15 each $20 each $10 each $i5each | $_‘1:0 5'
Double Paddlc — WOMEN $20cach | $25cach | $l5cach | S20cach  $i0each | Si5each | . $210
Double Paddle —- MEN $20 each $25 each . | $25 each $20 each $10 each $15 each ' $210
Mixed Double $20 each $25 each $15 each $20 each $10 each $15 each 8210
6 Paddle - WOMEN $20cach | §25cach | S15each | $20each | $l0each | Sl5cach | . 3630
6 Paddle - MEN $20 each $25 each $15 each $20 each $10 each $15 each 8630
11 Paddle - WOMEN $20 each $25 each $15 each $20 each $10 each $15 each B -$1155
11 Paddle - MEN $20 each $25 each $15 each $20 each $10 each $15cach | $1155°
11 Paddle Buckskins $15 each $20 each $12 each $15 each $10 each $12 each ' -$924 
Special #1 *Could be intercultural canoe | TBA TBA TBA TBA TBA TBA _ "TBA
Special #2 * Could be intercultural
canoe :
Special #3 * Could be intercultural
canoe SRRt
TOTAL | 85334

* Specials are for categories that will be left open for further planning. Sts ailes will acquire funds for these costs.

j
]
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Table 1.3 — Artisan Activity Stations

ACTIVITY PROPOSED ARTISTS COST DETAILS TOTAL
Medicine/Nature Walk Vange Point L artists for 1 % days (3; 2 walks/day) |, $225
Drum-making Darren Charlie/ or Nelson Leon 1 artist for 1 Y days : _‘1$22;5
Basket Weaving Monica Joe or Joanne Chapman 1 artist for 1 ¥ days - :; .$22;5_
Cedar Weaving Kevin Charlie, Vange Point or Wayne Williams 1 artist for 1 % days $225
Bone Game (Slahal) TBA 2 artists for 1 day .:"-_$.300 )
Storytelling (Oral Tradition) Willie Charlie or Kelsey Charlie I artist for 1 day . $150'_'

tCarving Rocky LaRock I artist for 1 % days $225 :
Materials/ Supplies for Make and - $400:

Take Arts - Cedar i
Materials/ Supplies for Make and ' $500 :
Take Arts — Mini Drums ek
TOTAL | $2475

*QOther Nation artists may come and demonstrate and sell handcrafted item's, bringing their own setups/ displays, no charge.

gy oein Fbes e s onen Feninry fEE e L e PLUT  FRP s
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Table 1.3 - Activity Stations — Other Details

ITEM COST DETAILS TOTAL
Designated area for Activity Stations — Anticipate having about 12 24 Tables, 75-100 chairs e
stations. Village of Harrison Het Springs In-Kind ($) S
Awnings for Activity Stations — Stations can be set up with awnings Harrison Festival Society — In Kind Production | rmm-n = i
along the beach. $2,000 SR
TOTAL | - 80
Table 1.4 - Other Details of Sasquaich Days
ITEM COST DETAILS TOTAL |
First Aid Centre — 5t. John’s Ambulance accepts a donation for their 2 days @ $200/day. 8400
time that goes towards their organization. BN
Security — Generally, we notify RCMP of the events taking place and 2 guards @ $150 each for Saturday day shift 78900,
they book time in to be present at the event during day time hours and 2 guards @ $150 each for Saturday night shift Sl
stay on notice throughout the times they are not present. We could also 2 guards @ $150 each for Sunday day shift
contract security guards on shifts throughout the two days and one night. | The rest of the guards can be volunteers
Hotel/Camping Rates -~ A reduced rate can be given to a certain number | Lower rates based on future discussions. S
of rooms/sites reserved for the event. Most of the attendees will be
camping
Traditional BBQ Dinner — BBQ fish dinner for the guests and athletes is | Harrison Hot Springs provide chairs and tables. (3} |
in keeping with our tradition. 300 dinners to be offset with $7.50 funding | Village of Harrison provide Community Hall ($} L
per plate, actual cost is $15 per plate. Sell for $7.50 to cover costs. BBQ tickets will be on first come basis. $2250
Signage — Directional signs as well as signs to mark designated areas are

needed to keep the people informed.

8700

L S R SUPUSIING PUNIUINE I D S S D
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CONTINUED: Table 1.4 - Other Details of Sasquatch Days

Advertisement & Promotion — This can be a joint effort between
Sts’ailes and Harrison Hot Springs. Sts’ailes can citculate throughout the
First Nations circles and other contacts and Harrison Hot Springs can
advertise through their tourist and local advertising strategies.

Anticipate AtBC Event Marketing Support, TBC

Harrison Tourism in Kind $2,000

Local printing & distribution: $500

Canoe Registration Table — Canoe racers are to register their canoes
upon arrival. There will be a designated awning and table for this.

Volunteers

Program Draw - Sts’ailes would do a Program Draw and a daily 50/50
draw. If possible, a Loonie Auction will also take place. Gaming
Applications required.

Delivery of sales: Volunteers

Event Programs — This would include a welcoming from the Sts’ailes
and Harrison Hot Springs leadership, the canoe schedule, activity station
information, a map of the area, a list of sponsors, and advertisement for
local businesses sales. We would charge a small fee for the purchase of a
program but also include a program draw.

Program Printing Expense

8800

Information Table — This can be a main station for participants and
spectators to go to for directions and schedule of events. Maps and
advertisement of local businesses could also be available at this station.
This would be the main station for the 50/50, Raffles, and Program draws
and located near the MC,

Volunteers
AtBC Trailblazers to assist (TBC) In-Kind

Interactive Cultural Sharing Stége — To offer an honouraria for other
cultural groups who come to share.

EE

TOTAL

$6,940
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Table 1.5 - Grand Total of Requested Funding

ALL AREAS TOTAL
Table 1.0 ~ Canoe Races $5,250
Table 1.1 — Canoe Race Payouts | $5 ,33'4
Table 1.2 — Activity Stations $2,475

Table 1.3 — Activity Stations — Other Details

Table 1.4 — Other Details of Sasquatch Days
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VILLAGE OF HARRISON HOT SPRINGS

HARRISON Ko
T Wuntty Fafrashed
REPORT TO COUNCIL
T0: Mayor and Council DATE: December 6, 2011
FROWM: Direcior of Finance FILE: 0530-01

SUBJECT: Reoad Reserve Transfer

ISSUE: To transfer one hundred thousand dollars ($100,000) from the Road
Reserve to the general account.

BACKGROUND: The 2011 — 2020 Financial Plan has $100,000 included as a
contribution towards the McCombs Drive Bridges Replacement Project.

RECOMMENDATION: THAT Council approves the transfer of one hundred
thousand doltars ($100,000) from the Road Reserve towards the construction of the
McCombs Drive Bridges Replacement Program.

Respectfully submitted for your
consideration;

ourfice, CGA
Director of Finance

CHIEF ADMINISTRATIVE OFFICER COMMENTS:

T
//"j?@fgﬁ/‘\//fff’é_/
(J&d Tisdale
" Chief Administrative Officer

S1\00 Electronic Filing\0100 - 0699 ADMINISTRATION'0530  COURNCIL - GENERAL\Counci Reports\201112011.12.08 - Transfer from
Road Reserve.doc
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PO Box 819
228 Wallace St. ot
Hope, B.{C. VOX1LO

oG e, BEo W B ERE B A i B Pl A xS i
F.W. Voelkl, B.Comm., C.A. Office (604)862-5634
C.M. Kellay Inc., B.B.A., C.A. Fax {604)868-2381

INTERIM AUDT REPORT

To the Council of the VILLAGE OF HARRISGHN HOT SBPRINGS:
P.O. Box 160

Harrison Hot Springs, BC

VOM 1KO

We have reviewed and evaluated the receipts, payroll, purchasing and financial information
systems, examined accounis, and adhered to Canadian generally accepted audiiing
procedures and standards to test the records of the VILLAGE OF HARRISON HOT SPRINGS
for the operating period ended Ociobher 31, 2011, and we have performed a financial
review of the accounts, records, ledgers and computerized financial information system
einployed by the Village for the interim period then ended. Our examination included a
review of council and administration policies and their implementation, review of accounting
procedures, financial, management, and internal audit controls, and included such tests of
supporting documents and records as we considered necessary in the circumstances,

We restricied our substantive tests, generally, to material transactions in excess of $2,000.
and our tests did not include exiernal confirmations of specific receipts or expenditures.
This procedure, in our opinion, based on the lack of response received in the past, would not
greatly enhance the expected results nor assisti management in performing its control
function,

Subject to cur commenis in the Internal Management Report dated November 25, 2011
we are pleased to report that in all material respecis, we found the accounts, records and
ledgers orderly, well kept and up to date, and to the best of our knowledge from the test
checks that we conducted, thay accurately reflect the resulis of operation of the VILLAGE OF
HARRISON HOT SPRINGS for the period tested.

— C

November 25, 2011
Hope, B.C.

Canada

Members, Institute of Chartered Accountants of British Columbia 115



116



, . VILLAGE OF HARRISON HOT SPRINGS
HARRISON HOT SPRINGS BYLAW NO. 995

Nmﬁ#i'&-("{’} ﬁ’efi‘es]ﬂeof

Being a Bylaw authorizing the expenditure of monies in the Community Works
Fund Reserve

WHEREAS there is an unappropriated balance in the Community Works Fund Reserve
established under Bylaw No. 850 of Three Hundred and Seventy Seven Thousand Six

Hundred and Twenty Dollars ($377,620) as at November 30, 2011 which amount has
been calculated as follows:

Balance in Reserve Fund af December 31, 2010 $373,048
Add: Interest earnings for current year to November 30, 2011 4572
Uncommitted balance in Reserve Fund at November 30, 2011 $377.620

AND WHEREAS: it is deemed desirable to expend a portion of monies set aside under

Bylaw No. 850 for the purposes of expending funds for Eligible Projects pursuant to the
Community Works Fund Agreement.

NOW THEREFORE, the Council of the Village of Harrison Hot Springs, in open meeting
assembled, hereby enacts as follows:

1. A maximum sum of Two Hundred Thousand Dollars ($200,000) is hereby

appropriated from the Community Works Fund Reserve to be expended
towards:

a. The consiruction of the North and South McCombs Drive Bridges
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2. Should any of the above monies remain unexpended after the expenditures
hereby authorized have been made, any unexpended balance shall be
returned to the credit of the Reserve Fund.

3. This bylaw may be cited as the “Community Works Fund Reserve
Expenditure Bylaw No. 995"

READ FOR AFIRST TIME THIS DAY OF DECEMBER, 2011.
READ FOR A SECOND TIME THIS DAY OF DECEMBER, 2011.
READ FOR A THIRD TIME AS THIS DAY OF DECEMBER, 2011.

ADOPTED THIS DAY OF DECEMBER, 2011.

Mayor Corporate Officer



g VILLAGE OF HARRISON HOT SPRINGS
EMRES@H HOT SERINGS BYLAW NO. 996

Ao Furentl, 'y ﬁef»r@ﬁ-heo(

Being a Bylaw authorizing the expenditure of monies in the Capital Works,
Machinery and Equipment Reserve Fund

WHEREAS there is an unappropriated balance in the Capital Works, Machinery and
Equipment Reserve Fund established under Bylaw No. 395 of Four Hundred and Fifty

Four Thousand Seven Hundred and Ninety-Two Dollars ($454,792) as at November 30,
2011 which amount has been calculated as follows:

Balance in Reserve Fund at December 31, 2010 $424 724
Add: Contributions during the year 25,000
Add: Interest earnings for current year fo November 30, 2011 5,068
Uncommitied balance in Reserve Fund at November 30, 2011 $454,792

AND WHEREAS: il is deemed desirable to expend a portion of monies set aside under
Bylaw No. 395 for the purpose of acquiring a new fire fruck.

NOW THEREFORE, the Council of the Village of Harrison Hot Springs, in open meeting

assembled, hereby enacts as follows:

1. A maximum sum of Three Hundred and Fifty Thousand Dollars ($350,000) is
hereby appropriaied from the Capital Works, Machinery and Equipment
Reserve Fund to be expended towards:

a. The acquisition of a new pumper fire truck.
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2. Should any of the above monies remain unexpended aiter the expenditures
hereby authorized have been made, any unexpended balance shall be
returned fo the credit of the Reserve Fund.

3. This bylaw may be cited as the “Capital Works, Machinery and Equipment
Reserve Fund Expenditure Bylaw No. 996”.

READ FOR AFIRST TIME THIS DAY OF DECEMBER, 2011.
READ FOR A SECOND TIME THIS DAY OF DECEMBER, 2011.
READ FOR ATHIRD TIME AS THIS DAY OF DECEMBER, 2011.

ADOPTED THIS DAY OF DECEMBER, 2011.

Mayor Corporate Officer
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Future

Aot Springs to McCoombs - $302,000.0
Ramona North — $88,000.00

Angus Place — $66,000.00

Myng North - $49,500.00

Myvng South — $302,500.00

Hope Place - $154,000.00







Ramona - $73,000.00
Hadway - $38,400.00
Angus -$37,000.00
Myng - $106,000.00
Hope - $54,000.00

urbs/Guifer ond Roa

Raomonag — $122,550.00
Hadway — $73,530.00
Angus - $56,840.00
Myng — $285,940.00
Hope - $114,380.00













Project A

Drainage - $180,000.00
- Wastewater Collection - $45,000.00
Water - $962,000.00
urbs/ Gutters - $308,400.00
- Roads - $655,240.00







Project Timeline (4 Phase)

l: a) Drainage and Wastewater Collection
Rite-of-way Determinations.
b) Property Line Surveying (Street)
¢) Pre-Planning of future Phases

Phase 2 : Water Lines with services to property (4 year plan)
Tstyr. : Hot Springs 1o McCoombs - $302,000.00
27 yr, : Myng to Hope Ple. - $352,000.00
3rd yr, : Hope Plc. - $154,000.00
4t yr, : Ramona North and Angus - $115,500.00

: Phase 3 : curbs and Gutters (4 year plan)

1styr. : Ramona Plc. - $73,000.00

2nd yr, : Hadway and Angus - $75,400.00
3dyr. : Hope Plc. - $106,000.00

4% yr. : Myng Cr. - $106,000.00

Phase 4 : Roads (4 year plan)
Tstyr. : Ramona Plc. - $122,500.00
2nd yr, : Hadway and Angus - $130,370.00
3 yr. : Hope Plc. - $169,380.00
4 yr. : Myng Cr. - $391,940.00
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Treatment Plant (office, washroom/shower) - $15,000.60
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Structures

1. Facia board replacement - $2500.00

2. Windows re-sealing - $1200.00

3. Carpeting -Fire Escape - $8500.00

4. Vehicle Exhaust Ventilation system - $50,000.00
* Public Works

+ Relocation of facility (new) - $1,200,000.00
% Civic Centre (new)- $2,500,000.00
*  Ranger Station

Replacement - $450,000.00



Summation
Deficiencies - Estimated Costing Totals

Total amounts less DCC Plans

* Water s 4,081,000.00
¥ Wastewater---—-—-- $1,420,000.00
* Drainage $1,245,000.00
* Roads 4 973,240.00
= Curbs, Sidewalks— $1,500,060.00
* Street Lights——-- $151,000.00
< Parks $275,000.00
* Beach - $250,000.00

¥ Structures $4,212,200.00
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Priorities
Next 3 Years

* Roads - Esplanade Block #1, Angus Estates
- §798,240.00
 Curbs, Sidewalks — Angus Estates, Hot Springs #1,#2,#3
-$1,076,040.00
* Street Lights - All Identified
-$151,000.00

* Structures — Fire Hall, Public Works, Civic Centre

-$3,812,200.00



