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HARRISON HOT SPRINGS 

VKLLAGE OF HARRISON HOT SPRINGS 

NOTICE OF MEETING 
AND AGENDA 

SPECIAL COUNCIL MEETING 
Date: 
Time: 
Location: 

Thursday, December 08, 2011 
8:00a.m. 
Harrison Hot Springs Resort and Spa 
100 Esplanade Avenue, Harrison Hot Springs 
Coronet Room 

1. CALL TO ORDER 
(a) Meeting called to order by Mayor Facio 

2. INTRODUCTION OF LATE ITEMS 

3. APPROVAL OF AGENDA 

4. ADOPTION OF COUNCIL MINUTES 

5. BUSINESS ARISING FROM THE MINUTES 

6. CONSENT AGENDA 

i. Bylaws 

ii. Agreements 

ill. Committee/ 
Commission 
Minutes 

iv. Correspondence 
Letter from BC Water & Waste Association -November 18, 2011 

UBCM In The House - November 24, 2011 

llem 4 .1 

Item 5. 1 

Item G.i 

llcm6.ii 

l tcm6.iii 

Item 6 iv 
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'l. HJELEGlLTIOl\TS PETI']fiOI"iS 
-~ -l-~~ -~ ~-·· "~~~-~-~-~~-···-~----

0 I """' . 

!l. COJRJRJESll'ONDENCE 

Item 8.1 
-- - - _,, __ -

9. BUSINESS AIDSING FJROM COJRJRJESll'ONDENCE 

HI. JRJEPOJRTS OF COMMITTEES, COMMITTEE OF THE WHOLE AND COMMISSIONS 

-- -
H.JRJEll'OJRTS FROM MAYOR 
- ~ ~' - - -

L. Facio ~ verbal 

12. JRJEPORTS FROM COUNCILLOJRS 

-- --
B.JREll'ORTS FROM STAFF 

Report of Operations Manager - September 12, 2011 
Item 13.1 

[J Water System Supply Page7 
and Treatment Re: Water System Supply and Treatment 

01 Relay for Life Event Repmi of Community Economic Development Officer- December 5, 2011 Item 13.2 

Re: Relay for Life Event Page97 

Recommendation: 

THAT Council authorize staff to issue a Special Event Park Pe1mit for the 
Canadian Cancer Society to host the Relay for Life. 

D Snsq_mitch Dnys wAn Report of Cornmunity Economic Development Officer - December 5, 2011 Hem 13.3 
Inh~Tt·cuaunll C'c!cb1·ntion Re: Sasquatch Days- An Intercultural Celebration Page 101 

Reconnn.endation: 

THAT Council authmize staff to engage the Sts'ailes Indian Band in hosting 
the Sasquatch Days with a cormnitment of a contribution from the RlVI:I of 
$10,000 towards the event in 2012. 

~- --
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l~ Rm:c! ftescn'c iit·r,l-;is<"et· Report of Director of Finance- Decen1ber 6, 2011 It.;;,-,, BA 

Re: Road Reserve Transfer P::1ge 10 

Recommendation: 

THAT Council approves the transfer of one hundred thousand dollars 
($1 00,000) from the Road Reserve towards the constmction of the McCombs 
Drive Bridges Replacement Program. 

0 interim Audit Report Report of McConnell, Voelkl, Village Auditor- December 12, 2011 lftem 13.5 

Re: Interim Audit Report- Verbal Page 115 

- - ~-.,_ 

14. BYLAWS 

Item14.1 
0 Bylaw No. 995, Recommem:l!mtioll: Page 117 
Community WorltS Reserve 
Fund 

THAT Bylaw No. 995, Community Works Fund Reserve be read for a first, 
second and third time. 

0 Bylaw No. 996, Capital Recommemllatioll: 
Works, Machinery and Hem 14.2 
Equipment Reserve Fund Page 119 

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

·-

15. QUESTIONS FROM HIE PlJBUC (JPERTAINING TO AGENDA ONLY) 

16. ADJOURNMENT 

RESOLVE to close the meeting to the public pursuant to Section 90 (1) (a) (c) (d) (g) (i} of the Community Charter 
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Dear Mr. Tisclcr!e, Chi(~f J\drnlnlsl:rc1tive Officer 

Drinking \!Vater IN eel< is a carnpaign urgani;.:ed by the BC Water· 8( \iVasi:e /\ssociation <)nd endor·sed by the PnJViilce of 

BC to raise-: awau~ness of tile v;:J[ue of w;;rter. 

BCWW/\ is inviting l:l\f(:::rv cornn1unity in BC to participate in Drird~ing \1\/ater Weel<, May 13<1.9, :.?.017.. Our goal is for the 

pub He to develop cr better understanding of where their vvater corne.s frorn 1 Where it ends up, and the many people 

and processes involved along the wav. Through this prograrn, we also hope to instill public confidence in the 
fndlvicltfals whose-:' job it is to provide us with s<Jfe drinking wa\:e.r, rnrmuge vvastewr1tE~r and pm"i:ect the t~nvironment. 

This year, vve are forrni1_1g a network of "Drinking Wztter Week Community Uclisons." These an:: individuals in 
coJTl!TH.Hlities act·oss the province? who will receive in-formation, updates ond resources from BCVJWft,. \Nt:; would also 

lik"!:"! for these individuals to champion awareness in their communities during Drinking Water Week. \f\Je ldm:Hv ;:;si~: 

th;Jt ynu ~ppoini: <3 person to be ·this cmJt<:tct uvithin vow· org;;mlxntinn. f'h~;:.se supply this to us by \\lnv. ~m, 201,.1. 

\JVe hope you will take ptut in the crnnpaign. !3CWWA wi!l provide a variety of n::csource.s and rnaterials that can be. 

customized with your local logo and messaging. 

The following are a feuiJ ways you can participate: 
!; Prodairn Drinking Wctter Week in your cotnrnunity {samplr::! proc!~H11~1tion wording available). 
o Hold an event to e.ng;JGC your cornmunily and declare your commitment. 

o H.ost tours of local watersheds and water treatment facilities. 

o Custornize an advertorial supplied by 80/IJ\Nf..\ and Black Press, our print media sponsor, with your own logo 
and content to print in your locEtl Black Press community newspa.per. 

o Make use or custornizable advertising templates for print and bus shelters. 

9 Toke part in and promote the 'Cornmunity Water Challenge' {details to be announced .soon!), 

o Distribute children's activities and informational postcards proviclecl by BCWWA {afso customizablc). 

o Unk to the Drinking Wuter Wee!< vvcbsite, which includes wr.1ter stats, conservation tiJJs~ and downloadable 

resourCes: www.drinkfngwnterweek.OJg. 

for iYH..JJ'<' inh}!'tiHlf:tu;-t, and to provide us >.rlfith a CDmrmmHv Uaf:~on, pk;ase con.tactJJJana r~~e:s; BC\f\liJ\!/\ 

Cortirnunicdtions Ccrord!n<.!ltor cJ~ af:ees@l,t'Dwwa.org •Jt" 604-G~W-.5342. 

Our goal is Lo reach ~1s many communitic~s as possible with these vital rm~ssages. Let's "·vat"!<. together to tT1ake il' 

happen. Vlfith vour help, we look fonrl_/ard to u successful Drlnklng Water \.1\!eek 2012. 

Yours sincerely, 

Daisy Foster, CEO 
BC Water St Wa~.;i:r:: As::-.ociai"ion 

I; 
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F1flFi'i8 ~{eg~&;n f-1'<JSidon}OtgoJn!zafrkH1 [::-llu'~2,li r.·-~llNI:e 

Amy \Afa!ceford fraser Valley Vlfater Conservation Program awakeford@abbotsford.ca 60~-853-228:[ 

Coordinator1 City of t\bbotsford e:<t. 5286 
Carolyn Stewart South Okanagan City of Pen tieton carolyn.s-cewa rt@ pen tieton .Cd 250-490-2562 

Corinne Jackson South Okanagan Communications & Research corinne.jackson@obwb.ca 250-469-6271 
Coordinator, Okanagan Basin 
Water Board 

Deborah Walker Capital Regional Demand Management dwalker@crd.bc.ca 604-474-9697 
District Coordinator, Capital Region 

District 

Gil Bogaard l<ootenays Utilities Supervisor1 City of gbogaard@nelson.ca 250-352-8245 
Nelson 

Gina Layte- Northern BC Env./Utility Div., City of Prince glayteliston@city.pg.bc.ca 250-561-7600 
Liston George 

Heather Mitchell Kootenays Program Manager, Water hmitchell@cbt.org 250-344-2445 
Initiatives, Columbia Basin Trust 

Jennifer Bailey Metro Water Conservation Programs, jennifer.bailey@vancouver.ca 604-873-7351 
Vancouver City of Vancouver 

Jaimi Garbutt Interior Environmental Educator, City of jgarbutt@kamloops.ca 250-828-3377 
l<amloops 

Jeremy Sagebiel Sunshine Coast Engineering Technologist, Water jsagebiel@cdpr.bc.ca 604-485-8658 
& Roads, City of Powell River 

Karen Prentice Sunshine Coast Draftsperson/Survey Assistant, kprentice@cdpr.bc.ca 604-485-8606 
City of Powell River 

Kevin Reilly Capital Regional Demand Management kreilly@crd.bc.ca 250-474-9689 
District Coordinator~ Capital Regional 

District 

Koreen Gurak Mid Island Communications Manager, kgurak@comoJwa!leyrd.ca 250-334-6066 
Como>< Valley Regional District 

Luisa Richardson Northern Island Water Conservation & lu_rlch@shaw.ca 250-923-9918 
Watershed Awareness 

Margaret Birch Metro Environmental Services mblrch@coquitlam.ca 604-927-3483 
Vancouver Coordinator, City of Coquitlam 

Neal Klassen South Okanagan Water Smart Coordinator1 neal@getwatersmart.com 250-868-3339 
H20kanagan Water 
Conservation 

Sharon Peters Metro Superintendent SCFP1 Metro sharon.peters@metrovancouver. 604-314-4 739 
Vancouver Vancouver org 

Rene9 Clark North Okanagan Water .Uu~lity·Mon~g~r;· r·' renee.clark@rdno.ca 250-550-3/47 
Regional Distdc(1?f'Nop:h [: ; 
Okanagan 

Vitginia SarraziD Vulcan Project Manager, Wat~r 81 . 
VVastewater Treatment V~!kbn 

' 

vsa\Tazin@yes-group.ca 857-668-2000 

Engineering Services 
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AILBdiitor Gelllen·aff for iLIJmff Govenurmet7!K Ad 
(lam 20, 2ilJ)H) llrr~ImiDlUJJc:ed 

SUJJmmary arrud lnmliu~g 
Minister Ida Chong introduced the Auditor General 
for Local Government Act (Bill 20, 2011) in the 

Legislative Assembly today. 
The Bill is available at: 

http://www.leg.bc.ca/39th4th/1 st_read/gov20· 1 .htm 

The Bill provides the mandate, powers and duties 
of the Auditor General for Local Government 
(AGLG), 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 districts, 
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 Legislature 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 IFrmvisioms iu1 Ihe IRm 
The following is a summary of key provisions in the 
Bill, and it is not intended to be exhaustive. For 

certainty with respect to the proposed provisions, 
please refer to the Bill. 

AIUDHOR GIENIERAll., IEMI?ll.OVIEit§ AND 
DIEll.ltGAHON (51E!ClftlOPJ5 2, 5-7, H, H) 

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 appointed; appointment term 
is 5 years and an AGLG may not be appointed for 
more 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. 

AGI.G MANDAn' AND fi'~m=oRfviANU 
AIUDHS (§KUONS 3, '1-, H-~7,. 23, 2.<!-) 

o 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 AGLG decides what performance audits 

are to be conducted, but these must be in 
accordance with the annual service plan; 



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; 

o Performance audit reports must provide 
recommendations arising from the review to the 

local government; the local government is given 
an opportunity to comment 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 
theAGLG; 

o The AGLG may provide information about 
recommended practices arising from 
performance audits that may be applicable or 

useful to other local governments; 

o 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; 

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

government; 

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

o The AGLG must be provided access to things 

like records and information needed to conduct 
a performance audit and may compel persons to 
answer questions or produce records; 

o Confidentiality provisions are included for audit 

information, proposed reports and proposed 
comments. 

AUJDH com.JOl (§ltCifliOl~S Hl-1'0 

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 U BCM, and representatives 
of business, taxpayers and local government 
professionals; members must have knowledge, 
skills, education or experience in one or more 

Page 2 

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

o The role of the audit counci I is to: make 
recommendations for the AGLG appointment, 
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. §!:RV~CIE t='I.AN, ANNUAl. Ri:PORlf, 
Af~NUJAI. AlJDn AND BlJD<GH t='ROV~§!Ol'\1§ 
(§H::lf~ON§ II, 9, 10, 22, 25, 26) 

o AGLG must submit to Treasury Board an annual 
estimate of costs; Treasury Board may adjust the 

estimate before appmving it; 

o AGLG must annually prepare financial 
statements, which must be audited by an 
independent auditor appointed by the Minister; 

o 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; 

o AGLG must prepare, in respect of the previous 
yea1; 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; 

o AGLG may prepare other specified reports; and 
0 Reports must be distributed to audit council, 

and in sorne cases, the Minister, and all must be 

published. 

\N\·Vw.ubcn1.ca 



Consistency with Policy Paper principles 

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

THEREFORE BE IT RESOLVED that UBCM, while 
disagreeing on the necessity to 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 Executive 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 between the province and local 
governments is critical 

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

• UBCM must be consulted prior to audit council 

appointments. 

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

• 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 

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

• 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. 

Page 3 

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

• The legislation prohibits the AGLG from calling 

into question the merits of policy decisions or 
objective of a local government. 

• Performance audit provisions and powers in 
relation 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 governments within its 
audit mandate 

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

• Auditor accountability is provided through the 

annual service plan and report requirements, as 
well as audit council responsibility to monitor 
the AGLG's performance. 

• 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. 

• 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. 

vvwvv.ubcm.ca 
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VIllAGE OF HARRISON HOT SPRINGS 

REPORT TO COUNCil 

TO: Mayor and Council DATE: September 12, 2011 

FROM: !an 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 to have 4 log removal of viruses, 3 log 
removal of Giardia cysts and oocytes, 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 to 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 Filtration Treatment System was required. 

Civic Consultants provided the Village with a study to determine the needs to 
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 Treatment Plant. An estimated cost of 
$1,715,000was 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. 

7 
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The risk of contamination by outside influences is eJ~trernely highet· in a Lake 
sutiace water source than in a Deep Well ground watet· source. The Ministly of 
Health has historically shown pmfemnce to a Deep Well Gmund Source over a 
Surface Water Source. This was indicated by the Ministty of Health's Senim 
E:ngineet· Tin Tun at a Council meeting of July 1 i, 2011, 

Positives and Negatives of Lake Supply and Tmatment vs. Gmund Watet· 
Supply and Treatment; 

Lake Water Supply (Surface} and Treatment 
Positives (pms} Negatives (cons} 

0 Abundant supply of source water 
0 High contamination risk of water 

to meet demand source from outside influences 
0 Will have excellent water quality Treatment needed for removal of 0 

after Treatment viruses, Giardia, Cryptosporidium and 
Turbidity. 

0 Higher Operation and Maintenance 
costs 

0 Interruption of water supply during 
construction 

0 Higher project cost 

Ground Water Supply (Deep Well} and Treatment 
Positives (pros} · Negatives (cons} 

0 Abundant supply of source water 0 Treatment needed for removal of 

to meet demand· Manganese and Sulfide 

0 Will have excellent water quality 
after treatment 

0 Very !ow contamination risk of 
water source from outside 
influences 

0 Lower Operation and 
Maintenance costs 

0 No interruption of water supply 
during construction 

0 Lower project cost 

Since July it has been determined that, the operating costs for the Lake 
Source Tmatment will eJ~ceed the operating costs for the Ground Water Source 
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Treatment by approximately 25% TO 35%. The life expectancy for each treatment 
plant option is 25 years. 

The Hydrology report indicates that, the quality and quantity of water in the 
aquifer is acceptable as a source fm watet· supply and will meet the requirements 
needed. If a second well is needed in the future to supplement the pt·imary well 'fm 
community gt·owth needs, thet·e is capacity in the aquifet· to accommodate the 
requirement. 

On Mo11day August 22, 201 i the Fra.ser Health Authmity informed us, via 
email, they are taking extra Water Distribution samples to test for THMs. THM 
(Trihalomethane) is a byproduct produced from the combination of Chlorine and 
organic matter primarily found in Chlorinated water systems with high turbidity levels, 
such as our system is currently experiencing and has for several years. We also sent 
samples in for testing by our independent Laboratmy fm analysis. Chlorine dosage 
was increased to help offset the effects of higher Turbidity. 

On Wednesday August 24, 2011, the Fraser Health Authority Inspector 
visited the Village to do an onsite system check. She requested we post a Water 
Quality Advisory, because m' the continuous high turbidity levels in our Distribution 
system. This Advisory will remain in place until we have dealt with the turbidity issue. 

During our discussion the Inspector was asked about Chlorination if we went 
to a Ground Water Deep Well Supply source. The Inspector indicated we would have 
to still Chlorinate the system until, the Village, could prove to the Ministry that, the 
Village has thoroughly cleaned the entire Water Distribution system due to the 
ongoing Turbidity issues and the fact the older distribution lines have never been 
cleaned properly by 'pigging' the lines. This would entail cleaning from the Reservoit· 
through the entire 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 \he water distribution system. 
This will eliminate obtaining samples from house taps and Fire Hydrants, both of 
which are undesirable sources. Approximately 10 units would be needed. The 
estimated cost to do this is $131,000.00 for Line and Reservoir cleaning and $15,000 
for water sampling pedestals. These costs would apply to both Treatment options. 

It was also learned from the Inspector that, if treatment of a Surface Water 
Supply does not meet the 4-3-3 log removal, Ultraviolet Light (UV) disinfection has to 
be installed as an addition to Chlorination. As stated in Civic Consultants report in 
July the Treatment option, A-C Water Tt"eatment Plant, for the Lake Water Supply 
will only achieve 4-2.5··2.5 log removal. Therefore, a UV Disinfection system will 
have to be added to this option. Estimated cost is $50,000- $70,000. 

The following is to summarize the cost estimates of the two Supply and 
Tmatment options, taking into considemtion all the information provided. 

9 
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Lake Water supply and T1·eatment 
o Intake extension 
o Upgrade of Pumps 
o Tma!ment Plant 
o UV Disinfection 
o Cleaning of Reservoir and Lines 
o Water sampling Pedestals 

Ground Water supply and Treatment 

o Well and Pumping system 
o Treatment Plant 
o Cleaning of Reservoir and Lines 
c Water sampling Pedestals 

f'OUC"'I' CONSiDERAT~Ot\!S: (if amy) 

4 

$850,000 
$150,000 
$702,000 
$TO,OOO 
$131,000 
$ 15,000 

Total $1,918,000 

$ 130,000 
$ 931,000 
$ 131,000 
$ 15,000 

Total $1,207,000 

RECOMMENDATION: THAT Council approves proceeding with the Ground Water 
Supply and Treatment option. 

Respectfully submitted for your 
consideration; 

mRECTOR OF Fii\JANCE COMME[<JTS: 
Either option will involve a significant portion of tile costs to be funded by borrowing. 
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CHIEIF ADMII\IISlRfocliVE OIFIFICER COMflilENTS: 
I concur with the recommendation. 

}£d I isdale 
·/Chief Administrative Officer 

1 1 



V:Ufiage o:ZII-liar;rli§<D'Il IL!:J:~:rt §Qrihlgs 
VV a.teTI~ 'feeaU:m.J!eiD:r~ JFTI.!~Tit Rer GJ·i!~ 

The Ministry of Health has directed the Village of Hanison Hot Spr[ngs to provide treatment to the 
Village water system. Tllis directive was issued ina. letter dated Nov. 6th, 2009, fwm Ms. Jeniene Lutz, 
C.P .H.I. stating; 

12 

,IJ..s a follow up to the Village of Harrison Hot Springs Council resolution of April 19, 2007 
regarding the treatment of the Village's water supply, the following terms and conditions were 
added to the operati!ig permit: 

On or before December 31, 2010, the finished water suppiied by the Village of Harrison Hot 
Springs water system must have undergone treatment that achieves the following: 

o At ieast a 4-log {99.9 9%) reduct[ an and/or inactivation of viruses 
o At least a 3-log (99.9 %) reduction and/or inactlvaUoil of Giardia cysts and oocysts 
o At least a 3~!og (99.9 %) reduction and/or inactivation of Cryptosporidiurn cysts and 

aocysts 

Please advise Fraser Health in writing as to hovv the Vi!lage of Harrison Hat Springs intends to 
meet the above terms and conditions. 

Village staff was unaware of the extent of the works and the cost that tills would entail until they tried to 
implement the objectives. TI1e deadline to have this work done has passed and the Village and the 
Minis1Ty are anxious to have the works completed. 

The removal and/or inactivation of Giardia cysts and Cryptosporidium oocysts from raw water are 
complicated by their small size and resistance to conunonly used oxidants such as chlorine. 
Cryptosporidium oocysts are harder to eliminate but are fortunately much less common in Canadian 
surface ·v;.raters. 

It is possible to rednce the viability of Giardia cysts by 99.9% using chlorination alone but long contact 
times are required. Ozone and chlmine dioxide are much better disin.fectants bu:C both are expensive and 
result in the formation of unwanted by-products (pmticularly chlorite fom1ation in the case of chlorine 
dioxide). Ozone is a better choice but is 1.mreliable when turbidity is high (as can be the case for the 
Village's Lake supply) or variable because cysts are protected in flocculated particles. 

Inactivation of Cryptosporidium oocysts by chlorination alone is irrrpractical but ozonation can be 
effective when used properly. 

Filtration followed by chlorination is a practical and cost effective answer to solve the problem. The 
estimate for this solution is in the range of $450,000 (BI Purewater). Based on tills est:ima:Ce, the Village 
set a budget for tl:-.ds solution at $450,000. 

I-Iovvever, upon further investigation, it vvas determined that the rfSS (total suspended solids) of the Lake 
supply ru~1s fronJ. 3 ~ 5 n1g/l (during normal periods) to 15 xng/1 (or .higher) during stonns or periods vvhen 
the Lake turns ove:c The filtration of1Nater vvith a TSS of 4- 5 rng/1 and above, is con1pliccrted by the 
need to backv.rash and/or replace filters tno often. The higher levels of TSS result in a large increase in 
the operations and 1naintenance costs vvhich negates the cost advantages for this solution. 



fhe next choice is filtro_tion with the aid of coagulation/flocculation. This is the most practical rnethod to 
achieve high ren1oval/inactivation Tates of cysts and oocysts in tutbid -water to rn_eet the requirernents of 
the IVIinistry ofi-Iealth a:nd the Canadian Dri:nl<ing Vlo:ter Guidelines. 

Rcoverse osnwsis (RO) plants are the high end solution. Not only do they remove cysts and oocysts, they 
also ren-'love a wide variety of irnpurities and bacteria. Hov..rever, the cost for this solution is too 
exorbitant for a small co:rnr.!lu.11ity. 

The 'Village therefore continued on v;ith the investigation of the nlld priced -'o:eatntent systems. 

Civic Consultants provided the Village with a study to determine their present and future water 
requirements. The present maxin:mm daily water demand (MDD) is 30 l/sec at 565 kPa and is bome out 
by the Village records. This is w·ithout any effo1t at v.rater conservation. \ft!ith water conservaHon 
policies i:'l place, it is estimated that the current capacity could be maintained to the year 2018. 

The Village asked three mmmfactures (BI Purewa.ter, Corix and Timbro) to provide concept and Class C 
budgets for solutions to the problem. 

BI Pmewate:r, the company that provided the initial estimates, did not provide a proposal. Their primary 
treatment product is cartridge filtration plants. Once they were in_fonued of the level ofTSS in the Lake, 
they decided not to submit a quote. The problem with TSS w~.s discussed previously in this Brief. 

~ ~ . 

The proposals received were as follows; 

1. A~C (Absorbent Cladfie:r) Water Treatment Plant by Cmix Water Systems. 
The AC water treatment plants use a combination ofhydraulic "tortuous path" 
flocculationJclarification filtration m1d rapid rate filtration to produce a superior quality of potable 
water. They are suitable for stable, well or smface viraters where turbidity levels seldom exceed 50 
NTU. 

The final water quality is 
" less than 0.1 NTU final turbidit-y. 
o 2.5log, mnlti~banier protection against Giardia and Cryptosporidium. 

Enclosed are conceptual design drawings for the AC System. For more infon:n.ation go to 
vvvvv,_i. kevvvin. \Tlb.ca/fi!es/ C\NS _/},C%2.0\JV atec%20Treatmen tSb20P lant. pdf 

2. Trident Model TR-210 A by Siemens Water Teclmologies 

3. Culligan Hi-Flo 50 Se1ies Industrial Water Filter System 

4. Z-Box So·18 Ultrafiltration Vhter Treatment System by GE 
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A-C WaterTreatrnent Plant by Corix \IVater Svste111s 

M1scellanecus 10% 

Engineering 10% 

HST12% 

2 Trident Model TR-210 A bv Siernens Water Technologies 

Miscellaneous 10% 

Engineering 10% 

HST12% 

3 Culligan Hi-Flo 50 Series Industrial Water Filter Svstem 

Miscellaneous 10% 

Engineering 10% 

HST12% 

Lie Z-Box S-18 Ultrafiltration Water Treatment Svstem by GE 

Miscellaneous 10% 

Engineering 10% 

HST12% 

$518/000 

$51,800 

$56,980 

$75,21Lic 

$7\01;>S£·.~. 

$1,089,717 

$108,972 

$119,869 

$158,227 

$1,476,784 

$656/880 

$65/688 

$72,257 

$95,379 

$890,204 

$1,092,063 

$109,206 

$120,127 

$158,568 

$1,479,964-

-~----~-' 

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

The initial quote from IDL of $483,415 included exceptions. I have gone back to them to get them to 
remove the exceptions. 

The new estimate is $518,000. 
The changes to the previous proposal Lnclude 

a) Added chy chlorination system 
b) location of plant moved to flat area next to old reservoir u-p 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 ra"N wetter forcen1ain to nevr reservoir and co1mect ravr water line from l8lce pumps to rav1 

vvater intake 
e) connect pls11t treated \iVater line and back vvash line to the forcenH:tin section going to the nevr reservoir 
f) connect plant backvvash v1aste line to existing reservoir overflovv line to rock pit. 

TI1e above vrorks assun1es that no rock blasti11 g or re1noval is reqttD:ed and the existing ±Orce1nan and 
oven1o\iV pipe are within 50ft of the lccation of the plant 
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}1_5 -well as the requirerne:rrts for treatment by the IVIinistry of Health~ the Village vvate1· supply intsl::e is 
also a concern. 'D1e intake is located approxlinately llan off shore in about 3.5 n1eters of-water at low 
levels. It poses a risk for purposeful or accidem:a1 contarnination. liovvever, to date, :rro problerus have 

- - -
OCCUTfecl. 

The two solutions to reduce or clirDinate the risk c!Te; 
to E'love "'d'le inlet further out into deeper vvater (1nore than 18 n:1eters) \rvhich vvill reduce the 
risk, or 
change the supply of v1ateT frox:_(l the Lake to a _protected groundvJater source Vlhich will 
elir.aLnate the risk. 

1. Civic Consulta_nts provided the Village with a report entitled "Harrison Hot Springs Water Study Nov 
2007". This Report looked at relocating the inlet out to deeper water to reduce the Tisk of contamination. 
The cost was estimated to be about $850,000 for the relocation of the inlet and an additional $150,000 to 
change the pumps to obtain the same capacity. As well, the water would still require treatment to achieve 
the Ministry of Health requirements. 

To reduce the risk ofLa_ke Vlater contamination and to meet the JVilinstry of Health requirernents the 
estimated cost would be approximately $1,715,000 (relocated inlc;t plus treatment). 

2. Providing a ground water supply :rnd incorporating a ground water protection plan, the risk of 
purposeful or accidental contamination is virtually eli::rninated. 

The new requirements from the MiDistry of Health apply to surface water or grou11.dwater under the direct 
influence of surface water (GUDI). If the source of supply was changed from Hauison Lake to a ground 
water supply that was not under the direct i'1fluence of surface water, these 11ew requirements would not 
apply. GUDI wells are generally less t.han 18 meters deep. 

The cost to switch over to a ground water supply, if an adequate supply of ground water meeting the 
Guidelines for Canadian Drinldng Water Quality were foui"ld, would be approximately; 

Well Drilling 

Hydmlogv Report 

Capacity Testing 

Chemical Testing 

Well Construction 

Pipe Work 
Well Protection Plan 

Contingencies 2.0% 

HST1Z% 

$15,000 

$7,000 

$5,000 

$500 

$60,000 

$50,000 

$25,000 

$162,500 

$32,500 

$23,400 

$218;400 

This solution would obviously be the least expensive solution if s:n adequate supply of ground water 
1neeting the Guidelines for Canadian Drinking V/ater Quality could be found. The -village explored this 
option by Ch:illhlg a 200 1111-n test welL Sufficient vvater vvas found but unfortu.nately? the v;rater did not 
rncet the Co __ Jladian Guidelines. The -wetter is high in lTI_mlga_nese and hydrogen sulphid.e (I-128). 
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The Village conducted a dexnonstration treatrnent project to detennine if there \Nas an adeg_uaie solution 
for the pararneters not nleeting the Guidelines. 1-\. a green sa_nd~~ filtration plant vvas provided by Corix and 
a thxee day testing prog:ran1 undertaken. The n1m1ganese and the H2§ V\Tere successfully removed to 
acceptable lirnits. 

1 Co ri x P F-485-3 il\rTP 

Miscellaneous ZO% 

Engineering 10% 

HST12% 

2 AeralaterType II Plant by Siemens 

Miscellaneous 10% 

Engineering 10% 

HST12% 

3 Hi-Flo 50 Cull sorb Filter System by Culligan 

Miscellaneous 10% 

Engineering 10% 

HST12% 

$629,415 

$125;883 

$75,.530 

$99,699 

$930,527 

$878,577 

$87)858 

$96,64-3 

$127,569 

$1,190,648 

$998,589 

$199,718 

$119,831 

$158,176 

$1;476,314 

In total, the cost to convert the Lake Snpply to a Ground Water Supply would be approximately 
$1,148,927. Tlus would meet the Ministty of Health requirements and eliminate the risk of 
conta111in.ation. 

I have enclosed a copy of the esillnate for the PF- 485-3. As with the AC J'lant, there are exceptions with 
the quotation. I have made allowance for these by adding 3, 20% miscellaneous amount. 

AnotheT major factoT that will affect the decision is the cost of operations and maintenance. As cart be 
seen from the initial concept of applying 3, straight forward filtering system, the costs for labour and 
filters would be excessive. BI Purewater's primary treatment plants are cartridge filter plants. Due to the 
high levels oftuxbidity, they decided not to provide a quote for their plants. 

The effect of the turbidity problern_ is demonstrated i11. the existing vvater lines. Vlhen the public \iVorks 
crews flush the lines, t_he mains nm extremely dirty lmtil most of the settled solids o.re flushed out. The 
1nuck in the lines also causes problems v1ith the chlorine residual values and can lead to failing test results 
in the ,;;vater systen1. 



, __ -;;== 
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Alum is the coaguhint that is generally added to the ravv vv-ater to precipitate dissolved ~~-="·"""~" 

contarninants and encourage suspended particles to group together in the forrn of'~floccs7 ~. i~_s the vvater 
p9~sses upv,.rard th .. .rough the upflovv- clarifier filter, these grovv and are rerx1oved by the coarse n1.edia. The 
clarified \i\Jater then passes on to the dov,;nflovv xapid gravit-y filter for flllal polishing. Solids that 
accurnu1ate vvithin both the up±1ovv c,ncl dovvT1f1ow filt:e:rs are periodicallyrer.aoved by auton1atically 
controlled airhNater back:wasl1ing. 

The n1ore turbid the water is, the 1nore frequent the backwasbing program vvill be. Manual operation of 
the backwashing process may be required due to fluctuating levels of TS S. Manual opemtions require 
labour which can be expensive. As well, back:-v.mshin.g also requires energy demand 311d is a negative for 
v1ater conservation. . 

The ground water supply does not have the TSS or turbidi'cy problem that the Lake srrpply does. What is 
being filtered out is the excessive manganese. This is in much lower concentrations than the TSS and 
therefore requires much less backwasbing f.h.an the AC plants does. The backwasbing can generally be 
done on an automatic schedule to reduce operational labour costs. 

The regeneration of the potassinm pem1m1ganate does add costs but it mostly done on an automatic basis. 

To this point, we have not done a detailed analysis of the labour costs for each process. 
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There are other vvorks that -will be required for vvater supply that vvill be necessary either for a La:!ce 
Supply or a Ground VVater Supply. The existing water rnains have an excess of S&Lds/silts built up over 
the years due to the use of the turbid Lake Supply. These rr1ains need to be clem'led. Trea:ting the water at 
the source vvill not protect the users fron1 the sa::_r1ds or silts already in the systern. 

To dean out the lines properly requires a process lmovvn as "pigging" the iines. A series of small 
polyethylene foam cleaning devices are put into the pipe line through a fire hydrant banel. They are also 
retrieved from another fire hydrant baJTel clown the line. A short video of this process can be seen at 

We have contacted ABC Pipe Cleaning for a rough budget estimate. Their response was that it would be 
in the range of $ __ /m. The Village has m of mains for an estimate of $80,000 (temporary 
guesstimate) for this work. A contingency mnonnt of 3 5% should be added for a total estimate of 
$121,000 (which includes HST). The total should be added to either the Lake Supply Grant application 
or the Groundwater Supply Grm1t application. 

Before llil application for a Gmnt is made, a more detailed estil:nate for the pigging process should be 
obtained. 

If the lines are cleaned, the JVJinistry of Health has stated that they would consider not requiring 
chlorination of the grmmclwater supply. The Lake Water Supply would need chlorination in either ca.se. 

As well, t.he Minist<y of Health would like to see proper sampling pmis on the water system. Currently 
samples are being taken from individual home taps and or fire hydrants. Tbis methodology is not 
acceptable. 

The proposed smnpling ports would be similar to those used in the District of Kent. For budgetary 
purposes, I have estin1atecl that 10 SarJl.:pling ports should be installed aJ a cost of $1,000 each for a total of 
$1 0, 000 plus contingencies plus HST. 

To meet GCDVVQ guidelines a 1 micron cartridge filter must be installed. We know of one plant up north in which 
the owners specified and ordered a cartridge filter plant. The dal:a the~r presented indicated the turbidiW was <2 
('~TU. However there were incidences this spring in which the turbidity vvent rnuch higher. The town \Vas changing 
filters every day at great e><pense. It is our experience that anyt!1ing over 2 [\!TU for a 1 n1icron 'filter V·.till greatly 
increase cartridge filter replacement. 

The AC plant on the ot\1er hand will handle turbidity up to 25 with norma\ operation. {-Ugher turbidities are possible 
llovvever backv._;ashing \Nl\\ increase considemble as v,ri\1 operator attention. Tl1is gives the Vil!age a sign"incant 
safety factor frorn tu1·tJid!ty increases. Under 25 NTU, one essential\}' pays oni)f for egti·a chemicals as tl1e turbidity 
increasss. It (s difficult to pced!ct hovJ much the chemical use vJill lncrease wiH1 higher tucbidity, but it,s probably in 
the neighborhood of 2.0%. 



Tin Tun5 the l\!IU---llstr-y of I--:Iealth Regional Engineer stated at the last rneeting that the I--ianison I-Iotel had 
,?rovided a cartridge filtration systera for their treatrrrent. It becart1.e so plugged up that they had to 
discoilllect it 

Civic is a~Arare of a cartridge plant that vvas supplied for a sn1a1l -w-ater systern on Shusvv-ap Lake. The 
filters had to be changed tvro ortlu_·eet:irnes a day. The Owners had to purchase a different type of plant 
to cope with the tv:rbidity. 

The estirr1ate for the groundvvater supply included a::_11_ estimate for the construction of a well a:_fld the 
installation of a well punrp. We have sin.ce obtained a more detailed estim.ate from Corix. Their estimate 
is as follows; 

The scope for the vve!\ pump equipment includes: 
o Well pump and cables, c/w leak detection and overload protection 
o low water !eve\ detector 
o Wellpipe 
o pit\ ass adaptor 
o Pump controls and sta1ier added to \!\ITP F'LC 
o Local well disconnect (equipment wiil be in the WTP building) 
o 60m power and instrumentation cable (WTP to well) 

Gwndfos l"ump information 
Pump to \1andle 486 usgpm water at (149.8 psig) 346ft TDH at the worst case scenario (i.e. filter is plugged); 
pump will deliver 550 usgpm water at ("125 psi g) 289ft TDH when filter is cornpletely clean. 
The system will require a modulating valve at dischar-ge to keep flow rate constant at 400 usgpm. (More is 
available if needed in the future) 

One only Gn.H1d·ros LYHJde~ 4T5-S0GG-S all stainless steel submersible vve\1 pump end, 8" dia. pump 
with 6" FNPT connection; ship.wt. 101\bs 

One· only Gn.mdfos G'~ dfa" 6Q hp 1 304-SS nn.otor for above pump, 345Drpm, 575v, 3ph, 60hz, 13000 lbs maxi. 
thrust capable, std. 312" long motor lead; ship wt. 390 \bs 

i~ote i: TWU6-4 pump cable good. for 550ft continuous run on 60hp, 575 volt application; 
1\!ema 4 starter required, /'JB J45 heater for overload relays or equal, overload 
relay amp sets at 67.0 to maxf. of 72.8 (60hp, 575v motor rated at 64.4 arnps) 

Note 2: Pumps specs to be fine tuned upon detail design 

Installation scope: 
o !nsta!l force main from well to VVTP 50m 
o !nsta!i well pump, cab!e and sensors 
o Install 50m of u/g cable and local disconnect 
o install well head protection 1m deep, 5 meter radius, plastic sheet, bentonite seal 
Total cost of well punip, cables, installation, \IV': I\ \1ead protection, etc. is $45,000 
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The cost for a well would be; 
\Nell drilling 
f-Iydrology Report 
Capacity testing 
Chemical Testing 
3 phase power to well head 
Vlell Cons"lnlction 

Contingencies 20% 
HST 12% 

Previous estirnate was 

$12,000 
$ 3,000 
$ 5,000 
$ 500 
$20,000 
$45,000 
$85,500 
$30,200 
$13~884 

$Jl2'JI,::l5'4!· 

$218,400 

COTI'lplete 
underway 
con1plete 
complete 

In Summar-y the Lake Supply Treatment System should cost approximately; 
Treatment Plant (including contingencies and HST) 
Cleaning the lines (including contingencies and HST) 
Sampling Ports (including contingencies and l-IST) 

Total 

The Groundwater· Supply and Treatment System should cost approximately 
Treatment Plant (including contingencies and l-IST) 
Well and pumping system (including contingencies and l-IST). 
Cleaning tl1e lines (including contingencies and HST) 
Sampling Ports (including contingencies and l-IST) 

Operating Costs 

Total 

$702,000 
$121,000 
$ 15 000 
$838,000 

$931,000 
$130,000 
$121,000 
$ 15,000 

$1,191,000 

1. Cartridge Filtration System was not estimated due to the mLlmown number of filter changes. 

2. AC PLANT (assumes 10 NTU lake water) 
Chemicals: Polymer, Alum, Soda Ash. 
Power: Mostly due to pumping to WTP fmm primary pumps 
Power: Due to pumping from WTP to reservoir 
Operating Labour 2 hours/day. 4 hours/week for chemical replenishment. 
Totall4hours/weekAssume labour costs@ $40/hour 

Total cost/ m 3 (based on aMDD of2,242m3/day) 

3. PR13SSUREFILTER 
Chemicals: I<mn04 
Power: Mostly due to well pump 
Labour hour/week 14 Assume labour costs@ $40/hour 

Total cost I m3 (based on a MDD of2,242 m3/day) 

Life Expectancy. 

Total $53 8.3 0/week 
Total $381.92/week 
Total $124.33/week 

Total $560.00/week 
$1,604.55/week 

$0.10/m3 

Total $164.50/week 
Total $556.50/week 
Total $560.00/week 

$1,281.00/week 
$0.08/m3 

The life expectancy of the Lwo systerns is a11.average of 25 years. The tsnks then1selves should last for 
about 40 years. 



Vle have asked Corix to provide smne- assurance that H2S and l\/[angm1ese will h"3 rernove.d 

fheir response; 

The pilot test is our best assurance that sulphides (and Manganese v·Ji\i be removed) 
T\-18 repmtecl values and obse!Vations fmrn the ,-'-\))Iii pilot test were: 

11 lVIanganese Tests 
c3CD'\VQ aesthetic objective: <0.05 111g/l 
Raw ·water average: 0.12 lDg/1 
Treated water average 0.008 mg/1 
Average removal efficiency 93% 

Sulphide Tests 
GCDWQ aesthetic objective: <0.05 mg/1 
Raw water average: 0.023 mg/1400 gpm value 0.027 mg/l 
Treated water average 0.007 mg/l 
Average removal efficiency 70% 

The results indicate that aiiiT!easured treated water pararneters vvere within GCDWQ by a safe rnargin. This result 
is indicative that the \T1EHlganese green sand filter system \rvou\d safely and economically meet VHHS's potable 
vvater objectlves. 

Tile pilot test operator also indlcatc:·d that the water taste quality was good vvith only very faint odours before 
treatment and no odours following treatment." 
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GEOTECHh!IU.L P-.ND 
HYDROGEOLOGlCAL CONSULT;\l'.jTS 

215- 250 \.'L'EST ESPU-.I·!P.DE 

«DRTH W.HCDUVER, B.c. 
CN~P.OA- VTM 3G7 
TEL: (60-'>)906-0551/ FAX: (604)%5-7285 

Civic Consultants Lid. 
41 0 ·- 3'd Street 
1\lew Westminster, B.C. 
V3L2S2 

Attention: Lome Davidson, F'.Enq. 

Dear Sirs: 

OLH-"flle: 3127 

Re: Gmunclwater Supolv Test Well, Harrison Hot Springs 

In response to your recent request for comment on the groundwater supply test well installed in 
2010 in the Village of Harrison Hot Spt·ings, Piteau Associates Engineering Lid. (Pi'teau) is 
pleased to provide the following letter to outline our opinions on well efficacy, wate1· quality and 
development 1·isl<s associated with use of this site for converti11g the communities water supply to 
a local groundwater source. 

In March 2010, A & H Drilling Ud. unde1· contract to Corix Water Systems (Corix), completed 
installation and pump testing of a 31.7m (104') test well witl1in a 41 m (135') borehole on 
community property in the Village of Harrison Hot Springs (Fig. 1). Piteau understands that tile 
objective was to test for local potential to convert the community water supply from a surtc:ce 
water source to a groundwater source to mitigate drinki11g water quality problems experienced by 
tile community, including issues with turbidity and the potential for microbiological contamination 
associated with a sutface water supply. The future water demand is 25 Us (400 USgpm). 

Based on apparent sulphide odours noted during drilling and subsequent excesdance of 
Canadian Drinking Water Guidelines aest11etic objectives for manganese from water quality 
testing, a field filtration test was conducted by Corix in 2011 (Corix, 2011) to test the effectiveness 
o'f Greensand ancl activated carbon filter media for removing these ions. They reported that 
manganese tests showed 93% average mmoval efficiency and 70% average removal &fficiency 
for sulpllide, •·educing concentrations of the respective ions to well below water quality guidelines 
at a pilot plant scale. 

WELL HYDROGEOLOGY f!J\!I!J cm~STR!JCTI'Cm 

/\test vvell was drilled to 4irn (135') depth into an unconnned sand and grav·elaquifer. Thfs 
con1position is consistent vvitll the highly productive J\gss2t~ ~ Seabird island Aquifer which hCiS 
been mapped to extend from be{ow.r tlte Fraset- River, through Agassiz and be-low Harrison Hot 
Springs and Hardson Lake (Fig. 'l). This aquifer cornpdses gsnerai\y coarse-grainec! a\tuvisi 

PITEJl..U ASSOC!ATES ENGINEERli\~G LTD. 



Consultants Ltd. 
Attention: Lome Davidson, P.Eng. -2- September 21 201 '! 

sediments and overbank: deposits associated ':.!V["i:h the Quate:T·ral-y path of the Fraser River and Hs 
local tributmies extending as far north as Harrison Lalze. 

The driller's log for the test well is included as Appendix A. Tl1e well consists of 200mm (8") 
casing with a 4.9m (16'2") length of stainless steel well wire-wound screen exposed to sand and 
gravel between depths of 26.8 and 31.7rn (87.8 and 104'). The screen slot size used was 0.5mm 
(0.020"). The static water level at the time of wei! constwction was 3.4m (11') below ground. 

REVnEW OF PUMP TEST DATA 

Corix Water Systems conducted a variable-rate aquife1· pumping test on the test well on April i 3 
and 14, 2010. According to the well test record (Appendix B), the well was pumped at rates of 
5.0, 8.3, 13.6, 17.9, and 25.5 Us (80, 13i, 216, 284, and 404 USgpm) for intervals each lasting 
20 minutes, and the ·final interval was extanded provide a total test duration of i, 180 minutes 
(19.7 hours). Altl1ougl1not indicated in the well test record, it is understood that tile pumping rate 
was increased to 31.5 Lis (500 USgpm) during the initial "constant-rate" portion step of the test, 
between about 90 and 200 minutes after pumping fJegan. 

The pumping test results are iiluslratecl on Fig. 2. Drawdown is plotted versus the logarithm of 
time from the beginning of the test. The aquifer transmissivity estimated fmm the portion of the 
di-awdown curve behll!een 90 and 200 minutes using the Cooper-Jacob (1946) method is 
estimated at 5.3 K 10-3 m2/s. This was calculated using the recorded Row rate of 25.5 Us. The 
actual rate recorded cluring this portion of the test may have been greater, which woulcl result in a 
higher value of transmissivity. Water level recovery data was insufficient to provide a reliable 
estirnate of transmissivity. 

Extrapolating the portion of the drawdown curve between 90 and 200 minutes to 100 days yields 
a projected drawdown of 12.9111 (42.3'). Using this value in a calculation of safe yield based on 
an allowable drawdown after iOO days equivalent to 70% ofthe available drawdown (Table I) 
results in a value of 28.4 Lis (450 USgprn). 

A commonly accepted design concept is that water wells should be conslivcted With sufficient 
open area wit\1in the well screen so that during pumping the calculated entrance velocity will not 
exceed 0_ i feet per second (ftlsecond). The basis for this is that it is believed to maintain friction 
losses to a minimum, and to minimize potential for chemical encrustation and/or corrosion of the 
screens. The maximum capacity of the test well based on this limiting c1iteria (Table I) would be 
15 Lis (241 USgpm). However, as the scientific basis fo1· this 0.1 fUseconcl threshold is unclear, 
and it is judged that pumping the test well at rates up to 25 Lis (400 USgprn) is unlil<:ely to result in 
any noticeable decrease in long-term well pmfom1ance. Nevertheless, it is rscornmendecl tl1at 
any new production weHs should be designed to achlave a 0. 'i ft/second screen entrance velocity. 

PITS'\U .'\SSOCIATES Ei'>!Gli\!EE!'i\NG LTD_ 23 
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Civic Consultants Ud. 
/J.,tfention: Lorne Davidson, P.Enq. -3- Septen1ber 2, 201 i 

A summary of all available water quality analyses is pmvided in Table II, including two water 
quality samples !al<en in 2010 following well construction, and one during tile filtration test in 
2011. All analyte concentrations were found to be below Canadian Drinking Water· Guideline 
maximum acceptable concentrations and aesthetic objectives, except for manganese, which 
ranged from 0.112 to 0.115 mg/L, versus the aesthetic objective of 0.05 mg/L. Sulphurous smells 
noted fmm water· samples and the high total sulphur content suggests that dissolved sulphide 
(H2S) may exceed aestl1etic guidelines. Cmbc (201·1) indicated tl1at sulphide concentrations were 
elevated, but the average concentration of 0.023 mg/L does not exceed the 0.05 rng/L. The 
source of t11is analysis was not available at the time of this report. Olfactory indicatior1s of the 
presence of sulphide dissolved in the well water observed during drilling and filtration tests 
indicate the wata is chemically reduced. 

Piteau has completed a review of available data from the Harrison Hot Springs test well program 
including a review of pump test and water quality data and offers the following conclusions: 

1. Tile relatively high transmissivity and calculated sustainable yield indicate that tile local 
aquifer below the test site willlilzely sustain a gmundwater· flow sufficient to meet a 
demand of 25 Us (400 USgpm). 

2. Preliminary water quality analyses of samples from tl1e test well indicate most major 
element concentrations are below detectable limits or at concentrations well below the 
maximum allowable concentrations and aesthetic objectives outlined by the Canadian 
Dr-inking Water Quality Guidelines. Corix (2011) demonstrated that concentrations of 
those elements which exceed, or potentially exceed, the guidelines (manganese and 
sulphide, respectively) can be reducad to achieve levels below the water quality 
guidelines. 

3. The test well is situatecl within a region utilized for residential and agricultural purposes, 
and is in close proximity to natura! mineral spri11gs. Groundwater quality analyses sl1ould 
therefore be expanded to include potantial contaminants fmm these sources, which could 
ir1ciude bacteria, nutrients (ammonia, nitrite, & nitrate), pesticides and herbicides, and 
radionuclides. 

4. An analysis of the potential for groundwater to be under the direct influence of surface 
water should be undertatzen before the groundwater is utilized for drinlzing water 
purposes. Providing tlrat the well is more than 1OOm (330') from the nearest surface 
watercourse, and that there are no E.Co!i or coliform bacteria present in the groundwater 
frotTt the we!!, it is !i!ce!y that a determination that the weli ls not under the direct inffuence 
of swiace \Mater can be made. 

PITEAU ASSOCI.I\TES El'iGII'iEERlNG LTD. 



Consultants Ltd. 
Attention: Lorne Davidson, P.Enq. Septernbe1· 2, 201 i 

5. It is recommended that the capture zone( e) f01· all new supply wells should be estimated to 
enable definition of a wellhead protection zone, and d<3velopmenl of an aquifer protection 
plan. 

6. Due to the apparent heavy utilization of the aquifer illustrated by the density of rep01ied 
groundwater wells in the aquifer (Fig. 1), and the anticipated stress this well will apply to 
the aquifer, an analysis of tile potential foi·local we!! interference in the vicinity of tile test 
well is advisable to ensure that tile abilities of othe1· wells in the vicinity are not affected. 

This letter of opinion has been prepared using a standard of care consistent witl1 that expected of 
scienti"ffc and engineering professionals undertaldng similar work under similar conditions in B. C. 
No warranty is expressed or implied. 

This letter of opinion is pmpared for the sole use of Civic Consultants Ltd. and their client, the 
Village of Harrison Hot Springs. An)luse, interpretation, or reliance on tllis information by an)l third 
party, is at the sole risl< of that part)!, and Piteau accepts no liability for such unauthorized use. 

CLOSIJRE 

We trust these comments are sufficient for your present needs. Please contact the either of the 
undersigned if you require further assistance. 

1\!\LS/DJT/slc 
Att. 

Yours truly, 

PITEAU ASSOCIATES ENGINEERING LTD. 

PITEAU ASSOCI.~>.TES Ei'!Gii\IEERII\lG LTD. 25 
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11E8ilii!Ui2ll VuElJD: CAtCUJil!U[(i;[<5 

LEVELS 1~1~0 r"<>,TES I UNUT I TEST \f\JELl. 
""" " "" " " 

CASING ELEVATiON (ESTIMATE) m-geod 10.97 
STATIC WATER DEPTH 1 m-bgl 4.27 
STATIC WATER ELEVATION 2 m-geod 6"71 
ESTIMATED INTERFERENCE FROiv1 OTHER WELLS' m 

ALLOWANCE FOR SEASONAL WATER LEVEL REDUCTION 111 2"00 
ESTIMATED MINIMUM STATIC DEPTH3 m-bgl 6.27 

DEPTH TO TOP OF WELL SCREEi~ m-bgl 26"77 
DEPTH TO PUMP INTAKE 4 m-bgl 24J7 
RECOMMENDED LOWEST PUMPING DEPTH 5 m-bg! 22J7 
AVAILABLE DRAWDOWN 6 m 20"50 
FACTOR OF SAFETY m 0"30 
MAXIMUM ALLOWABLE DRAWDOW~! 7 

111 14.35 
PUMP tESt LENGtH min 1180 
FINAL WATER DEPTH 111 13"87 
DRAWDOWN AT END OF FST 111 9"60 
PROJECTED 100-DAY DRAWDOWN m ngo 
PROJECTED 100-DAY SPECIFIC CAPACITY 8 L!s/m 1"98 
I ES I PUMPING RAtE Us 25.5 

m3/day 2202 
USGPM 404 

IGPM 337 

CALCULATED LINEAR YIELD 9 Us 28.36 
ESTIMATED SUSTAINABLE SAFE YIELD 10 

Lis >25.5 

m3/day >2203 

USGPM >404 
IGPM >337 

SCREEN LENG I H m 4"9 
OPEN AREA cm2 1m 1016 
TOTAL AREA m' 0"5 
MAXIMUM SCREEN CAPACITY 11 

Us 15 
rn3/day 13'i 1 
USGPM 241 

IGPM 200 
"' •" H:\ProJSCl\312r\2011\[Sme well Yield Mar2010 producnon v,rel\-v2.xls]Well y1eld 

Static water elevation at time of test. 
No known v"ell interference 
Estimated minimum static depth is taken as measured static depth 
Assumes pump intake is 2m above the base of lowest screen (i.e., motor 1m ebove bottom of screen end motor 1m in length). 
Calculated as 2m above the pump intake 
Difference bei1Neen recommended lowest pumping level and estimated static elevaiion. 
Allowable drawdown equals available times( 1-factor of safety). No factor of safety used for dewatering design. 
Specific capacity is pump test rate divided by dravedown at end of pump test. 
Calculated linear yield is the allowable drav.rdown times the 100-day specific c2,pacity. 
Estirneted sustainable yield is the calculated line2r yield Vl/here this is less than the test pumping rate. For linear yields greater 
than the pump test flow mte, the sust2inable yield may be nonllne::::.r 2nd therefore the pump test rate provides a minimum 
guideline sustainable safe yield. 
Maximum screen capacity is calcul2ted as screen opening aea times recommended rncximum enhance velocity of 0.1 fJs. 



T,C,SlE lu 
\FJAT~R C!UAUT't t~[\llft\..LYS~~S 2CVHJ!Z(r~·~ tU\'iD ~J.ifW;(VCH~G \RfAYER GU\iC!<E~_.W~ES. 

Sat~p-,l-e-l~~~~-----~-~~r UI,ITS ,--WELLl*~~MPLE WEl\~~W1PLE~~~~::~~ -- GUID~~~~; :~~-G~~~~~~~ ::-
;Date Sampled ~ '14-APR-iO 14-APR-10 27-Apr--11 

p[-tyslcc;! Tes·ls 

Hardness 5 (as CaC03) rng/L i27 i26 see below see below 

Total ft!leic;~s 
Aluminum (AI)-Total mg/L <O.OiO <0.010 <0.003 O.i 

Antimony (Sb)-Total mg/L <0.00050 <0.00050 <0.0005 0.006 

Arsenic (As)-Total mg/L 0.004-53 0.00446 0.00570 0.01 

Barium (Ba)-Total mg/L 0.033 0.032 0.036 i 

Boron (B)wTotal mg/L <0.10 <0.10 <0.05 5 
Cadmium (Cd)-Total mg/L <0.00020 <0.00020 <0.0001 0.005 

Calcium (Ca)-Total mg/L 36.9 36.7 39.i 

Chromium (Cr)-Total mg/L <0.0020 <0.0020 <0.001 0.05 

Copper (Cu)-Total mg/L <0.0010 0.0019 <0.0002 

Iron (Fe)-Tota! mg/L 0.062 O.i03 0.076 0.3 

Lead (Pb)-Total mg/L <0.00050 <0.00050 <0.0002 O.Oi 

Magnesium (Mg)-Total mg/L 8.40 8.35 8.98 

Manganese (Mn)-Total mg/L El.i12 O.H5 0:115 0.05 
Mercury (Hg)-Tofal mg/L <0.00020 <0.00020 <0.00005 0.001 
Molybdenum (fv'lo)-Tota! mg/L 0.001 

Nickel (Ni)-Total mg/L O.OOi 

Potassium (K)-Tot21 mg/L "i.90 1.89 2.15 

Selenium (Se)-Total mgfl <0.0010 <0.0010 <0.000"1 O.Oi 

Silver (Ag)-Total mg/L <0.00002 

Sodium (Na)-Tofal mg!L 2.9 2.9 3.1 200 

Sulfur (S)-Total 6 mg/L 0.97 0.96 <3 

Uranium (U)-Total mg/L <0.00010 <0.00010 <0.'0001 0.02 

Vanadium (U)-Total mg/L <0.005 

Zinc (Zn)-Total mg/L <0.050 <0.050 <0.005 5 

H:\Project\3127\2011\[VVater Quality summary 30/<.ugi i.xlsx]Results of Analysis 

Notes: 

1. Sample results from April 14, 2010 following well construction 

2. Sample results from Corix (2011) pilot study 

3. Canadian Drinking Water Quality Guidelines- Maximum acceptable concentrations (GCDWQ, 2010) 

4. Canadian Drinl<ing Water Quality Guidelines- Aesthetic objectives (GCOWQ, 201 0} 

5. "Generally, hardness levels between 80 and iOO mg/L (as CaC03) are considered acceptable; levels greater than 200 mg/L are 
considered poor but can be tolerated; those in excess of 500 mg/L are normally considered unacceptable." (GCDWQ, 201 0) 

6. Canadian Drinking Waiei-Qualfty Guidelines- Aesthetic objective for sulphide (H2S) is 0.05 mg/L (GCDWQ, 201 D) 

29 



30 



!II. 

~I 5 
ru 
> 
l" 

SCALE: 1:100,000 

585000 
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WELLS WITI-!IN 
o AGASSIZ-SEABIRD 

ISLAND AQUIFER 

. "~-]AGASSIZ-SEABIRD 
~~~J ISLAND AQUIFER 

PREPARED SOLELY fOR THE USE OF OUR CLIENT AND NO REPRESENTATIOI'>I OF ANY KIND IS IViADE TO 

--------~~---~ OTHER PARTIES WI~ PITEAUASSOCIATES ENGIIHRING LTD HAS NOT EI<TERED IIHOA CDIHHACTjl 

VILLAGE OF HARRISON HOI SPRINGS I PI fl'~.b u ASSO· ]Cq &)liCe; I 
WELL WATER PILOT STUDY REVIEW 1 ,__,,IL ' ., ~-· 1' ' 1 bu· i 

I GEOTECHI'JiCAL,"-NDHYDROGEOLOG!CALCOI\lSULTAI\ITS \ 

PLA_I\1 MAP AND OBLIQUE /-\ERIAL ~'!Elf'} OF i-lJ'-\1-:;~!SOI\l HOT SPRINGS~~r MLS r~~~~! 
Af\ID THE AGASSIZ -SEJ\Bif'm !SL/\i\)0 I~.QUIFt:h: \-;:;,,~:, I"' 1 li 

--~----~-~~~~~~=~·--· 
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Step 1 ol ;;. Q = 5.0 Lis (80 USgpm) 
CIJJi]f'JXJo o-. - - -

0 
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A ~.::. AA~4./,AA111::Jjj:0.A Step 2 
0 = 8.3 Lis (131 USgpm) 

7--····"""' 

Cooper Jacob ('1946) 
Drawclown vs Time 
T2 ;;;; 2.303'~(25.5 Us)"'O.OO'I 

4''""(0.883 m) 
= 5.3 x 'I 0..,; 1W/s (457 m</day) 

Step 3 
0 = '13.6 Lis (2'16 USgpm) 0 

~·.···· u:.....,:.1 

Step 4 
Q = 17.9 Lis (284 USgpm) 

b . 

Step 5 
Q = 25.5 Lis (404 USgpm) 

L 
'\ ·"·t'.D.Ut~::::.i 

- :.:-.:---. b.(J;,J!,.;,. 
~~~~ 

Theis ('1935) Recovery Method 
Drawdown vs t/t' 
Troc;;;; 0. ·j 83"(2.5.5 L/s)"-''0.00'1 

(0.35 111) 
:::: ·1.3 x 10-2 m2/s ('I '142 m2/clay) 

0 

-

~;;\ 
('jJ 
·u 
C'.:l 
a -,-
il 

i 
l -Field Contractor: Corb< Ut1l'ues Variable Rate Test 

TesL Stml: April13, 2010@ 16:00 Constant Rate Analysis: 25.5 Lis (404 USgpm) 
Test Durat1on: '1180 min Pre-test Static Water Level: 4.27m ('14 'ft) 

'IS 1 1 1 n n111 1 1 ·1111111 1 1 ·11 nrr~~~~ 1 nm1 1 1 111-rni 

Projected c!rawdown 
after 'iOO clays= '12.91Tl 

I I n fliT[[ I ·1 II I HilT~ 

0.'1 i 40 iOO 1000 iOOOO 100000 1000000 

Coop®rr m1dl J;;lcoiJ 1('19~·11) 

T = ;?.303 '' Q ''0.001 
t].'"n''.6.s 

neis ('n;l35) 

T"' 0.'183 '' Q ''0.001 
6(s-s') 

IE~ill~()S~0l r~mte (M~U'i~ OU' R~Q::O'\I'®U")f rnm~ fltlu:") 

PREPARED SOLELY FOR T!-IE USE 01' OliE CLIENT AND NO Ri:.PRESENTATION OF AH'/ J<IHD IS MADE TO OTHER 
PARTIES WITH WHICH PITEAU ASSOCIATES ENGINEERING LTO. HAS NOT EI,J"i'ERED INTO A Cm~TRACT 

CIVIC CONSULTAI\ITS LTD PITEAU 1.\SSOCIIATES 
VILLAGE OF HARRISON HOT SPRINGS GEOTECHNICAL Al\10 HYDROGEOLOGICAL CONSULTAI~TS 

SEMI-LOG PLOT OF WAfER LEVELS IN HARRISON 1-101 
SPRINGS fESf WELL; VARIABLE RATE PUMP TEST I~ESULTS 

:l'~nLS 
APPROVED: 

AND CALCULATED TRf. 'SMISS.IVIITY II DJT 

,IDAT'-· -~ I AUG'['[ 

'"" "' I [II ..::... 

= 

I 
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C\0: DATE: 31 J:(H {]I iNVOICE: 

CITY: -NAD: ZONE: 10 UTM EASTING: 

PHONE: ELEVATION: J6 FEET UTM NORTHING: 5',61207 

CONSTRUCTION ACCURACY: 59 FEET WELL ID PLATE# 29881 

CLOSURE: ALTERATION: ---

FROM TO \VELL LOG INFORJ\Il.AT!ON 

0 I 4 j §fo_j_'JD GP...A 'V~JL!F]]LL START DATE: lHARCH 29 2(}10 

" I 10 CLAY GRA \1-:EL V~:li:'rH \VOOD COMPLETION: !V!A_I<CH 30 1010 

~ 17 §!ILTY SAND !RIG NO: 5 TYPE: !IJUAL ROTARY 

17 30 lsANu <GRAVEL DRILLER: JOHN M£D0NALD "\'YD#Q-41110301 

30 I 35 \ME IliUM SAJ"ID/§0!\IlE GAA VJEL HELPER: BillLL CLARiKE I 
35 I 45 IMiEDIDM §ANJ}I'/1'00]) l\ffi<_E]) CASING SIZE: 8 INCH 

45 I §0 \nm'ffi SAND W.B. SURP ACE CASING: ]_2 INCH 

&0 I 85 IFJiNE TO MEDIUNii SAND SURP ACE CASING DEPTH 15 FEET 

gs HO MEDTIJl\i 'IO CO AlR§E §Al\T]Dl §01\'ffi GRAVEL SMJALL CASING SHOE: 8 INCH ' 

110 I 135 FJINE§AND 

I HOLE DEPTH: 1104 FEET INCHES 

I I CASING BOTTOM: S9 FEET INCHES 

+ STICKUP: 2 FEET 6 INCHES 

OPEN HOLE FROM: FEET TO: FEET 

:=+=1 
SCREENS 

NO. OF SCREENS: 11ffi{]EE 

SLOT: 20 SLOT: zo SLOT: 20 

I SLOT: SLOT: SLOT: 

SCREEN LENGTH: 16 FEET 2 INCHES 

I TOP AT: 87 FEET 10 INCHES 

I BOTTOM AT: lG4 FEET INCI-!ES 

I KPACKER: YES BAIL BOTTOM: YE§ 

I I RISER: NO TAILPIPE: NO 

IDJJN CON'IEN'f: APPROX 0.5 P.P.ht \VELL PRODUCING 

REl\1AEU'(§: PULLED BACIOO 104 FEET AFPROXIMI'-TE FLOW RATE: JGG GPM I 

=~ 
V/ELL SHOULD B-E PUfviP TESTED APPROXIMATE STA 11C!PO: " FEF 

SET 15 FEET OF 12 INCH.: SURFACE CI~S>NG AND BENTONiTE SEAL SET SCREFN & DEVELOP: ~15 HOURS I 
--~-~-

RECO!VilvfENDED PillvlP SETTTI'-IG: 2G FEET I 
34 
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'Village ofi--iarrison I--Iot Springs 
VVell 'if\l ater :Pilot Study 
April2011 
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Obiective of the studv 
To detennine ifren1oval of unacceptable levels of Manganese and ]Hydrogen Sulphide 
:frolTi a \vell vvater source is po~sible using Greensand filter rnedia 2,.t B~ purnped flovv rate 
equivalent to \Vhat vvould be required to service the conununitis treated water needs. 

Provide ravv vvater analysis of the pararneters required in the Canadian Drinking VVater 
Guidelines (CDWG). 

Description ofv.rater source 
Harrison Hot Springs well head behind the fire hall. The well was drilled and tested for 
draw down characteristics in April, 2010 by Corix Utilities. 

Source water testing pararnete:rs 
Source 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 rate for the testing: l Litre/min. (0.264 gal/min.) 
Surface area of the filter: 12.57 sq.in. (0.087 sq.ft.) 
Surface loading: 3.03 GPJV11 sq.ft. 

Batch regeneration ofthe media was accomplished using Potassium Pennanganate 
powder. See the "Testing lviethods" section at the end of the document for details. 

Analysis 
Analysis of the water samples was by MaY,xam Analytical, Burnaby BC. 

Results oflab analvsis 
A smmmu.y of the comparison of the Guidelines for Canadian Drinking Water Quality to 
the Maxxam lab results is as follows. 

General Drinking Vv ater Parameter Test: 
All raw water measured para1neters were below regulated and aesthetic lirnits except for 
Manganese. 

Manganese Tests 
GCDWQ aesthetic objective: 
Ravv -water average: 
Treated wate-r average 
A~verage removal efficiency 

<0.05 mg/l 
0.12 mg/l 
0.008 mg/l 
93% 

-village ofi--Iordson Hot Springs 
VI ell VJ ater ]?'ilot Study 
April 2011 

Page: 2 
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Sulphide Tests 
GCDWQ aesthetic objective: 
Raw· vv~ater average: 
Treated vva'ce1· average 
Average ren1oval efficiency 

<0.05 mg/l 
0.023 mg/l 
0.007 mg/i 
70% 

400 gprn value 0.027 mg/l 

The results indicate that all measured treated water parameters were within GCDWQ by a 
safe margin. This result is indicative that the manganese green sand filter system would 
safely and economically meet VH:HS's potable water objectives. 

TI1e pilot test operator also indicated that the water taste quality \Vas good with only very 
faint odours before treatlnent and no odOurs follovving treatn1ent. 

Please see the test results below. 

Pictures ofthe pilot equipment and site are included on the last page 

Please note that the lVfn and .H2S04 test results for the first day's tests are included as part 
of the CDWG spreadsheets. 

A complete copy of the MaJL'{am Analytical analysis documents is available fi·om Corix 
Wf ater Systems on request. 

Sample results 
Day l - l 0 GPM well flow rate. 
One Raw Water sample taken at the same time as the first filtered (Filtered 1) sample. 

· Raw Water sample taken for CDWG analysis. 

Village ofl--!arrison I-Iot Springs 
\1>1 ell VVater Pilot Study 
ApriL 2011 

Page: 3 
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1'118.>.'lCJn1 Jab il: 8131477 
F\oporl oa;o: 201'1104127 

CoriA Wat8• S)'stc:rns Inc. 

RESULTS OF CHE~!IJCAL ANALYSES OF WATEl:; 

1VI~;(~\\IH ICI f\Ji::~O~ MJ~Ull~ j 1\,I~UU-/ ' AJ~iiJOU ---j Sampling DiliG 201"1/041"19 12:15 2011/04(18 2011104/18 12;15 12011/04/1~ 15:00 
12:1S 

ljCOC!I 8033~07 G033G07 G'o33Go7 G0835a7 
Uni!s 1 L. • CPWG, 7.40ML 1Z0Jl1L • RW •!ZOML • l 'IZOML • I f{OL QC B~lcl1 

L .... ~Jl\CROBIDLOG'i, MNISULP111DE Fll.TERfOO 1 FII.TI~REP Z 
'12.0~'11. METAL ...J'l~N/SVLPHIDE MI•IISUI.[?J;!J,Q§., 

ANIOI>J§ 
Niti'L1e IN inr_l_ ~0.005 0.005 •180•15•1'1 
C~lculniotl l'<lrarnntor~ 
Flllsr >:111d HN03 Pr~5s~mlio11 ~II A FIELD I FiELD I FIELD WA -1- OHSIT\0 
'rol\11 H(lrdllesS C~C03 T n/L t(l!i 0.~ ~R00ll1!) 
~lllrnt.~ !1•11 moiL <0.01: 0.0.2 ~!JOO.'l3~ 

Mls~.1110f[<>lllcs 

fiv~ricfe r- mulL 0.07 0.01 <IB'\0203 
Al118linli' 'Totul us caco~ <n(/L 140 O,f;i ·Wot leu 
All(fllinllv PP s C~CO:> mall ~o.s 0.5 oao·t·tno 
Elicmbonate Hco:r mIL 170 0.5 41101'168 
C~TIJo~~le C031 m/C ~o.s O.G <10011(1(1 
H"dT0~1d~ OCI 111 /L dt5 o.o <1001108 
A111onn 

~---
Dls~olvod SLII lla\g SO•I' 111 IL 1 ,g L O.fi <1~04~UU 

Dissolvod Qhkirl~o Cl I Mil_ 3.$ 0.5 11HM<In5 
MISCELLANEOUS 
T1'\JB Colour Col. \Jnil <~ ; <11)1)~~0(;~ 

Sui lhitiH ~~L 0.01'1 0.00"1 <0.005 0.005 ,1!102907 
Nutrionts-
Nilr~le ·iu~ i'lilrill'l HI 1mll <:;0.02 0.02 •IGD~,i!!2 
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Smnple results 
Day 3 ~ 400 GPM well flow rate. 

'Village ofl-{arrison IY:ot Springs 
Well Water Pilot Study 
April 2011 
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Testing 1nethod~ details and notes 

Mondav. April 18th 
I traveled to I--Iarrison Ho-t Springs on the n1on1iug of April 18th. The pilot equiprnent v,ras 
picked up fronl our yard by Corix Utilities and arrived at site shortly afcerwaid. It vvas 
placed (and operated) outside near the well head at the back of the fire hall. 

Corix Utilities installed a 10 GPM pun1p for i:he first set of tests. Pov~er for the ptnnp was 
provided frmn the distribution panel in the :fire hall via our connection box. The first day 
was spent setting up the equipment and making 'd1e connections for power for the filter 
skid and 10 GPM pump. After set-up was completed the plant was run overnight. 

Tuesdav. April 19th 
The plant ran all night without incident and the clearwe!l was full to allow for 
backwashing. The filter media was soaked in a 0.5% KMI'-f04 solution for about an hour 
then backwashed until clear. The plant was put back on line and run continnously for the 
2 days of testing at the 10 GPM flow rate. 
Samples were taken as follows: 
CDWG 12:15 
Rawwater-Iv!n 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 15:00 
The samples were delivered to UPS depot in Chilliwack for overnight shipping to 
Maxxam Analytical. 

Wednesdav. April 20th 
Samples were taken as follows: 
Pilot plant had run all night without incident. 
Raw water- Mn 11:20 
Raw water - Sulphide ll :20 
Filtered water- Mn ll :20 
Filtered water - Sulphide 11 :20 
Filtered water -IVln 13:30 
l'iltered water- Sulphide 13:30 
The samples were delivered to UPS depot in Chilliwack for overnight shipping to 
Maxxam Analytical. 

AfLer the last sarnples vvere taken a:t 13:30 the Corix Utilities crevJ arrived \Vith the 40 
GPM pump and portable generator. The 10 GPM pnmp was removed and the 400 GPM 
pun1p installed and tested. The 1nedia \l\laS badGNashed and soaked overnight in a 0.5°/o 
KMN04 solution. 

Village of HarriSon I---iot Springs 
V\T ell V/ater Pilot Study 
Apri\2011 
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Thursday, April 21st 
1he n1edia vvas back\Nashed until clear then the generator and 400 GPivi pmnp were 
started (8:30). The plant \Vas run unti1 about 13:00 and san1ples taken as follo-v,rs: 
Raw water -lV[n 10:00 
Raw water- Sulphide 10:00 
Filtered water- Mn 10:00 
Filtered wa:Cer- Sulphide 10:00 
Raw water- lVJn 12:00 
Raw water - Sulphide 12:00 
Filtered water- Mn 12:00 
Filtered water- Sulphide 12:00 
The samples were delivered to UPS depot in Chilliwack for ovemight shipping to 
tvfax.xam Analytical. 

The water level in the well was measured when the Utilities crew arrived to remove the 
pump. Water level before stmting the pump was approx 14' below the well casing. 
After 5 hours of pumping at 400 GPM the water level was 42.2' below the well casing. 

Two raw water samples were taken to determine hm¥ pumping at the high flow rate will 
affect the amount ofllfJn and Sulphide in the water over time. 

At 13:00 the pump and generator were stopped and (he equipment disconnected, packed 
up and loaded on the Utilities truck for shipping. 
The last set of samples were hand delivered to Maxxam A_nalytical in Burnaby at 16:00, 
as there was no delivery service available from Chilliwack due to the Easter Friday 
holiday. 

Note 
It was mentioned by Dave Harris that there was a strong Sulfur odor during the initial 
4QOGPM draw down test when the well was bored in April of2010. This was not the case 
during this testing. Although there was some odor present it was not overpowering. 
No odor or taste of Sulfur could be detected from the filtered water in the clearwell. 

Report compiled by: 
David MacKay 
Corix Water Systems 
Langley,BC 
2011/4/29 

\Tillage of I--Iarrison Hot Springs 
"7I ell VVater Pilot Study 
P"-pril 2011 
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October 2003 

GMirlleliiliile 
Waterworks systems that use a surface water source or a groundwater source under the 

direct influence ofswface 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 to reduce turbidity levels as low as possible, with a 
treated water turbidity target of less than 0.1 NTU at all times. Where this is not achievable, the 
treated water turbidity levels fi'om individual filters shall be: 

1. For chemicaUy-assistedfiltmtion, less than or equal to IJ.] NTIU in at least 95% 
of the measurements made, or at least 95% of the time each calendar month and 
not exceed I. 0 NTU at any time. 

2. For slow sand or diatomaceous eluthjiltmtion,. less than or equal to LIJ NTIU in 
at least 95% ofthe measurements made, or at least 95% of the time each calendar 
month and not exceed 3. 0 NTU at any time. 

3. For meml:!itlU!Jefiltmtion, less than or equal to 0.1 NTIU in at least 99% of the 
measurements made, or at least 99% of the time each calendar month and not 
exceed 0. 3 NTU at any time. Jf membrane filtration is the sole treatment 
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 deli every of a safe drinking water. 

JExe.::lUitive §lUimmmry 
Particles of matter are naturally suspended in water. These particles can be clay, silt, 

finely divided organic and inorganic matler, plankton and other microscopic organisms. 
Turbidity is a measurement 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 scatters and the higher the turbidity. 

The best means of reducing turbidity and safeguarding a drinking water supply is to 
apply a multiple-barrier approach (i.e., source to tap) to protect drinking water. The focus of this 
approach is to look at 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 filtration 
systems should be designed and operated to rednce turbidity levels as low as possible. The 
(t·eated water turbidity target is 0.1 NTU at all times. However, even though effective filtration 
can be accomplished using any one of a number of technologies, the actual levels of turbidity 

·r Some form of virus inactivation is required for all techrw!ogies. The difference is that chemically-assisted, slow sand and 
diatomaceous earth filters are credited with log virus reductions and membrane filters receive no credit 
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achieved vvill vary frora technology to technology. For this reason? the turbidity guideline is 
brokPn do-vn bv LY -~ ofcechnolocry . __ '-'-- \ ; l fJv _ L L_ b · 

The Inost important consideration \Nhen dealing with turbidity is to make sure the levels 
re:rr1ain lov,, and fairly constant over time. Concerns are rnost likely to result front a spike in the 
level of turbidity~ due either to an increase in the an1ount ofpatiicula:te rnatter in the source water 
(e.g., from heavy rains) or to a breakdown in the treatment process (e.g., inadequate coagulation, 
a ruptured ftlter). Because it might otherwise be difficult to notice a spike in turbidity when only 
one filter in a plant is not be working properly, the guideline applies to each individual filter 
within a filtration system. 

Heal[lll €:-Ol!1Sirllen~tno!!1s 

It is important to control iurbidity in public water supplies for both health and aesthetic 
reasons. Suspended maUer cm} contain toxins such as heavy metals and biocides and can also 
harbour microorganisms, protecting them from disinfection. Recent research has cmTe!ated 
turbidity levels with treated water supplies being contaminated with Giardia and 
Cryptosporidiurn These microorganisms can cause outbreaks of illness. As such, turbidity may 
be used as a health parameter to indicate the safety of water leaving a filtration system. Because 
turbidity can affect the microbiological quality of drinking water, this guideline should be read in 
conjunction with the bacteriological guidelines. Excessive turbidity may also be associated with 
unpleasant tastes and odours. 

In addition, high turbidity can lead to an increase in the amount of disinfection by­
products that form in treated water. Trihalomethanes (THJV!s), 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 ofTHJV!s that 
may form in the water. For more information on these disinfection by-products, see the THMs 
guideline and suppmting document. 

TI1e nature of turbidity and its health implications vary with the type of source water. 
Turbidity in surface water and groundwater that comes into contact with surface water (referred 
to as groundwater under the direct influence of surface water), however, is generally organic in 
nature and may contain toxins, harbour pathogens, or lead to the formation ofTHMs. Turbidiiy 
in secure groundwater supplies (i.e., not under the influence of surface 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 influence. 

An2!lytli<L2l[ 2!Elld. Tn·eali:meiDlt Con.sid.er?.1I:iiolils 

Turbidity is easy and inexpensive to measure. Ln addition to being a indicator for 
determining the relative safety of drinking water, it is a useful tool for assessing the 
perforrr1ance of water treatrnent processes. 

Turbidity is measured in nephelometric turbidity units, or NTU, using a device called a 
turbidimeter. Modem turbidimeters can mal<e rneasurements ofO. 1 NTU or lower. Levels of 
turbidity in raw waters can range from 1.0 NTU to more than 1000.0 NTU. Levels vary at 
individual locations over time. 
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Turbidity (l 0/03) 

}i,_ nurnber of studies indicate that properly designed and \Veil-operated conveni:iona1, 
chemic211ly-assisted and direct filtration water treatment plants wnreadily achieve a s21fe 
finished water with turbidity levels lower than 0.2 NTU. Meeting the guideline level of0.3 NTU 
for these systems should be straightforward. Slow sand and diatomaceous earth. filtration plants 
can consistently achieve a safe finished water turbidity levels of less than l.O NTU. Membrane 
filtration plants can consistently achieve finished water turbidity ofless than 0.1 NTU. For all 
filtration technologies, these limits are achievable and expected in 95-99% of measurements, but 
a target of 0.1 NTU should be sought at all times. 

Application of lllble gUJlldeHne 
The health-based turbidity guideline applies to drinking water produced by systems that 

use either a surface water source or a ground-water source under the direct influence of surface 
water. The guideline is applied to individual filter lurbidity. However, good operating practices 
suggest that both the individual filter turbidity and the combined filter turbidity should be 
continuously monitored. Drinking water taken from pristine sources may be exempt from the 
fili.ration requirements if it meets all ofthe criteria outlined below (see "Criteria for the 
exclusion of filtration in waterworks systems"). 

Surface water is defined as all waters open to the atmosphere and subject to surface 
runoff. Groundwater under the direct influence of surface water is defined as "any water beneath 
the surface of the ground with (i) significant occurrence of insects or other macro-organisms, 
algae, organic debris, or large-diameter pathogens such as Giardia Iamblia, Oyptosporidium, or 
(ii) significant and relatively rapid shifts in water characteristics such as turbidity, 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 k , 

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

1\tKonHmning ta.nrbidiUty Revds 

For chemicallv-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 water turbidit"y levels 
from individual filters should be continuously measured (with an on-line turbidimeter )at 
intervals no longer than five minutes apart at a point upstream of the cmnbined filter effluent line 
or the clear water tank. 

For slow sand or diatomaceous earth flltration, water turbidity levels from individual 
filters should be continuously measured (with an on-line turbidimeter) at intervals no longer 
them five minutes apart at a point upstrearn of the combined filter effluent Ene or the clear water 
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tank. f-Iowever 5 the frequency ofrnonitoring tnay be reduced to one grab sarnple per day if it can 
be dernonstrated that this frequency gives a reliable 1neasure of filter performance. 

For tnernbrane filtration, treated vvater turbidity levels fror::_(} individual filters should be 
continuously raeasured (vvith an on-line turbidirneter) at intervals no longer than five rninutes 
apart at a point upstream of the combined filter effluent line or the clear water tank. An 
individual rnernbrane filter rnay be defined as a unit or group of men1brane stacks or cartridges 
within a train that Inay be valved and isolated frmn the rest 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 turbidity meters to analyze the water unique 
to each "individual" filter. 

liJse of aH:errn21tive fiUrra11:Tiol!1l 11:edmoThogy by W2llteicW!!nlks systems 

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

CiriiieJ(li2l for exdMsion of fnUratllon iilli. waterworks systems 

Filtration of a surface water source or a gwundwater source under the direct influence of 
surface water may not be necessary if all of the following conditions are met: 

:;: 

l. Overall inactivation is met using a minimum oftwo disinfectants: 
ultraviolet irradiation or ozone to inactivate cysts/oocysts; 

" chlorine (:fi·ee chlorine) to inactivate viruses; and 
chlorine or chloramines to maintain a residual in the distribution 
system. 

Disinfection should reliably achieve at least a 99% (2-log) reduction of 
Cryptosporidiurn oocysts\ a 99.9% (3-log) reduction of Giardia lamb/ia cysts 
and a 99.99% (4-log) reduction of viruses. If mean source water cyst/oocyst levels 
are greater than 10/1000 L, more than 99% (2-log) reduction of Cryptosporidiurri 
oocysts, and 99.9% (3-log) reduction of Giardia Iamblia cysts _should be 
achieved. Background levels for Giardia Iamblia cysts and Cryptosporidium 
oocysts in the source water should be established by monitoring as described in 
the most recent "Protozoa" guideline document, or more frequently during 
periods of expected highest levels (e.g., during spring runoff, or afcer heavy 
rainfall). 

2. Prior to the point ~where the disinfectant is applied, the number of Escherichia coli 
bacteria in the source water does not exceed 20/100 mL (or, if Escherichia coli 
data is not available, the number of total coliform bacteria does not exceed 
100/100 mL) in at least 90% of the weekly samples from the previous six months. 

Studies on human volunteers have demonstrated that Cryptosporidfum oocysts are tess infectious them Giardia cysts by about 
one order of magnitude. 
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3. Average daily source water turbidity levels rneasured at equal intervals (at least 
every four hours), imrnediately prior to '~Nhere the disinfectant is applied, range 
around 1.0 NTU but do not exceed 5.0 NTU for more than two days in a 12-
month period. Source water turbidity also does not show evidence of protecting 
microbiological contaminants. 

6,. A watershed control program (e.g., protected watershed, con'u·olied discharges, 
etc.) is maintained that minimizes the potential for· faecal contamination in the 
sonrce water. 

Co-lril§idcraifiolflls fD!i gn:HJllilld!w-a~ea· systems 

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

1. 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. 

2. Ensure treatment is sufficient to achieve 4-log reduction of viruses by 
disinfection. It is important to confirm that elevated turbidity levels will not 
compromise the disinfection process. 

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

][dleJDIHi:-y amll §mlln::es ilDI the Emrvin:mmel!llt 
The sources and nature of turbidit-y 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 watertreatment processes and the 
microbiological safety of the drinking water. Particulate matter is frequently a source of nutrients 
for microorganisms and can protect microorganisms fi·om both chemical and ultraviolet light 
disinfection. Pm-dcles contributing to turbidity may also carry undesirable chemical 
contaminants such as heavy metals. Turbidity can seriously affect the safety and acceptability of 
drinking water to consumers. 

Des~rliptlon ofi'murbid.it1'ry 

Turbidity is a "measure of the relative clarity ofwater."3 Turbidity in water is caused by 
suspended and colloidal mati:er, such as clay, silt, finely divided organic and inorganic matter, 
and plankton and other microscopic organisms. However, turbidity is not a direct measure of 
suspended particles suspended in the water. It is, rather, a measure of the scattering effect such 
particles have on light. A directed beam of!ight remains relatively undisturbed -when transmitted 
through absolutely pure water, but even the molecules in a pnre fluid will scatter light to a 
certain degree. Standard A1ethodsfor the Examination ofVVater and Wastewater defines 
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b. _, " . ,. l . " " l' l . . b " d r1 ' ' d tur 1d.1ty as an expressron or "De opt1ca! property that causes 1g Tt IO e scaaere 2m_ aosoroe 
rather than transrnitted \Nith no change in direction or flux level through the sarnple.)A 

In sar::.11ples containing suspended solids, the Inanner in vihich water interferes with light 
transrctittance is related to the size, shape and cmnposition of the particles in the \AJater and to the 
wavcolength (colour) of the light that falls on the particles (incident light).5 A minute particle 
absorbs the incident light faliing on it and then re-radiates the light in all directions. 

The detection, 1neasurement and visual perception of turbidity is influenced by a nurnber 
of factors. Padiele size has an impact on the direction in which light is scattered and on the 
intensity of scattered light of differing wavelengths (colom-s). The shape of the particle also 
influences light sca'Ltering, as does the refractive index of the water and the colour of the 
particles. 

Light sca'Ltering intensifies as particle concentration increases. However, as scattered 
light strikes more and more particles, multiple scattering occurs, and absm1Jtion oflight 
increases. When particulate concentration exceeds a celiain point, detectable levels of both 
scattered and transmitted light drop rapidly, marking the upper limit of measurable turbidity. By 
decreasing the path length of light through the sample, the number of particles between the light 
source and light 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 correlations can be made only if such factors as the 
size, distribution, shape, refractive index and absorptive capacity of the suspended solids causing 
the turbidity remain constant; this can only be achieved in a laboratory and is therefore 
impractical and unnecessary in most cases. 5 

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 from colloidal dimensions 
(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 aJJimal debris, and 
fibrous paliicles from asbestos minerals 2 ° Clay particles generaliy have an upper diameter limit 
of about 0.002 mm, but can be as large as 0.02 mm. Biological organioms may also cause 
turbidity. 

Particulate material in natural waters is mostly made up of eroded soil pmiicles from the 
surrounding area. Coarser sand and silt fragments are at least partially coated with organic 
materiaL Clay particles are composed of clay minerals, usually phyllosilicates, as well as non­
clay material, such as iron and aluminum oxides and hydroxides, qumiz, amoqJhous silica, 
carbonates m1d fe!dspar?° Clays and organic particles are often found together as a "clay organic 
complex."20 To a certain extent, it is artificial to treat the organic (hnmic) component in isolation 
from the inorganic component when considering the behaviour of suspended matter. However, 
humic substances have a much higher adsorptive capacity than clays (870 meq/!00 g and 80 
100 meq/100 g, respective!y21

); the effect of humic components likely predominates in many 
instances_ 
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Other particles in raw water and drinking water supplies include the group of naturally 
occurring hydrated silicate rrtinerals VJith f1brous structures known as asbestos; inorganic 
precipitates~ such as metal (iron or rnanganese) oxides and hydroxides; and biological organisrns, 
such as algaej cyanobacteria, zooplankton, and filmnentous or rrmcrobacterial growths?2

'
23 Due 

to the numerous types of source particles and their i1nplications in t_he treatrn.ent process, raw 
water quality monitoring for turbidit-y should be done at least daily, and preferably more often. 

RebHoli]sMp between ¥.urbii.dli-ty an.d ntlhter walter qlUI.~li"ty param0trers 
Table 1 summarizes some of the relationships between the source oftmbidity and water 

quality/treatment implications_ 

Microbiolo~:>:ical characteristics 

Relationship between turbidity and the presence of pathogenic/non-pathogenic organisms 
The microbiological 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 floes, 
both naturally occurring and those formed during treatment( see section "Treatment 
technology")- This growth occurs because nutrients adsorb to surfaces, allowing bacteria to grow 
more efficiently than when in free suspension%·57 Similarly, dver silt has been shown to readily 
adsorb viruses.58 

Studies of distribution systems have shown conflicting findings with respect to turbidity 
and microorganisms. Haas et aZS9 noted that increased values of pH, temperature and turbidity 
were associated with increased concentrations of microorganisms. HPC increases t_hat parallel 
increases in turbidity have been found at turbidity levels lower than 2.0 NTU.60 Similarly, work 
by Goshko et aU' 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 Kippin62 suggested that turbidity 
around 1.0 NTU does not affect the frequency with which either coliforms or HPC organisms 
occur in the analysis. 

Source ofi.11rbidity Possible water quality/chemistry Treatment implications 

----·--~"'-----~--~---~-iElPl~~~~ions -~~~-----·--·------··----~------~-----·-------·----------~------·-·--------~-· 
Inorganic particles -raise/lower pH and alkalinity -major influence on coagulation, 
(silt, clay, natural -source ofmicronutrients flocculation and sedimentation design 
precipitants, e.g., -affect zeta potential -harbour/protect microorganisms 
CaC03, Mn02, F~03, -source of metals and metal oxides 
etc.) -cloudy/turbid appearance 

·--~·-~-·---·-------- a~fect !~~.!_e~--------··----~----·-·-----·"·-----·-···----· --·-~---·--·------~-----·---··--·-·-·-
Organic particles 
(decomposed plant 
and animal debris, 
humic substances) 

- source of energy and nutrients for 
microorganisms 
- ccmse colour 
-impart taste and odour 
- serve as precursors for the fo1mation of 
chlorinated or ozonated compounds 

7 

- high disinfectant demand 
- potential to form chlorinated organics 
- potential to form ozonation by-
products 
-high coagulant dose 
- reduce clarifier overflow rates 
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,_,~-~,,_, ~~~-;-

Source of LLlrbidity Possible wai.er quaiily/che!Jlistty 

·--- __ ··'"·-·"----"·--- . .,.,_ .. _______ " . --·--- .-J~~P.U.~~!.i££~----" ----~-r , ... _. ____ ~----"·-·-· _____ .,_ 
- possess ion exchange and compiexing 
properties that include association vvith 
toxic elements and micropollutants 
-affect pH 
- affect zeta potential 

=~~~~~~.,-~-~ 

lreatment implicatioHs 

,_ "'~•·- •-•"••-••••--•• •'-• ••-•n• 

- increase floccuiation/sedimentation 
times 
-harbour/protect microorganisms 
- reduce filter runs 
-can compete with pollutant compounds 
for adsorption sites in activated carbon 
adsorption 

. -can precipitate in the distribution 

---------------·----·-·--·---·-----··--·------~--,--~ystel~--------~-~---·-·-··--·---·----
Biological organisms - impmt taste and odour -plug filters 
(algae, cyanobacteria, -potential source of toxin (microcystin-LR) -high disinfectant demand 
zooplankton, -disease transmission -need multiple barriers to ensure 
filamentous or - conode tanks, pipes, etc. effective microbial inactivation 
macrobacteria1 
growth) 

- stain fixtures - flotation may be more effective than 
-cause aesthetic problems due to sloughing sedimentation 
of growths from tanks, filters, reservoirs - microbial inactivation required 

·-·~----------~·--··--·-·---·an~-~~~~.~Ji2Q._~ystei!! ___ ~------------·-·---·--------·--·-""-·-----·-·-·-.. -·-----------·-·-

In water with turbidities ranging from 3.8 to 84.0 NTU, Sanderson and Ke!ly63 found 
coliform organisms even afcer the water was treated with chlorine (free chlorine residuals 
between 0.1 and 0.5 mg/L after a minimum contacttime of30 minutes). 

Huck et al., 64 in their investigation of Cryptosporidium removal by granular media 
filtration, 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 breakthrough, plants should specify a maximum head loss 
and filter run times and should consider using particle counters to monitor for early 
breakthrough. 

Effect of turbidity on disinftction 
Patiiculate matter (e.g., organic, inorganic, higher microorganisms) can protect bacteria 

and viruses from the effects of disinfection. LeCheva!lier eta/., 65 studying the efficiency of 
chlorination in killing coliforms in unfiltered surface water supplies, found a negative correlation 
with turbidity. A derived model predicted that an increase in turbidity from 1.0 to 10.0 NTU 
would result in an eight-fold decrease in the disinfection efficiency at a fixed chlorine dose. A 
study by Hoff,66 which examined the efficiency of disinfection at turbidities of 1.0 and 5.0 NTU 
on poliovirus and sewage effluent coli forms, found that viruses and colifmms that adsorbed to 
organic matter were more resistant to disinfection than those that adsorbed to inorganic material 
such as clay and aluminum phosphate. For organic pmticulates, a reduction of turbidit-y from 5.0 
to 1.0 NTU reduced the concentrations of disinfectant-resistant organisn1s approxhnately five­
fold. 

Hoff and Geldreich67 reiterated that particulate characteristics have a significant irnpact 
on protection effects. Studies with ozone by Sproul et a/.68 confirmed that alum and bentonite 
afforded little protection to a variety of test organisms at l.O and 5.0 1'JTU5 whereas faecal 
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material and, in particular, hmnan epithelial carcinorna cells did provide protection. Chlorine 
dioxide studies by Scarpino et al.69 suggested that temperature and turbidity affected the rate of 
inactivation of bentonite-adsorbed poliovirus. At 25°C, turbidities in excess of 2.29 NTU 
reduced inactivation rates. 

Free-living nematodes are relatively cornmon in North American municipal water 
supplies. Nematodes of the P.J:1abditae family are known to ingest pathogenic bacteria and 
viruses, and hence are able to protect these pathogens frotn chlorine disinfection.70 Studies 
indicate that more nematodes are found in higher-turbidity raw and treated waters 71

•
72 In a study 

of the San Francisco water supply, colifonn organisms were detected at chlorine levels of0.35 
mg/L or greater. Crustaceans apparently harboured the co liforms; on passing through a spigot, 
the crustaceans ruptured, and viable coliforms were released.13 In laboratory tests, various clays 
and humic acid were shown to protect Klebsiella aero genes ft·om ultraviolet light disinfection.74 

Chlorine (as hypochlorous acid) reacts readily with organic matter containing unsaturated 
bonds, phenolic groups and nitrogen groups, giving rise to taste- and odour-producing 
compounds75 and trihalomethanes.76 Hence, waters with high turbidity from organic sources may 
give rise to a substantial chlorine demaud. This could result in reductions in the free chlorine 
residual in distribution systems as protection against possible recontamination. For Ottawa River 
plants, Otson et a/.77 noted that increased pre-chlorination dosage requirements were strongly 
correlated with increases in turbidity. In Oregon surface waters, chlorine demand had a positive 
correlation with both turbidity and total organic carbon levels.65 The resultant model suggested a 
180% increase in chlorine demand for a turbidity increase from 1.0 to 5.0 NTU. 

In the United States, well-operated slow sand filtration 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.78 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.78 

Effect of turbidity on microbial enumeration 
The presence of turbidity 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 bacteria! cells axe incubated on the media for a fixed period of time. This process assumes 
that each colony represents one cell; however, a single colony could emanate from a particle 
containing 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 et al."9 noted that turbidity in a potable water sample may make membrane 
filtration impractical because of the volume of water the filter can pass, the character of the 
suspended materia! 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 grovvth to develop during incubation, harnpering microbial enurneration. 
Coliform masking has been observed with membrane filters, with false-negative results 
occurring 17, 45 and rnore than 80o/o of the tirne for turbidities of less than or equal to 1.0~ 5.0 
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and n1ore than 10.0 1>JTU
5 

respectively .65
·
80 Additional studies suggested that levels of turbidity 

per se (up to approximately 10.0 ·NTU) did not greatly affect coliform discovery, although 
associated non-coliforrn bacteria seriously inhibited detections.81 

Viruses can also be adsorbed on or within paliiculate matter and may be very difficult to 
remove; 1% recovery is not unusual.82 A review of virus detection methods concluded that no 
simple and accurate system for enumerating vimses in highly turbid waters was available. 83 

Relationship between Turbidity Removal and Microbial Quality of Treated Water 
Historically, filtration has been shown to substantially block disease-causing organisms 

from entering into the drinking water supply .81 During coagulation, protozoa, bacteria and 
viruses, along with other sources of turbidity, become trapped in the floc and are removed by the 
filter. 85

•
86 However, sometimes floc breaks through filter beds; such breakthroughs have been 

shown to be accompanied by an increase in virus penetcation, even though the turbidity of the 
finished water remained below 0.5 NTU.82 

Studies have shown a correlation between decreased filtrate turbidity (down to 0.1 NTU) 
and reduced bacterial and algal counts.84 Increases in the turbidity of filter effluent can signal the 
potential for in~·easing passage o!unwa~1ted organism~, eye~ if the turbidity in the efflu~_;tt is 
less than 1.0 N 1 U. For example, mcreasmg concentratiOns or Gwrdza cysts can occur Wllh 
turbidity increases of only 0.2-0.3 NTU.87

•
88 

The Pennsylvania Department of Environmental Protection, in its 1996 Regulatory 
Basics Initiative Program report ,89 gave its view of the relationship between turbidity and 
pathogen occurrence in finished filtered water. It stated that a relationship exists between 
turbidity spikes and Giardia breakthrough such that a stable filter with !ow turbidities that 
experiences a 0.1 NTU 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 impoliant, spore removal 
closely paralleled particle and turbidity removal in response to coagulant dosage under all the 
water quality conditions examined.90 

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 Cryptosporidium.91 

Conversely, increases in filtrate turbidity paralleled increases in the risk of Cryptosporidium 
breaking through the filter due to floc material breaking through that contained, or was 
associated with, oocysts. These. increases occurred even with efficient chemical coagulation. It is 
therefore reasonable to assume that during the filter 'ripening' period at the beginning of a run, 
when turbidity is often greater than normal for the filter, the risk of Cryptosporidium 
breakthrough is higher.92 

Table 2 shows average potential removal credits estimated for Giardia lamblia, 
Cryptosporidium and viruses, when treated water meets 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 pmt of the Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR)126 

Facilities that do not meet the requiren1ents~ or facilities that believe they can achieve a higher 
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log credit than is autoruatically given~ can be granted a log reduction credit based on a 
demonstration of perforrnance by the appropriste regulatory agency. 

Technolo.gy Cyst/oocyst credit c Virus credit 
~--~~~~~ ----~0~~~------------

Conventional filtration" 3,0 log 2.0 log 
Direct filtration a 2.5 log 1.0 log 
Slow sand or diatomaceous ea1ih 3.0 log 2.0 log 
filtration a 

Micro- and ultrafiltration, 
nanofiltration and reverse osmosis a 

Notes: 

Removal efficiency demonstrated 
through challenge testing and 
verified by direct integrity testing 

No credit for micro- and 
ultrafiltration; for nanofiltration 
and reverse osmosis, removal 
efficiency demonstrated through 
challenge testing and verified by 
direct integrity testing 

"Conventional/direct/slow sand/diatomaceous earth filtration should be followed by.free chlorination to obtain 
additional virus credit. 
bMicro- and ultrafiltration should be followed by free chlorination for the inactivation of viruses. 
'Depending on cyst/oocyst levels in source water, additional treatment is required using ultraviolet light, ozone, 
chlorine or chlorine dioxide (refer to protozo(l)virological quality supporting documents for the level of inactivation 
required and the CT/IT tables for various disinfectants). · 

Chemical characteristics 
Because of their adsorption capacity, suspended particulates have the abilit-y 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 important Ln this 
respect is the organic or humic component of turbidity. 

Humic substances are able to bind substantial amounts of metals a.nd 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 Kahn.93 The ability of a 
number of natural waters in Ontario to complex copper has been demonstrated, with complexing 
capacities of up to 2.35 11mol Cu/L (0.149 mg/L) being reported.94 A wide variety of heavy metal 
ions were found to be complexed in sediments of the Ottawa and Rideau rivers. A positive 
correlation bet-ween the unit surface area of the sediment and the concentration of adsorbed 
metal ions was observed.95 In a study of mercury sorption and desorption characteristics of 
Ottawa River sediments, it was found that sorption rates were higher for organic-rich sands. 
Desorption of mercury was difficult, with less than l% of the mercury being leached during a 
seven-hour contact period.96 The strength of some metal-humate complexes may lead to 
negative errors in the analytical measurement of trace rnetals in natural w·ater samples if turbidity 
exists.97 

One method that is used to rernove undesirable rnetal ions during water treatment is 
adsorption wid1 activated carbon. This process is aided by the presence of orgcmic ma'c'Ler.98 

Organic molecules are also adsorbed by natural organic matter. DDT, for example, is solubilized 
in 0.5o/o sodiutn humate solution by a factor of at least 20 over its solubility in pure water.99 
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I--ierbicides such as 2,4-DJ paraquat and diquat can be adsorbed onto day/huc11ic acicl particulates, 
l d · b · 1. · u· 1 b 1 · · · h · · · 1 ''' T.h ~ue a sorpt1on "eing great y nn uencea y r11eta_ catrons present 111 the_ Ull11C rnaiena_. .- _e 

presence of turbidity~ therefore, rnight also interfere with the detection ofbiocides in vvater 
samples. 

Chlorination of water containing organic rnatter such as hun1ic acids can produce 
tribalometha.nes, a group of chemical compounds that includes chloroform, 
bromodichloromethane, chlorodibromomethane and bromoform. The Canadian drinking water 
guideline for trihalomethanes is based on the known health effects associated with chloroform. 
Morris and Johnson101 observed a relationship between raw water turbidity and trihalomethane 
concentration in finished Iowa City water. In laboratory tests, Stevens and co~V\JOrkers102 found 
that trihalomethane production was reduced if the water was filtered prior to chlorination. Harms 
and Looyenga 103 also reported that raw water turbidity was positively correlated with chloroform 
concentration in a South Dakota water supply. Strategies for addressing turbidity have 
implications related to controlling the potential formation oftrihalomethanes, including the 
removal of organic rnatter, the use of alternative disinfectants, disinfectant application points and 
dosages, and the use of activated carbon.104 

For plants using aluminum salts as coagulants, highest particulate aluminum 
concentrations (>200 flg/L) were measured when the turbidity was greater than 0.5 NTU.105 The 
results of the study suggest that filtered water turbidil'J should be less than 0.1 NTU to minimize 
particulate aluminum concentrations that conttibute to residual aluminum. 105 

At the asbestos levels commonly found in drinking water (of the order of 104-106 

fibres/L), 106 very liiile, if any, correlation has been observed between turbidity and asbestos 
concentration.3.JO?.Jos However, a general but non-linear relationship has been repotied at high 
levels of asbestos (109-10!1 fibres/L). 109 Fmiher studies. on treatment efficiencies for asbestos 
removal have resulted in a recommendation by Logsdon and co-workers110,m that plants 
designed for asbestos removal should produce filtered waters with turbidities of 0.1 NTU or 
lower. McGuire et al. 112 suggested that this objective would help but not necessarily guarantee 
low asbestos counts (<106 fibres/L). Boatman113 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 waten,lith an aggressivity index of 
less than 10 can cause the release of asbestos fibres into the drinking water."4 

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 settling down or dissolving. Black and co~workers52•53 

used electrophoretic studies to demonstrate the predominantly colloidal nature of colour in 
water; it has been claimed that about 50% of colour is due to a "colloidal fraction" oflmmic 
substances. 54 True colour is therefore defined as the colour of water from which turbidity has 
been removed3 

The relationship between high turbidity, in both raw and filtered water, and taste and 
odour has long been recognized. 55 Algal grmvths, actinomycetes and their debris also contribute 
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to taste and odour problems.22 At 5.0 J\-1TU and above~ there is an Increasing visual detection, 
vvhich rnany consumers find unacceptable. 

Ana~ytk21~ method\§ 
Turbidity is rneasured using the nephelometric rnethod. l"Tephelornetry determines 

turbidity using the intensity of scattered light. Table 3 lists four nephelometric methods that meet 
the criteria of the American WaterWorks Association/American Public Health Association 
(AWWA/APHA) or the U.S. Environmental Protection Agency (USEPA) and one International 
Organization for Standardization (ISO) criteria for determining turbidity in drinking water. 

Method 

Nephelometric 

Nephelometric 

Optical 

Great Lakes Instruments 

Each Filter Trak 

Notes: 

Citation Description 

AW\VA/APHA 2130B4 Tungsten lamp@2200-3000°K and one or more 
perpendicular detectors (&filters) with spectral 
response peak of 400-600nm. Light path :;::;:10 em. 

USEPA 180.16 Tungsten lamp@2200-3000°K and one or more 
perpendicular detectors (&filters) with spectral 
response peak of 400-600nm. Light path .:::;;10 em. 

ISO 7027& Tungsten lamp (&fi1ters).Diode or Laser as radiation 
source at 860 nm (or 550nm if sample is colourless) 
with a perpendicular detector and aperture angle 20-30° 

USEPA GLI 27 Two perpendicular 860nm light sources alte1uately 
pulse each 0.5 seconds & two perpendicular detectors 
alternately measure ''reference" and "active" signals. 

USEPA 10133 125 Laser Diode @660 nm at 90°to detector/receiver (light 
path ~ 10 em) which may use Photo-Multiplier Tube 
and fibre~optic cable. Range is 0-1000 mNTU's. 

a Additional methods may be approved before this guideline is revised/updated in the future. 

Nephelometric turbidity instrumentation varies in design, range, accuracy and 
application. The design of nephelometric 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 concentration of the particles affect the intensity pattern and distribution of the 
scattered light. Small particles less than one-tenth ofthe light wavelength will scatter light 
uniformly in both forward and backward directions. As the particle size approaches and exceeds 
the wavelength of the incident light, more light is transmitted in the forward direction. Beca.use 
of this intensity pattern, the angle at which the light is measured is a critical factor; the current 
international standards have determined the most appropriate angle to be 90 degrees.' As noted 
above in a previous section~ as the concentration of particles increases, 111ore particles reflect the 
incident light, V-ihich increases the intensity of the scattered light. P.,_s the concentration exceeds a 
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certain point deterrnined by the specific optical characteristics of the process, the particles 
thernselves begin to block the transmission of the scattered light. The result is a decrease in the 
intensity of the scattered light. The intensity at which various wavelengths of light are reflected 
or absorbed is also determined by the colour of the liquid and the reflecting surface. Industry 
standards require nephelometers to opero.te in the visible or infrared ranges: 400-600 and 
800-900 nm, respectively .9 

All these factors, along vvith the optical geometry of a particular instrurnent, cause 
measured values betWeen instmments to vary widely; thus, criteria for instrumer;t design have 
been developed to minimize these variables. Manufacture ofturbidimeters is guided by 
recommendations provided by the U.S. Environmental Protection Agency 10 and the International 
Organization for Standardization (ISO 7027).' 

Using special experimentation methods with a quartz iodine light source, the 
nephelometric response of exhaustively filtered de-ionized water has been shown to be 
0.022-0.003 NTU. 11 Air bubbles and ditiy sample tubes can cause false high readings for 
turbidity; very turbid samples or samples with colour due to dissolved substartces will give !ow 
readings.4

•
12 

-

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 change may result in a large 
percent change.13

•
14 However, according to USEPAAnalytical Methods for Turbidity 

fi;feasurement (180.1 and GLI 2) and Standard Methods for the Examination of Water and 
Wastewater (2130B), the sensitivity ofnephelometers is such that turbidity differences of 0.02 
NTU or less can be detected in waters having a turbidity of less than 1.0 NTU _4.6.7 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 nephelometric 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; purpotiing to accurately 
measure in the mNTU range. The USEP A has approved a laser turbidity method, "Method 
10133, Determination of Turbidity by Laser Nephelometry." 125 Currently they are not widely 
used in the industry." 

Turbidity, as defined by the above methods, is a non-scientific measure of particle 
concentration. EleciTonic particle counters are n·ow available that are capable of accurately 
counting and recording the number of particles as a function of size (often in the 1-150 f!m 
range). Although there is a general relationship between particle counts and turbidity (below l.O 
NTU), a firm correlation does not exist. 16

-
18 

A simple conversion factor relating particle counting and turbidity measurements is not 
possible because the tWo techniques differ fundamentally 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 
contain many small particles, whereas another may contain few large pmiicles. Turbidity, on the 
other hand, cannot distinguish between two samples of identical clarity and different particulate 
composition.19 
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Particle c~unters are an excellent tool for opti1nizing treatment processes and for 
detecting the onset of filter breakthrough. Pmiicle counters are res"u·icted to performance 
verification only, and no lirnit is set as a rnaxirr1un1 acceptable concentration for the nwnber of 
particles in the treated v;ater. 

1'rtrea.tmen't tedlumoliogy 
Turbidity is reduced by removing particles from the water through filtration. Adequate 

filtration can be achieved by a variety of technologies: chemically-assisted filtration, slow sand 
filtration, diatomaceous earth filtration, membrane filtration or an alternative proven filtration 
technology. 

ChemitcaUy-AssDs11:ed FilUn:nltion 

The chemically-assisted filtration process generally includes chemical mixing, 
coagulation, "flocculation, sedimentation (or dissolved air "flotation) and rapid gravity filtration. 
Aluminum and ferric salts are used as primary coagulants. Cationic and anionic polymers are 
most commonly used as "flocculation aids, and both, along with non-ionic 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 occur via chemical and van der Waals 
interactions.24

•
25 The resulting (much larger) particles are filtered out when the water passes 

through sand beds or other single-, dual- or mixed-media granular filters. In systems where the 
combined water from all filters is monitored continuously, this treatment process is capable of 
producing water with a turbidity ofless than 0.3 NTU; turbidities of less than 0.2 NTU have 
been demonstrated to be achievable on an ongoing basis. Filter loading rates generally range 
from 3.0 to 12.0 m/h.'6•

27 

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

All filtration plants should provide for continuous monitoring of the eftluent turbidity 
from each individual filter, as well as for continuous monitoring of the combined filtered water 
turbidity fi·om all filters. Continuous monitoring is required because short-term turbidity spikes 
represent a process failure and potential health risk. Peak turbidity liowels in the filtered water are 
a particular concern immediately after filter backwashing; therefore, all filters should be 
designed so that the filtered water immediately after filter backwashing is directed into a waste 
stream ('filter-to-waste' provision). When opera:dng the filters, every effort should be made to 
minimize t.he magnitude and duration of turbidity spikes?' 

Discharge of filter backwash water into a raw water reservoir should not be permitted 
unless the filter back\vash vvater receives off-line treatlnent, or is returned to a location upstrean1 
of the coagulant dosage point, so that all processes of a conventionai or direct filtration plant are 
employed. The off-line treatrnent may be acceptable depending on the met.hod used to treat the 
backwash ·water. 
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occur: 
Follovving filtration, turbidity in a vvatervvorks 111ay increase if any of the follovving 

coagulants escape into the fiitered ws:Cer; 
o dissolved raetals oxidize; 
o bacteria and other microflora grow; 

chemicals are added for stability or corwsion control; 
deposited materials (especially in low-flow parts of the system) are resuspended; 
or 

o pipes corrode or lines break.29
•
30 

Uncovered distribution system reservoirs may also lead to increased turbidities, mainly by 
encouraging biological production?U2 

In 1989, the American Water Works Association Research Foundation sponsored a study 
that identified design provisions and operational practices at high-rate filtration plants. For the 
study, msearchers chose 21 plants that were successful in producing finished water with turbidity 
of less than 0.2 NTU.27 In choosing the pat"cicipating plants, consideration was given to 
geographic coverage as well as diversity of raw water types and treatment processes. In a 
different study, the Pennsylvania Department of Environmental Protection undertook 
perfonnance evaluations of 150 surface water treatment plants that used filtration from 1988 to 
1990 and found that a goal of 0.2 NTU was achievable for most plants.33 An internal report, 
prepared in 1995 for the same department, also found that filtration plants can readily achieve 
finished water with turbidities ofless than 0.5 NTU and that most plants can achieve less than 
0.2 NTU?6 In pilot tests involving treahnent of Boston's low-turbidity surface water supply with 
dissolved air flotation, the turbidity goal of 0.1 NTU was met in more than 90% of the r~ns.34 

Operational studies at specific plants have indicated that low turbidities in plant effluent are 
readily achievable when competent operations are in place.35

•
36 Iri another study, it was 

demonstrated that well-operated conventional treatment plants or direct filtration 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-!og reduction ofviruses. 37 The same study demonstrated that 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.S. 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 Cryptosporidium through filtration.38

•
39 The US 

EPA has now concluded that conventional treatmer(£ plants in compliance with the IESWTR or 
LTlESWTR achieve an average of 3-log reduction of Cryptosporidium. Direct filtration plants 
achieve an average of2.5-log reduction of CryptosporidiumY6 

§now S2!Udl ffiHh·al1ion 

In slov-1 sand filtration, filter effectiveness depends on the formE(don of schmutzdecke, 
vvhich is a layer of bacteria, algae and other 1nicroorganisms on the surface of the sand, and the 
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fonnation of a biopopulation vvithin the sand bed. Rmv water passes through the sand bed where 
physical, chelnical and biological rnechanisms ren1ove contarninants. The rnost irnpm:tant 
removal rnechanism has been attributed to the biological process. No chemicals are added, nor is 
there a need to backwash. 

Researchers have observed variation in the ability of slow sand filters to reduce turbidity. 
Fox et al. 40 found that when water was filtered at 0.12 m/h, after an initial ripening period had 
allowed the biopopulation to becOme established on new sand, the treated water turbidity was 
consistently less than 1.0 NTU. Raw water turbidity ranged from 0.2 to 10.0 NTU. Cleasby et 
a!. 41 reported that typical effluent turbidity was 0.1 NTU for raw water with turbidity ranging 
from lower 'dmn 1.0 to 30.0 NTU, except during the first two days after scraping of the 
schmutzdecke. Pyper42 observed slow sand filtered water with turbidity ofO.l NTU or lower 
50% of the time and 1.0 NTU or lower 99% of the time; raw water turbidity in this study ranged 
from OA to 4.6 NTU. Slezak and Sims43 reported that nearly half of the 27 slow sand filtration 
plants they surveyed produced filtered water turbidity of 0.4 NTU or lower; at the same time, 
15% of the plants produced water with an average turbidity of LO NTU or higher. Consistent 3-
log reductions ofpmiicles sized from 2 to 4 ~m upwards were also observed in this study. The 
size range of7-12 flll is considered to be representative of the size of Giardia cysts. Bellamy et 
aL 44 studied the water treatment efficiency of slow sand filtration to ascertain removal of Giardia 
cysts~ total coliform bacteria, heterotrophic plate count (HPC, formerly !mown as standard plate 
count) bacteria, particles and turbidity. Results showed that slow sand filtration is an effective 
water treatment technology. Using a biologically mature filter, Giardia cyst removal was 
virtually 100%; total and faecal coliform removal was approximately 99%; pmiicle removal 
averaged 98%; HPC bacteria removal ranged from negative to 99%, depending on the influent 
concentration; and turbidity removal ranged from 0 to 40%.39 The US EPA has now concluded 
that slow sand filtration p !ants in compliance with the IESWTR or L T1ESWTR achieve an 
average of 3-log reduction of Cryptosporidium. 126 

Slow sand filtration is appropriate for use when raw water turbidities are relatively low 
(e.g., <10.0 NTU). 

As is the case with chemically-assisted filtration, a 'filter-to-waste' feature should be provided 
so that the filtered water immediately afcer filter cleaning is directed into a waste stream. 

1Dhlltornaceo1!l!s e:1rrtlht ifHtJL·a~Uon 

Diatomaceous earth filters operate by passing water through a thin layer of diatomaceous 
earth about 3 mm t_hick supported on a septum or filter element To prevent turbid water from 
clogging the filter, a small amount of diatomaceous earth is continually added as body feed to 
maintain a permeable filter cake. Once the hea.dloss across the mter cake becomes too 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 filtration has been shown to attain excellent removal of Giardia 
cysts over a broad range of operating conditions. Cyst re1novals exceeding 99o/a, and ofcen 
99.9o/o, \Nere reported by Lange et al. 45 for filtration 1:ates of2.4-9.6 1n/h and for ternperatures 
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frmn 3.5 to l5°C. Logsdon el al. 46 reported that when sufficient diatmnaceous earth and body 
feed were used, removal of9-!lm radioactive beads was nearly always 99.9%or higher. The 
sarrre study reported that 11 filter runs vvere made \vith Giardia muris cysts at filtration rates of 
2.2-3.5 m/h. Cyst removal exceeded 99% in all runs and exceeded 99.9% in five of the runs. The 
US EPA has now concluded that diatomaceous earth filtration plants in compliance with the 
IESWTR or L TlESWTR achieve an average of 3-log reduction of Ctyptosporidium. 116 

Diatorr1aceous earth filtration is appropriate and effective in treating waters vvith lovJ 
turbidity. Logsdon et a/.46 repmted that turbidity reductions of 56-'78% were attained with 
diatomaceous earth when raw water turbidity ranged from 0.95 to 2.5 NTU. Pyper42 reported an 
average turbidity reduction of75% with an effluent quality of 0.5 NTU. 

As is the case with chemically-assisted filtration, a 'filter-to-waste' feature should be 
provided so that the filtered water immediately after filter backwashing is directed into a waste 
stream. 

Memltutane fiHcrai:ion. 
Four membrane treatment processes are currently used in the water industry, and all 

involve pressure-driven semi-permeable membranes. The most appropriate type of membrane 
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/treatment configuration.47 The four processes are: 
l, Revewse ,;smosis: a high-pressure membrane treatment process originally developed to 

remove salts from brackish water. 
::t NaumoliillitmtiolTil: a low-pressure reverse osmosis process for the removal of larger cations 

(e.g., calcium and magnesium ions) and/or organic molecules. 
3, URtnlfilt~ra\tiolTil: 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. 

4L MicrrolfiltlfatioiDl: a [ow operating pressure membrane process used to remove 
particulates, including pathogenic cysts.47.48 

Reverse osmosis and nanofiltration are very effective for absolute removal of cysts, 
bacteria and viruses.48 Ultrafiltration (pore size 0.01 vrn) and microfi!tration (pore size 0.1 1-lm) 
are effective for absolute removal of Giardia cysts and partial removal of bacteria and viruses.49 

Filtrate turbidity can be achieved consistently at or below 0.1 NTU.50
•
51 

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

If membrane filtration is the sole treatment technology in use then afo1m of virus 
inactivation should be incorporated into the treatment train after the filtering process. 

'Filter-to-waste" feature should be provided for initial start-up and commissioning of the 
membrane system and for emergency diversion in the event of a membrane integrity breach. 
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Miicrobll21li 

The most important health-related effect of turbidity is probably its ability to protect 
r:.nicroorganisms frmn disinfection. Turbidit-y, which has beeil shown to be correlated with the 
contamination of water supplies by Giardia and Cryptosporidium,119 serves as a surrogate 
measure for indicating the risk of contamination by these pathogens. A dramatic increase in 
turbidity levels at one of the Milwaukee water treatment plants (levels many times higher than 
those of the preceding 14 months) was associated with the outbreak of cryptosporidiosis in April 
1993, when more than400 000 people developed symptomatic gastrointestinal infections as a 
consequence of exposure to contaminated drinking water.120 An outbreak of giardiasis in Rome, 
New York, where an unfiltered but chlorinated water supply was used, has been cited as 
illustrating the problem of particulates possibly protecting pathogens and interfering with 
marginal disinfection.108 In another incident, high turbidities (>4.0 NTU), resulting from poor 
plant operation coupled with a malfunctioning chlorinator, were considered as causal factors in 
an outbreak of giardiasis.84 

· 

In most water treatment plants, Giardia removal is a physical process involving 
coagulation, flocculation and filtration; chlorine contact times alone are insufficient to result in 
complete destruction or removalY' Monitoring turbidity can therefore be a useful indicator of 
plant performance, including cyst removal. Studies have shown that small increases in ilJxbidity 
(about 0.2 NTU) can result in significant passage of Giardia cysts.87 It has been suggested that 
0.1 NTU should be set as a goal or objective for treated water.84

•
87

,
121

'
122 Giardiasis problems 

have, however, occmTed where turbidity limits have been met, and it should not be assumed that 
achieving a turbidity limit will by itself prevent waterborne disease.88.1 23 

A study in Philadelphia by Schwartz et a/.,51 which asserted a correlation between levels 
of turbidity and hospital admissions of elderly residents with gastrointestinal illnesses, highlights 
the fact tha.t 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 with 
gastrointestinal illness 9-11 days afcer exposure, even though the recorded average t11rbidities 
were well below the regulated limits. A similar study by Aramini et a/. 124 has demonstrated a 
relationship between reported gastrointestinal illness and turbidities in excess of 1.0 NTU, the 
previous Canadian health-based drinking water guideline. Using a generalized additive mode!, 
the authors demonstrated that excess turbidities during the period 1992-1998 could explain 
2.1 %, 0.8% and 0.9% of emergency-associated, gastroenteritis-related physician visits by 
persons residing within the three water distribution areas, respectively. ln 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 studies tbat change in turbidity 
levels in drinking water is a potential indicator for breakthrough of pathogenic organisms and 
increased consumer risk. 
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cities, observed that infectious hepatitis incidence was greater v.;ith higher turbidity. A sirnilar 
relationship appeared to exist between turbidity and cases of polion1yelitis, although this finding 
was based on a scr1aller smnple.115 Shaffer et al. 116 reported detection of poliovirus in vvaters with 
chlorine concentrations greater than 1 rng/L and turbidities less than 1.0 NTU, \iVhich indicates 
that protection from disinfection occurs even at very low turbidity levels. Although a study of 16 
U.S. cities in 1961 failed to reveal a clearly defined relationship between hepatitis incidence and 
finished water turbidity, the authors stated that, because of the many factors involved, it should 
not be inferred t.ha:t there is none.117 The infectious hepatitis epidemic in Delhi, 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. Even though chlmination was 
practised, it was apparently insufficient to inactivate the infectious hepatitis virus-'" The 
protection from disinfection offered by organic or cellular material in particular has been· 
reported in other studies.66

•
68 

Che-mkmfi 

Pmiicnlate matter in water is not usually a potential chemical hazard in itself, but may 
have indirect effects."0 The concentrations of both heavy metal ions and biocides are usually 
much higher in suspended solids than in water. The possibility therefore exists that when such 
contaminated pa..rticles enter a different environment, such as th<:O stomach, release of the 
pollutants could occur, with potentially deleterious effects. 

The metal-ligand binding in humate complexes can be represented by the equation:93 

where: 
M"+ = the metal ion 

o HrnA = humic acid 
o MmAn =the metal complex. 

If, for instance, the hydrogen ion concentration 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 particulars-triazine compounds, by soil 
organic matter, has been demonstrated to be pH dependent. Maximum absorption occurs at 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 to the release of free 
herbicides.93 

Otlillei· W!Illsirllerratno!Ills 
Excessive turbidity has often been associated with unacceptable tastes and odours. 

Turbidity in excess of 5.0 NTU also becomes visually apparent and may be objected to by 
consumers. In·smne cases, if the level of turbidity is not lovvered to reduce the organic loading in 
advance of applying certain chemicals, it 1nay lead to other health concerns (e.g., the formation 
oftrihalomethanes). 
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As noted above, turbidity :measurement does not indicate the typej number or rnass of 
particles. I-Iowever, because of the ease of analysis and relative inexpensiveness of the 
equip1nent, it is a very useful tool to assess the performance of vvater treatment processes­
especially for conventional surface water systems. Moreover, turbidity can serve to signal 
potential contmnination problerDs ot difficulties within a distribution system. Drinking water 
should be aesthetically pleasing. Every effort should be made to keep the turbidity as low as 
possible by flushing and cleaning the pipelines. For aesthetic purposes, turbidity should not 
exceed 5.0 NTU within the distribution system, especially at the point of consumption. 

R21l1:ionalie 
Turbidity is a characteristic of all water supplies. In surface waters and groundwaters 

under the influence of surface water, turbidity is a concern for both health and aesthetic reasons. 
In these waters, the particulate matter that creates turbidity can contain toxins, harbour 
microorganisms and interfere with disinfection. In addition, organic matter 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 (i.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 LO NTU 

Turbidity is effectively reduced through filtration, 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 NTU at all times, it is considered acceptable for treat1nent plants to 
achieve the following levels based on the type oftech.nology used. The levels of turbidity in 
treated water should be: 

L For chemically-assisted filtration, less than or equal to 0.3 NTU in at least 95% of 
the measurements made, or at least 95% ofthe time each calendar month and not 
exceed LO NTU at any time. 

2. For slow sand or diatomaceous earth filtration, less than or equal to 1.0 NTU in at 
least 95% of the measurements 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 to 0.1 NTU in at least 99% of the 
measurements made, or at least 99% of the time each calendar month and not 
exceed 0.3 NTU at any time. If membrane filtration is the sole treatment 
technology employed, some form of virus inactivation should follow the frlter 
process. 

Most problems associated with turbidity are caused when the level of turbidity in the 
treated water spikes. Spikes can occur when the natural levels of pa.rticulate matter increase in 
the source v;ater, when the filtration rate increases or when an individual filter breaks down. In 
order to quicldy figure out that a filter is malfunctioning and to identify which one it is, this 
guideline applies to individual filters wi~hin a system. 
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Turbidity 1neasured to be less than 5.0 ~TTU is not discen1able to the naked eye but at 
higher levels the particulate rnatter in ~water 1T1ay cause colour, taste and odour concerns for 
consumers. For this reason, utilities should try to maintain the level of turbidity in the 
distribution system to below 5.0 l'"·lTU. An aesthetic objective has not been set in order to avoid 
confusion with the health-related guideline. 
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Dete~·mfin~n.g ~f Gro.uJrurll·r-;a-~eJr lis lUnd elf -u~e ]!Jilted JimrifhlleF!.ce oii §m·face "\~18-ter2 

Detennining whether groundwater is under the influence of surface water is a cor:.11plex 
process. VVhile there is considerable variation in the circun1stances that may r_esult in 
groundwater becon1ing contarnlnated vvith surface water, so1ne key issues that should be 
considered include: 
????? 
Geology 

0 What are the characteristics of the aquifer deposit (i.e., lithology, stratigraphy and 
structure)? 

0 
0 
0 
0 

0 

0 
0 

Hydrogeology 

How was the deposit created (i.e., geomorphology)? 
What is the age of the deposit? 
Is it a confined, semi-confined or unconfined aquifer? 
If the aquifer was created during a recent geologic event (i.e., alluvial 
deposits/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 risk? 
If the aquifer was created during an ancient geologic event (i.e., unconsolidated 
deposits or bedrock deposits/pre-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 risk? 
What are the effects oflocal topography (e.g., mountains, foothills, plains)? 
What are the effects of!ocal geology and geologic events (i.e., facies changes, 
complex geology, glaciation)? 

0 Do the aquifer characteristics (i.e., hydraulic head, intrinsic permeability, 
hydraulic conductivity, transmissivity, storitivity) imply direct surface water 
and/or land surface influence(s)? · 

0 Is there evidence of local surface water "discharge/recharge" to/from the aquifer? 
0 What is the direction of groundwater flow (i.e., hydraulic gradient)? 
0 What is the consequence of pumping groundwater from the aquifer (cone of 

influence)? Is there a change in gradient? 

Hydrochemistry 
0 Is there evidence of water quality similarities between the aquifer and surface 

1,;vater (i.e., chemistry, temperature, bacterial count)? 
0 Is there evidence through environrnental isotope analysis ('H, 14C, 180, 2H)? 
0 What is the chemical age ofthe groundwater (i.e., mineralization)? How does it 

compare with that of the local surface water? 
0 Is there evidence of a hydrochemical facies change? 
0 V\That is the level of bacterial contarnination in the aquifer? 
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Land use issues 
01 VVhat types of loca1land use are there (e.g., agricultural, industrial, 111unicipaJ, 

recreaJional)? 

Soil horizon 
OJ What type of soil is there? 

Tools for making the assessment 
OJ Cross-sections, isopach maps, topographic maps and geological maps 
OJ Aquifer pumping test, groundwater modelling and groundwater monitoring 

(observation wells, piezometers), soil percolation tests 
OJ Local water balance exercises (groundwater vs. surface water recharge/discharge) 
OJ Isotope analysis 

31 

79 



80 

Trihalon1ethane - VVildpedia, the free encyclopedia Page 1 of2 

From \Vikipedia, tl1e free encyclopedia 

1'~'1h21kH-rl!eth?<iiH':S (TJE-]]\!ifs) are chemical compounds in which three of the four hydrogen atoms of methane (CI-!4) are replaced by 
halogen atoms. Many trihalornethanes find uses iil industry as solvents or refrigerants. TFITvfs are also environmental pol1utants~ and 
many me eonsidered carcinogenic. Trihalometha11eS with all the same halogen atoms are called haia·fornl!s. 

o 1 Table of common trihalomethanes 
o 2 Industrial uses 

o 2.1 Refiigerants 
o 2.2 Solvents 

o 3 Water pollutants 
o 4 References 
o 5 Extemallinks 

j CAS regJstry numhen.·] 
i I 
i ' 

i ______ ----·--'~----- -----------------·- -~- ----··--~---. 

i kHF3 \trifluoromethane i75-46-7 
\ I ! 
~---- ----.~-- ----- --~---!- ----
: CHCIF2 j chlorodifluoromethane \75-45-6 

;·· - - -----~ ----- ---- --- ~- -------

;cHCh !trichloromethane !67-66-3 
' ' ' .~--~--·--·-+-----------------·-------]··-~--~ --· ---------··-· ___ , . ·---------------~~~--~-------·-·------- ·-----··--··-

lliPACillame. 

------i 

(~~~t) ! 
____ ]_ _____________ , ·--------- --!---·----·-- --·-··-------· 

! : ,··· \ 
: chlorodlfluoromethane \R-22, HCFC-22 -(~~~f~) \ 
.\ .. ---~-----·----- ______ j _____________ , ________ ,. __________ _ 

' 
( methy 1 trichloride 

r fluorofmm iFreon23, R-23, HFC-23 

\ chlorofonn 

1 CHBrCb \ bromodichloromethane )75-27-4- ! dichJorobromomethane i BDCM 
i ... ---·-~-·----.J ____________________________ L ... -----···-·-- ·---------·---!-·-··--··----··~----~-----------..!.-- ---- ~----- .. --·------- --: -----·-·--! 

\ CHBr2Cl 1 d.ibromochloromethane (124-48-1 j chlorodibromomethane I CDBM 
~-------- ;-- ·-·-· ----·------·-·-·-·- ----1-------· 
1cHBr~ ,ltribromomethane 175-25-2 
! .;> l \ 

----· 1-----------. ,-----------·--:-- -·-----------·-·· 

i CHI~ 1 triiodomethane 
i .;> -----~---

! 
\bromoform 
' ... -·t:~~;~r= 
' 

' ' Jmethyl tribromide 

' ____________ , ____ ------------·--·---
) 
\me thy 1 triiodide 
' ' 

-~--! 
i 
i 

:------------1 
' i 

.... ·-- ---·- .... J 

Trifluoromethane and chlorodifluoromethane are both used as re±i-igerants in some applications. Trihalomethanes released to the 
environment break d0\".'11 faster than chlorofluorocarbons (CFCs), thereby doing much less damage to the ozone layer (if they contain 
chlorine). Chlorodifluoromethane is a refi·igerant HCFC, or hydrochlorofluorocarbon, while fluoroform is an HFC, or hydrofluorocarbon. 
Fluoroform is not ozone depleting. 

Unfortunately, the breakdovm oftrihalomethane HCFCs does still result in the creation of some free chlorine radicals in the upper 
atmosphere and subsequent ozone destruction. Ideally, HCFCs \Vi!l be phased out entirely in fm•our of entirely nonchlorinated 
refi:igerants. 
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Chloroform_ ls a very common solvent used in organic chemistry. It is a significantly less polar solvent than water, well-suited to 
dissolving many organic compounds. 

Although still toxic and potentially carcinogenic, cblorofom1 is significantly less harmful than carbon tetrachloride. Because of the health 
fuld n~gulatory issues associated with ~he use of cm:bon tetrachloride, in modem chemistry laboratories chlorofonn is used as a cheaper, 
cleaner altemative wherever possible. 

Trihalomethanes are formed as a by-product predominantly when chlorine is used to disinfect \Vater for drinking. They represent one 
group of chemicals generally referred to as disinfe"ction by-products. They 1·esult fi:mn the reaction of chlorine and! or bromine with 
organic matter present in the \Vater being treated. The THI\Ils produced have been associated tlu·ough epidemiological studies with some 
adverse health effects. Many governments set limits on the amount permiSsible in drinking water. However, trihalomethanes are only one 
group ofnmny hundreds of possible disinfectton by-products-the vast majority of which are not monitored-and it has not yet been 
clearly demonstrated which of these are the most plausible candidate for causation of these health effects. In the United States, the EPA 
lD.-nits the total concentration of the four chief constituents (chloroform, bromoform, bromodichloromethane, and 
dibromochloromethane), refened to as total trihalomethanes (TTI-ll\1), to 80 parts perbi11ion in treS.::Led water. 

Chloroform is also fanned in swimming pools which are disinfected with chlorine or hypochlorite in the halofonn reaction \Vith organic 
substances (e.g. urine, sweat, hair and skin particles). Some of the THMs are quite volatile and may easily vaporize into the air. Tills 
makes it possible to inhale THl\IIs while shov·.'ering, for example. The EPA, however, has determined that this exposure is minimal 
cOl'npared to that fi:om cons11mption. In swimmers uptake of THMs is greatest via the skir1 with dermal absorption accounting for 80% of 

THT\1 uptalceDl. Exercising in a chlorinated pool increases the toxicity of a "safe" chlorinated pool atmosphereP1 with toxic effects of 

chlorine byproducts greater in young swimmers than older swimmers[31• 

1. "Lindstrom, AB et al. (1997) Alveolar breath sampling and analysis to assess trihalomethaue exposures dming competitive swimming traiuing. 
Environ. Health Petsp., 105 (6), 636-642-

2. A Drobnic, F.et al. (1996) Assessment of chlorine exposure in swimmers during training. Medicine and Science in Sports rn1d Exercise, 28 (2), 
271--274 

3. "Ailcing,H. et al. (1994) Swimming pool chlorination: a health hazrn-d? Toxicology Lettets, 72(1-3), 375--380 

o National Pollutant Inventory- Chlorofonn and trichloromethane (http://www.npi.gov.au/database/substance-
info/profiles/23 .html) 

o How Ozone Teclmology Reduces Disinfection Bypro ducts (http://www.biozone.com/triha1omethanes.html) 
o Testing for Trihalomethanes (http://v.N.rw.caslab.com/News/testing-for-trihaloroethanes-in-your-water-ttlm1.html) 
o EPA- Trihalomethanes in Drinking \Vater 

(http://yosemite.epa.gov/water/owrccatalog.nsfi'9da204a4b4406ef88 5256ae0007 a79c7 /be44ad7 c&f83f25a85256b06007255e9! 
OpenDocument) 

Retrieved fi·om "http://en.wikipedia.org/wiki/Trihalmnethane" 
Categories: Halomethanes \ Halogenated solvents\ RefTigerauts 

o This page was last modified on22 Ivfarch 2011 at 03:4-7. 
o Text is available under the Creative Commons Attribution-ShareAlike License; additional tenns may apply. See Terms of use 

for details. 
Vlikipedia® is a registered trademark of the \Vikimedia Foundation, Inc., a non-profit organization. 
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The maximum acceptable concentration (MAC) for trihalomethanes'- (THMs) in drinking water is 
0.100 mg/L (100 pgjL) based on a locational running annual average of a minimum of quarterly 
samples taken at the point in the distribution system with the highest potential TNM levels. 

The maximum acceptable concentration (MAC) for bromodichloromethane (BDCM) in drinking 
water is 0. 016 mgjL (16 IJg/L) monitored at the point in the distribution system with the highest 
potential THM levels. 

CGlt!ffiefi-' r:,:@~5$ntrl!Gffiill"il~O\f!!§; 
-~--- - - ~- ~ ,_ __ 

Utilities should make every effort to maintain concentrations as low as reasonably achievable 
without compromising the effectiveness of disinfection. 

Trihalomethanes 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 chlorine in the treatment of drinking water has virtually eliminated 
waterborne diseases[ because chlorine can kill or inactivate most microorganisms commonly found 
in water. The majority of drinking watel- treatment plants in Canada use some 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 to prevent bacterial regmwth. The health risks fmm 
disinfection by-products, including trihalomethanes, are much less than the risks from consuming 
watel- that has not been disinfected. Utilities should make every effort to maintain concentrations 
of all disinfection by-products as low as reasonably achievable without compromising the 
effectiveness of disinfection. 

The trihalomethanes most commonly found in drinking water am chloroform, 
bromodichloromethane (SDCM), dibromochloromethane (DBCM) and bromoform. Of these, 
chloroform has been most extensively studied, and there are some scientific data available on 
BDC~L However, insufficient data are available to develop a guideline for eithel- DB01 or 
bromoform. Since ch!m-oforrn is the triha!omethane most often found in drinking water, and 
generally at the highest concen'CI-ations, the trihalomethane guideli11e is based on health risks 
linked 'co chlorofo1-m. This guideline applies to the total concentration of chloroform, BDC~1, DBCM 
and bromoform. 

This Guideline Technical Document revievvs all the health risks associated with trlha!omethanes in 
drinking water, incorporating multiple routes of exposure to triha[omethanes via drinking water 
including ingestion, and both inhalation and skin cbsorptlon fi-0\11 showering and bathing. It 
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assesses all identified health risks, taking into account new studies and approaches, and applies 
appropriate safety factors. Based on this revie1Nr the guideline for total trihalomethanes in drinking 
water is established at a maximum acceptable concentration of 0.1 rng/L 

Although the concentration of BDC~1 is included in the concentration of trihalomethanes in the 
guideline, a separate guideline for BDC~1 is also deemed necessary, The guideline fol­
bromodichloromethane in drinking watel- is established at a maximum acceptable concentration of 
0,016 mg/L 

Chlorofol-m is considered to be a possible carcinogen in humans, based on limited evidence in 
experimental animals, and inadequate evidence in humans, l'.nimal studies have shown links 
between exposul-e to specific trihalomethanes and liver tumours in mice and kidney tumours in 
both mice and rats; some studies in humans show data that are consistent with these findings. 
Human studies are suggesting a link between exposure to trihalomethanes and colorectal cancel-s. 

Human studies also suggest a link between ,~eproductlve effects and exposure to high levels of 
trihalomethanes, 1-iowevel-, an increase in the concentration of 'crihalomethanes could not be linked 
to an increase in risk, suggesting the need for more studies. 

Pn3liminary animal studies indicate that BDCM and other tdhalomethanes that contain bromine 
may be more toxic than chlorinated trihalomethanes such as chlomform. For this reason, and 
based on the availability of scientific data for BDCf\1, a separate guideline was also developed for 
BDC~1. BDCM is considered to be a probable carcinogen in humans, with sufficient evidence in 
animals and inadequate evidence in humans, Animal studies have shown tumours in the large 
intestine in rats. Among the four tl-ihalomethanes commonly found in drinl<ing water, BDCM 
appears to be the most potent rodent carcinogenr causing tun1ours at lower doses and at more 
target sites than the other thl-ee compounds. 

Exposure to BDCI'1 at levels higher than the guideline value has also been linlzed to a possible 
increase in reproductive effects (increased risk for spontaneous abortion or stillbirth) above what 
can normally be expected. Further studies are requil-ed to confirm these effects. 

Levels of trihalomethanes, 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 i11 
warmer montl1s, because of tile higher concentrations of precursor organic materials in the raw 
watel- and especially because the rate of formation of disinfection by-products increases at higher 
temperatures. Trihalomethanes levels are also affected by the choice and design of treatment 
processes, Recent data indicate that, in general, average trihalomethanes levels in Canadian 
drinking water supplies al-e well below the guideline. However, some systems show average levels 
well above the guidelines; these systems serve only a small proportion of Canadians (less than 
4°/o) and are generally smaller treatment systems with limtted ability to remove organic matter 
before adding tile chlorine disinfectant. It should be noted that the presence of brominated by­
products such as BDCM will also depend on the presence of bromine in the source water. 

Trihalomethanes and ha!oacetic acids are the two ntajor groups of disinfection by-products found 
in drinking water and generally at tile highest levels. Togethel-, these two groups can be used as 
indicators for the pl-esence of all disinfection by-products in drinking water supplies, and their 
control is e)(pected to reduce the levels of all disinfection by-products and the corresponding risks 
to health, /-\guideline for haloacetlc acids is expected to be available in 2006-2007. 

The approach to reduce exposure to triha[onlethanes is generally focussed on reducing the 
formation of chlorinated disinfection by-products, The concentratfons of tr!llalomethanes and other 
chlorinated disinfection by-products in drinking water can be reduced at the treatment plant by 
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removing the organic matter from the water before chlorine is addedr by optimizing the 
disinfection process or using alternative disinfection stt~ategiesr or by using a different vvater 
source. It is critical t!1at any method used to contra! tt~ihalornethanes levels t~~1us·~: !i1eJ.t con1promise 
the effectiveness of disinfection. The Federai-Provinciai-Te!Titorial Committee on Dl·inl<ing Water 
also rec01nrnends that every effort be made not only to rneet the guideline{ but to maintain 
concentrations of trihalomethanes as low as reasonably achievable. 

1 Trihalomethanes refers to the total of chloroform, bromodichloromethane, dibromochloromethane and bromoform 

?rev1ous ... ,,..,_,_ 
. ,~;'':... 
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By ZBne §atteKflielid, P. E., NESC Engineering Scientist 

~!illWD!illllililiiY 
Line pigging is an i11ternal pipe-cleaning process used to remove biofilms or other foreign matter 
from the inside of water pipes. If performed correctly, line pigging w-ill renew the flow :rates to 
restricted piping systems and reduce pumping pressures. This Tech Brief discusses some Of the 
techniques a_nd processes used in cleatl_fng \Vaterlli1.es in distributions systems. 

,., ,, 0 

11~\m~ tf-'li~@[iffil~ 

Line pigging (or line swabbing, as it sometimes 
known), is the process of cleaning distribution 
lines by inserting a small device kno\Nll as a 
pig into the lines and pushing it through 
them. The term "pigghl_g" originated in the gas 
and oil industry, where metal discs connected 
by a rod were moved through the oil pipelines 
to remove buildup of paraffin wax on the 
internal wall of the pipe. The action ofn1etal 
on metal made a squealing noise like a pig 
and the na.Ine stuck. More and more, pigs are 
being used to clean pipelines in all types of 
in.dustry including waterlines in municipal 
distribution systems. 

iT'""- " , , () illUuuW'\1 no 1§ fiDD~·, 

A pig is the object, usu­
ally bullet shaped, that is 
pushed by the water in 
the pipe 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 flex.Jble and safe 
to be in contact with 
drinking water. 

Pigs range in size from 2- to 48-inches in 
diaJ.neter and can be made to order in varying 
lengths, styles, and configurations for speCific 
appiications. Not only are pigs used for cle~1.~ 
ing but also for inspectiiJ.g the inside of 
pipelines and determining interior dimensions. 

11£ w;•llmJ:IDI!lillfiD 'ZfJ81lrl:uiTBtru@~ ti"a:~ruU~sr lli!~~~ill~!.i'Si'~ 
States and nlunicipalities typically do not 
require regular pigging or swabbing of distri­
bution lines in water systems. Some may only 
require pigging after initial construction of a 
new line to remove any debris left in the line 
because flushing alone will not always clean 
the dirt a..nd debris Out of the line. 

·.'·· ·. y~~~.i. 
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One reason to pig a waterline is that all distri­
bution lines tend to have a biofilm coating the 
inside of the pipe. The bacteria are dormant 
until certai.TJ. conditions activate the bacteria, 
causing problems. Regular flushing 1.1Jill not 
eliir!it_l_ate this biofilm. Regular pigging with 
flusPJ.ng vvill reduce or eliminate biofilms. 

A second reason to pig a line is inadequate 
water flow·. Tv'Iore flow (volume) of water may be 
needed to support 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 systen1 Wil! usu­
ally need to replace the e:x-.isting waterline with 
a line Lhat can support the dema..._rui needed. If 
the existing flow is restricted due to excessive 
deposits, however, pigging may be the solution 
to the problem. 

Third, most states require a rninb:num of a 6-
inch diat-neter VJaterline when connecting a fire 
hydrant to prmride adequate flm.l\T . .A_iter years 
of service, the inside of the pipe can become 

restricted vvith deposits making the fire 
hydr3.l""J.t less effective if not useless for its 
intended job. If fire flov,;r is needed, the solution 
in the past has been to replace the whole 
waterline, which is very costly and t1lne con­
suming. Pigging rnay restore adequate flmr,r for 
fighting fires at a fracti9n of the time llil_d cost. 

Finally, pigging waterlines n1ay lessen cmn­
pla.ints from v.rater customers .regarding the 
very same deposits that have or can restricted 
fire flow. These deposits are unwatJ.ted foreign 
matter such as iron o:x..ide (red water), alum, 
calcium.carbonates, barium sulfide a_n.d sedi­
ment. Pigging, in most cases, provides a solu­
tion. Cleanin_g these deposits can also reduce 
pu1nping pressures in areas of water systems 
that have booster pun1p stations. Increased 
pumping pressures can result in line leaks 
arrd pipe failures. 

[ftr©«:c:cl!umr~ 
The procedure starts by determining if the 
waterline Cat'"-1 be pigged. Not every water line is 
a cru!Jlidate for line pigging. Is the '~Nater line 
so corroded that pigging caJ:l cause failure? 

'[s~:~; U:r~rc.;l·" Line Ptgging, Spring 2007, Vol. 7, Issue l 



Does the waterline have reducers {i.e., the line 
getting smaller) that can cause the pig to get 
stuck? Does the line have increased pipe 
diameter sizes where the water pressure would 
be insufficient to nwve th_e pig? 

One of the 1nain Lh.ings to look at is the con cli­
tion of the interior of tb_e pipe. If the pH of the 
water is lm.v, -the iLJ.terior of the lfne could be so 
cm-roded that pigging could result in failure. If 
in_ doubt about the condition of the line, refer to 
past llile repairs or talk to operators who have 
worked on a_Tly repairs of the particular lin.e. 

Much of this information can be obtained from 
as-built drawings or operators who have fiXed 
leaks or installed the original water line. The 
line ~ have to be dug up to launch the pig. 
At that time, a visual inspection should be 
done to determine if pigging is possible. 
Another option is to use a low density foaxn_ 
pig in any unknown line and examine the 
foam pig for vvear patterns, tears, or gouges. 
This 1nay even help deternline if the line can 
be sUccessfully cleaned \lilith a pig. 

Before the pigging begins, i~'s useful to have 
information about the line: 

1. Locate and 1nark all valves and meters. 

2. Appro;rJlnate all elbows and fittings in 
the line (again, refer to the as-built draw­
Lng if available). 

3. Know the pressure and flows in the l1nes. 
This Vltll also help determine if any flow 
increase and possibly pressure decrease 
was achieved by the pigging. 

The more you know before you start, tbe 
fewer surprises you'll encounter once you 
start ptgging. 

Once the line has been inspected and 
appears suitable, the actual pigging begins. A 
pig is inserted into the lLTle to be cleaned by 
means of a launcher. This is simply a..Tl over­
sized barrel with a reducer mating to the 
e:x.isting line. This allows for easy insertion of 
the pig, because the pig's ou te:r diameter is 
larger tha..n. the pipe's internal dian1.eter to 
maintain a good seal. Once in the launcher, 
clean -\Vater is introduced to send the pig on 
its way. This is usually the sa1ne water that 
is in the lirre from a nearby flushing hydrant 
or fire hydrar.~t. or a tanker truck. The pig's 
path is determined by direction of flow and 
bsr isolating the line to be cleaned by closing 
valves to laterals, if present. 

NATION,.6,L ENVIRONMENTAL SERVICES CEI'-JTER 

If the waterlllle is in service, you nmst rrotu--y 
yoUI customers about the \Nate:r interruption 
and possible dirt-y water after brL.1.ging the line 
bacl-r in service. If the water line has a lot of 
unwanted deposits, it xnay be wise to p-ull all 
water meters just before the pigging process 
starts a11.d flush at the connection at the end of 
tl1.e process before you 1~eplace the meters. 
Foreign matter could stop-up the tneter or cause 
the meter to malfunction. The debris could also 
get into the custon1.e:rs' pl-wnbing and cause 
problems such as plugging Lh.e aerators on the 
faucets, dishwashers, or washing macbi ___ TJ.es. 

If the waterline to be pigged has severe scaling 
(tuberculation) due to iron oxide (red water), 
alum, calcium carbonates, barium sulfide, or 
sediment, a progressive or stepped approach 
n1.ust be taken to avoid getting a pig stuck or 
losing a pig. This approach is simply using a 
sinaller diameter pig at ftrst and working you:r 
way up incrementally to the h1.side diameter of 
the pipe. The stepped technique v\T'J.l minLn:lize 
the risk of the pig getting stuck or large 
amounts of debris plugging the line by clean­
ing a little bit at a tune. 

,,,i~:~\~-., ..... _ Articles about locating distribution lines and 
/~/~"\valve exercising programs are avaHab\e on 
\.,~ l_ .l/ the National Environmental Services Center 

~",,. __ ~.,..~~-"- Web site at \IVww.nesc.wvu.edu/ndwc. 

§~uui!irrli ll"li!!JSl 
There are 1nany different types and sizes of 
pigs. For waterline use, some nonstandard 
pigs include 

Gaugh;,g pigs are mainly used after con­
structing Lhe pipelLne or before pigging 
an old line to detennine if there are any 
obsi.Tuctions in the pipeline. 

Profile pigs are gauging pigs ·with multi­
ple gauging plates used to help map t..h.e 
inside condition of the pipe walls. 

Magnetic clea..ning pigs are used to pick 
up ferrous debris left in the pipeline. 

Tr&J.Slnitter pigs or detector pigs are 
used to map out Lhe location of pipeline 
or help locate a stuck pig. 

Spheres are :rourrd for ease in negotiating 
short radius 90-degree elbows, iri"egular 
turns, bends, and sweeps. 

@).~ihlDTIIKg] 'iYiF-fi\llli:! 01 §fuJJ:\IrJ1:<. ®IT U.JIDSli [?[]!ill 

If a pipeline ha.s not been pigged on a routine 
basis or has never been pigged, a pig can get 
stuck. If a pig becom.es stuck, the first priority 
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is to find and retrieve it, but you 1nust identify 
the cause. Usually one of D.vo conditions ~'TI.sts 
when a pig is stuck: fluid bypassing arOund 
the pig (not pusP.ing the pig) or a blockage of 
the flow. 

In water distribution syste1ns that have loops 
3.l~d multiple tee connections a pig can find its 
way out of the work area a..Tld get lost. It is 
i1nportat!t to locate all valves and close off the 
lines that are not being pigged and know the 
direction of water flow. 

If you lose a pig, a smart pig such as a detec­
tor pig or transmitter pig can be launched to 
help find the lost pig. A transmitter carL also 
be installed in the clea..11.ing pig so that a 
second pig does not have to be launched to 
help locate it if it should get lost or stuck. 
Sometimes a pig gets stuck because of a 
broken or shut gate valve. 

Procedures for dealing with a stuck pig or fluid 
going around the pig: 

1. Increase the line pressure and flow rate, 
but do not exceed the safe limits of the 
pipeline allowing for age and/or condi­
tion of the line. The flow rate and pres­
sure can be increased "i.i\Tith a pumper· 
and tanker fire truck. 

2. Release pressure from the line and drain 
the line back toward the launcher. 
Releasing pressure allov.rs the pig to :relax 
to its normal shape a...n.d may even cause 
the pig to back up in the line. P..iter pres­
sure has dissipated cmnpletely for sev­
eral minutes, re-pressurize the line h1_ an 
attempted to drive the pig through the 
restriction. This rnay be repeated t-wo or 
three tilnes. 

3. For a bypass situation, n.El a soft swab 
in behind the stucl-: pig to try and crec.te 

a positive seal, stopping the byvass. 
Repeat step one above. 

4. Back the pig up by applytng pressuse from 
the opposite end of th.e waterline using a 
pum.p or possibly a pumper fire truck. 

5. If a foaiil pig is used and gets stuck a 
super-chlorinate lTiixture (3,000 to 5,000 
ppm) in a slug form can be used to dis­
solve the pig. The line rnust be flushed 
and tested to be sure the chlorine resid­
ual is allowable limits after the super 
chlorination. 

\A!ate:r syste1ns are ad1.1ised not to undertake 
line pigging on then· own. Shop around and 
find a reputable compaJ]-Y \:vith experience in 
line pigging with water lines. Start with an 
area of the water system that the line location, 
size, type, and condition are all knmvn and the 
lines can be dug up easily if needed. 
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Bill To: Fraser Health Authority 

Report To: Fraser Health Authority 

207 - 2776 Bourquin Crescent 

Abbotsfo1·d, BC, Canada 

V2S 6A4 

Attn: Jeniene Lutz 

Sampled By: 

Company: 

Analyte 

Trihafomethanes Screen ~Water 

Chloroform 

Bromodich!oromethane 

Dibromochloromethane 

Bromoform 

Total Triha!omethanes 

Triha!omethanes ~Surrogate Recovery 

Dlbromoftuoromethane EPA Surrogate 

Toluene-dB 

Bromoiluorobenzene 

EPA Surrogate 

EPA Surrogate 

Project: 

ID: 

Name: 

Village of Harrison Springs 

THM 

Location: 

LSD: 

P.O.: 

Acct code: 

Reference Number 

Sample Date 

Sample Time 

Sample Local:ion 

822700-·1 

Aug 24, 2011 

NA 

Sarop!e Description Village of Harrison 
Hot Springs 

Matrbc Water 
~--~ 

Units Results 

mgiL 0.038 

mgiL <0.001 

mgfL <0.001 

mg/L <0.001 

mg/L 0.038 

% 105 

% 101 

% 92 

Approved by: 

Page 1 of2 

Lot ID: e\:£27[\!! 
Control Number: 

Date Received: ,'=\ug 25, 2011 

Date Reported: Aug 30, 2011 

Report Number: 1465090 

Results Results 

tl 

Nominal Detection 
Umil 

0.001 

0.001 

0.001 

0.001 

0.001 

86-118 

85-115 

86-115 

~~~--~~-~-.~.-=-·~···=~-··=·~~.·~-

Mathieu Simoneau 

-~~--~-~--~~--~emti~ns [~anagor -~. ~~--~-~- ~----·=-
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Introduction 
IViernbershio of the Federai-Provinciai-TetTitol'ial Committee on Drinkino Water 
Nevv-' revised. reaffirmed and uocomino auide!ines 

Table 1. New and revised guidelines 
1 able 2. Guidance documents 
1 able 3. Reaffirmed ouidelines 
1 able 4. Uocomino documents 

Guidelines for microbiolooical oarameters 
Bacteriological ouideline;; 
Protozoa 
Viruses 
I U l'bi dit'L 

Guidelines for chemical and bhvsical oat-a meters 
Table 5. Health-based and aesthetic quidelines for chernical/phvs[<:al_oal-ametet·s 
1 able 6. Pa!-ameters withoul. numerical guidelines 
1 able 7. Parameters that have been archived 

.Guidelines for radiological oararneters 
Table 8. Health based ouidelines for radiological oat-ameters 

The Guidelines for Canadian Drinking Water Quality 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.cafwaterquality). It supersedes all previous vet-sions, as well as tl1e 
published booklet of the Sixth Edition of the Guidelines for Canadian Drinking Water Qualit)f. 

The~e guidelines at~e based on currentr published scientific research related to health effects, 
aesthetic effects, and operational considerations. Health-based guidelines are established on the 
basis of cmnprehensive review of the known health effects associated with each conto.rninantr on 
exposu!-e levels and on the availabllit'{ of treatrnent and analytical technologies. Aesthetic effects 
(e.g.; taster odour) are taken into account when these play a role in determining whether 
consulners wl\l consider the water dr!nk.ab!e, Operatlonal conside!-ations are factored in vvhen the 
presence uf a substance rnay intetfere with or lmpail- a treatment process or technology (e.g., 
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turbidity interfering with chlorination m- UV disinfection) or advet~se\y affect drinking \/Vater 
infrastructut~e (e.g. 1 CDlTosion of pipes). 

The Federai-Provinciai-TerritDI-ial Committee on Drinking Water establishes the Guidelines for 
Canadian Dt~inking Water Quality specifical\y for contaminants that meet a\\ of the fo\\owlng 
criteria: 

1. exposure to the contaminant could lead to adverse hea\th efFects~ 
2. the contaminant is frequently detected or could be expected to be found in a large nurnber 

of drinking water supplies throughout Canada; and 
· 3. the contaminant is detected, or could be expected to be detectedr at a level that is of 

possible health significance. 

If a contaminant of inlet-est does not meet all these criteria; the Fedet~aJ-Provincial-Terdtor!al 
Committee 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 pmcess similar to Guideline Technical Documents, including public 
consultations through the Health Canada website. They are orfered as infOITnation for- drinking 

·water authorities, and help provide guidance t-e!ating to contaminantsf drinking water management 
issues ot- emergency situations. Consultation documents1 Guideline Technical Documents and 
Guidance documents are available fmm the Health Canada website 
( www. healthcanada. gc.ca/waterqualily). 

In general, the highest priOI-ity guidelines are those dealing with microbiological contaminants, 
such as bacteria, protozoa and viruses. Any measure taken to reduce concentrations of chemical 
contaminants should not compromise the eff~ctiveness of disinfection. 

Inquiries can be directed to: water_eau@hc-sc.gc.ca 

bVi!(Stilt1!!1l®!i"'8lfuJ p ©fr ·~:~'lie ~®vlefla ~=~[!©uiTmv6~0i U=Tcau~ttB·~(i}~~~rrZlll q:©!f\il!ITtuliit~e~ CiJlfl\J [0 r[!Fii l·.rffrttif£1 
11\Ycr~ek' 

i\lberta 
British Columbia 
Manitoba 

New Brunswick~ 

Newfoundland and Labrador 

Northwest Territories 

Nova Scotia 

Nunavut Territory 

Onta.!-io 
Prince Edward Island 

Quebec 

Saskatchewan 
Yuk.on Territory 

Ca.nada 

Department of Environment 
Ministry of Health Services 
Department of Water 
Conservation 
Department of Health and 
Well ness 
Department of Environment 
and Conservation 
Stanton Territorial Health 
Authority 
Departlnent of Environment 
and Labour 
Department of Health and 
Social Services 
~1inistry of the Environment 
Department of Environment{ 
Energy and Forestry 
!\1inist2re du oeveloppement 
durable, de I'Environnement et 
des Pares 

Dr'. Donald Reid 
fvlr. Barry Boettger' 
~1s. Kim Philip 

Ms. l<aren White 

~~r. Haseen Khan 

l'ir. Duane Fleming 

~is. Judy MacDonald 

~1r. Peter Workman 

Dr. Satish Deshpande 
Mr. George Somers 

\V1s. Caroline Robert 

Departrnent o"f the Envi1~onment [vlr. Sam Ferris 
Department of Health and Ms. Patricia Brooks 
Social Services 
Department of Health De John Cooper 
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Guidelines for several chemical, physical and microbiological parameters are new or have been 
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. 

'Bacteriological ----------- --T- -~===~~-===-~----;o~~~~i~~;;:;~/ioo_ !Tl'=~~ r- E.~-;{;------·--· ---- ---------:· 0 per 100 ml 
-·-·-- ------~------------ ----------------------·--------··-···i. __ ·-·-- - --·····-··-··- -· -- -· --··· ; .. --

2006 l - ___ ,_ .... -··--·.--··-· __ .. J 
2006 Total col~fo~rn_s___ _____ _______ j ___ Qj}_ECt:~QO_rn~--

c Heterotrophic plate count I No numerical guideline! 
; required l 

---·····-····-------·-··\· -------------- ___ ! 

I 2006 

. E-;:;~-~~gl~gp~th~g~ns ... T~i~ ~~~~~~i~~~-g~ld~li~~[ 
2006 

·····-·----- ·--- _______ .. ~ ........ _ r':'C!uirecl.. .. -···-·-· L ... _ _ ____ _ 
:Protozoa 
; 

i 
!-------------~-----

JEnteric viruses 

I No numerical guideline i 
i required ' 

-------------- -·--~ N~-~-,-;~el:i~~~-Cj~;id~li-~·e I 
None 

None 

2004 

2004 
----·---------- ...... -------------- ------------L--------------~-::~~-~~c~~-----

iTurbidity ····------·······--·'·· 0.3/l:OJ~~~r·nuh r _ 
\;{,,~-;~-;,;;,-,- ~· ·· ~ L ~o>',:~,p ;: :.·· · .·: .: " 

! 

1.0 NTU 

··-----------·---- -- T--- ----·--
(Aluminum 

________ \__ __ _ 

0.1/0.2£ 
·- ------ -· -------·· --

00006 

------ ·-···------ -.~-. ·----------··--·-··-
None 1999 

.. .... .L .. -------------···---
!Antimony 
.-------~-------·---------·----·· --

.. --· ...... ---. ---- ------------------- ·-----1- .. 
None 1997 

\"Refer to section on Guidelines for microbio!ogfcal parameters. 

jbsased on conventional treatmentjs!ovv sand 01· diatomaceous earth flltrationjmembrane filtration. 

' )cThis is an operational guidance value, designed to apply only to drinking water treatment plants using aluminum-based 
j coagulants. The operational guidance values of 0.1 mg/L applies to conventional treatment plants, and 0.2. mg/L applies 
~to othe1- types of treatment systems. 

::dTI1e separate guideline for BOCf\1 was rescinded based on new science. See addendum to the TH.f\1 document. In cert~in 
:situations, the Federai-Pi·ovinc!al-Territorlal Committee on Drinking Water may clloose to develop guidance documents: 
Jar contaminants that do not meet the criteria for guideline development, and for specific issues fot~ whicl1 operational or 
·management guidance is waiTanted. 
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l 
tl'xsenic 
r 
:Benzene 

-- ----~----

- _, ___ i 

. -, .- / - -
;;'-

.\ 
I 

i 

0.025 i 2006 
---- -------------- -- ------· -- \-----------

0.005 2009 

:sromate 

0.010 

0.005 

0.01 None 
None 

1999 i 

!Chlorate 

/Chlorine 

)._ 

:LO 

l No nunterical guideline: 
! required : 

!Chlorite 
\CY-~-~-~b~~t~~-i~--t;~~~~==-~\cro-~Y~t\;~=---1·· 

1.0 

2008 

None 2009 

None 2008 

None 2002 

-: 
: 

\ iLR 
1 

....... : 
!Fluoride 1.5 

-------------·-- --l--N~~.;-~~~~~~al·g~ld~li•;~ 

\ required 

[Haloacetic Acids--Tot~i(i~AA~) - ! o:oso--~---L -
!2=-M~thyl:4-chlo~;;-;;r:;~~-.;;z;a-~~ti~~~ictT·---

1.5 1996 
------·----- -- -··------: .. ------·----- - -

None 1998 

None 2008 
. ------·--·--- ------·'-· 

! 

-, 
I 

.. l 

!(_w:~AJ _________________ ' _______ ~~1 ___ _ ___ _ 
None 1 

i .. 
2010 

_ ___\ 

1 Methyl tertiary-butyl ethe•- (~HBE) . 
;---··---~--------------------------·--·---·----·-·--··----·------,·-----

iT;:Ic[llo_r_o_Ee_thyiEe_n_e_rr-c=_E]____ _ _____ _ 
r· 

!Trihalomethanes--Total (THMs)fl i 
. ------ --· ---·- ·--·- --- --·--·---· 

[Urani~-~----·-----· ··-· _____ L_ ___ _ 

0.100 _________ , ____________ .. --·-- t ____ .. 
0.02 

.. -------·-----···-"·"'---·- ---------'---

None 

0.100 

0.1 

2006 
- c.-·-·- -· ---------------·-

-i- ·-· 2006 

1
: r:·.?" ,;,_::/- ··:.·!__:=: "'.::;·.~- ,._,"- ,~'i"- ·:·:---_;;_(·.-a;.~;;; 

- _j 

~~c~~i~.~~1.37_(''7~~2-~-~-~-~--=--~~---~J-__ -_~j~~il!L_~~=--~--------- ---;:o-6;/C ·····---·-···[~~i~~~~---- i 
~~o~itle~1~1_(~3~I)_ _ ____ J_ _ __ ES_~!:l[L____ __ 6t3~/L ___ .. _ 200') __ .. _; 

iL<e_ad~:c_~_()e"l"'lJ2____ _____ _ ! ___ ------~:~C1(L__ -----~---· · ?:1_13_Cjl_t:_ _ 2oo9 ~ 
!Radium-226 ( 226Ra) 0:5 Bq/L 0.6 Bq/L 2009 
i . - ~------------------------------·-----·--------~---- -· ·------·.-- . ------------·----------------------------j··--·-· --· ---- -------~·--···- ------.. -- - - -----~ 
1 St~~fli:il1[11=~g('~~r)_______ _ ----(- ... _ --~B_C[!_L______ 5 Bq/L. ___ _ 

) i 
Tritill_[ll_('fi_L_ __ _______ _ ___ ' _ .. _ _?()_(l_Di:J~/_l-_ _ __i _ ?goo Bq[L_ __ . _ 

2009 
------------·---·--·--i 

2.009 
·--·-------·-- _j 

"Refer to section on Guidelines for microbiological parameters. 

bBased on conventional treatment/slovlf sand or diatomaceous earth filtration/membrane filtration. 

cTl1is is an operational guidance value, designed to apply only to drinking v11ater treatment plants using aluminum-based 
coagulants. The operational guidance values of 0.1 mg/L applies to conventional treatment plants, and 0.2 mgjl applies 
to_ other types of treatment systems. 

d-rhe separate guideline for BDCM was rescinded based on nev11 science. See addendum to the THM document. In certain 
situations, the Federal-Provinclal-Terrltorial Committee on Drinking Water may choose to develop guidance documents: 
for contaminants that do not meet the criteria for guideline development, and for specific issues for which operational or 
management guidance is warranted, 

G3 
Top of Page 

In certain situations, the Federal-Provincial-Territorial Committee on Dt·inking Wate•- may choose to 
develop guidance documents: ·for Contanlfnants that do not n1eet the criteria for guideline 
deve!opmentr and for specific issues for which operational or managen1ent guidance is warranted. 
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- ,, 

·Boil water advisories 

Chloral hydt-ate 

CoiTDsion Contml 

f?.~_i_~-~~~-~---~~~~~!:_r ~~~_i:=f_~_r:_~? ~~-'0~?~~-~~ 
Potassium from water softeners 

2009 

2008 

2009 

2009 

2008 

The Federai-Provinciai-TetTitorial Committee on Drinking Water has established a science-based 
process to systematically review older guidelines to assess the need to update them, ·_:,;c.l2_:; 
provides the list of parameters whose guidelines remain appropriate and have been reaffirmed as 
a result of this review, Health Canada and the FPT Committee on Drinking Water will continue to 
monitor research on these parametet-s and recommend any revision(s) to the guidelines that is 
deemed necessary. 

Asbestos 
Azinphos-methyl 
B.endfocarb 
Benzo(a)pyrene 
Bromoxynil 
Cadmium 
Calcium 
Cai-bary\ 
Carbofuran 
Chloride 
Colour 

Cyanazine 
Diazfnon 
Dicamba 
2,4-Dichloropheno I 
Diclofop-methyl 
Dimethoate 
Diquat 
Diu ron 
Ethylbenzene 
Gasoline 
Glyphosate 

Iron 
Magnesium 
Malathion 
Methoxychlor 
~1etribuzin 

Odour 
Paraquat 
Pentachlorophenol 
Phorate 
Picloram 
Silver 

Taste 
Temperature 
Terbufos 
2,3,4/6-
Tetrach\orophenol 
Toluene 
2,4,6-Trich\orophenol 
Trifluralin 
Xylenes 
Zinc 

~Glill'c,_·{ outlines documents which are being 01- have been developed and are awaiting appmval 
through the Federal-Provincial-Territorial process. 

.---
;Ammonia 

Carbon tetrachloride 

'Chromium· 

: Dichloroethane, 1,2-

. Dichloromethane 
·-- ·----·--

'E. coli 

'Entet-ic viruses 

'Fluoride 

Heterotrophic plate count 

• Nitrate/Nitrite 

: N-Nitrosodimethylamine (NDIViA) 

Protozoa 

r~··------·----·--·----------·---

- ~~ .. ---
'--'------- .: · .. :·_:·_: · .. ..:c.: .•.. 

. . _____ -~Ti:) _________ In..fl':ceEC!E<'Iti<J_f1_~ _____ _ 
GTD 

GTD 

:In preparation" 

---------·--··------ITrl~~;~·e~!;~!.?_~!.! -:·----·----·--· 
_ __(;_"~'[) __ ... ______ In er_eearatiort'1 

GTD ___ ____ __\In pl-e[JC!'<'ftion_'_ 

GTD 

guidance 

GTD 

GTD 

GTD 

'In _pr(-Opa_r21~i(Jil_"-

In p rep_ara_cio_n_ _____ _ 

'rn pt:eparation' 
--···-···-··· 

:In preparation!-'-
. ··-·········' ------ - --·-·- - ... 

:In preparatior11 

"Final guideline technical document or guidance document in ·pr-eparation for final approval/posting. 

bGuideline technical document or guidance document being prepared fer public consultation. 
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:Tetrachloroethylene 

:.Total colifotTns 

'Turbidity 
'--· 

;vinyl chloride 

'-~· ; ·-:.. 

GTD 

GTD 

GTD 

GTD 

GTD 
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" 0 0 • -. ,,_, 

--- ·- ------·-

:In preparationL1 

)In pr~parationl2 

rn preparation!:! 

jaFinal guideline technical document or guidance document in pt-eparatlon for final approval/posting. 

! bGuideline technical document or guidance document being prepared for public consultation. 

Currently available detection methods do not allow fDI- the mutine analysis of all microorganisms 
that could be present in inadequately tt-eated drinking water_ Instead, microbiological quality is 
detem1ined by testing drinking water for Escherichia coli, a bacterium that is always present in the 
intestines of humans and other animals and whose presence in drinking water would indicate 
faecal contamination of the water. 

The maximum acceptable concentration (MI'.C) of Escherichia coli in public, semi-public, and 
private drinking watel- systems is none detectable pel- 100 mL 

Testing for E. coli should be ca!Tied 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 requirements. 

UQitCl~ «:~DJ[fi'lrOii"''R''u1S 
'-'.' ----' ,, • ' •• ' < «' .• '":' •. _, >'- •• ''" ''".' '. , .. '"'".'' ,,-,, < <.'' •. «''. 

The MI'.C of total coliforms in water leaving a treatment plant in a public system and throughout 
semi-public and private supply systems is none detectable 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°/o of sarTlples shouid show the presence of totat coliform bacteria. 

Testing for total coliforms should be carried out in all drinl<ing water systems. The numbei-, 
frequency, and location of samples fm- tota! co!iforrn testing wl\1 vary according to the type and 
size of the system and jurisdictional requit-ements. 

No t'li'.C is specified for hetemtrophic plate count (HPC) bacteria in water supplied by public, 
semipublicr or private drinking vvater systems. Instead, increases in HPC concentrations above 
baseline levels are considered undesirable, 
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No MAC -For current Ol- ernerging bacterial waterborne pathogens has been established. Current 
bacterial waterbot-ne pathogens include those that have been previously linked to gastrointestinal 
illness in human populations. Emerging bacterial waterbome pathogens include, but are not limited 
to, Legionella, Mycobacteriurn itvturn cornp!ex, )4erornonas hvdrophifa, and l--fef{cobacter pylori. 

Although Giardia and Cryptosporidium can be responsible for severe and, in some cases, fatal 
gastl-ointestinal illness, it is not possible to establish r\1ACs fm- these protozoa in drinking water at 
tllis time. Routine methods avai!ab!e for the detection of cysts and oocysts suffer from low 
recovery rates and do not provide any information on their viability or human infectivity. 
Nevertheless, until bettel- monitoring data and information on the viability and infectivity of cysts 
and oocysts 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, hurnan-iofectious cysts or oocysts 
is known or suspected in source wate1-s, or if Giardia or Cryptosporidium has been responsible for 
past waterborne outbreaks in a community, a treatment and distribution regime aod a watershed 
or wellhead protection plan (where feasible) or other measures l<nown to reduce the risl< of illness 
should be implemented. Treatment technologies in place should achieve at least a 3-log reduction 
in and/or inactivation of cysts and oocysts, unless source water quality requires a greatel- log 
reduction and/or inactivation. 

Although enteric viruses can be responsible fOI- severe and, in some cases, fatal illnesses, it is not 
possible to establish MACs for enteric viruses in di-inking watel- at this time. Treatment 
technologies and watershed or wellhead protection measures !cnown to reduce the risk of 
waterborne outbreaks should be implemented and maintained if source water is subject to faecal 
contamination or if enteric viruses have been responsible for past watei-borne outbreaks. Where 
treatment is required, treatment technologies should achieve at least a 4-log reduction ahd/or 
inactivation of viruses. 

Waterworks systems that use a surface water source or a groundwater source undei- 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 to reduce turbidity levels as low as possible, with a treated water 
turbidity target of less than 0.1 NTU at all times. Whel-e this is not achievable, the treated water 
turbidity levels from individual filters: 

1. For dilem!ca!ltlf ass;,;te<dl fmn·a·it10><1l, shall be less than or equal to ll!.3 o\iTILD in at least 95% 
of the measurements made, or at least 95% of the time each calendal- month, and shall not 
exceed 1.0 NTU at any time. 

2. For sn©;trlff S~H1ldl (i)fi-" diOib~!IUOJCe©tL~S ea~i:h ffiHtn~a1t~€5!~~r shall be less than or equal to JLQ)) W!fijj 
in at least 95% of the measurements made, ol- at least 95% of the time each calendar 
month, and shall not exceed 3.0 NTU at any time. 

3. For 1lfH~rrnltiirr2illilie ffi~t~~<Bltli~hu, shall be less than 01- equal to OJ~Jl (~!!UJi in at !east 99°/o of the 
measurements made/ or at least 99°/o of the time each calendar month, and shall not exceed 
0.3 NTU at any time. If membrane filtration is the sole treatment technology employed, 
some form of virus inactivation~ should follow the filtration process. 

u:u 
Top of Page 



VIllAGE OF HARRISON HOT SPRINGS 

HARRISON HOT SPRINGS 

REPORT TO COUNCil 

TO: Mayor and Council DATE: December 5, 2011 

FROM: Andre lsakov, FILE: 8100-01 
Community and Economic Development Officer 

SUBJECT: Relay for life Event. 

ISSUE: Staff have received an Park Special Event Application from the Canadian Cancer 
Society. 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 g'h and 10'h. 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 to 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 residents 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 submitted for your 
consideration; 

Andre lsakov 
Community & Economic Development Officer 
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FINANCE COMMENTS: 

Director of Finance 

INI .,RATIVE OFFICER COMMENTS: 

:{d 
/~ Ted Tisdale 

r1 Chief Administrative Officer 
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VILLAGE OF HARRISON HOT SPRINGS 

HARRISON HOT SPRINGS 

REPORT TO COUNCIL 

TO: Mayor and Council DATE: December 5, 2011 

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

SUBJECT: Sasquatch Days- An Intercultural Celebration. 

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

BACI<GROUND: 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: 

e Event Proposal; 

• Appendix with a budget. 

Very specifically, Sts'ailes Indian Band is requesting the following from the Village: 
o Representation on the organizing committee; 
o $10,000 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 Sts'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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RECOMMENDATION: 

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 

Director of Finance 

I iTRATIVE OFFICER COMMENTS: 



Sasquatch Days -An Intercultural Celebration 

Event: Sasquatch Days- An Intercultural Celebration 
Organization: Sts'ailes Indian Band 

4690 Salish Way 
Agassiz, BC VOM !A 1 
P: 604-796-2116 
F: 6004-796-3946 

Main Contact: Paula Cranmer-Underhill, Tourism Officer 
Sts'ailes Development Corporation 
Paula.Cranmer-UnderhiliC.il,chehalisband.com 
Office 604-796-2116, E. 240 
Cell 604-997-4417 

Event Goal: 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. 

Date of Event: Last weekend of May/ First Weekend of June. 

Location of Event: Harrison Hot Springs, BC on the beach and grass areas facing the 
Harrison Lake. 

INTRODUCTION 

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 traditional 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 1" which also includes further details for each activity. These are in 
DRAFT form and may be adjusted. 

1. 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 sets up 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 $!50/full day and $75/half-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, mtists will also sell their handcrafted works. 

3. 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 I'', 2"d, and 3'd. 

DRAFT SCHEDULE OF EVENTS 

Friday: 
2:00pm-8:00pm 

Saturday: 
8:00am- II :OOam 
8:15am 
8:45am 
9:00am 
!O:OOam 

!1:00am 

II :30am 

12 Noon 

1:00pm 

Parade registration table open 
Canoe registration open 

Canoe registration open 
Call for parade participants 
Final call for parade participants 
Sasquatch Parade to the Opening Ceremony area 
Opening Remarks 
Elder Prayer 
Welcome Dances 
Cultural Sharing 
First Cultural Boat Tour Departs (every 2 hours) 
First Medicine Walk Departs (every 2 hours) 
Artisan Activity tables open 
Final call for canoe racing registrations 
Interactive Cultural Sharing Stage 
Pow wow/ Hoop Dancing 
Second Cultural Boat Tour Departs (every 2 hours) 
Second Medicine Walk Departs (every 2 hours) 
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1:30pm 
3:00pm 

4:00pm 

5:30pm 

Sunday: 
9:00am 

9:30am 

!O:OOam 

!1:00am 

!1:00am -lpm 
1:00pm 

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

Canoe Races 
Last Cultural Boat Tour Departs 
Last Medicine Walk Depmis (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 
A1iist 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 Cultural Sharing Stage 
Last Cultural Boat Tour Depmis (every 2 hours) 
Last Medicine Walk Depmis (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 societies, 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. 
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APPENDIX 1 -Estimated Costs for the Sasquatch Days- an Intercultural Celebration 

Table I. 0- Canoe Races 

ITEM COST DETAILS 
MC (Master of Ceremonies)- The MC is a valuable asset to the races and the entire 1 MC@ $150 honorarium/day 
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. 

Designated area & parking for canoes- this is for racers to store their canoes. Canoe Volunteers set up 
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. 

Travel Assistance- Traditionally, the canoe race host provides travel assistance to the Anticipated #oflsland Canoe Clubs: 
canoe clubs attending the event- this is viewed as a "thank you" and builds good 6@ $200 
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 Anticipated # of Mainland Canoe 
time. The travel assistance these canoe clubs receive could potentially re-circulate into Clubs: 
local business for travel needs (i.e. gas, food, accommodations). 12@ $150 

Honorarium 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 6 judges @ $125/day (for two days) 
with two judges per boat are needed for this task. 

Boats for the Judges- Pay the boat owner gas for the use of their boat. 3 boats@ $150/boat 

Canoe race payouts- This is the prize money. These are awarded both days. Sunday See Table 1.1 for details 
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 'ai!es will provide the funding for these other categories. 

TOTAL 

TOTAL 
$300 

---~ 

$3000 

$1500 

$450 

See 
Table 

1.1 

' 

$5250 
- ··- ---

' 

' 

' 
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Table 1.1 - Canoe Race Payouts 

CATEGORY FIRST SECOND THIRD TOTAL 
SAT SUN SAT SUN SAT SUN 

Single Paddle- WOMEN $20 each $25 each $15 each $20 each $10 each $15 each $105 

Singe Paddle- MEN $20 each $25 each $15 each $20 each $10 each $15 each $105 

Double Paddle- WOMEN $20 each $25 each $15 each $20 each $10 each $15 each $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 $210 

6 Paddle- WOMEN $20 each $25 each $15 each $20 each $10 each $15 each $630 

6 Paddle -MEN $20 each $25 each $15 each $20 each $10 each $15 each $630 

11 Paddle- WOMEN $20 each $25 each $15 each $20 each $10 each $15 each $1155 

11 Paddle- MEN $20 each $25 each $15 each $20 each $10 each $15 each $1155 

II Paddle Buckskins $15 each $20 each $12 each $15 each $10 each $12 each $924 

Special #I *Could be intercultural canoe TBA TBA TBA TBA TBA TBA TBA 

Special #2 * Could be intercultural 
canoe 
Special #3 * Could be intercultural 
canoe 

TOTAL $5334 
*Specials are for categories that will be left open for further planning. Sts 'ailes will acquire funds for these costs. 
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Table 1.3 -Artisan Activity Stations 

ACTIVITY PROPOSED ARTISTS COST DETAILS 
Medicine/Nature Walk Vange Point 1 artists for 1 Y, days (3; 2 walks/day) 

Drum-making Darren Charlie/ or Nelson Leon 1 artist for 1 Yz days 

Basket Weaving Monica Joe or Joanne Chapman 1 artist for 1 Yz days 

Cedar Weaving Kevin Charlie, Vange Point or Wayne Williams 1 artist for 1 Y, days 

Bone Game (Slahal) TBA 2 artists for 1 day 

Storytelling (Oral Tradition) Willie Charlie or Kelsey Charlie 1 artist for 1 day 

Carving Rocky LaRock 1 artist for 1 Y, days 

Materials/ Supplies for Make and 
Take Arts - Cedar 

Materials/ Supplies for Make and 
Take Arts- Mini Drums 

TOTAL 
-- - ···- ···- ··- ··--- ·-

*Other Nation artists may come and demonstrate and sell handcrafted items, bringing their own setups/ displays, no charge. 

";1_ 
,J 

TOTAL 
$225 

. 

$225 

$225 

$225 

$300 

$150 

$225 

·.· $400 

$500 

. 

$2475 
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Table 1.3 -Activity Stations- Other Details 

ITEM COST DETAILS 
Designated area for Activity Stations- Anticipate having about 12 24 Tables, 75-100 chairs 
stations. Village of Harrison Hot Springs In-Kind ($) 

Awnings for Activity Stations- Stations can be set up with awnings Harrison Festival Society -In Kind Production 
along the beach. $2,000 

TOTAL 
·--

Table 1.4- Other Details of Sasquatch Days 

ITEM COST DETAILS 
First Aid Centre- St. John's Ambulance accepts a donation for their 2 days @ $200/day 
time that goes towards their organization. 

Security- Generally, we notifY RCMP of the events taking place and 2 guards @ $150 each for Saturday day shift 
they book time in to be present at the event during day time hours and 2 guards @ $150 each for Saturday night shift 
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. 
of rooms/sites reserved for the event. Most of the attendees will be 
campmg 

Traditional BBQ Dinner- BBQ fish dinner for the guests and athletes is Harrison Hot Springs provide chairs and tables. ($) 
in keeping with our tradition. 300 dinners to be offset with $7.50 funding Village of Harrison provide Community Hall ($) 
per plate, actual cost is $15 per plate. Sell for $7.50 to cover costs. BBQ tickets will be on first come basis. 

Signage- Directional signs as well as signs to mark designated areas are 
needed to keep the people informed. 

--· 

,::8. 

TOTAL 
-----

I 

------ . I 

! 

· $0 I 

TOTAL 
$400 

$900 

------

, 

$2250 

$700 I 

' 
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CONTINUED: Table 1.4- Other Details of Sasquatch Days 

Advertisement & Promotion- This can be a joint effort between Harrison Tourism in Kind $2,000 
Sts'ailes and Harrison Hot Springs. Sts'ailes can circulate throughout the 
First Nations circles and other contacts and Harrison Hot Springs can Local printing & distribution: $500 
advertise through their tourist and local advertising strategies. 
Anticipate AtBC Event Marketing Support, TBC 

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

Program Draw- Sts'ailes would do a Program Draw and a daily 50/50 Delivery of sales: Volunteers ------
draw. If possible, a Loonie Auction will also take place. Gaming 
Applications required. 

Event Programs- This would include a welcoming from the Sts'ailes Program Printing Expense $800 
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. 

Information Table- This can be a main station for participants and Volunteers ------
spectators to go to for directions and schedule of events. Maps and AtBC Trailblazers to assist (TBC) In-Kind 
advertisement of local businesses could also be available at this station. 
This would be the main station for the 50150, Raffles, and Program draws 
and located near the MC. 

I ...:. 
Interactive Cultural Sharing Stage- To offer an honouraria for other $1,890 
cultural groups who come to share. 

TOTAL $6,940 

£~ 
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Table 1.5- Grand Total of Requested Funding 

Table 1.0- Canoe Races 

Table l.l -Canoe Race Payouts 

1.2 - Activity Stations 

div1tv Stations- Other Details 

/ 
~\1 

Details of Sasquatch Days 



VILLAGE OF HARRISON HOT SPRINGS 
IIARRISOII HOT SPRitlGS 

REPORT TO COUNCIL 

TO: Mayor and Council DATE: December 6, 2011 

FROM: Director of Finance FILE: 0530-01 

SUBJECT: Road 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 dollars ($100,000) from the Road Reserve towards the construction of the 
McCombs Drive Bridges Replacement Program. 

Respectfully submitted for your 
consideration; 

CHIEF ADMINI~ATIVE OFFICER COMMENTS: 

m~· -~ .;!· /&~/JZ.C./ 
CJ£ci Tisdale 

Chief Administrative Officer 

S:\00 Electronic Filing\01 00- 0699 ADMINISTRATION\0530 COUNCIL- GENERAL\Council Reports\2011\2011.12.06- Transfer from 11 3 
Road Reserve.doc 
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F.W. Voell<l, B.Comm., C.A. 
C.M. Kelley Inc., B.B.A., C.A. 

INTERIM AUDIT REPORT 

To the Council of the VIllAGE OF HARRISON HOT SPRINGS: 
P.O. Box 160 
Harrison Hot Springs, BC 
VOM 11<0 

Office (604)869-5634 
Fax (604)869-2381 

We have reviewed and evaluated the receipts, payroll, purchasing and financial information 

systems, examined accounts, and adhered to Canadian generally accepted auditing 

procedures and standards to test the records of the VilLAGE OF HARRISON HOT SPRINGS 
for the operating period ended October 31, 2011, and we have performed a financial 

review of the accounts, records, ledgers and computerized financial information system 

employed 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 restricted our substantive tests, generally, to material transactions in excess of $2,000. 

and our tests did not include external 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 assist management in performing its control 

function. 

Subject to our comments in the Internal Management Report dated November 25, 2011 

we are pleased to report that in all material respects, 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, they accurately reflect the results of operation of the VILLAGE OF 

HARRISON HOT SPRINGS for the period tested. 

November 25, 2011 

Hope, B.C. 

Canada 

fviembers, Institute of Chartered Accounta11ts of British Columbia 11 5 
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VILLAGE OF HARRISON HOT SPRINGS 

HARRISON HOT SPRINGS BYLAW NO. 995 

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

WHEREAS there is an unappropriated balance in the Community Wori(S 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 at December 31, 2010 $373,048 

Add: Interest earnings for current year to November 30, 2011 4 572 

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 construction 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 A FIRST 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 



VIlLAGE OF HARRISON HOT SPRINGS 

HARRISON HOT SPRINGS BYLAW NO. 996 

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 

Add: Contributions during the year 

Add: Interest earnings for current year to November 30, 2011 

Uncommitted balance in Reserve Fund at November 30, 2011 

$424,724 

25,000 

5 068 

$454.792 

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

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 appropriated from the Capital Works, Machinery and Equipment 
Reserve Fund to be expended towards: 

a. The acquisition of a new pumper fire truck. 

11 9 
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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 "Capital Works, Machinery and Equipment 
Reserve Fund Expenditure Bylaw No. 996". 

READ FOR A FIRST TIME THIS DAY OF DECEMBER, 2011. 

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

READ FORA THIRD TIME AS THIS DAY OF DECEMBER, 2011. 

ADOPTED THIS DAY OF DECEMBER, 2011. 

Mayor Corporate Officer 
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Future Water System 

ot Springs to McCoombs- $302,000.00 
Ramona North- $88,000.00 

Angus Place- $66,000.00 
rVIyng North- $49,500.00 

yng South - $302,500.00 
ope Place- $154,000.00 





Ramona - $73,000.00 

Hadway- $38,400.00 

Angus -$37,000.00 

u\111yng - $106,000.00 

Hope - $54,000.00 

Curbs/Gutter and Roads 

Ramona- $122,550.00 

Hadway- $73,530.00 

Angus- $56,840.00 

Myng - $285,940.00 

Hope- $114,380.00 





C,() 
(~ 
(..f) 

r 1 
V> 

ci~ 

CD 
(_/') 

0 

...... 
0 ..... 
c 



I 

I 



Project Area$ Totals 

Drainage - $180,000.00 

Wastevvater Collection- $45,000.00 

vvater- $962,000.00 

Curbs/ Gutters - $308,400.00 

Roads - $655,240.00 

Total Project Estimate m $2,150,640.00 





l., (! 

Project Timeline ( 4 Phase) "" 

Phase 1 : a) Drainage and Wastewater Collection 
Rite-of~way Determinations. 

b) Property Line Surveying (Street) 
c) Pre-Planning of future Phases 

Phase 2 : Water lines with services to property (4 year plan) 
1st yr. : Hot Springs to McCoombs - $302,000.00 
2nd yr. : Myng to Hope Pic. - $352,000.00 
Jrd yr. : Hope Pic. - $154,000.00 
4th yr. : Ramona North and Angus - $115,500.00 

Phase 3 : Curbs and Gutters (4 year plan) 
1st yr. : Ramona Pic.- $73,000.00 
2nd yr.: Hadway and Angus- $75,400.00 
Jrd yr. : Hope Pic. - $106,000.00 
4th yr. : Myng Cr. - $106,000.00 

Phase 4 : Roads (4 year plan) 
1st yr. : Ramona Pic.- $122,500.00 

2"d yr. : Hadway and Angus - $130,370.00 
3•d yr. : Hope Pic.- $169,380.00 
4th yr. : Myng Cr. - $391,940.00 





~ . -.. ~~ ·-· - - -· - ...... .. . - - --·· -···~ - ·-

HAP:R!SOf'J !Wf SPRINGS 
- - - .. ·-· 

-· ~--1 ·f ...... ;;. \• ',· ;,",'• _, I. : .. 
-

.. .. ·• . . . . . 

. INFRASTRUCTURE 

Def~c~enc~es & 

Cost IEst[mat~ons 

2011 



1.:.- .! 
:-;:. 
~--~ 
--:::::=.i 
''--' r-
C;=} 

~=-=? 
:-:::=; 
l--1 

r--~ 

ft) 
CiJ 

i?~; 

tD -. :. 
-. J ,;--==--
:-"'j 

~---=1 
L-.. 

i== 

~-. . 

:;,; ~ 
;,._, 
4.~ .... 

~ .-
'• 

? 

·-· .! 

.. ==~~ 
~·-=~-

-~~ 
.,.....~ 
~ !:: 
---=(-. 

IJ't4 
-{-_=i 

~ --, \·-1 

~-··j 

l 
-~. 

--=-
?-=-.: 
~ -~ 

i:~r 
(' --\ 
.;;: ... 

~~ 

r.rJ = 
:·-..=1c 

6::::) 
t;=. 
~ 1::1 . _. ... -::-. 
;;> 
'"""'"'-! 

ill 
i \ 
[- ..l 
.~ ... ., 
"d,'.J 

~--:..·-=-~ -.. 
---. --.\ 

1 .::.:t 

~: -~r 
·:::.:-\ 

~=-2..~ 
,. _, 

i;:;~ 
[=~ 
,'.):", ·­[=.I~ 
£-=-,: 
[==­-.:: ,, 
\:::::::: 

(~1~ 
·9fj 
" -

~~--J 
~.~ 

~~-: 
c~.: .. _: 
- "' ·.:.'-:.' 
.=-=;-

~-=---: - .. 
= 

• I: 



·-,:-'·::;::: 
= 
r~ 
,"[) 
r::;=.-;. 

~ 

I 
en 

~ 

=1 
d 
C' 
V! 

""' ':? 
,~ ::::-~ 

'~-~ 

C"~ 

~­
' I ...,.. 

I 
L~~~~ 

0 
~ 
--~ 
6~~ 

~~ 
~:; 

.:~.o:-.. 
d t 

"" 

0 

:= 
' 

= o 
t=~ 

:IJ 
""' 

-· I ---
:~~ 
.. _~~ lj 

\.._:.....;::. 

-=~~ 

~--· 
~ 
~.' 
~~ ,,d 

~5 
=o 

= " = I 
~~ 

.~ .......... ;::-.. 

~.Jj(-=-1. 

~~ 
:.1.- b:.:: 

:Jj 
~1)1 
'i.f} 
~'"t) 

~ 
,~i} 
·::.::::-.;.. 

t"'). 
;;~~3 

e 
=':::.. ... 

L ' ru 
{':, 

~i~ 

~.,,r-u 
r=•::a , ' 

{'~ 
·~? 
rr.::~ 
'== 
:=? 

t.?\ 
"r~ 

-'=' ·~. 

·:;·g 
t·~ 
·~· 

=~J. 

=< •;d 
...:..~~ 

~~~·,~·~ 

-~ ... }­
=~ 
~""-n 
(~ 

-=..:.:;, 

·:·-=~ 
""'d 

·~ 

:..:.....~ . 
.:::-o·:-:J 

•: 
:"i) 
-~ , ) 

'-"-'-

= 
h\:i 
~ 

'· =-­
....-.....:-'"".::: . ' 

-::.)~t-
' = 

~·.,:) 

{) 
·() 
(,:) 

-·~f"t-- , 
'• .l ;-... • 

=, 
·· ... ..::..~ 

-·:" 

"j 



t .. 

. , 
:i.::r 
•C 
r=--: 

\ ·J 
~..:=...J 

·{t~ 
~~~ 

C; 

;-.=t..-~ 

.:_:;~ 

g=' 
t.~ "l .,_, 

""",; 
=-= 

\">);:!! 
=--.= 
=' 
61) 

=-­
.~-·-.. !..-=--· 

.... "";>,.-. -~ 
t-.:;:'' ) 

'01 c-. 
'-.: 

='/ 

(fi.). 
t: 
vr 
m 
i.J1 
F~., 

fl.i 
;,=? 
fD 
U'> 
~-

:..~ 

~~ 

t'·~· ... _., 
·=~, 
~ 

~"= ~-.. ~ 

::s 
-~ .-.. 
l_ !J 
=?, 
[)J 

:X:: 
V1 
;=",r 

C) 

~ 

r;:·. 
\.,}·~ 
""..J 

() 
-~ 
\-.::..-: 

:=--:. ....:-:-, 
·'"=">. 

(') 
-,:1 

::-.=: 
t:~ 

= 
r~:=.. 
\J\:'. 

·.~ 

jl • 
,____ =-, 



- - ·-.,_.-{I.~::C"·~,.;,, . ___ '"-jf 
I ' ! ! ' 

I 
' I i i ' i ! ' ' ' ;· 

j i ' i i ' I I 

i li I 

h 
~ I 

l l 
r· ' , I 
J I 

.. ~,, 1 
~· • ·;: , i I 

i i I ~ ' !; ~ 
' s 

~ • ! E i ~ <· 
~ ~ ~ ' ~ 

~ ~ ~ ~ ' ! 1 l ~ 1 r 
~ r, ! l ~ 
~ '· ;; 

~ 
/, ~ i 
g 

_... .J. ' 

·- . - ... . .. , , •. . ·. •r.: ~ · ·-~--~ ..... f .. -~/~)~;.;:·~~:-.!~ !' 

!/i''!'i q.t1
---------- ·: : 

·.\\~ i\: 
\' . . !. .l .. 

~:..:r\\~. . -. ~ -~-- r . : r 
··. ·: H ,_,j_. . I : 

I I .... -."-, .... ' - . -- ·· .... . , .• !· ']''' 

\ 
· .. ,__ '' :·~: ... 

------
<. 

,. 

[ .. 
i i 

:'/ 
// 
.., 

---;}--.. 
. -/ 

: .a.· 
~-~ 

" .'· : 'i 

..:.-':'· ·. ~~- r·· 

. ----': -- ---

... :· ... :=.--, 1 ll~i .. ; 
~ ~ .. ~~:- H .. 

• t!. ~ ;!:'·:·:p· :! i 

; ~.: g ~ -. ( ... < ~ ~i I 
. ~ ~--' ~ ;B ~ I· d~~m ·h ~ 

:0 ! -,-. ~ 

s: .. . 77'_j_ _ _ --- -----·-----~ ~---- ~ ..-=.----·- ... -. ....... -:,:::"'--··_-_ _ ___ ______ _ ----------·-----------------

\ 

-· ..J]. 
ro 
0. 
0 
n 
(l 



~=-=-

"-":='1 
.::..:.-"' 

G(:~ 
:.":. :::'"J 

:l_t); 
p!_ 
t- ..'-:-. 

(i) 

ti~ 
~ 
c/":'1 
=o 

\:t'l 
l·==~= 
=o 

::3 
r":·A ~1(~t 

<: 
~· 

oJ 
c==:~ 

([; 

= 

-~~­
'"'>,._\i 
. r. ·----.. ~ 
~n 

~) 
~~ 

\ ·-:_-::. 

~ 

...._•,!t 

fi) 
f~ 
~-::1 

~-;~ 

{0 

- - , 
= ·: 

-~ .. ?~­
~\,,_') 

"":' 

----=- ... ~:. 
t~~ 
.. --==:· 
{ ==-Y:, 

:;.~.­

-..~-=" 

, . 
... -.::;:-.1 

,, 

C1, 
ro 
:J 
~ t' 

~ 
=o 
= h 
=o 

ro 
r:L OJ -· 

0 F fi=' 
n m 
Fl =-:J 

I) 

=oJ 
= ru 
:J 



··Lf\.-
• :-) ~ 

,-:-r:, 
~ 

--· '•.::""~' 
~J 

{~'\ 
<"~ 
~~~.1 

0 
a 
() ;KJ 

fg 
=~_) 

r="'•. 
r~ 

V"l 
~~}.. 

~~~ 

0 

=l 
=) 
f!) 
5 
(=;~ 

"\J, 
t'J 
d 
e=:· 

·-.__,""'..; 

1• • 
("=. .. · 

~:.:. 

r.=.:~;.' 

J,~~"""~:J 

F ~ ., J 
;..-'=;'~ 

:.~~, 
""' ...... 

~ ;'="' 

\ ~-:.:: h 

=~.J 

:~ 'l-,~.:, 

·~~! 
'!}1 
=-
f~, 

0 
i_.'"l 
;.\ ...., 

=--..~ -·--{"! 

0 
::J 
,=;· 

=· 0 
~ 

~J1 .._ .... 

h--
~­
= "'::--

~.; 

.:-=.!=-
0; 
~ 

I ;.·:0 
--~~ 

·-:='2-;-. 

~ .:·-~! 

:..-:.::J 
.-, ' 
~---· 
--=~~= 
~0 

:;:~:~~ 
~\~ 

~~ 

;~ 

I 
=~ 

0 
~Jr 

t"'") 

bJ -· ,-, 
b 

-lt: .. , ., 
~­

- r=-
·.,_· ij 

,, 
-~..:-

.. ! .:. ' I.' .. 

~· J - -:· 
-"= 

;;. [ j 
\, --~.;: 

;l_7· 
c-=-;= 

() 
~n 
::::--;~~ 

tv 
. ....-.... 
(') 

t~O 

(1 
.- ;-
:2o 
i1 
Q) 

............... 
~~ ,-. 
~,J 

:;::} 
~~­
=;; 
() 



Was1cewaicerr 

('irvr:-;lr[h;c:·:~d Pnv~~e~··· '',;;,~ ijfQn~l},, n ~nP~ (CPddr to Flood Ccitec:-.;) 
...:#" ' • ' ~· ·- • ~·.. ~- v ~ ,_-: ....... ~ h- ~ ~ ·-~ ·-~ ·--. ~ J .a.l 'l ... • • • -.l •• Oo# .1' 

r.·. J' . f ' n ,. Q . ~ ' 
1; - ~: c.,.i!-J) 1.::-~l~;·c.~rnP;r,~ ·f '(fll 1•, 11 wuo rF•rP·rn~ !ln(i~~ .. ~~r,; Of1 (l!f,,,, )\ r·.t· ~·/l 
, ·- - ~~- - -"• .._ ~ II '•'•J I .1 ° ,1 -· \.:~. .. "'".:t • ~::.} . .,. ,.•• • -!1'1 t:..; 

0 
,/.• • ' .:.•.- )..l ~· '.,.;• -· C ' · ' .• 

I ~· 0 IJj IT . .. I 

~ - · ( !'r(r-~rna~n 1! pgr~.l(H:2 (LS~4 to Hope Pk . .J ~ ~? · :!~::··,o}.(Hl0 .3)(:! 

~~: . ...!(.,./\ .. f» . ./\,. (o rn rfll u n \i c~:rt~ on ·~ ~.'~; tc~lj (» .,1r:~ r.~ o ., n \L)J . ) 

(, ·,·1·· f"~ i·-; <- . ~_.rf, , .r'l: q i• "'' c~('-"ij· n :fi·, rr·ll r..:· ~ ~ ltir '•I u ij"'·1·1~31 '~" f!.•T!l'u-=-•1 f.~·:-(',\ fl"il"'!i···.,·l v·v.::.'J'~"P. G" •.. . ~"' ·-·- .... ~ . .. u /1 n u . --' . \: .u ..::.u?. c.-~~ u u -. ~ 9 ~- ~ ~ '' .,.I 1,; ,.__ t' '..:." !I oj • 'ti ........ ~ J -J" 

• 
1
1 ..,,, / 1'i ~ n .::::,r.cJ/ r11 h;. :,, c / .. (.::.t.[[ 
. ·' 'iT I li II '!.-I,{'_) ~~- ' ~ ~ • ~· t -.. , . 

F~.aiin~)tC)JVV Spr~ngs ~~ .. \/ •.r·: 
. ... _..,~1'1 

rrr.~;;rl~T ii (..'!'· nt :::trilrl~" ( oflikr-~ V\13Shli''OO iT!Ish.o\A/~)r'J' - ~~;-·il f- ' ('iitfpfv Ofi.l 
, " ..8 1 ~ · •...J ~ I V~ , l ... \

1
• ,. . ~ .. , ·- ... I t .. "'" ·~; 7' ', ./1)1 - ·t' -..:. · • .,... ' "' .. ·_.~ 



; 
i 

I 
I 

\ 



l 
' L 

~-n 
() 
~= 

.r='\j 
<= 

.~ 
'= 
.-=·\ 
<-=:-.I 

="=""'l 

-=-:.· 
,;·=::::. 

r-~ 

= -=· 
.=~~~ 

F? 
~;~ 
c-=u= 

= c· 

=n 
0 

. ...... ='-~\ 

y.-r~ 

'.~- : 

.:~-:. 

h 

() 

tu 
f'c) 

ri= 
~-:. 

~ 
=:}; 

. IT:i 
!· ... 
= 

- i ·r;_ 
;. ' 

:-~~~J 

~==t 

· l;:~~ 

~u 

cr~1 
>="/-

·~" ~:.1 

;tf~ 
~~ 
:;t\J 
:;";=[;. 

9F~ 
""'="' ==:3 
t)J 

r= 
l---~il 

:~-~~ 
r.·~;'\;.-, 

~ ~a 

c;~.:; 
~­
==~j 
l~) 
t.o- · 

-r~~t 

~ 
~~'\:"I} 
:tt) 

.; "":", 

-~:!.' !{~ 
., 

"~ 

~--~·· 

- ~-.. 

~:=.J 
==::o '=· 

=~~ 
~::; 

:r~ 
CL 
i .1 
\-..-.:;:.:!·' 

==7.-=:-,-: 
~;:.~.:: 

. I 



= 
·-~ 

~ 

ro 
==; 
~ 

F;" 

=, 
~-= 
~-., fl .... 
=-; 
= (=:= 
=.:. 
e=~! 

-~~: 

~1J 
) 
= 
C~'L 

,:-;,, 
11 ~ .. 

< =;o 
\-~:a 

t!) 
c:.=..:. :. 

f'S 
n~ 

Ct. 
=·> 
n" 
1~ 
=r 
=' 

"""' l t 

0 
< fD 

·-~ 

'""" < 
(!) 
"'!\ ... ,~ 
C"~ 

~ 
=n 

= 
-:::=-~ 

f::__~ 
t:=:!:) 

~ 

" ~.r 

.. --;.::: 
Cl~ 

, 

~ 
~~~ 

[.!."~ 
F;~ 
~ 

f\'. 
~":. 
<=> 
~,. 

~; 
~ -· 
~~~ 

~: 
=-
'-G. . "' 
=:> ,, 
:~d.J 
==-=:::. 

=--;=~ 
.ft~ .... 
:;;::: 

' £===.:::. 

;1\-;j 
(~) 

l 
[bi; 
t:::::::=::;;:. 

=r.r 
-~riO 

'.:,;. -:_..:: 

=' 
~~ 
-~ 
:.=' 

tt~ 

=J 
.;:.::..=.'.!~ 

~; 
\, 

~·--: 

~ 
--~ 

-·.:J 
,.~j 

n: 
=;~.~ 
-· 

~ 
'• = .. 

-~ {:"-_ 

·. 

=o 

:J 
ru 

OJ1~n rn) 



···-·····-------- --------·--·---·----·----,.......~ 

:l ::··"!i 
. -~;:J ~. 

·--. ~- .. . ~:::.:~ . - .·" : ... ' .. 
- ( ... •tl ~- : I 

:l ) !/.r: :;,]-IJ].ili:i;~·:-J£6:~:· [][)itJ r<=\~.;~,: .. -,~·-· ·. ,; 
-~ ·.··, r ·;;\'.·;;:::-:·;: :·:-. • . _· ':· ;'...:._.~~::~·:·::~!~~--~:·.-; : ->~ ·.:~_ .. ::: .:,-:.:·~_( .·~~ 

•.·• '. [I -..• .. ;.: . ' ... J I L =rJjJTfF - -. .,. .. • . · .. ;··,,·,,::_ '·'. .. · ; . >-" ,. ·•' 

: : 
I I 

' ' , ... 
I I 
I I 

I . • ' . 1·, ··l·J•·i-·1 J·l (,, ., ,.,., ·" --.' . ...,. r' . •! • I 

\ \~,~}l~Ji~S.}~%:tf;r:~~~·:, 'il 1 

\ \ ':'t ~.JI.tl'i:~Ni>:":..:-lr_-n·c-:ij :~ ·~, i 

-~\\'{;l~:r,f~~~~~_j ____ \ I 
I -- .:\:,;· ~ :- Jffi:q hrr ; n 
~--~-' ~---=·•·z="<,-.. , .... " .. !1 •", I 

~ \ '\/--_ j,:. LTJ ··.\ : 
. \..... ··· ' , ...... ~ .. ·· . , I 

, __ \ ' .''~,:J:~:;J~ ·• i I 

,---- . -- ' \i~1)':Tif!]:i;W'. '~::; l 
, " : f;J~~:: 1f1:1•rf!:l :J i I 
• _,I !•t:"i'? 1-..J II I; r --- _..1_ j r~··Y- · -~ ~-'f // 
: -------.,~~-~: h 

'~ >,;~~~mr r-----1 · J ,-,-,_f,J..,,, ~ .. :II if I 
f:- - I .==·::, .T.;'. ~~-;I :i~ I /i II 
r- -~ ' 1 -==-c~_r.J+;.r~:~-~ ~ ,:~ I .. --· -- .. , I' 'I }:l:J71 ! . ." I 
r- ,-; ~w~~~:~}:.~:·!~"!t:-' ' 
. . . i . , -~-- .· .. , 'r 

- 1 - .. :; 

' 

u I 
i,·,: l;__.,·.j ____________ ., ·- __ ;____j_} ';-r.-L 1.[-L 

;_ 1J : . :. ... -...:..:..- - . 

--··- - -~L!- ~--·- .. -. , 
- --.,z-...a...-<,.;"------·------·--

I 

I 

\ 

I 

I 
I 



"" . l ::. 

v 

-~h 

\)"t;·, 
, __ 6 

~djl 

u,o--0 

(t) 
'·:-...;Y 
1:..~"'\":; 

== 
u~ 
--'"::s 
..: .! 

:-.~~ 

·c~, 
·-~· 

'·' 

~-; 
v; 
('[; 
\t-~: 
.=..::..:::..:~ 

~ = 
QJ 

l''i:i) ....... .:; 

fi) 
= 
= c. 

-~ 

;:~ 

-t:·r­
r"=-'·ll 
' p;-·'1 
· .·: . .' : 

">..t.:> 

0 
.:·~ 
'·"::...~ 

·--:.--

.... --·.·, 
"-·~ . 
-~ . 
. L 

~ - ,­
==:, 

=~ 

_·1y 
= ;_L, 

;:=::::j . ' ·~-::""-·' 

=:pj ,.,. 
c:.:-:-...:..=..:. 

Qj 
:J 

= o 



::r= e: :~.~--
~~ 

=~ 0 r ~J 

""""'·· (fi~ Sd :3 
(""' ffi. Cfw. k, 

i_. ~ J 

·-; '1-
~-.. .. L_.1- -Z}'1-

ft\=' \.l~ 
~~- t'~ . ?-~~ 

~ ":.· -. 
~s'-4 

. ..., 
(' ~ '~·;:" ,_. .... .. 

\\c.~ 1!:::"1 
~;~; \.,.~1 "" !::,.=-

0 ""- ~;-~~-· 
~ 

0 0 (:;; 
a Q =-. 
() 0 "'"_,;I 
f·=. 
-:.-.:..· 

i1!r 
f"":":" 

~= 

< <':: 
k~~ 

':..--< 

.. ~~~ .... 
~~~.J 

\e;J 
-..;;. 

'=~ ~.,;.J 

' .:."') 

-~ 

:~~-

" == .. 

r:-~-~ 
:J - -

~.J·~~ 
•F.-~ 

~=:_, .i 
(-;~ 

n~ 
l:f~ 

•'"';", . 

' ,-:-;: .. , 
~ : ...... 
,~ 

~ ..... ~::: 

-:>" 
·~.:':~ 
==!":I 

=.: 
=;I 

.·>.. -.. ;~ 

\;1 ':='" 

':t.: .. ::.,. 
~ 

'·-] 
' /'7'7, 
\-,.: " 

( . 

l. -

rn-7 
'--"~ 

::-.-:;:::::..::::! =-, 
~:::;) 

l=~ 

'.::.\.. y .. 

=-> • =· 

-~."i­
. --~ 

.}~ 

-;-~-~ -~'\ 
~=- -

:JQ) 
0 
ru 
0~ r 

-· 



~-.-· '~··' w 
~"1 
I~J 
:::5 
~ 

.. 
::d: 
0 

=1 '\. 
=-==:lo 

::5 
fD 
F;r. 

() 

! 

-L1-, 
r-=.., 

~l~ 
~:::=::: 

F't _.__._, 

·~D 
=-: . 
r~-= 

0 
::.d 
=o 
=;; 
::::::~· 

' -. 
-~~ J-

= 
~~) 
\~:) 

".,..:> 

.·~ -~~ 

.::J 
(;,:) 

fn-~ 

~ 
d 
ut) 
~ 
n~ 
,~..;:. 

-=----= 
c~, 

'~b:"" 
~ .. -
~-= 

~~~--
/t 
=~ 

! 

-t:.~·'!!r 
~ 

~:J 
0 
:=s 

) = 
f~l 
~~-

~ 
Qj 

r-~-~ 
=.1 
::) 
~~o 
=r. 
:'3j 
:-..:=-; 

C~. 

-~.[~· 

:-~lt:,.~ 

i"'-1 
~ 

---....··'"\ 
="'-

~=~ 

OJ 
l 
=-=~ 

~.:;..=:1 
(;{'), 
~u 
;::k 
"-~·~ 

)C) 
w 
::J ....... 
a 
==i 
=-' 
rJ; 

-·l/}­
h~~ 

·~-

j ~ .! 

::3 
;=~a 

-~ n-
~· 
~ 
=::1 

ru 
{~_) 

r=;;=r 
\,!,J 
~ =a 
D-~ 

D"'l~ 
fi: 

=~~ 
{"'~ 
".;;:~ 

'(;:l 

·"""1 ::;.;.:;:: 

i.:~ 
'-r:} 
'--u 
=~= 
~ 
===!-' 

-=':'~ \Ji"' 
~~/· 
~~ 
;~7".tr:,·} 

'~-·== .. ;-J.J 
~ 

h.~ 
i--~-~~~ 

~ :-::::~ 
--= 
~ 

=-;~ g-, 
"~;;.::1 

~:?Q 
{.;::;:::: 

h:::::. 

:.=;: 
u 

/D 
= 

J 

.... ~ ... 
~:. .. 
=: 

=-= 
(·--'':: .... 

"'·~:.· · 



-tr; .. 
rf'~. 
·. C1 '=-' 
"'.:..:' 

.=> 

' ... - ;: 

r=::..~ 
<-:,..~" 

~ .. 
~~/ 
~ 

· ::.":>, 

\:._~ 

rn ru 
Cfq 
= 

'.~:~ 

( ) 
~.,:. .. ) 

=o -, 
c 
(FJ 
{ (i 

.-.. 
~. r._ 
(9 
< <.· 
ru 

~~ 

(0 
-c 
DJ 
F"· ro 
3 
(i) 
5 
.-:­

~ .. "=;= ... ' 

~t. y ... . 
co 

'\,. ..... 

=: ... ;~ 

I-:: .J 

··=· 
~ 

~=--·. 

"'=·' 
; .::::,. 

-t~ ..... 

~~~ 
~; ="..:_ 

-~ . , . 
·'::::t:'· 

-~_.rt-

( ) 
~--:~t 1 

~. --:= 
'<.:> 

f?<.} 

u 

.--::: .= 
~~~ 
~.1 

:L 
() 
~--=~· · 

-~ 
. .....l 
•o 
~~ 
(~') 

i:.: 
"'""' 0" 

" 

.,_~,_ ,.., , 
.... ""'-'-.,., 

l 

-~ ~·-... . ... .. . 
' 

:5 
n~ 

(JO, 
:o 
Q,_~ 

0 
=<: -· 

l)0 
~ 
~· 
0... 

CJQ 
~1) 

·L-1-
~~ 

... ; _' }. .. 
"".J 

.~ 
;;:::1 

"<:, 

(') 

0 

==:; 
:..~.::IC 

d 
~.-~ 

q~, 
./. . 
~ 
c,.·:~:-

0 
'"").f 
:2=.· 

~~ 
b 
9 
ldf 
lVi)) 
~ .. 

V1 
=o 

0= m 
~ 
ru 
= 
A 
WJ) 



(~d~ 

=~ 
·oo 

0 

-:.:~ r.;:.._ 
~-

"<: 
-y 
=' 

Q;i), 

'<:> 
r=-; 
:.::::,1 

,f=~;, 
· .. ~. 

);;-;, 
=;; 
~· 

t'rt~ 
= 
k= 

lf1 
; 

.. ..r~~1:--
t,;\) 

' ~ ..... ~ c;··"'· 
-,~,' 

~-- ~:\j 
:;;~ 

=~~ 
,:;:. 

-~ .-~ ... 
~:~~~ 

'.:) 
= 

cc~:-~ 
~-. 

~~~ .... 

J;:::t-..1 

b 
9 g= 
i,p""l 

'; 

·-~-.:.!, 
b 
~? 
r=:· 
([) ...,. 

' """-···/ 

n 
~ 
4 o= 
~ 
~ 

~~ -
=o 



"'~~ 
~-t, 

;-~, 
=-·=t') 
.:-=i::. 
-# 
·~ ., 
() 
() 
::::1, 

,-:--,......:;: 

:'=. 
~ 
=.) 
~~ 

;=;a 
t .. ~b 
'~{' 

.~-===.-:~ 

\.l1 

c 
9 =· = ·> 
F~~ 

~i'l 
"""-~_:'; 

r·~, 

"" \~J~£ 

i'_:) 

·0 

=-; 
·--:-~.:. 

=o 
c=~~ 
·-·c 
·~ 

~~ ... 

\,JoJ 
r--= 

~= 
J 
~-o 

-=~ Ll 
~. ~ 

t~n 

f}2 
(5\). 

,,.,-.-:.=-_,l-. 

"=~-..,.,; 

c 
} 
~ 

=~ 
r=~=-
~ ~~ ........ 

'"""'~.:::!'~ .. 

-tt~--

ir;F''rl 

c 
- ~ ""t;.'·:..-. ) 

~~ 
'-'--=1 
...:..=. 

= =::.....:;') 
t=~= .• 

~:~~,:~'"· 

... 1:·1 .. , 
~~; 

"<,.;, 

rwt~ 
,;=- , 
.::·;;.:.· 

~=-: 
~.: 

=.-:;:~ 

-==<.:= .. 
··~-"!"-

-~11·· 
~\.~: 

~· ~-

k:-==· , 
~\._,;-

\J1 ..... ., 
::::? 

,., 
i·~ 
=· 
CJ 

,-;-, 
~ 

•;-.} 

=-·ri 
·~· 

:..::-... 
F~~ 

' " 
~~~ -~ : ~ 

..::-:-=~\. 

.. r....;;"'! 

~~.;f:_ ... 

~~~ 
~:~.:\ 

··.·.:· 

-::;: 

s: 
ro 
F~ 
ru 

u ·o 
ro 
bJ 
:J 
~ L 

(Lij)) 
~ 
9 rn 
ro 
Ft;= 

~'k, ·-rr-o 
= a 

... 

·: 



Street L~ght~ng 
Meta~ Po~e a·ncd La·~11~D Rep~acen1ent 
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Structures 

* F[re han 
1. Facia board replacement - $2500o00 

2. Windows re-sealing- $1200 o00 

3· Carpeting - Fire Escape- $8SOOoOO 

4. Vehicle Exhaust Ventilation system - $50.?000o00 

~~ Pub He Works 
~:~ Relocation of facility (new) - $1~200_p000o00 

~:~ Civic Centre (new) - $2_p500_pOOOoOO 

* Ranger Station 
* Replacement - $4507000o00 



Summation 
Def~c~enc[es = Est~mated Cost~ng Tota~s 

Total amounts less DCC Pians 

* Water--------------------- $ 4?081')000o00 

;;;~ Wastewater----------- $ 1')420')000oOO 

* Drainage---------------- $ 1')245')000o00 

':~ Roads--------------------- -$ 9 7 3 ') 2 4 o 0 o o 
* Curbsj) Sidewalks---- $1Jl50 0 ')060 oO O 

* Street Lights----------- $151j)OOOoOO 

~~ Parks----------------------- $2 7 5 ') o o o o o o 
* Beach---------------------- $2 5o') o o o o o o 
* S tru ct u·re s--------------- $4 ') 212 ') 2. o o 0 o o 
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Prio r~t~es 
Next 3 Years 

* Roads- Esp~anade B~ock #1~ Angus Estates 
- $798~240o00 

* Curbs~ Sidewa~ks ~Angus Estates}) Hot Spr[ngs #1~#2yi~{3 
-$1~076~040o00 

* Street L[ghts ~A~~ ~dent[f[ed 

-$151p000o00 

* Structures- Fire ~-I aU? Pub He Works~ C~vic Centre 

~$3y812~200o00 


