
~__;:_ VILLAGE OF HARRISON HOT SPRINGS 

HARRISON HOT SPRINGS NOTICE OF MEETING 
AND MEETING AGENDA 

COMMITTEE OF THE WHOLE 
DATE: 
TJME: 
LOCATION: 

1. CALL TO ORDER 

Tuesday, October 11,2011 
4:00p.m. 
Council Chambers, Harrison Hot Springs 

I Meeting called to order by the Mayor. 

2. ITEMS FOR DISCUSSION 

Water Supply and Treatment 

3. REPORTS FROM MAYOR, REPORTS FROM COUNCILLORS 

4. DELEGATIONS 

5. STAFF REPORTS 

6. PUBLIC QUESTIONS 

7. ADJOURNMENT 
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V~llAGE OF HARRISON HOT SPR~NGS 
liARRISOII HOT SPRIImS 

REPORT TO COUNCIL 

TO: IVlayor and Council DATE: September 12, 2011 

FROM: lan Gardner, Operations Manager FILE: 5340-03-01 

SUBJECT: Water System Supply and Treatment 

ISSUE: For Counci l to conside1· 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 Lal<e source a 
Ca1iridge Filtration system cannot handle the turbidity levels we are experiencing. 
The need for a more complex Fi ltration 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 Fi ltration Treatment Plant. An estimated cost of 
$1 ,71 5, 000 was indicated. 

Ground Water (Deep Well) Supply Option; To develop a Deep well pumping 
system and installation of a Green Sand Filtration Treatment Plant. An estimated 
cost of $1,148,927 was indicated. 
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The risk of contamination by outside influences is extremely higher ill a Lake 
su1iace water source than in a Deep Well gmund water source. The Ministry of 
Health has historically shown pmference to a Deep Well Ground Source over a 
Surface Water Source. This was indicated by the Ministry of Health's Senio1· 
Engineer Tin Tun at a Council meeting of July 11, 2011. 

Positives and Negatives of Lake Supply and Tmatment vs. Gmund Wate1· 
Supply and Treatment; 

Lake Water Supply (Su1iace) and Treatment 
Positives (pros) 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 

0 Treatment needed for removal of 
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 low 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 Treatment will exceed 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 for water supply and will meet the requirements 
needed. If a second well is needed in the future to supplement the prima1y well fm 
community growth needs, them is capacity in the aquifer to accommodate the 
requirement. 

On Monday August 22, 2011 the Fraser Health Authority informed us, via 
email, they are tal<ing extra Wate1· 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 Laborato1y for 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 of 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 Reservoir 
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 the 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 Treatment 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 
Treatment options, taking into consideration all the information provided. 



Lake Water supply and Treatment 
o Intake extension 
o Upgrade of Pumps 
o Treatment 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 
o Water sampling Pedestals 

POLICY CONSIDERA TIOi\IS: (i·f any) 

4 

Total 

Total 

$850,000 
$150,000 
$702,000 
$ 70,000 
$ 131 ,000 
$ 15,000 

$1,918,000 

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

$1,207,000 

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

Respectfully submitted for your 
consideration; 

~ 
Operations Manager 

DIRECTOR OF FINANCE COMMENTS: 
Either option will involve a significant portion of the costs to be funded by borrowing. 
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~~--
Director of Finance 

CHIEF ADMINISTRATIVE OFFICER COMMENTS: 
I concur with the 1·ecommendation. 

----·-
J:t.ilafl Jt 
~d l isdale 

L.~ Chief Administrative Officer 
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The Ministry of Health has directed the Village of Harrison Hot Springs to provide treatmen:t to the 
Village water system. This directive was issued in a letter dated Nov. 6th, 2009, from Ms. Jeniene Lutz, 
C.F.H.I. stating; 

As a follow up to the Village of Harrison Hot Springs Council resolution of April ! 9, 2007 
regarding the treatment of the Village's water supply, the following terms alld conditions were 
added to the operating permit: 

On or before December 3i, 2010, tile finished water supplied by the Villaga of Harrison Hot 
Springs water system must have undergone treatment that achieves i:he following: 

o At !east a 4-log (99.9 9%) reduction arid/or inactivation of viruses 
o At least a 3-log (99.9 %) reduction and/or inactivation of Giardia cysts and oocysts 
o At !east a 3-log (99.9 %) reduction and! or inactivation of Cryptosporidlum cysts and 

oocysts 

Please advise Fraser Health in writing as to hovv the Village of Harrison Hot Springs intends to 
meet the above terms and conditions. 

Village staff was unaware of the extent of the works and the cost that this would entail until they tried to 
i_mplement ille objectives. TI1e deadline to have this work done has passed and the Village a.<'ld the 
Ministry me 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 commonly used oxidants such as chlorine. 
Cryptosporidium oocysts are harder to eli_mi.nate but are fortunately much less com1non in Canadian 
surface waters. 

It is possible to reduce the viability of Giardia cysts by 99.9% using chlmination alone but long contact 
times are required. Ozone and chlorine dioxide are much better disinfectants but both are expensive and 
result in the formation of unwanted by-products (particularly chlorite fom1ation in the case of chlorine 
dioxide). Ozone is a better choice but is umeliable when turbidity is high (as can be the case for the 
Village's Lslce srrpply) or variable because cysts are protected in flocculated particles. 

Inactivation of Cryptosporidium oocysts by chlorination alone is impractical but ozonation ca.n 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 this estimate, the Village 
set a budget for this solution at $450,000. 

However, upon fU1~J1er investigation, it was determined that the TSS (total suspended solids) of the Lake 
supply ru~1s fro1n 3 - 5 rng/1 (during non:nal periods) to 15 Ing/1 (or higher) during stolT!lS or periods vvhen 
the Lake tuTTIS over. The filtration of vvater vvith a TSS of 4 "" 5 nlg/1 and above, is con1plicated by the 
need to backvm_sh and/or replace filters to-o often. The higher levels ofTSS result in a large increase in 
the operations a__n.d rnaintenance costs \Vhich negates the cost advantages foT this solution. 
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The next choice is filtration vvith the aid of coagulationJf1occulation. Tbis is the n1ost pra.ctical1nethod to 
achieve high rernoval/inactivation rates of cysts and oocysts 1n tm_·bid vvater to r11eet the requirements of 
the Ministry of Health and the Canadian Drinking Water Guidelines. 

Reverse osmosis (RO) plants are the high end solution. :t"'Tot only do they remove cysts and oocysts, they 
also remove a wide variety of impurities and bacteria. However, the cost for this solution is too 
exorbitant for a small con1ID1n1ity. 

'I11e Village therefore continued on with the investigation of the mid priced treatment systems. 

Civic Consultants provided the Village with a study to determine their present and futuse water 
requirements. The present maximum daily water demand (MDD) is 30 1/sec at 565 kPa and is borne out 
by the Village records. This is without any effort at water conservation. V!ith water conservation 
policies in place, it is estimated that the current capacity could be maintained to the year 2018. 

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

BI Purewater, the company that provided the initial estimates, did not provide a proposal. Their primary · 
treatment prodnct is CaJ.iridge filtration pla11ts. Once they were informed of the level of TSS in the Lake, 
they decided not to submit a quote. The problem with TSS was discussed previously in this Brief. 

The proposals received were as follows; 

l. A-C (Absorbent Clarifier) Water Treatment Plant by Corix Water Systems. 
The AC water treatment plants use a combination ofhychau.lic "tortuous path" 
flocculation/clarification filtration and rapid rate filtration to produce a superior quality of potable 
water. They are suitable for stable, well or smface waters where turbidity levels seldom exceed 50 
NTU. 

The final water quality is 
o less than 0.1 NTU final turbidity. 
o 2.5 log, mnlti-barrier protection against Giardia and Cryptosporidium. 

Enclosed are conceptual design drawings for the AC System. For more infonnation go to 
wvvVJ. kevvvin. m b .ca,/fil es/ CV1/ S _/l,C%2-0\f\1 ate r%20Treatrnent%2 0 P !ant. pdf 

2. Trident Model TR-210 A by Siemens Wa:Cer Teclmo!ogies 

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

4. Z-Box S-18 Ultrafiltration Willer Treatment System by GE 



1 A-C V\/aterTreatrnent Plant by Cori){ V\/ater Systems 

Miscellaneous 10% 

Engineering 10% 

HST12% 

L. Trident Model TR-210A bv Siemens Water Technologies 

Miscellaneous 10% 

Engineering 10% 

HST 12% 

3 Culligan Hi-Flo 50 Series Industrial Water FilterSvstem 

Miscellaneous 10% 

Engineering 10% 

HST12% 

4 Z-Box S-18 Ultrafiltration Water Treatment svstem bV GE 

Miscellaneous 10% 

Enginee.-ing 10% 

HST12% 

$518,000 

$51,800 

$56,980 

$75,?14 

$1,089,717 

$108,972 

$119,869 
$158,227 

$1,476,784 

$656,880 

$65,688 

$72,257 
$95,379 

$890,20L!-

$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. 

TI1e initial quote from IDL of$483,415 included exceptions. I have gone back to them to get them to 
remove the exceptions. 

The new esti.rnate is $518,000. 
The changes to the previous proposal include 

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

building · 
d) cut into raw water forcen1ain to nevv reservoir and co1mect raw vvater line fron1lake pumps to raw 

water intalce 
e) co1mec.t plant treated vvater line and back vvash line to the force main section going to the nev1r reservoir 
±) C0111Lect pla..n.t backvvash vvaste line to existing reservoir overflovv ltr1e to rock pit. 

The above VJorks assun1es that no rock blasting or ten:loval is required and the existiEg forceman and 
overflovv pipe aTe vvithin 50ft of the loc2~tion of the plant 



As well as d"le requirernents for treat1--:r1ent by the lVIinistry of I--iealth, the Village -water supply intake is 
also a concern. The intake is located approxi1nately llun off shore in about 3.5 rneters of-water at lo\\r 
levels. It poses a risk for purposeful or accidental contarnination. Ho\vever, to date, no problem_s have 
occurred. 

The two solutions to reduce or eliminate the risk are; 
to move the inlet further out into deeper water (more than 18 metei"s) which will reduce the 
risk, or 
cha:r1ge the supply of water from the Lake to a protected groundwater source which will 
eliminate the risk. 

1, Civic Consultarrts 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 risk 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 sa:r11e capacity. As well, the water would still require treatrnent to achieve 
the Ministry of Health requirements. 

To reduce the xisk of Lake Water conta1nination and to meet the Ministry of Health requirements the 
estimated cost would be approximately $1,715,000 (relocated inlet plus treatment). 

2. Providing a ground water supply and incorporating a ground water protection plan, the risk of 
purposeful or accidental cont=ination is virtually eiin1inated. 

n1e new requirements from the Ministry of Health apply to surface water or groundwater under the direct 
influence of surface water (GUDI). If the source of supply was changed from Harrison Lake to a ground 
water supply that was not under the direct influence of surface water, these new requirements would not 
apply. GUDI wells are generally less than18 meters deep. 

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

Well Drilling 

Hydrology Report 

Capacity Testing 

Chemical Testing 

Well Construction 

Pipe Work 
Well Protection Plan 

Contingencies 20% 

HST 12% 

$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 m1 adequate supply of ground water 
meeting the Guictelines for Cmmdian Drinking WsJei Quality could be found. The Village explored this 
option by drilling a 200 1nrn test viell. Sufficient vvater 'N2.s found but unforttu1ately, the v,rater did not 
meet the Canadic"n G-uideli=_fles. The vvater is high in mctnganese and hydrogen sulphide (H2S). 



The Village conducted a derrlonstration treatn1e:nt project to detennine if there 1;vas an adequate solution 
for the paran'leters not n'leeting the Guidelines. P.~ "'green sand" filtration plant vvas provided by Corix and 
a three day testing progrmn undertolcen. The :rnanganese and the H2S V/ere successfully removed to 
acceptable limits. 

The Village obtained conceptual estilnates for a "'green sand~l treatr_n_ent plant with the follo-wing results. 

1 Corix PF-485-3 \f\!TP 

Miscellaneous 20% 

Engineering 10% 

HST12.% 

2. AeralaterType II Plant by Siemens 

Miscellaneous 10% 

Engineering 10% 

l-IST 12% 

3 Hi-Flo SO Cull sorb Filter System by Culligan 

Miscellaneous 10% 

Engineering 10% 

l-IST 12.% 

$629,415 

$125,883 

$75,530 

599,699 

$930,527 

$878,577 

$87,858 

$96,643 

$12.7,569 

$1,190,648 

$998,589 

$199,718 

$119,831 

$158.176 

$1,476,314 

In total, the cost to convert the Lake Supply to a Ground Water Supply would be approximately 
$1,148,927. Tl:ris would meet the Minisi:J.y of Health requirements and eliminate the risk of 
contamination. 

I have enclosed a copy ofthe estimate for the PF- 485-3. As with the AC Plant, there are exceptions with 
the quotation. I have me,de allowance for these by adding a 20% miscellaueous a..rnount. 

Another major factor that will affect the decision is the cost of operations and maintenance. As can be 
seen from the initial concept of applying a straight forward filtering system, the costs for labour and 
filters would be excessive. BI Purewater's primm:y treatment plants are ca:rtridge filter plants. Due to the 
high levels oft-urbidity, they decided not to provide a quote for their plants. 

The effect of the tnrbidity problem is demonstrated in Lhe existing water lines. When the public works 
crews flush the lines, the mains nm extremely dirty until most of the settled solids are flushed out. The 
muck in the lines also causes problems with the chlorine residual values and can lead to failing test results 
in the Y.,rater system. 
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AJnn1 is the coagula:nt that is generally added to the raw VJater to precipitate dissolved ~~"·MOUCT~~~· 

contarnina::_rJ.ts and eLcourage suspended particles to group together in the fonn of"floccs5
'. ft_,_s the V\rater 

passes upv .. 1ard th . .xough the upflovv clarifier filter5 these g-£ovv and are ren'loved by the coarse nLedia. The 
clarified v..rate:t then passes on to the dovvn_.flovv Tapid gravity filter for final polishing. Solids that 
accumulate witl:-tin 1:: oth the upt1ow and downflow filters are periodically removed by automatically 
controlled air/V\rater baclnvasl-ill1g. 

The more turbid the water is, the more fi·equent the backvvash1<g program will be. Manual operation of 
the backwasbing process niay be required due to t1uctuating levels ofTSS. Manual operations require 
labour which can be expensive. As well, backwashing also requires energy demand and is a negative for 
vvater conservation .. 

The ground water supply does not have the TSS or turbidity problem that the Lake supply 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 than the AC plants does. The back\vashing can generally be 
done on an automatic schedule to reduce operational labour costs. 

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

To tlus point, we have not done a detailed analysis oftlle labour costs for each process. 
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T11ere are other works that vvill be required for water supply that will be necessmy either for a Lake 
Supply or a Ground Water Supply. The existing water mains have an excess of sands/silts built up over 
the years due to the use of the turbid Lake Supply. These mains need to be cleaned. Treating the water at 
the source will not protect the users from the sa:'!ds or silts already in the system. 

To clean out >d1e lines properly reqnires a process la1oW11 as "pigging" the lines. A series of small 
polyethylene foam cleaning devices are put into the pipe line through a fire hydrant barrel. They a:re also 
retrieved from another fire hydrant barrel dovm the line. A short video of this process can be seen at 
vvvv\,v. youtube. con!ltNatch ?v::::efU-Tso·t Tvv . 

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, GOO (temporary 
guesstin1ate) for this work. A contingency amount of 3 5% should be added for a total estimate of 
$121,000 (which includes HST). The total should be added to either the Lalce Supply Grant application 
or the Groundwater Supply Grant application. 

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

If the li11es are cleaned, the Minisu-y of Health has stated that they would consider not requiring 
chlorination of the groundwater supply. The Lake Water Supply would need chlorination in either case. 

As well, the Minist1y of Health would like to see proper sampling ports on the water system. Currently 
samples are being taken from individual home taps and m fire hydrants. This methodology is not 
acceptable. 

The proposed sampling ports would be similar to those used in the District of Kent. For budgetary 
purposes, I have estimated that 10 sampling ports should be installed at a cost of$1,000 each for a total of 
$10,000 plus contingencies plus HST. 

To rneet GCDVVQ guidelines a 1 IT1icron ca1iridge filter must be installed. VVe know of one plant up north in which 
the 0\·vners specified and ordered a cartridge filter plant. The data the}r presented indicated the turbidity was <2 
NTU. Hovvever there V'/ere incidences this spring in V!hich the turbidity V\Jent much higher. The tovm vlfas changing 
filters every day at great e;·qJense. lt is ou1- e;~perience that anything over 2 NTU for a 1 n1icron 'filter will greatly 
increase cartridge 'filter replacement. 

Tile 1-\C plant on the ott-~er hand v,rilll-landle turbiclity up to 25 with norrnal operation. Higher tui-bidities are possible 
hov,Jever backwashing v,,r]\1 increase considerable as V·:'il! operator attention. This gives the Vi!!oge a sign"ificant 
safety factor from turbiditv increases. Under 25 [\!TU, one essentially pays cmly for e;~tra chemicals as the turbidity 
increases. lt is difficult to predict ho,~·I n1uch tile chernicsl use \i.i]\1 increese v.rith higher turbidity, but it's probably in 
ihe neighborhood of 20%. 
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Tin Tun, the JVIU-ristr-y of Health Regional Engineer stated at the last meeting that the I--Ianison I--Iotel had 
,Jrovided a cartridge filtration systexn for their treatrnent. It became so plugged up that they had to - -
disconnect it. 

Civic is aware cf a cartridge plant that was supplied for a small water system on Shuswap Lake. The 
filters had to be changed hvo or three times a day. The Owners had to purchase a different type of plant 
to cope with the tu.rbidity. 

The estimate for the groundwater supply included a_n estimate for the construction of a well and the 
instailation of a well pump. We have since obtained a more detailed estimate from Corix. Their estimate 
is as follows; 

The scope ·for the \Yell pump equipment includes: 
o Well pump and cables, c/w leak detection and overload protection 
o low water level detector 
o Well pipe 
o pitless adaptor 
o Pump controls and starter added to VVTP PLC 
o Locel well disconnect (equipment wiil be in tl18 WTP building) 
o 60m power and instrumentation cable (VVTP to well) 

Grundfos Pump information 
Pump to handle 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 psig) 289ft TDH when filter is completely clean. 
The system will require a modulating valve at discharge to keep flow rate constant at 400 usgpm. (More is 
available if needed in the future) 

One only G~undfos i~_-tGclet L~.f'5SBCW-G all stainless steel subntersible well pump end, 8" dia. purnp 
with 6 11 Fl\lPT connection; ship- vvt 107 l.bs 

One only Gl'Un6·fo-.3 G'1 C:fc.:. 6Q ~~tpl 3Dt:-32· rno·(·Jl' for above pump, 3450rpm, 575v, 3ph, 60hz, i 3000 \bs maxi. 
thrust capable, std. 31 2" long motor lead; ship wt. 390 lbs 

Note 1: TWU6-4 pump cable good for 550ft continuous run on 60hp, 575 volt application; 
{\lerna 4 startet~ required, ?JB . ..!45 heater for overload relays or equal, overload 
relay amp sets at 67.0 to maxi. of 72.8 (60hp, 575v motor rated at 64.4 amps) 

1\!ote 2: Pumps specs to be fine tuned upon detail design 

Installation scope: 
o Install force main from well to VVTP 50tll 
o !nsta!l we!! pump, cable and sensors 
o Install 50m of u/g cable and local disconnect 
o install wei! head protection 1 rn deep, 5 meter radius, plastic sheet, bentonite seal 
Total cost of well punip, cables, installation, well head protection, etc. is $t.l·5,000 



T11e cost for a well would be; 
We]] drilling 
Hydrology Report 
Capacity testing 
Chemical Testing 
3 phase power to well head 
\Vell Construction 

Contingencies 20% 
HST 12% 

Previous estimate was 

$12,000 
$ 3,000 
$ 5,000 
$ 500 
$20,000 
:£45.000 
$85,500 
$30,200 
$13,884 

$ll:Z9,524 

$218,400 

complete 
underway 
complete 
cornpiete 

In Summary the Lake Supply Treatment System should cost appmximately; 
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 the lines (including contingencies and l-IST) 
Sampling Ports (including contingencies and HST) 

Opera:"ung Costs 

Total 

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

$93i ,000 
$130,000 
$121,000 
$ 15,000 

$1,191,000 

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

2. AC PLANT (assumes 10 NTU lake water) 
Chemicals: Polymer, Alum, Soda Ash. 
Power: Mostly due to pumping to WTP :ii"om primaty pumps 
Power: Due to pumping fi·om WTP to reservoir 
Operating Labour 2 hours/day. 4 honrs/week for chemical replenislnnent. 
Total 14 hours/week Assume labour costs@ $40/hour 

Total cost/ m3 (based on a J\IIDD o£2,242 m3/day) 

3. PRESSURE FILTER 
Chemicals: Kmn04 
Power: Mostly due to well pump 
Labour hour/week 14 Assume labour costs @ $40/hour 

Total cost I m3 (based on a MDD o£2,242 m3/day) 

Life Expectancy. 

Total $538.30/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 systerr1s is an average of 25 yeaTs. The tanks then1selves should last for 
about 40 years. 



Vle have asked Corix to provide some assurance that I:I2S and Ivianganese will be ren1oved 

fheir response; 

The \Jilot tc_~st ~~our best assurance that sulphide-s (and fl./ifmgai!sse \.V!\i be retTtUJe.d) 
The rer::~onecl values end obseivotiorts fcom the l-\pri! pilot test were: 

11 lVIangm1ese Tests 
GCDV~lQ aesthetic objective: <0.05 111g/l 
l"'?..a\V vvater average: 0.12 n1g/l 
Treated water average 0.008 mg/1 
Average removal efficieucy 93% 

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

Tile results indicate that ail measured treated water parameters V1/ere within c;CD\NQ by a safe tT1at·gin. This result 
is indicative that tile n1anganese green sand filter system V·.!OUid safely and economically rneet VHHS's potable 
v-..tater objectives. 

Tlle pilot test operator also indicated that the water taste quality was good with only very faint odours before 
·treatment and no odours following treatment " 



PITEft.U !l>.SSOCif.>.TES 
GEOTECHI~ICAL I'.ND 

HYDRDGEOLOGICP.L CONSULTANTS 

215- 250 WEST ESPLANADE 
I.JORTH VANCOUVER, B.C. 
CJJ~J..IJA - VIM 3G7 
TEL: (604) 90&-&5511 FAX: (60o) 9&5-12&5 

VA'I\'I.pitesu.com 

Civic Consultants Ltd. 
4 i 0 - 3rd Street 
New Westminster, B.C. 
V3L 2S2 

Atten'tion: Lome Davidson. P.Enq. 

Dear Sirs: 

Our'file: 3127 

September 2, 20·1·1 

Re: Groundwater Supolv Test Well. Harrison Hot Sprinqs 

In response ·co your recent request for comment on the groundwater supply test well installed in 
2010 in the Village of Harrison Hot Springs, Piteau Associates Engineering Ltd. (Pi·ceau) is 
pleased to provide the ·collowing letter to outline our opinions on wel l efficacy, water quality and 
development risl<.s associated with use of tl1is site for converUng the comrnunities water supply to 
a local groundwater source. 

BACt\GROUND 

In Marcl1 2010, A & H Driiling Ud. under contract to Corix Warer Systems (Corix), completed 
installation and pump testing of a 31.7m (104-') test well wi·ch in a 41 m (135') borehole on 
community property in the Village of Harrison Hot Springs (Fig . 1). Piteau understands that the 
objective was to test for local potential to convert the community water supply from a surface 
water source to a groundwater source to mitigate drinl<ing water quality problems experienced by 
the community, including issues with turbidity and the potential for microbiological contamination 
associated with a suri'ace water supply. The future water demand is 25 Lis (400 USgpm). 

Based on apparent sulphide odours noted during drilling and subsequent exceedance of 
Canadian Drinking Water Guidelines aestl1etic objectives for manganese from water quality 
testing, a field 'filtration test was conducted by Corix in 2011 (Corix, 2011) to test tl1e effectiveness 
o·c Greensand and activated carbon filter media for removing these ions. They reported that 
manganese tes·ts showed 93% average removal efficiency and 70% average removal efficiency 
for sulphide, reducing concentrations of the respective ions to well below water quality guidelines 
at a pilot plant scale. 

WELL HYDROGEOLOGY AND CONSTRUCT~ON 

A test well was drilled to 41rn (135') dept!1 into an unconfined sand and grc;vel aqui·cer. This 
composition is consistent \'vitll tl1e highly productive Agc::ssiz- Seabird Island Aquifer wl1ich has 
been mapped to extend from below tr1e Fraser River, H1rougll /-\gassiz and below Harrison Ho·i: 
Springs anc! Harrison Lal\:e (Fig. 1 ). This aqui'fsl- comprises generally coarse-grained alluvic.l 

PITE..A.U ASSOCIATES ENGII·JEERII<G LTD. 



!Eonsultanis Ltd. 
Attention: Lome Davidson. P.Enq. - 2- September 2, 2011 

sedimetTcs and overbank deposits associated with the Quaternary paU1 o·l' -the Fraser River and its 
local tributar ies eKtending as far nmih as Harrison La!<e. 

The driller's log for tl1e test well is included as Appendix!-\. The well consists of 200mm (8") 
casing with a 4.9m (16'2") length of stainless s-teel well wire-wound screen exposed Io sand and 
gravel between depths of 26.8 and 31.7m (87.8 and iOt!.'). The screen slot size used was 0.5mm 
(0.020"). Tl1e static water level at the time of 'Nell construction was 3Am ('11 '} below ground. 

REVIEW OF PUMP TEST DATA 

Corix Water Systems conducted a variable-ra-ce aquifer pumping test on the Iest well on April 13 
and 1L!-, 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, 13'1, 216, 28L!-, and 404 USgpm) ·cor intervals each lasting 
20 minutes, and the final interval was e;ccended provide a total test duration of 1,180 minutes 
(19.7 hours). Although not indicated in the well test record, it is understood thatthe pumping rate 
was increased to 31 .5 Lis (500 USgpm) during t11e initial "constant-rate" portion step of the test, 
between about 90 and 200 minutes after purnping began. 

The pumping test results are ilfustratecl on Fig. 2 . Drawdown is plotted versus the logaritllm of 
"Lime from the beginning of tile test. Tl1e aquifer transmissivity estimated from the portion of the 
drawdown curve between 90 and 200 minutes using the Cooper-Jacob (1946) method is 
estimated at 5.3 x 10-3 1112/s. This was calculated using the recorded flow rate o·c 25.5 Us. The 
actual rate recorded during this portion of the test may have been greater, which would result in a 
higher value of transmissivity. Water level recovety data was insufficient to provide a reliable 
estimate of transmissivity. 

Extrapolating the portion of the drawdown curve between 90 and 200 minutes to 100 days yields 
a projected drawdown of 12.9m (42.3'). Using this value in a calculation of safe yield based on 
an al!owable drawdown after 100 days equivalent to 70% of the available drawdown (Table I) 
results in a value of 28.L!. Us (450 USgpm). 

A commonly accepted design concept is that water \flfells should be constructed with sufficient 
open area within the well screen so that during pumping the calculated entrance velocity will not 
exceed 0.1 feet per second (fUsecond). 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 o·c the 
screens. The maximurn capacity of the test well based on this limiting criteria (Table I) would be 
·15 Lis (24 1 USgprn). However, as the scientific basis for tl1is 0.1 fUsecond threshold is unclear, 
and it is judged that purnping the tes·t well at rates up to 25 Lis (400 USgprn) is unlikely to result in 
any noticeable decrease in long-term well pe1fom1ance. Nevertl1eless, it is recommended that 
any new production wells shoulcl be designed to acl1ieve a 0.'1 fl/seconcl screen entrance velocity. 

PITEAU ASSOCIATES ENGII~EER !NG LTD. 



I ~~onsultants Ud 
Attention: Lorne Davidson. P.EnCJ. .. 3- Septen:ber 2, 2011 

REVIEW OF WATER QUALITY AI\!AL YSIS 

A sumrna1y o·f all available wate1· quality analyses is provided in Table I!, including two wc:rcer 
quality samples taken in 2010 follovving well construction, and one during the fi ltration tes·c in 
2011 . All analyte concentrations were found to be below Canadian Orinl,ing Wate1· Guideline 
maxirnurn acceptable concentrations and aestl1etic objec·L[ves, except for manganese, which 
ranged fmm 0.112 to 0.1 15 rng/L, versus the aesthetic objective D'f 0.05 mg/L. Sulphumus smells 
noted frorn water samples and the high total sulphUI- contenc suggests tl1at dissolved sulpllide 
(H2S) may exceed aestl1etic guidelines. Corilc (2011) indicated t l1at sulpl1ide concentrations were 
elevated, but 'll1e average concentration o·r 0.023 mg/L does not exceed the 0.05 mg/L. The 
source of tliis analysis was not available at the time o·f tl1is report. Olfacto1y indications of the 
presence of sulphide dissolved in the well water observed during d1illing and "filtration tests 
indicace the water is chemically reduced. 

CONCLUSIONS AND RECOM!tqENDATIOI\!S 

Piteau has cornpleted a review o"f available data from tile Harrison Hot Springs test well program 
including a review o·f purnp test and water quality daca and o"i'fem the following conclusions: 

1. The relatively l1igl1 transmiss ivity and calculated sustainable yield indicate that ·che local 
aquifer below the tes·c site willlif(ely sustain a groundwater flow sufficient to meet a 
demand of 25 Us (400 USgpm). 

2. Preliminary water quality analyses of samples from the test well indicate rnost major 
element concentrations are below detectable limits or ac concentrations well below the 
maximum allowable concentration~ and aesthetic objectives outlined by the Canadian 
Drinl<ing Water Quality Guidelines. Corix (2011) demonstrated that concentrations of 
those elements which exceed, or potentially exceed, the guidelines (manganese and 
sulphide, respectively) can be reduced to achieve levels below U1e water quality 
guidelines. 

3. The test well is situated within a region utilized "for residential and agl"icultural purposes, 
and is in close proxinlity to natural mineral springs. Groundwater quality analyses sllould 
therefore be expanded to include potential contarninants from these sources, which could 
include bacteria, nutrients (ammonia, nitrite, & nitrate) , pesticides and ller!Jicides, and 
rad ion uclides. 

4. An analysis of the potential "for groundwater to be under the direct influence of surface 
water should be undertal<en be·fore tile groundwater is utilized for drin lcing water 
purposes. Providing that the wei! is more til an ·i OOm (330') fmm t!1e nearest SUiiace 
watel·course, and that there are no E. Coli or coliform bacteria present in the groundwater 
·(rom the well, it rs li!<ely that a d.e·Lermination that the well is not under the direct influence 
of surrace water can be made. 

PIIEAU ASSOCIATES H!GII~EERING lTD. 



ITI~nsultants Ud. 
Attention: Lome Davidson, P.Enq. Septernber 2, 20·11 

5. It is recommended tha·( the capture zone(s) for all new supply wells should be estirnated to 
enaiJie definition o·~ a wellhead pro·tection zone, and develop men~ o'f an aquifer protection 
plan. 

6. Due ·co the apparent heavy utilization of the aqui·cer illustrated by the density of reported 
groundwater wells in the aquifer (Fig. 1), and the anticipated stress this well will apply to 
the aquifer, an analysis o·c the potential for local we! I interference in the vicinity o'f the test 
well is advisable to ensure H1at tl1e abilities of othet· wells in the vicinity are not affected. 

LIMITATIONS 

This letter o'f opinion has been prepared using a standard of care consistent with that expected of 
scientific and engineering professionals under1aking similar work under similar conditions in B.C. 
No wat-ranty is expressed or implied. 

Tl1is letter of opinion is prepa1·ed for tl1e so le use of Civic Consultants Ud. and their client, the 
Village o'f Ha rrison Hot Springs. Any use, interpretation, or reliance on this information by any ·third 
pa1i y, is at the sole risl< o·f tl1at party, and Piteau accepts no liability for such unauthorized use. 

CLOSURE 

W e trust these comments a re sufficient 'for your present needs. Please contact the either o'f the 
undersigned i'f you require fUiiher assistance. 

MLS/DJT/sfc 
;(\'('(, 

Yours tru ly, 

PlTEAU ASSOCIATES ENGINEERING LTD. 

PITEAUASSOCIATES EJ.!G INEERII~G LTD. 
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l!ilciEl'lE ~ 

TEST \!\JEll \f~EliCl C,2U:';QJ)l/~1J[QH 

lEVElS flJ~D !Pti4TES W\HT I TEST\HJ~LL 

-·· .. 

CASING ELEVATIOI~ (ESTIMATE) m-geod 10.97 
STATIC \!VATER DEPTH 1 m-bgl 4.27 
STATIC WATER ELEVATION 2 m-geod 6.71 
ESTIMATED INTERFERENCE FROM OTHER WELLS 2 m 

ALLOWANCE FOR SEASONAL WATER LEVEL REDUCTION m 2.00 
ESTIMATED MINIMUM STATIC DEPTH3 m-bgl 6.27 
DEPTH TO TOP OF WELL SCREEN m-bgl 26.77 
DEPTH TO PUMP INTAI{E 4 m-bgl 24.77 
RECOMMENDED LOWEST PUMPING DEPTH 5 111-bgl 22.77 
AVf'.ILABLE DRAWDOWN 8 m 20.50 

FACTOR OF SAFE1Y m 0.30 
MAXIMUM ALLOWABLE DRAWDOWN 7 

111 14.35 
PUMP !ESI LENG!H min 1180 
FINAL WATER DEPTH 111 13.87 
DRAWDOWN AT END OF TEST 111 9.60 
PROJECI ED 100-DAY DRAWDOWN 

I 
m 12.90 

PROJECTED 100-DAY SPECIFIC CAPACITY 8 Us/m 1.98 
I ES I PUMPING RAI E Us 25.5 

m31day 2202 
USGPM 404 

IGPM 337 

CALCULATED LINEAR YIELD 9 Us 28.36 
ESTIMATED SUSTAINABLE SAFE YIELD 10 

Lis >25.5 

m3/day >2203 
USGPI\11 >404 

IGPM >337 

SCREEN LENG I H m 4.9 
OPEN AREA cm2 /m 1016 

TOTAL AREA ' 0.5 m-
MAXIMUM SCREEN CAPACI1Y 11 

Us 15 
m3/day 1311 
USGPM 241 

IGPM 200 

H:\Project\312t\201 1\[Sare well y1eld Mar2010 production well-v2.xls]Well y1eld 
Static water elevation at time of test. 

2 No known well interference 
3 Estimated minimum static depth is taken as measured static depth 
4 Assumes pump intake is 2m above the base of lowest screen (i.e., motor 1m above bottom of screen and motor 1m in length). 
5 Calculated as 2m above the pump intake 

6 Difference between recommended lowest pumping level and estimated static eiGvation. 

7 Allowable dravvdown equals available times( 1-facior of safety). No factor of safety ussd for dewatering design. 
8 Specific capacity is pump test rate divided b}' drawdown at end of pump test. 
9 Calculated linear yield is the allowable dra.wdown times the 100-day specific capaclty. 

"10 Estimated susiainabla yield is the calculated tinear yield 1Nhefe this is less than the test pumping rate. For linear yields greater 

than the pump test ;lov" rate, the sustainable yield may be nonllnes.r 2nd therefore the pump test rate provides a minimum 
guideline sustainable ssfe yield. 

11 Ma.-'<:imum screen capacity is ca\culeoted as scresn opening 2rea times recommended lt12iimum etttrance velocity of 0.1 fJs. 



TABLE II 
1!FtrnER QUJ1JJI'( tJl[0ALYS-tES 2Di0/2(V~'~ f.U~D !C!-IfUL0l'G[0:\? VifATER. GlH[l'EU6-~E8 

"---- l UNITS 

---
Sample \0 

WELL SAMPLE Wt:LL SAMPLE SAMPLE CDWQ 3 COWQ 4 

#i 1 #21 AJ2988 2 GUIDELINES l\llAC GUIDEL![\!ES AO 
pate Sampled 14-APR-10 14-APR-10 27-Apr-ii 
-

I mg/L 

PhysEccJ Tes~s 

Hardness 5 (as CaC03) i27 126 see below see below 

Tolal ftle-t2rs 

Aluminum (AI)-Total mg/L <0.010 <0.01 0 <0.003 0.1 
Antimony (Sb)-Total mg/L <0.00050 <0.00050 <0.0005 0.006 
Arsenic (As)-Total mgfl 0.00453 0.00446 0.00570 0.01 
Barium (Ba)-Total mgfl 0.033 0.032 0.036 1 
Boron (B)-Total mg/L <0.10 <O.iO <:::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 39.1 
Chromium (Cr)-Total mg/L <0.0020 <0.0020 <0.001 0.05 
Copper (Cu)-Total mg/L <0.0010 0.0019 <0.0002 1 
Iron (Fe)-Total mg!L 0.062 0.103 0.076 0.3 
Lead (Pb)-Total mg/L <0.00050 <0.00050 <0.0002 0.01 
Magnesium (IV/g)-Total mg/L 8.4-0 8.35 8.98 

Manganese {Mn)-Total mg!L O.ii2 O.i'l5 O.ii5 0.05 
Mercury (Hg)-Total mg/L <0.0002.0 <0.00020 <0.00005 0.001 
Molybdenum (h/!o)-Total mg/L 0.001 
Nickel (Ni)-Total mg/L 0.001 
Potassium (K)-Total mg/L 'i.90 1.39 2.15 
Selenium (Se)-Total mg/L <0.0010 <0.0010 <0.0001 0.01 
Silver (Ag)-Tots! mg/L <0.00002 
Sodium (Na)-Tota! mg!L 2.9 "2.9 3.1 200 

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

Uranium (U)-Total mg/L <0.0001 0 <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:\PruJecl\3127\2011\[Water Quality Summary 30Aug11.xlsx]Results of Malysis 

Notes: 

1. Sample resLlts from April 14, 2010 follmf\ring v~.rell construction 

2. Sample resL:.lts from Corix (2011) pilot study 

3. Canadian Dr-inking Water Quality Guidelines- Maximum acceptable concentrations (GCDWQ, 201 O} 

4. Canadian Drinking Water Quality Guidelines- Aesthetic objectives (GCDWQ, 201 0) 

5. "Generally, hardness levels between 80 and 1 DO 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 O) 

6. Canadian o.~inking Water Quality Guidelines- Aest!1eiic objective for sulphide {H2S} is 0.05 mg/L (GCDWQ, 201 D} 
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PREPARED SOLELY FOR THE USE OF OUR CUE NT AND NO REPRESENTATION OF ANY KIND IS MADE TO 
OTHER PARTIES VI~TH WHICH PITEAU ASSOCIATES ENGINEERING LTD. HAS NOT ENTERED INTO A CONTRACT.! 

VILLAGE OF HARRISON HOT SPRINGS 
WELL W'\TER PILOT STUDY REVIEW PITEAU .ASSOCIATES 

<?EOTECHI~ICAL PND HYDROGEOLOGICAL CONSULTANTS 

PLAN MAP AND OBLIQUE AERIAL VIE\/\/ OF H.A.RRISOI\! HOT SPRINGS 
Af\ID THE A.GASS!Z -SEA.BIRD !SLAi\JD AQUIFER .l.i"?RO\'EO; ACP: 

DJT 'I 
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Step 1 ! 
A Q = 5.0 Lis (80 USgpm) 

C®:b::Do G- - - -
0 - - ! --- -

Theis ('i 935) Recovery Me~o: - r A ~.:.~.:.~~~ Step 2 
Dra~down ':-' tit' • ! 

Pump Test 

Recovery after 5th timestep 

- Pump Test linear fit 

- Recovery linear fit 
../ 

Q = 8.3 Lis (131 USgpm) 
A 
~ 

Step 3 
Q = '13.6 Us (2'16 USgpm) 0 

b 
Step 4 
Q = 17.9 Lis (284 USgpm) 

A 
~ 

T,00 - 0.183 (25.5 Us) 0.001 t 
(0.35 m) ~ 

= 1.3 x 1 0·2 m2/s ('1142 m2/day) ~ 

' I 
I 
't • , 

Step 5 j (/) 
_ a Q = 25.5 L/s (404 USgpm) 1 -~ 

-- ~~ 0 Ia ---.-- ~ ~ 
Cooper Jacob (1946) - ;

1 Drawdown vs Time - - _ ...... 
T2 = 2.303.(25.5 L/s)-0.001 - - _ ~ 

- i 4*n•(0.883 m) - - _ ( 
= 5.3 :c 1o.a m2/s (457m2/day) - _ _ j 

--Q 
Field Contractor: Corb< Utilties 
Test Start: April13, 2010@ '16:00 
Test Duration: '1180 min 

Variable Rate Test Projected drawdown 
' afier 100 days= 12.9111 Constant Rate Analysis: 25.5 Lis (404 USgpm) 

Pre-test Static Water Level: 4.27111 ('14ft) 

'16-} ~ u u !ullli u I I iniDI i I u !rtnl I o rnlli! u o I t rill ! I ~I tnr'l ~ t r""l n1 1~ 
O.'l 

Cooper and J~cob (1946) 

T = 2.303 .,, Q ,.,0.00'1 

41'7t"''L!.s 

Theis (1 935) 

1 1 0 'I 00 1000 1 0000 1 00000 'I 000000 

IE~apseoj Tome {mou-u} or Recoveu·y Tome (·u·n 

CIVIC CONSULTANTS L TO 
VILLAGE OF HARRISON HOT SPRINGS 

PRrrPAAEOSOLELY FOR THE USE OF OUR CUEI.rT AND )10 R.i:PRESENTATION OF AHYKIHO IS MADE TO OTH!::R 
PARTlE!S W ITH WHICH PITCAU ASSOCIATI!S ENGINtiERINQ L.TO. HAS NOT EI'ITI:RGO INTO A COI\ITRACT. 

n~ PITEAU ASSOCit\TES u GEOTECHNICAL AND HYDROGEOLOGICAL CONSULTANTS 

T=0.183*Q*0.001 
6(s-s') 

SEMI-LOG PlOT OF WATER LEVELS IN HARRISON HOT 
SPRINGS TEST WELL; VARIABLE RATE PUMP TEST RESULTS 
AND CALCULI-\ TED TRP r-•~MISSIVITY 

BY; 

DA;~G ·j·jl MLS 
APPROVED; FIG; 

I DJT 2 





ADDRE.SS: ~10-3'IB STPJEET 

CITY: NEVV VVES'flVf!INS'IER, BC V3L 2§1 NAD: ZONE: 10 UTM EASTING: 58-8455 

PHOlm: ELEVATION: 36 FEET UTM NORTHlNG: 5461207 

CONSTRUCTION ACCURACY: 59 FEET WELL ID PLATE# 29881 
~-~--"= 

CLOSURE: ALTERATION: --
FROM TO WELL LOG INFORMATION 

0 I 4 1 Slti'ID GR.q VEL IF JILL START DATE: M:AJ!M'!BI 29 ZGiO I 
4 ~~CLAYGRAV>:LWITHWOO!D> COMPLETION: Mft..RCH 30 2010 

~ 17 SliL TY SfoJ:'ffi RIG NO: 5 T'l"PE: DUAL ROTARY 

;: I 30 \sAND Gl'AVEL DRILLER: JOHN MoiDONALID> VVID#04l103Gl 

35 ll\lliDJi.Ul\1 S./il\llD/SOME GRAVEL HELPER: BILL CL.A IDeE I 
35 45 \1VliEDJ[[Jl\1L §fo_NlDPNOO]) MIIXED CASING SIZE: 8 INCH 

45 I so FINE SAtiD Vi.B. SURF ACE CASING: 12 INCH 

&0 85 \FINE TO MEDHJM SAND SUlli ACE CASING DEPTH 15 FEET 

85 110 MEDflJl\Jl TO COARSE SAND §01\JlE GRA VEIL SMALL CASING SHOE: g INCH I 

uo 135 \F!INE SAND 

I I HOLE DEPTH: 104 FEET INCHES 

I CASING BOTTOM: 89 FEET INCHES 

STICKUP: 2 FEET 6 INCHES 

I OPEN HOLE FROM: FEET TO: FEET 

I SCREENS 

NO. OF SCREENS: 'lf'F.!REE 

SLOT: 20 SLOT: 20 SLOT: 20 

I SLOT: SLOT: SLOT: 

SCREEN LENGTH: 16 FEET 2 INCHES 

TOP AT: 81 FEET 10 INCHES 

I BOTTOM AT: 104 FEET INC!-IES 

II KPACKER: \'ES BAlL BOTTOM: YES 

I I RISER: NO TAllo PIPE: NO 

ill ON COI'-ITEN'f: /\PPROX 0.5 P.P.!\'1. WELL PRODUCING 

RR"i\if.\r-d'<§: PULLED BACI< TO 104 FEET .A.PPROXTI\1A TE FLOVl RATE: JOG GPM 
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FFET I ·- --~-----~------· 
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Water Systems 

Obiec'dve of the st1.,tdv 
To detennine if removal of unacceptable levels of Manganese ~md Hydrogen Sulphide 
from a vvell water source is possible using Greensand filter media at a pumped flow rate 
equivalent to what would be required to sentice the community's treated water needs. 

Provide raw water analysis of the parameters required in the Canadian Drinking Water 
Guidelines (CDWG). 

Description of water source 
Harrison Hot Springs well head behind the fu·e hall. The well was drilled and tested for 
draw down characteristics in April, 2010 by Corix Utilities. 

Source water testing parameters 
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 1mn (12") of anthracite 
The Pilot Plant flow rate for the testing: 1 Litre/min. (0.264 gaVmin.) 
Surface area of the filter: 12.57 sq.in. (0.087 sq.ft.) 
Surface loading: 3.03 GPM/ sq.ft. 

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

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

Results of lab analysis 
A summary ofthe comparison of the Guidelines for Canadian Drinking Water Quality to 
the Maxxam lab results is as follows. 

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

Manganese Tests 
GCDWQ aesthetic objective: 
Raw water average: 
Treated water average 
Average removal efficiency 

<0.05 mg/l 
0.12 mg/1 
0.008 mg/1 
93% 

Village ofHan·ison Hot Springs 
VI ell \7\fater Pilot S1:udy 
April 2011 
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Sulphide Tests 
GCDWQ aesthetic objective: 
Raw water average: 
Treated water average 
Average removal efficiency 

<0.05 mg/1 
0.023 mg/l 
0.007 mg/1 
70% 

~(l~~1~02~ 
Water Systems 

400 gprn value 0.027 mg/1 

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 VHI-IS's potable water obj ectives. 

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

Please see the test results below. 

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

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

A complete copy of the Maxxam Analytical analysis documents is available fi·om Corix 
V./ater Systems on request. 

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

· Raw Water sample taken for CDWG analysis. 

Village ofHan·ison Hot Springs 
Well Water Pilot Study 
April 20ll 
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San11Jle results 
Day 3 - 400 GPM well ftow rate. 
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Testing method, details and notes 

Monday. April 18th 
I traveled to Harrison Hot Springs on the morning of April 18th. The pilot equipment was 
picked up from our yard by Corix Utilities and arrived at site shmily afterward. It was 
placed (and operated) outside near the well head at the back of the fire hall. 

Corix Utilities installed a 10 GPM pump for the first set oftests. Pov.,;er for the pump was 
provided from the distribution panel in the fire hall via our connection box. The first day 
was spent setting up the equipment and making the 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 clea1well was fuil to allow for 
backwashing. The filter media was soaked in a 0.5% KMI'-T04 soiution for about an hour 
then backwashed until clear. The plant was put back on line and run continuously for the 
2 days of testing at the 10 GPM flow rate. 
Samples were taken as follows: 
CDWG 12:15 
Raw water- Mn 12:15 
Raw water- Sulphide 12:15 
Filtered water-Mn 12:15 
Filtered water - Sulphide 12:15 
Filtered water- Mn 15:00 
Filtered water- Sulphide 15:00 
The samples were delivered to UPS depot in Chilliwack for overnight shipping to 
Maxxan'l Analytical. 

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

Afcer the last samples were taken at 13:30 the Corix Utilities crew anived with the 40 
GPIV[ pump and portable generator. The 10 GPM: pump was rernoved and the 400 GPM 
pump installed and tested. The media v.;as backwashed and soaked overnight in a 0.5% 
KJ.Vll\f04 solution. 

Village of Harrison Hot Springs 
Well Water Pilot Study 
April201l 

Page: 10 



Thursday. April 21st 
The media was backwashed until clear then the generator and L!-00 GPM pump were 
started (8:30)- The plant was run until about 13:00 and sarnples taken as follows: 
Raw water- IVL1 10:00 
Raw water- Sulphide 10:00 
Filtered water - Mn 10:00 
F iltered water- Sulphide 10:00 
Raw water- Mn 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 overnight shipping to 
M~"':Xam AnalyticaL 

The water level in the well was measured when the Utilities crev.; arrived to remove the 
pump- Water level before staliing 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 how pumping at the high flow rate will 
affect the amount ofMn and Sulphide in the water over time. 

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

Note 
It was mentioned by Dave Harris that there was a strong Sulfur odor during the initial 
400GPM drav,r down test when the well was bored in April o£2010. This vvas 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 iL1 the clearwell. 

Repmt compiled by: 
David MacKay 
Corix Water Systems 
Langley, BC 
2011/4/29 
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October 2003 

GUJ~liilleHne 

~Vaterworks systems that use a surface water source or a groundwater source under the 
direct influence ofsurface 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 chemically-assistedfiltmtion, less than or equal to(}.] N71.'U in at least 95% 
of the measurements made, or at least 95% of the time each calendar month and 
not exceed 1.0 NTU at any time. 

2. For slow s1md or diatomaceous earth filtrationlless 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 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.:tntive Silllmm21ry 
Particles of matter are naturally suspended in water. These particles can be clay, silt, 

finely divided organic and inorganic matter, 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 reduce turbidity levels as low as possible. The 
treated 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 

t Some form of virus inactivation is required for all technologies. The difference is that cllemically-assisted, slow sand and 
diatomaceous earth filters are credited with log virus reductions and membrane ftlters receive no credit. 
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achieved vvili vary frorn technology to technology. For this reason, the turbidity guideline is 
broken down by type of technology. · 

The most important consideration when dealing with turbidity is to make sure the levels 
remain low and fairly constant over time. Concerns are most likely to result from a spike in the 
level of turbidity, due either to an increase in the an1ount of particulate n1atter in the source water 
(e.g., from heavy rains) or to a breakdown in the treatment process (e.g., inadequate coagulation, 
a ruptured filter). 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. 

1Hie21Uh ~onsiOleli·3ttTions 

It is important to control turbidity in public water supplies for both health and aesthetic 
reasons. Suspended matter can contain toxins such as heavy metals and biocides and can also 
harbour microorganisms, protecting them fi:om disinfection. Recent research has correlated 
turbidity levels with treated water supplies being contaminated with Giardia and 
Cryptosporidiwn. 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 
turbidii:y 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 (THMs), for instance, are a group of 
chemical compounds that form when chlorine reacts with organic material in water. By filtering 
out the organic matter to reduce turbidity, treatment plants also reduce the amount of THMs that 
may form in the water. For more information on these disinfection by-products, see the THMs 
guideline and supporting document. 

The 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. Turbidity 
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. 

AnmnyHca~ andl1'real1tment c~nnsid.er~dllons 

Turbidity is easy and inexpensive to measure. In addition to being a indicator for 
determining the relative safety of drinking wsJer, it is a useful tool for assessing the 
performance of water treatment processes. 

Turbidity is measured in nephelometric turbidity units, or NTU, using a device called a 
turbidimeter. Modern turbidimeters can make measurements of 0.1 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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A number of studies indicate that properly designed and well-operated conventiol18J, 
chemically-assisted and direct filtration water treatment plants can readily achieve a safe 
finished water with turbidity levels lower than 0.2 NTU. Meeting the guideline !eve! 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 1.0 NTU. Membrane 
filtration plants can consistently achieve finished water turbidity of less than 0.1 NTU. For all 
fiHration technologies, these limits are achievable and expected in 95-99% of measurements, but 
a target of 0 J NTU should be sought at all times . 

.A~ppHca~ioim of ttllile giUulrlleHne 
The health-based turbidity guideline applies to drinking water produced by systems that 

use either a surface water source or a groundwater source under the direct influence of surface 
water. The guideline is applied to individual filter turbidity. However, good operating practices 
suggest that both the individnal filter turbidity and the combined filter turbidity should be 
continuously monitored. Drinking water taken from pristine sources may be exempt from the 
filtration requirements if it meets all of the criteria ontlined 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. Gronndwater under the direct influence of surface water is defined as "any water beneath 
the surface ofthe ground with (i) significant occurrence of insects or other macro-organisms, 
algae, organic debris, or large-diameter pathogens such as Giardia Iamblia, Cryptosporidium, 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."1 Key 
issues that should be considered when determining whether groundwater is under the influence 
of surface water are given in Appendix A, 

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

Mo~rnli11:ming U.llrrhidity kvells 
For chemically-assisted filtration (i.e., continuous feed of a coagulant with mixing ahead 

of filtraticn), source water turbidity levels should be measured at least once per calendar day 
directly in front of where the first iYeatment chemical is applied. Treated water tnrbidity levels 
from indi,;idual filters should be continuously measured (with an on-line turbidimeter)at 
intervals no longer than five minntes apart at a point upstream ofthe combined filter effluent line 
or the clear water tank. 

For slow sand or diatom"ceous earth filtration, water turbidity levels from individual 
filters shculd be continuously measured (with an on-line turbidimeter) at intervals no longer 
than five minutes apart at a point upstream of the combined filter effluent line or the c!ear water 
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tank. However, the frequency ofn1onitoring may be reduced to one grab sarnple per day if it can 
be demonstrated that this frequency gives a reliable measure of filter performance. 

For membrane filtration, treated water turbidity 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 combined filter effluent line or the clear water tank. An 
individual membrane filter may be defined as a unit or group of membrane stacks or cartridges 
within a train that may be valved and isolated from the 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. 

1Use of 2!Ue~rnrntive if'illtlrai'tlion ~eclhtn.ollogy by watenvorlks 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 Iamblia cysts and Cryptosporidium oocysts a.nd a 4-log reduction of viruses. Pilot 
studies or equivalencies from other jurisdictions should demonstrate that the technology meets 
these criteria. 

Ca·llteiCi\ll for e:xc.lluslloR of ifHtra"U:imrn lin waterworks systems 

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

::: 

1. Overall inactivation is met using a minimum of two disinfectants: 
o ultraviolet irradiation or ozone to inactivate cysts/oocysts; 

chlorine (free chlorine) to inactivate viruses; and 
o chlorine or chloramines to maintain a residua! in the distribution 

system. 
Disinfection should reliably achieve at least a 99% (2-log) reduction of 
Cryptosporidium oocysts!, a 99.9% (3-log) reduction of Giardia Iamblia 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 Cryptosporidiuni 
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 after 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 201100 mL (or, if Escherichia coli 
data is not available, the number oftotal coliform bacteria does not exceed 
100/100 rnL) in at least 90% of the weekly samples from the previous six months. 

Studies on l1uman volunteers have demonstrated that Crypfosporio'ium oocysts are less infectious than Giardia cys\s by about 
one order of magnitude. 
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3. Average daily source \Vater turbidity levels lTteasured at equal intervals (at least 
every four hours), i1nrnediately prior to \\rhere 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. 

4. A watershed coni.Tol program (e.g., protected watershed, controlled discharges, 
etc.) is maintained that minimizes the potential for faecal contamination in the 
source water. 

Colillsirileratnons forr gn}undw21tea· systems 

ln 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 disi.Tibution 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. 

K!llentni:y mn!ll §olUill'ces nn tine Envi~ronrnent 
Th0 sources and nature of turbidity are varied and complex and are influenced by the 

physical, microbiological and chemical characteristics of water. In surface waters and 
groundwater under the direct influence of surface water, turbidity can vary significantly over 
time which has important implications for drinking water treatment processes and the 
microbiological safety of the drinking water. Particulate matter is frequently a source of nutrients 
for microorganisms and can protect microorganisms from botb chemical and ultraviolet light 
disinfection. Particles contributing to turbidity may also carry undesirable chemical 
contamimmts such as heavy metals. Turbidity can seriously affect the safety and acceptability of 
drinking water to consumers. 

IJ!escrripfnior:. offh.!!n·Ndlicy 

Tubidity is a "measure of the relative clarity of water."3 Turbidity in water is caused by 
suspended and colloidal matter, 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 light remains relatively undisturbed when transmitted 
through absolutely pure water, but even the molecules in a pure fluid will scatter light to a 
cert:ain degree. Standard lvfethodsfor the Examination ofVVater and f!Vastewate? defines 
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turbidity as an ~'expression of the optical property that causes light to be scattered and absorbed 
rather than transrnitted vvith no change in direction or flux level through the saraple.j~4 

In sarnples containing suspended solids, the 1nanner in v.rhich •;~~.rater interferes with light 
trans1nittance is related to the size, shape and composition of the pmiicles in the \Vater and to the 
wavelength (colour) of the light that falls on the particles (incident light).5 A minute particle 
absorbs the incident light falling on it and then re-radiates the light in all directions. 

The detection, measurement and visual perception of turbidity is influenced by a number 
of factors. Particle size has an impact on the direction in which light is scattered and on the 
intensity of scattered light of differing wavelengths ( coloms). The shape of the particle also 
influences light scattering, as does the refractive index of the water and the colour of the 
particles. 

Light scattering intensifies as particle concentration increases. H~owever, as scattered 
light strikes more and more particles, multiple scattering occurs, and absorption of light 
increases. When particulate concentration exceeds a certain point, detectable levels of both 
scattered and transmitted light drop 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 
scai.iered 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 patiicles that cause turbidity in water range in size from colloidal dimensions 
(approximately 10 nm) to diameters of the order ofO.l mm and can be divided into three general 
classes: clays, organic particles resulting from decomposition of plant and animal debris, and 
fibrous particles fi·om asbestos minerals.20 Clay particles generally have an upper diameter limit 
of about 0.002 mm, but can be as large as 0.02 mm. Biological organisms may also cause 
turbidity. 

Patiiculate material in natural waters is mostly made up of eroded soil particles from the 
surrounding area. Coarser sand and silt fragments are at least pmiially 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, quartz, amorphous silica, 
carbonates and feldspar2 ° Clays and organic pmiicles are often found together as a "clay organic 
complex."20 To a certain extent, it is artificial to treat the organic (humic) component in isolation 
from the inorganic component when considering the behaviour of suspended matter. However, 
humic substances have a much higher adsorptive capacity than clays (870 meq/100 g and 80 
100 meq/100 g, respectively"); the effect ofhumic 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 minerals with fibrous structures known as asbestos; inorganic 
precipitates, such as metal (iron or manganese) oxides and hydroxides; and biological organisms, 
such as algae, cyanobacteria, zooplankton, and filmnentous or rnacrobacterial grov\rths.22

'
23 Due 

to the numerous types of source particles and their implications in the treatment process, raw 
water quality monitoring for turbidity should be done at least daily, and preferably more often. 

Rebtionship lbetweem! (r~_n·lbid:hy an.d otha· wml:eir quatli~y p<uame[e:rs 

Table 1 summarizes some ofthe relationships between the source of turbidity and water 
quality/treatment implications. 

Microbiological characteristics 

Relationship between turbidity and the presence of pathogenic/non-pathogenic organisms 
The 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 natnrally occnrring 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.56'57 Similarly, river silt has been shown to readily 
adsorb viruses." 

Studies of distribution systems have shown conflicting findings with respect to turbidity 
and microorganisms. Haas et al.59 noted that increased values of pH, temperature and turbidity 
were associated with increased concentrations of microorganisms. HPC increases that parallel 
increases in turbidity have been found at turbidity levels lower than 2,0 NTU,60 Similarly, work 
by Goshko et al.61 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 of turbidity Possible water quality/chemistry Treatment implications 

--------~---------~---w-·_imEJi~~~ion~-"'-~"--·---~-,-"-----·---~----~----------~-----------------~---~--------·-·-~----
Inorganic particles -raise/lower pH and alkalinity -major influence on coagulation, 
(silt, clay, natural -source of micronutrients flocculation and sedimentation design 
precipitants, e.g., -affect zeta potential -harbour/protect microorganisms 
CaC03, Mn02, Fe20 3, -source of metals and metal oxides 
etc.) -cloudy/turbid appearance 

- affect taste 
·--~,·-------------~--·---------·---·--------·-·--·------------·--·-------~~-----------~----- ·-----·------·--·-

Organic particles 
(decomposed plant 
and animal debris, 
humic substances) 

-source of energy and nutrients for 
microorganisms 
- cause colour 
- impart taste and odour 
- serve as precursors for the formation of 
chlorinated or ozonated compounds 
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Source o[ turbidity Possible water quality/chemistiy 

.. , .. ,"-· "---"-~~-'"-· --·--·--·· ---~!EJ~-~!£_~~9~~~-~-~-~--~" . -··-··- _ _ , -"··~---- -·---
- possess ion exchange and complexing 
properties that include association with 
toxic elements and micropollutants 
-affect pH 
- affect zeta potential 

Treatment implications 

---··-·····-·-·------,-- ··- ----------
-increase flocculation/sedimentation 
times 
-harbour/protect microorganisms 
- reduce filter runs 
-can compete with poilutant compounds 
for adsorption sites in activated carbon 
adsorption 
-can precipitate in the distribution 

--·-m-----------·----~--------------------·--~---~-------------~Etel!l_s ________________ ," _______ ._~-~----·-
Biological organisms -impart 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 -corrode tanks, pipes, etc. effective microbial inactivation 
macrobacterial - stain fixtures - flotation may be more effective than 
growth) -cause aesthetic problems due to sloughing sedimentation 

of growths from tanks, filters, reservoirs -microbial inactivation required 
and 

In water with turbidities ranging from 3.8 to 84.0 NTU, Sanderson and Kelll' found 
coliform organisms even after the water was treated with chlorine (free chlorine residuals 
between 0.1 and 0.5 mg/L after a minimum contact time 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 patiicle connters to monitor for early 
breakthrough. 

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

and viruses from the effects of disinfection. LeChevallier et a/.,65 studying the efficiency of 
chlorination in killing coli forms 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 coliforms, found that viruses and coliforms 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 particnlates, a reduction of turbidity from 5.0 
to 1.0 NTU reduced the concentrations of disinfectant-resistant organisms approximately five­
fold. 

Hoff and Geldreich67 reiterated that particulate characteristics have a significant impact 
on protection effects. Studies with ozone by Sproul et a/.68 confhrned that alum and bentonite 
afforded little protection to a variety of test organisms at 1.0 and 5.0 NTU, whereas faecal 
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rnaterial and, in particular, hmuan epithelial carcinon1a cells did provide p1·otection. Chlorine 
dioxide studies by Scarpino et a/.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 common in Nmorh American municipal water 
supplies. Nematodes of the Rhabditae family are known to ingest pathogenic bacteria and 
viruses, and hence are able to protect these pathogens from chlorine disinfection70 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, coliform organisms were detected at chlorine levels of 0.35 
mg/L or greater. Crustaceans apparently harboured the coliforms; on passing through a spigot, 
the crustaceans ruptured, and viable coli forms were released." In laboratory tests, various clays 
and humic acid were shown to protect Klebsiella aero genes from 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 
compounds" and trihalomethanes.76 Hence, waters with high turbidity from organic sources may 
give rise to a substantial chlorine demand. 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/.17 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 neve;· 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 

E;Ject 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 bacterial cells are 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 a/.79 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 material and the thick11ess of the deposit on the surface of the membrane. Although 
crystalline or siliceous materials may not be a problem, other substances may clog filter pores or 
cause a confluent growth to develop during incubation, hampering microbial enmneration. 
Coliform masking has been observed with merDbrane filters, with false-negative results 
occurring 17, 45 and more than 80% of the time for turbidities ofless than or equal to 1.0, 5.0 
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and more than 10.0 NTU, 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-coliform bacteria seriously inhibited detections." 

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

Relationship between Turbidity Removal and Microbial Quality of Treated T17ater 
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 penetration, 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 increasing passage of unwanted organisms, even if the turbidity in the effluent is 
less than 1.0 NTU. For example, increasing concentrations of Giardia cysts can occur with 
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 low 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 important, spore removal 
closely paralleled particle and tnrbidity 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 Cryptosporidiwn.91 

Conversely, increases in filtrate turbidity paralleled increases in the risk of Ciyptosporidium 
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, 
Ciyptosporidium 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 part of the Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR)126 

Facilities that do not meet the requirements, or facilities that believe they can achieve a higher 
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log credit than is autornatically given, can be granted a log reduction credit based on a 
demonstration of performance by the appropriate regulatory agency. 

lechHology Cyst/oocyst credit c Virus credit 
Conventional filtration a 3.0 log 2.0 log 
Direct filtration a 2.5 log 1.0 log 
Slow sand or dia~omaceous earth 3.0 log 2.0 log 
filtration a 

Micro- and ultrafiltration, 
nanofiltration and reverse osmosis b 

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 vedfied by 
direct inteo-rity testing 

11Conventional/directlslow sand/diatomaceous eatih filtration should be followed by free chlorination to obtain 
additional virus credit. 
bMicro- and ultrafiltration should be followed by free chlorination fm· the inactivation of viruses. 
cDepending on cyst/oocyst levels in source water, additional treatment is required using ultraviolet light, ozone, 
chlorine or chlorine dioxide (refer to protozoa/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 pmticulates have the ability to entrap 

undesirable organic and inorganic compounds; as such, an indirect relationship exists between 
turbidity and tbe chemical characteristics of these compounds in water. Most important in this 
respect is the organic or humic component of turbidity. 

Humic substances are able to bind substantial amounts of metals and hydmus oxides 
together, forming complexes. An excellent review of metal-humate complexes, the mechanism 
of their formation and their propetties 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 1-1mol Cu/L (0.149 mg/T~) 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 between 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 I% 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 metals in natural water samples if turbidity 
exists.97 

One method that is used to remove undesirable metal ions during water treatment is 
adsorption with activated cm·bon. This process is aided by the presence of organic matier.98 

Organic molecules are also adsorbed by natural organic matcer. DDT, for example, is solubilized 
in 0.5o/o sodium huraate solution by a factor of at least 20 over its solubility in pure Vv'ater.99 
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Herbicides such as 2,4-D, paraquat and diquat can be adsorbed onto clay/humic acid pm'1iculates, 
the adsorption being greatly influenced by metal cations present in the humic materiaL 100 The 
presence of turbidity, therefore, might also interfere with the detection ofbiocides in water 
samples. 

Chlorination of water containing organic matter such as humic acids caa produce 
trihalomethanes, a group of chemical compounds that includes chlorofonn, 
bromodichloromethane, chlomdibromomethane and bromoform. The Canadian drinking water 
guideline for trihalomethanes is based on the known health effects associated with chloroform. 
Morris and Johnson 101 observed a relationship between raw water turbidity and trihalomethane 
concentration in finished Iowa City water. In laboratory tests, Stevens and co-workers102 found 
that trihalomethane production was reduced if the water was filtered prior to chlorination. Hanus 
and Looyenga103 also reported that raw water turbidity was positively correlated with chloroform 
concentration in a South Dakota water supply. Strategies for addressiug turbidity have 
implications related to controlling the potential formation oftrihalomethanes, including the 
removal of organic matter, 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 turbidity should be less than 0.1 NTU to minimize 
pm-dculate aluminum concentrations that contribute to residual aluminum. 105 

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

fibres/L), 106 very little, if any, correlation has been observed between turbidity and asbestos 
concentration3

-'
07

-'
08 However, a general but non-linear relationship has been reported at high 

levels of asbestos (109 -1011 fibres/L). 109 Fmiher studies. on treatment efficiencies for asbestos 
removal have resulted in a recommendation by Logsdon and co-workers110-'n 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 water with an aggressivity index of 
less than 10 can cause the release of asbestos fibres into the drinking water.n4 

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 propetties 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" of humic 
substances.54 True colour is therefore defined as the colour of water from which turbidity has 
been removed.3 

The relationship between high turbidity, in both raw and filtered water, and taste and 
odour has long been recognized. 55 Algal growths, actinornycetes and their debris also contribute 
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to taste and odour problerns.22 At 5.0 l\TTU and above, there is an increasing visual detection, 
which many consmners find unacceptable. 

lHJ12Ry~:Ticall illi!lethOlds 
Turbidity is measured using the nephelometric method. Nephelometry determines 

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

Method Citation Description 

Nephelometric AWWA/APHA 2!30B4 Tungsten lamp@2200-3000"K and one or more 
perpendicular detectors (&filters) with spectTal 
resp?nse peak of 400-600nm. Light path ;::; 10 em .. 

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

Optical ISO 70278 Tungsten lamp (&filters),Diode or Laser as radiation 
source at 860 nm (or 550nm if sample is colourless) 
with a perpendicular detector and aperture angle 20-30° 

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

Hach Filter Trak USEPA 10133 125 Laser Diode @660 nm at 90° to detector/receiver (light 

Notes: 

path ;::;;10 em) which may use Photo-Multiplier Tube 
and fibre-optic cable. Range is 0-1000 rnNTU's. 

a Additional n1ethods 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 disiTibution ofthe 
scattered light. Small particles less than one-tenth of the light wavelength will scatter light 
uniformly in both forward and backward directions. As the particle size approaches and exceeds 
the wavele-,1gth of the incident light, more light is transmitted in the forward direction. Because 
of this intensity pattern, the angle at which the light is measured is a critical factor; the current 
international standards have determined the most appropriate angle to be 90 degrees.8 As noted 
above in a previous section, as the concentration of particles increases, more particles reflect the 
incident light, which increases the intensity of the scattered light. As the concentration exceeds a 
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certai11 point detennined by the specific optical characteristics of the process, the particles 
themselves 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 oflight are reflected 
or absorbed is also determined by the colour of the liquid and the reflecting surface. Industry 
standards require nephelometers to operate in the visible or infrared ranges: 400-600 and 
800-900 nm, respectively.9 

All these factors, along with the optical geometry of a particular instrument, cause 
measured values between instruments to vary widely; thus, criteria for instrument design have 
been developed to minimize these variables. Manufacture ofturbidimeters is guided by 
recommendations provided by the U.S. Environmental Protection Agency10 and the Intemational 
Organization for Standardization (ISO 7027)8 

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 dirty sample tubes can cause false high readings for 
turbidity; very turbid samples or samples with colour due to dissolved substances will give low 
readings.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 changeY·14 However, according to US EPA Analytical Methods for Turbidity 
Measurement (I 80.1 and GLI 2) and Standard Methods for the Examination of Water and 
Wastewater (2130B), the sensitivity of nephelometers is such that turbidity differences of 0.02 
NTU or less can be detected in waters having a turbidity ofless than 1.0 NTU.4

•
6
-' 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; purporting to accurately 
measure in the mNTU range. The USEPA has approved a laser turbidity method, "Method 
10133, Determination of Turbidity by Laser Nephelometry." 125 Currently they are not widely 
used in the industry .15 

Turbidity, as defined by the above methods, is a non-scientific measure of particle 
concentration. Electronic particle counters are now available that are capable of accurately 
counting and recording the number of particles as a function of size (often in the 1-150 J.Hn 
range). Although there is a general relationship between particle counts and turbidity (below 1.0 
NTU), a firm correlation does not exist. 1

&-
18 

A simple conversion factor relating patiicle counting and turbidity measurements is not 
possible because the two techniques differ fundamentally in tenns of discernment. Pmiicle 
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 pmiicles, whereas another may contain few large patiicles. Turbidity, on the 
other hand, cannot distinguish between two samples of identical clarity and different particulate 
composition. 19 
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Particle counters are an excellent tool for optirnizing treatment processes and for 
detecting the onset of filter breakthrough. Particle counters are restricted to performance 
verification only, and no lirnit is set as a n1aximun1 acceptable concentration for the number of 
particles in the treated water. 

'f][eatn1.eMt technoliogy 
Turbidity is reduced by removing particles from the water through filtration. Adequate 

±lltration 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. 

Cfl1emicall!ly-Assisted JFHtaall:io!Il 

The chemically-assisted filtration process generally includes chemical mixing, 
coagulation, flocculation, sedimentation (or dissolved air flotation) and rapid gravity fiitration. 
Aluminum and ferric salts are used as primary coagulants. Cationic and anionic polyrners 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 of less than 0.3 NTU; turbidities of less than 0.2 NTU have 
been demonstrated to be achievable on an ongoing basis. Filter loading rates generally range 
fi·om 3.0 to 12.0 m/h.26

'
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 and the viscosity of 
water, thereby affecting the particle 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 effluent turbidity 
from each individual filter, as well as for continuous monitoring of the combined filtered water 
turbidity from all filters. Continuous monitoring is required because shmt-term turbidity spikes 
represent a process failure and potential health risk. Peak turbidity levels 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 operating the filters, every effort should be made to 
minimize the magnitude and duration of turbidity spikes28 

Discharge of filter backwash water into a raw water reservoir should not be permiti:ed 
unless the filter backwash water receives off-line treatment, or is returned to a location upstrean1 
of the coagulant dosage point, so that all processes of a conventional or direct filtration plant are 
employed. The off-line treatment may be acceptable depending on the method used to treat the 
backwash water. 
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occur: 
Follovving filtration, turbidity in a vvatervvorks 1nay increase if any of the following 

o coagulants escape into the filtered water; 
dissolved metals oxidize; 
bacteria and other micmflora grow; 

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

or 
pipes corrode or lines break.29

•
30 

Uncovered distribution system reservoirs may also lead to increased turbidities, mainly by 
encouraging biological production.31 .32 

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, researchers chose 21 plants that were successful in producing finished water with turbidity 
of less than 0.2 NTU.27 In choosing the patiicipating 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 
performance evaluations of 150 surface water treatment plants that used filtration fi·om 1988 to 
1990 and found that a goal of 0.2 NTU was achievable for most plants.33 An internal repmi, 
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 cat1 achieve less than 
0.2 NTU.26 In pilot tests involving treatment of Boston's low-turbidity surface water supply with 
dissolved air flotation, the turbidity goal ofO.l NTU was met in more than 90% of the runs.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 In 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-log 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 treatment plants in compliance with the IESWTR or 
L TIESWTR achieve an average of 3-log reduction of Cryptosporidium. Direct filtration plants 
achieve an average of2.5-log reduction of CryptosporidiumY6 

SHow san1d lfW:rrantnon. 

In slow sand filtration, filter effectiveness depends on the forrnaJion of schmutzdecke, 
which is a layer of bacteria, algae and other rnicroorganisxns on the surface of the sand, and the 
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formation of a biopopulation within the sand bed. Raw water passes through the sand bed where 
physical, che1nical and biological mechanisn1s rem.ove contarninants. The n1ost important 
removal mechanism 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 fiiters to reduce turbidity. 
Fox eta/. 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 
al. 41 reported that typical effluent turbidity was O.l NTU for raw water with turbidity ranging 
from lower than 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 of 0.1 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 0.4 to 4.6 NTU. Slezak and Sims43 reported that nearly half of the 27 slow sand filtration 
plants they surveyed produced filtered water tnrbidity of 0.4 NTU or lower; at the same time, 
15% of the plants produced water with an average turbidity of 1.0 NTU or higher. Consistent 3-
log reductions of pa1iicles sized from 2 to 4 11m upwards were also observed in this study. The 
size range of7-12iJ.nl. 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 asce1iain removal of Giardia 
cysts·, total colifmm bacteria, heterotrophic plate count (I-l.PC, formerly known 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%; pa1iicle 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 plants in compliance with the IESWTR or L T1ESW1R achieve an 
average of3-log reduction of Cryptosporidium.126 

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

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

Dll21tomaceo11!s eairll:h lfiRtnnll:llon 

Diatomaceous earth filters operate by passing water through a thin layer of diatomaceous 
earth about 3 mm thick 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 pe1meable filter cake. Once the hea.dloss across the filter 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 stmis again. 

Diatomaceous earth filtration has been shown to attain excellent removal of Giardia 
cysts ovel· a broad range of operating conditions. Cyst removals exceeding 99%, and often 
99.9%, w0re reported by Lm{ge et al45 for filtration rates of2.4-9.6 m/h and for temperatures 
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frorn 3.5 to l5°C. Logsdon eta!. 46 reported that vvhen sufficient dia-tornaceous earth and body 
feed were used, removal of 9-wn radioactive beads was nearly always 99.9% or higher. The 
sarne study reported that 11 filter runs vvere 111ade v1ith 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 LTlESWTR achieve an average of3-log reduction of Ctyptosporidium. 126 

Diatomaceous eatth filtration is appropriate and effective in treating waters with low 
turbidity. Logsdon et al.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 of0.5 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. 

Membnlln.e filitn·atimu 
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: 
~- Reverme osmosis: a high-pressure membrane treatment process originally developed to 

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

(e.g., calcium and magnesium ions) and/or organic molecules. 
3. UltmfiltJratiollll: 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. 

<il. Mi!:Jrofiltmtiol!ll: a low 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 viwses 48 Ultrafiltration (pore size 0.01 [lm) and microfiltration (pore size 0.1 1.1m) 
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 

Prefiltration 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 a fmm 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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f&kroMan 

The most important health-related effect of turbidity is probably its ability to protect 
microorganisms from disinfection. Turbidit-y, which has been shown to be correlated with the 
contamination of water supplies by Giardia and Cryptosporidiwn,ll9 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 ofcryptosporidiosis in April 
1993, when more than 400 000 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 pm"ciculates possibly protecting pathogens and interfering with 
marginal disinfection. 108 In another incident, high turbidities (>4.0 NTU), resulting fi·om 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 remova\. 121 Monitoring turbidity can therefore be a useful indicator of 
plant performance, including cyst removal. Studies have shown that small increases in turbidity 
(about 0.2 NTU) can result in significant passage of Giardia cysts.87 It has been suggested that 
0.1 NTU should be set as a goal or objective for treated water.84

•
87.I21

•
122 Giardiasis problems 

have, however, occurred where turbidity limits have been met, and it should not be assumed that 
achieving a turbidity limit will by itself prevent waterborne disease."8

•
123 

A study in Philadelphia by Schwartz et a/., 51 which asserted a conelation between levels 
ofturbidity and hospital admissions of elderly residents with gastrointestinal illnesses, highlights 
the fact that meeting the turbidity limits does not necessarily mean that disease can be prevented. 
The authors found that an increase in the weighted average turbidity of approximately 25% 
(0.035 NTU) was associated with a 9% increase in hospital admissions of elderly residents with 
gastrointestinal illness 9-11 days after exposure, even though the recorded average turbidities 
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 model, 
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. In addition, 1.3%, 0.2% 
and 0.3% of gastroenteritis-related hospitalizations of persons residing in the same three areas 
were explained by variations in turbidity. It is evident from these studies that change in turbidity 
levels i~ drinking water is a potential indicator for breakthrough of pathogenic organisms and 
increased consumer risk. 
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I--Iudson,n 5 using 1953 data on infectious hepatitis and rav; v1rater turbidity for 12 U.S. 
cities, observed that infectious hepatitis incidence vvas greater 'With higher turbidity. A similar 
relatim1ship appeared to exist between turbidity and cases of polimnyelitis, although this finding 
was based on a smaller sample.m Shaffer et a/116 repmted detection of poliovirus in waters with 
chlorine concentrations greater than 1 mg/L and turbidities less than 1.0 NTU, which 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 infened that 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 chlorination was 
practised, it was apparently insufficient to inactivate the infectious hepatitis virus. 118 The 
protection from disinfection offered by organic or cellular material in particular has been· 
repmted in other studies.66

•
68 

Chernkall 

Pmiiculate matter in water is not usually a potential chemical hazard in itself, but may 
have indirect effects.20 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 particles enter a different environment, such as the 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 
HmA =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 

01\lnerr· 6:0!Ilsidendioml§ 
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 some cases, if the level of turbid it] is not lowered to reduce the organic loading in 
advance of applying certain chemicals, it may lead to other health concerns (e.g., the formation 
of trihalomethanes). 
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ft .. s noted above, turbidity 1Tteasurement does not indicate the type, nun1ber or rnass of 
particles. However, because ofthe ease of analysis and relative inexpensiveness of the 
equipment, it is a very useful tool to assess the performance ofv1ater treatment processes­
especially for conventional surface water systems. Moreover, turbidity can serve to signal 
potential contamination problems or 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. 

Rafdonafte 
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 1.0 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 treatment plants to 
achieve the following levels based on the type of technology 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% of the time each calendar month and not 
exceed 1.0 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 !east 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 filter 
process. 

JV'ost problems associated with turbidity are caused when the level of turbidity in the 
treated v-nter spikes. Spikes can occur when the natural levels of particulate matter increase in 
the sourc(o water, when the filtration rate increases or when an individual filter breaks down. In 
order to c~uickly figure out that a filter is malfunctioning and to identify \Nhich one it is, this 
guideline applies to individual filters within a system. 
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Turbidity measured to be less than 5.0 NTD is not discernable to the naked eye but at 
higher levels the particulate matter in water may cause colour, taste and odom concerns for 
consurners. For this reason, utilities should try to rnaintain the level of turbidity in the 
distribution system to below 5.0 NTU. An aesthetic objective has not been set in order to avoid 
confusion with the health-related guideline. 
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Determining whether groundwate;· is under the influence of surface water is a complex 
process. While there is considerable variation in the circumstances that may result in 
groundwater becoming contaminated with surface water, some 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 of local topography (e.g., mountains, foothills, plains)? 
What are the effects oflocal 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 snrface influence(s)? 

0 Is there evidence oflocal 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 

water (i.e., chemist_ry, temperature, bacterial count)? 
0 Is there evidence through environmental isotope analysis ('H, 14C, 180, 2H)? 
0 What is the chemical age of the 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\lhat is the level of bacterial contamination in the aquifer? 
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Land use issues 
0 Vi/hat types of local land use are there (e.g.~ agricultural, industrial, rnunicipal, 

recreational)? 

Soil horizon 
0 What type of soil is there? 

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

(observation wells, piezometers), soil percolation tests 
0 Local water balance exercises (groundwater vs. surface water recharge/discharge) 
0 Isotope analysis 
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From Wik.ipedia, the free encyclopedia 

Trihatomet[umes (THIVIs) are chemical compounds in which three of the four hydrogen atoms of methane (CfL) are replaced by 
halogen atoms. Many trihalomethanes find uses in industry as solvents or refrigerants. TH1vfs are also environmental pol lutants, and 
many are considered carcinogenic. Trihalomethanes with all the same halogen atoms are called f>a!o.forms. 

! 
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o 1 Table of common tribalomethanes i 
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o 2.1 Refl-igerants 
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o 4 References 
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Common trihalomethallCS (01·dered by moleci!lai· weight) 
:~lfoi~cul~rl·------------ - --- ! ----- ---·--r------ ----:------------T·------~ 

! " . 1 I IUPAC name j CAS registry numl>et· :1 Common name ! Othei· names :Molecule l ! 101 mu a . j i j 
. I : • I 

; _____ ; _ _ __jl ____ _ _ _________ _ .... ·-···------- ------;-- - .. ···----- - ----- - -- ----·- ~ ·:-----: 

'cHF~ I "fl I 7-467 1fl fi 'p ?3R?"HFC23 (• .._,_.,-..... I ~ ltn uoromet 1ane j )- - l · uoro onn reon _ , --.J, - : ; : 
~ ! I I ' 1,_ ;.- -' ! 
,-----·-- ·-·,----· ------------------------·-------· - -,-- - - ------. --·-· . ---·- ------·----.- -~ 

~-~H~I~~-~-~~~r~~-i~uo~~m~~~~~~- J ~A~~~ _ ______ --· t~~oro~~~:~~~~n:~~~_l~~2~,-~~:-~C-2~--- -- ---- ~- _(=D j 
! · I I ~ I ~ v- 1 
;_CHCb !trichloromethane !67-66-3 ichlorofom1 lmethyl trichloride ' ! 
: I l I l ! r----· ·--~-----------------.- ·------- -·---.---- - --- --, .. -- - , 
;cHBrCh ~~bromodichloromethane l1 75-27-4 idichlorobromomethaneiBDCM ; uJ : 
i .. - ___ .......:. .. ·- · . . ------·--------- · ---- ------ - I __ .,1 ________________________ : _____ . 
'. 1 j I I . ..-7 "· I 

j CHBr2Cl I d.ibromochloromethane; 124-48-l l chlorodibromomethane! CDBM \ .j) : 
:~---·--·---'··-· ·-·- ·---- ~ ~·- --·--·-----~-- --- ~--- --~----··· -··-·-·----- ---·- ---1 
1 ; 1 1 : ! a · 
jCI-ffir, jtribromomethane 175-25-2 \bromoform !methyl tribromide \ '---~ , 
L __________ .. _~------·----------- ! _ __________________ __; ____ --·------ -----'- ·-·-- - · ~--- J 
i I I l I ; (C I 

CHh triiodomethane 175-47-8 jiodoform !methyl triiodide : \
1

~) I 
! ___ i ___ - -----··· - - · -·-- _____ .l _ _____________ --'- ---·--·-··---··-------~~- - -------··-·--···---· .. --.• -~-: 

Refrigen:mts 

TrifJuoromethane and chlorodifluoromethane are both used as refrigerants in some applications. Trihalomethanes released to the 
environment break down faster than chlorofluorocarbons (CFCs ), thereby doing much less damage to the ozone layer (if they contain 
chlorine). Chlorodifluoromethane is a refi·igerant HCFC, or hydrochloro(]uorocarbon, while fluoroform is an HFC, or hydrofluorocarbon. 
Fluoroform is not ozone depleting. 

Unfortunately, the breakdown oftrihalomethane HCFCs does still result in the creation of some fre-e chlorine radicals in the upper 
atmosphere and subsequent ozone destruction. Ideally, HCFCs will be phased out entirely in favour of entirely nonchlorinated 
refi'igerants. 

§otveu~s 
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Chloroform is a very common solvent used in orga11ic chemistry. It is a significai1tly Jess polar solvent tbc_n water, ,;,ell-suited to 
dissolving many organic compounds. 

Although still toxic and potentially carcinogenic, chloroform is significantly less harmful than carbon tetrachloride. Because of the health 
and regulatory issues associated with the use of carbon tetrachloride, in modem chemistry laboratories chlorofonn is used as a cheaper, 
cleaner alternative vvherever 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 disinfection by-products. They result fi·om the reaction of chlorine and/or bromine with 
organic matter present in the water being treated. The THivis produced have been associated through epidemiological studies with some 
adverse health effects. Many governments set limits on the ar:nount permissible in drinking water. However, trihalomethanes are only one 
group of many hundreds of possible disinfection 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 
li.Inits the total concentration of the four chief constituents (chloroform, bromoform, bromodichloromethane, and 
dibromochloromethane), refened to as total trihalomethanes (TTHlVI), to SO parts per billion in treated waier. 

Chloroform is also formed in swimming pools \Vhich are disinfected with chlorine or hypochlorite in the halofonn reaction with organic 
substances (e.g. urine, sweat, hair and skin particles). Some of the TI-1l\1s are quite volatile and may easily vaporize into the air. This 
makes it possible to inhale THMs while showering, for example. The EPA, however, has determined that this exposure is minimal 
cOfnpared to that fi·om constm1ption. In swimmers uptake of THMs is greatest via the skin with dermal absorption accounting for 80% of 
TH!'vi uptake[J). Exercising in a chlorinated pool increases the toxicity of a 11 safe" chlorinated pool atmosphere[:t.] with toxic effects of 
chlorine byproducts greater in young swimmers than older swimmers[3J. 

1. "Lindstrom, AB et al. (1997) Alveolar breath sampling and analysis to assess trihalomethane exposures dming competitive switmning training. 
Environ. Health Persp., 105 (6), 636-642 

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

J. A Ailcing,H. et al. (1994) Swimming pool chlorination: a health hazard? Toxicology Letters, 72(1-3), 375-380 

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

o How Ozone Teclmology Reduces Disinfection Byproducts (http://www.biozone.com/trihalomethanes.html) 
o Testing fo1· Trihalomethanes (http://W\I·/W.caslab.com/News/testing-for-trihalomethanes-in-your-water-tthm.html) 
o EPA- Trihalomethanes in Drinking \Vater 

(http://yos emite.epa.gov/water/owrccatalog.nsf/9da204a4b4406ef8 8525 6ae0007 a79c7/be44ad7 c8f83 f25 a85256b06007255e9! 
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The maximum acceptable concentration (MAC) for trihalomethaned- (THMs) in drinking water is 
0.100 mg/L (100 fJg/L) based on a locationaf running annual average of a minimum of quarterly 
samples taken at the point in the distribution system with the highest potential Tf-!Mievels. 

The maxirnum acceptable concentration (MAC) for bromodichloromethane (BDCf\1) in drinking 
water is 0.016 mg/L (16 fJg/L) monitored at the point in the distribution system with the highest 
potential THM levels. 

Oii:~eli Coll'isfi(!J<srranl!ao!llls . . .., -:-.- - ·- ... 

Utilities should mal<e every e·fl'ort 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 w ith naturally occurring organic matter (e.g., decaying leaves and 
vegetation) . The use of chlorine in the treatment of drinking water has virtually e liminated 
waterborne diseases, because chlo rine can kill or inactivate most microorganisms commonly found 
in water. The majority of drinking water treatment plants in Canada use some form of chlorine to 
disinfect drinking water : to treat the water directfy in the treatment plant and/or to maintain a 
chlorine residual in the distribution system to prevent bacterial regrowth . The health risks from 
disinfection by-products, including trihalomethanes, are much less than the r isks from consuming 
water tl1at has not been disinfected. Utilities should make every effort to maintain concentrations 
of all disinfection by-products as low as reasonably achievab[e w it hout compromising the 
effectiveness of disinfection . 

The triha lomethanes most commonly found in drinking water are chloroform, 
bromodichloromethane (BDC\\1), dibromochloromethane (DBCi\1) and bromoform. Of these, 
chloroform has been most extensively studied, and tile1·e are some scientific data avai lable on 
BDCM. However, insufficient data are available to develop a guideline for either DBCI\1 or 
bromoform. Since chloroform is the trihalomethane most often found in drinking water, and 
generally at the highest concentrations, tile trihalometl1ane guideline is based on health risks 
linked to chloroform. This guideline applies to the total concentration of chlcroform , BDC\\11 DBCM 
and bromoform . 

This Guideline Technical Document rev iews all ·Lhe healt ll risks associated with trihalometllanes in 
d1·inking wa-[H, incNporating multiple routes of exposure to t r ihalomethanes via dri nking water 
including ingestion, and bot h inhalation and skin absorption f rom showering and bath ing . It 
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assesses all identified healt h risks, taking into account new studies and approaches, and applies 
appropriate safety factors. Based on this review, t he guideline for tota l tl·ihalomethanes In drinking 
water is establ ished at a maximum acceptable concentration of 0 .1 mg/L. 

~.!though the conceni:ration of BDCM is included in the concent1·at ion of trihalomethanes in the 
guidel ine, a separate guideline for BDCM is also deemed necessary. The guideline for 
bromodichloromet hane in drinking water is establi shed at a maximum acceptable concentration of 
0.016 mg/L. 

Ch loroform is considered to be a possible carcinogen in humans, based on limited ev idence in 
experimenta l animals, and inadequate evidence in humans. Animal studies have shown links 
between exposu re to specif ic 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 colorecta l cancers. 

Human studies also suggest a link between reproductive effects and exposure to high levels of 
trihalomethanes. Howeve1·, an increase in the concentration of trihalomethanes could not be linked 
to an increase in 1·isk, suggesting the need for more studies. 

Preliminary ani mal studies indicate that BDCM and other trihalomethanes that contain bmmine 
may be mo1·e toxic than ch lorinated trihalomettianes such as chloroform. For this reason , and 
based on the availability of scientific data for BDCM, a separate guideline was also developed for 
BDCM. BDCM is considered to be a probable carcinogen in humans, with sufficient evidence in 
animals and inadequate evidence in humans. Animal studies have shown tumours in the large 
intestine in rats. Among the four ti·ihalomethanes commonly found in drinking water, BDCI\1 
appears to be the most potent rodent carcinogen, causing t umours at lower doses and at more 
target sites than the other three compounds. 

Exposure to BDCM at levels highe1· than the guideline value has also been linked to a possible 
ino-ease in reproductive effects ( increased risk for spontaneous abortion or still~irth) above what 
can normally be expected. Further studies a1·e required to confirm these effects. 

~. 2 IEl!I!JlOSl\JI6-e 
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Levels of trihalomethanes, including BDCM, are generally higher in treated surface water than In 
treated groundwate1·, because of the high organic content in lakes and rivers, and will be higher in 
warmer mont h s, because of the higl1er concentrations of precurso1· organic mate1·ials in the raw 
water 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 t reatment 
processes. Recent data indicate that, in general, average triha lomethanes levels in Canadian 
drinking water supplies are 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%) and are genera lly smaller treatment systems with limited ability to remove organic matter 
before adding the ch lori ne disinfectant. I t shou ld be noted t hat the presence of brominated by­
products such as BDCM will also depend on the presence of bromine in the source water. 

Trihalomethanes and haloacetic acids are t he tvvo major gmups of disinfection by-products found 
in di·inking water and generall y at the highest levels. Together, these two gmups can be used as 
indicators for the presence of al l disinfection by-products in drinking vvater supplies, and their 
contro l is expected t o reduce the levels of all disinfection by-products and the correspond ing 1·isks 
t o health. A guideline for haloacetic acids is e)(pected t o be available in 2006-2007. 

The approach to reduce exposure to trihalomethanes is generally focussed on reducing the 
formation of c hlo1·inated disinfection by-products. The concentrations of triha lometha11es ancl othe1· 
chlorinat ed disinfection by-products in dri nking \Nater can be reduced at the treatment plant by 
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removing the organic matter from the wat:er before chlorine is added, bV optimizing the 
disinfection process or using alternative disinfection strategies, or by using a different water 
source. lt is critical that any method used to control trihalon-tethanes levels unt.J~~t: fil'U{t compl-omise 
the effectiveness of disinfection. The Federal-Provincial-Territorial Committee on Drinking Water 
also recOJnrnends that every effort be made not only to meet the guideline, but to maintain 
concentrations of tl-ihalomethanes as low as 1-easonably achievable. 

1 Trihalomethanes refers to the total of chloroform, bromodich!oromethane, dibromochloromethane and bromoform 
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~QJITUD!illUll2U'SJ 
Lii1e pigging is an internal pipe-cleaning process used to remove biofilms or other foreign matter 
from the h1.side of water pipes. If perfonned correctly, line piggLTJ.g will renew the flow rates to 
restricted piping systems and reduce pumping pressures. This Tech Brief discusses some of the 
techniques and processes used in cleaning waterlines in distributions systems. 

!1"". G'J'O Q ~ 
limma; Li""'tl@®WJ.l})J 

Line pigging (or line swabbing, as it sometimes 
knmvn), is the process of cleaning distribution 
lines by inserting a sn1.all device known as a 
pig into the lines and pushing it through 
them. The term "pigging" 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 of 1netal 
on metal made a squealing noise like a pig 
and the nmne stuck. More and more, pigs are 
being used to clean pipelines in all types of 
industry .including waterlines in municipal 
distribution systems. 

Pigs range in size fron1 2- to 48-inches in 
dia1neter and can be n1ade to order in varying 
lengths, styles, and configurations for specific 
applications. Not only are pigs used for clean­
ing but also for inspecting the inside of 
pipelines and determining interior dimensions. 

D~ ~:rll®®fltm® ~Ja.ta:uUD!illQ:g u·a;~IDfiiTt·r w~«:G:~&'5&Jli'\71? " ~ 
States and nl.unicipalities typically do not 
require regular pigging or S\1\.rabbing of distri­
bution lines in water systems. Some may only 
require pigging after initial construction of a 
new line to ren1ove any debris left in the line 
because flushing alone will not always clean 
the dirt and debris Out of the line. 

t.1~fG-iJcu'lt ff6 g ['Dfl\ID'P 
A pig is the object, usu­
ally bullet shaped, that is 
pushed by the water in 
the pipe in the direction 
of norrnal flow. The pig 
can be made of different 
rnaterials (foam, steel, 
plastic, polyurethane), 

:~~ ~~iiiTi3l:J ,Ii~~~@)p'I~J~,; j 

but generaily is food· 
grade silicon, which is 
tough yet fle:;rible 8.l.Ld safe 
to be in contact \vith 
driiLki ng water. 

/ 



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 certain conditions activate the bacteria, 
causing problems. Regular flushing \vill not 
eliminate this biofilm. Regular pigging With 
flushing Vilill reduce or elilninate biofilms. 

A second reason to pig a line is inadequate 
water flow. More 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 system viTill usu­
ally need to replace the e:xisting waterline vvtth 
a line that can_ support the demand needed. If 
the existing flow is restricted due to excessive 
deposits, however, pigging n1ay be the solution 
to the problem. 

Third, most states require a rninimu1n of a 6-
inch diarneteL \'Jaterline vJhen connecting a fire 
hydrant to provide adequate flm;r. _A_fter years 
of service, the inside of the pipe can becmne 

restricted with deposits making the fire 
hydrant less effective if not useless for its 
intended job. If fire flow is needed, the solution 
in the past has been to replace the v.,rhole 
waterline, which is very costly and tilne con­
suming. Pigging 1nay restore adequate flov.,r for 
fighting fires at a fraction of the time and cost. 

Finally, pigging waterlines may lessen cmn­
plaints from water customers regarding the 
very same deposits that have or can restricted 
fire flow. These deposits are unwanted foreign 
matter such as iron o:xide {red water), alum, 
calcium.carbonates, bariuln sulfide and sedi­
ment. Pigging, in most cases, provides a solu­
tion. Cleaning these deposits can also reduce 
pu1nping pressures in areas of \Vater syster:ns 
that have booster pu1np stations. Increased 
pu1nping pressures can result in line leaks 
and pipe failures. 

llrt<:Dc::~cilomce 
The procedure starts by determining if the 
vvaterline carr be pigged. 1'-Jot every v.rater line is 
a candidate for line pigging. Is the \Nater line 
so corroded that piggin_g C3n cause failure? 

'C:;-::;.S Er~c;i' a Une Pigging, Spring 2007, Vol. 7, Issue l 



Does the ·waterline have reducers (i.e .. , the line 
getting srnaller) that can_ cause the pig to get 
stuck? Does the line have increased pipe 
diailleter sizes w~here the water pressure vvould 
be insufficient to 1nove the pig? 

One of the main things to look at is the condi­
tion of the h1.terior of the pipe. If the pH of the 
water is lovr, the h1.terior of the line could be so 
corroded that pigging could result in failure. If 
in doubt about the condition of the line, refer to 
past lLne repairs or talk to operators VJho have 
worked on any repairs of the particular lille. 

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 1vp.I have to be dug up to launch the pig. 
At that time, a Visual inspection should be 
done to determine if pigging is possible. 
All_other option is to use a low density foan1 
pig in arry unknown line and examine the 
foam pig for wear patterns, tears, or gouges. 
This may even help determine if the line can 
be sUccessfully cleaned with a pig. 

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

1. Locate and 1nark all valves and 1neters. 

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

3 .. Ifuow the pressure and flows in the lines. 
This wtll also help determine if any flovr 
increase and possibly pressure decrease 
was achieved by the pigging. 

The more you know before you start, the 
fewer surprises you'll encounter once you 
start p;gging. 

Once tl1_e line has been inspected and 
appears suitable, the actual pigging begins. A 
pig is inserted into the line to be cleaned by 
means of a launcher. This is simply a...n over­
sized barrel with a reducer mating to the 
existing line. This allows for easy insertion of 
the pig, because the pig's outer diameter is 
larger than t.he pipe's internal diameter to 
1naintain a good seal. Once in the launcher, 
clean ~Nater is introduced to send the pig on 
1ts way. This is usually the sa1ne water that 
is in the line frmn a nearby flushing hydrant 
or fire hydrant, or a tanker truck. The pig's 
path is determined by direction of flov.r and 
by isolating the line to be cleaned by closing 
valves to laterals, if present. 

1\lATIO~ LL\L ENVIRONMENTAL SEINICES CEI\JTER 

If the waterline is in se:tvice, you 1nust noth"'y 
your custoi!l~ers about the water intenuption 
and possible dirty water after brLngiLLg the line 
back in service. If the water line has a lot of 
unwanted deposits, it nmy be wise to pull all 
water meters just before lhe piggL"""lg process 
starts an_d flush at the comLection at Lhe end of 
Lhe process before you replace the nteters. 
Foreign matter could stop-up the meter or cause 
the meter to malfunction. The debris could also 
get il""'ltO the custo1ners' plUinbitJg and cause 
problems such as plugging the aerators on the 
faucets, dishwashers, or \vasb.ing machines. 

If the waterline to be pigged has severe scaling 
(tuberculation) due to iron oJ<Jde (red water), 
alu1n, calcium carbonates, bariu1n sulfide, or 
sediment, a progressive or stepped approach 
1nust be taken to avoid getting a pig stuck or 
losing a pig. This approach is simply using a 
sn1aller diameter pig at first and workjng your 
way up incrementally to the inside diameter of 
the pipe. The stepped technique will minil-nize 
the risk of the pig getting stuck or large 
amounts of debris plugging the line by clean­
ing a little bit at a tilne. 

--~~:;)~:;:.;..>'\. Artlc!es about locating distribution lines and 
~:;:_./!=±:{~'valve exercising programs are available on 
;;,~- l l./ the National Environmental Services Center 

·•· ;~~:, Web site at WWIIv.nesc.wvu.edu/ndwc. 

:'l'·IJLu<:ITit ODn!lJ"' 
There are rnany different types and sizes of 
pigs. For waterline use, some nonstandard 
pigs include: 

Gauging pigs are mainly used after con~ 
structing the pipeline or before pigging 
an old line to detennine if there are any 
obstructions in the pipeline. 

Profile pigs are gauging pigs vlith multi­
ple gauging plates used to help map the 
inside condition of the pipe walls. 

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

Transmitter pigs or detector pigs are 
used to !nap out the location of pipeline 
or help locate a stuck pig. 

Spheres are round for ease in negotiating 
short radius 90-degree elbows, irregular 
turns, bends, and sweeps. 
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If a pipeline h25 not been pigged on a routine 
basis or has never been pigged, a ptg can get 
stuck. If a pig becmnes stuck, the first prim:ily 
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is to find and retrieve it, but you 1nust identh)r 
the cause. Usually one of two conditions exists 
when a pig is stuck: fluid bypassing around 
the pig (not pushing the pig) or a blockage of 
the flow, 

In water distribution systems that have loops 
and multiple tee connections a pig can find its 
way out of the work area and get lost. It is 
importlliJ.t to locate all valves and close off the 
lines that are not being pigged and knovr the 
direction of water flovv. 

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 can also 
be installed in the cleaning pig so that a 
second pig does not have to be launched to 
help locate it if it should get lost or stuck. 
SometiJ.nes a pig gets stuck because of a 
broken 01- 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 atLd pres­
sure can be increased with a pumper· 
and tanker fire truck. 

2. Release pressure from the line and drain 
the line back toward the launcher. 
Releasin_g pressure allov,rs the pig to relax 
to its normal shape and may even cause 
the pig to back up in the line. After pres­
sure has dissipated completely for sev­
eral minutes, re-pressurize the line in an 
attempted to drive the pig through the 
restriction. This 1nay be repeated t-vm or 
three tirnes. 

3. For a bypass situation, run a soft svvab 
in behind the stuck pig to try and create 

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

4. Back the pig up by applyi_!_Lg pressure frmn 
the opposite end of the waterline using a 
pump or possibly a pumper fire truck. 

5. If a foan'l pig is used and gets stuck a 
Sllper-chlorinate raixture (3,000 to 5,000 
ppm) in a slug fonn can be used to dis­
solve the pig. The line 1nust be flushed 
and tested to be sure the chlorine resid­
ual is allowable lin1.its after the super 
chlorination. 

\Vater syste1ns are advised not to undertake 
line pigging on their ovm. Shop around and 
find a reputable company \Nith experience in 
line pigging \vith water lines. Start vvith an 
area of the water syste1n 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 Authmiiy 

Report To: Fraser Health Authority 

207- 2776 Bourquin Crescent 

Abbo~sford, BC, Canada 

V2S 6A4 

Attn: Jeniene Lutz 

Sampl_ed By: 

Company: 

Ana1y£e 

Trihalomethanes Screen- Wa~er 

Chloroform 

Bromodich[oromethane 

Dibromochloromethane 

Bromoform 

Total Trihalomethanes 

Triha!omethanes ~Surrogat-e Recovery 

Dibromof!uoromethane EPA Surrogate 

Toluene-dB 

Bromofluorobenzene 

EPA Surrogate 

EPA Surrogate 

Project: 

ID: 

Name: 

Village of Harrison Springs 

THM 

Location: 

LSD: 

P.O.: 

Acct code: 

Reference Number 822700-1 

Sample Date Aug 24, 2011 

Sample Time !\!A 

Sample Location 

Sample Description Vi\! age of Harrison 
Hot Springs 

Ma£rix Water 

Units Results 

mg/L O.o38 

mg/L <0.001 

mg/L <0.001 

mg/L <0.001 

mg/L O.o38 

% 105 

% 101 

% 92 

Approved by: 

Page i of2 

Lot ID: !J227Q[j 
Contro\1\lumber: 

Date Received: Aug 25, 2011 

Date Reported: Aug 30, 20i 1 

Report Number: 1465090 

Results Results 

fl!lathieu Simoneau 

_ --~ _ C??erat~ons Ma~r:ager _ 

Nominal Detection 
Umit 

0.001 

0.001 

0.001 

0.001 

0.001 

86-118 

85-115 

86-115 
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Introduction 
Membershlo of the Federal-Provincial-Territorial Committee on Drinking Water 
New, revised, reaffirmed and upcoming guidelines 

Table 1. New and revised guidelines 
Table 2. Guidance documents 
Table 3. Reaffirmed guidelines 
Table 4. Upcoming documents 

Guidelines for m icrobiologica l parameters 
Bacteriological guidelines 
Protozoa 
Viruses 
Turbidity 

Guidelines for chemical and ohvsical oarameters 
Table 5. Health-based and aesthetic guidelines for chemical/physical parameters 
Table 6. Parameters without numerical guidelines 
Table 7. Parameters that have been archived 

Guidelines for radiological oarameters 
Table 8. Health based guidelines for radiological parameters 

The Guidelines for Canadian Drinking Water Quality are published by Health Canada on behalf of 
the Federa l-Provincial-Territorial Committee on Drinking Water (CDW). This summary table is 
updated regu larly and published on Health Canada 's website 
(www .healthcanada.gc.ca/waterquality) . It supersedes al l previous versions, as well as the 
published booklet of t he Sixth Edition of the Guidelines for Canadian Drinking Water Quality. 

These guidelines are based on cu1-rent, published scientific research related to health effects, 
aesthetic effects, and operationa l considerations. Health-based guidelines are established on the 
basis of comprehensive revi ew of the known health effects associated with each contaminant, on 
exposUI·e levels and on the availabil ity of ·iTeatment and analytical technologies. Aesthetic effects 
(e.g., taste, odour) a1·e taken into account when i:l1ese play a role in detem1ining whether 
consumers will considel" the water dri nkable. Operational conside1·ations are factored in when the 
presence of a subs·i:.ance may interfere with or impair a treatment pmcess or technology (e.g. , 
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turbidity intel-fering with chlorination or UV disinfection) or adversely affect drinking water 
infrastructure (e.g., corrosion of pipes). 

The Federal-Provincial-Territorial Committee on Drinking Water establishes the Guidelines for 
Canadian Drinking Water Quality specifically for contaminants that meet all of the following 
criteria : 

1. exposure to the contaminant could lead to adverse health effects; 
2 . the contaminant is frequently detected 01- could be expected to be found in a large number 

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

possible health significance . 

If a contaminant of interest does not meet all these criteria, the Fedei-ai-Provinciai-Territorial 
Committee on Drinking Water may choose not to estab lish a numerical guideline or develop a 
Guideline Technica l Document. In that case, a Guidance Document may be developed . 

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

· water authorities, and help provide guidance ~-elating to contaminants, drinking water management 
issues or emergency situations. Consultation documents, Guideline Technical Documents and 
Guidance documents are available from the Health Canada website 
(www .healthcanada .gc.cajwaterquality). 

In general, the highest priority guidelines are those dealing with microbiological contaminants, 
such as bacteria, protozoa and vi1·uses. Any measure taken to reduce concentrations of chemical 
contaminants sho.uld not compromise the eff~ctiveness of disinfection. 

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

IM!emihlell"~irno!P> off \i:G~~ !Fero1etrC5l~-I?'Ir(O)~oriild~n-ITenTn·itou'oedlH IC@m~il'lloit6:ee «lliil ©li"fili'il~dll'D\9J 
\Jlf~teer 

.».¥ro~~J«:~Jt?ll1l~~ -~~r;r~e~_~&'ilttaJ1h~~s . 

Alberta 
British Columbia 
Manitoba 

New Brunswick. 

Newfoundland and Labrador 

Northwest Territories 

Nova Scotia 

Nunavut Territory 

Ontario 
Prince Edward Island 

Quebec 

Saskatchewan 
Yukon Territory 

Canada 

Department of Environment 
Ministry of Health Services 
Department of Water 
Conservation 
Department of Health and 
Well ness 
Department of Environment 
and Conservation 
Stanton Territorial Healtl1 
Authority 
Department of Environment 
and Labour 
Department of Health and 
Social Services 
1'1inistry of the Environment 
Department of Environment, 
Energy and Forestry 
1\~inistere du Developpement 
durable, de I'Environnement et 
des Pares 

Dr. Donald Reid 
Mr. Barry Soettgei­
Ms. Kim Philip 

Ms. Karen White 

Mr. Haseen l<han 

l\1r. Duane Fleming 

Ms. Judy MacDonald 

l\1 r. Peter· Workman 

Dr. Satish Deshpande 
l\1r. George Somers 

Ms. Caroline Robert 

Department of the Environment fVir. Sam Ferris 
Department of Health and [vis. Patricia Brooks 
Socia l Services 
Department of Health Dr. John Cooper 
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Federal-Prov incial-Territorial Committee on Health and the 
Environment (CHE) 
Environment Canada/Canadian Council of ~.!Jinisters of the 
Environment 

IVJr. Peter Workman 

Dr. Doug Spry 

Health Canada (Water, Air and Climate Change Bureau, Safe Ms. Anne Vezina 
Environments Directorate, Healthy Environments and 
Consumer Safety Branch) 
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Guidelines for severa l chemical, physica l and microbiological paramete1·s 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. 

T~bie 1. r-<Jew cZJnd revised guidelines 

·::_--_ -_ =---~~~---~~ .; ... :.~~--~~~-:.~~~~-~---~~=]~=~ ~-:~. ? ~-~-{~~~·:L~:-~ ==.I ··:·~~~0=:~~~7?~~ ~}' ~:' ~-~--~-!-;:~~ ;·~;-~~~-~~_::· __ : ~! 
i 

~ - .. ~:'_ " ·: _ _ ·.:·!:.~--~ ;;;_ #:·.::.": ···::::·;.. ~ ... -:=t j 

. s~ct;-i~-i~9k~-~---- -- --- ·-· _I ----- -----------------!o-~-;l if~~~~/ioo~L.T---------------: 
r E. coli --- -------! ----·o-p;~~ia·a··;;L·-·· - i ------· ---· ------ -----,- --··· 2oo6 .. .. -·--i 
t ' ----- - -·-·-·-----..._·---·-·------}-·--- - -·· ·• ·--·-··-···-• -· ·•-··---· - ·--•·• • ;- -~ -- --·-----~- -·- I 

! Total coliforms 1 0 per 100 ml ; ! 2006 : 
~---· --~-------·---·-·-·----·:----·---~ -···--... ·-----·--·---· -.--. "0 · ~·-- ·---·----····· ·------·-··~--~·-·-·------·--' 

i Heterotrophic plate count j No numerical guideline 1 ! 
2006 

' 
l required ! 

1 

-Eme~gi~g-p;th-~9~~~ ·-- --- --- - -- · ·rN·~--nu-~~~~~~~~~~d~i~~~r---- -·-- ................ ---- .. ·- -.. -· ·-·;~-~~---··-· · ---

~ p-,~~to~;a·--------------------1 No-~~~~~~~~~-9~id-~i'i-~~T- ---- --~~-n~----- -- ----.- · -----~~~4 ·-·----i j required : 
!"Ent~=ic virC~~~-----· ------~-N·~-nu~eri~IQ~idelin~·r· ·- -~;;~~-- --·-----!--·- ---200:;:---, 

1 I _ required ! ; ,---·---------· ........ -------··------·-··-·--· -------- ---- ·---- ·.--· -------·--- ----- --.-· ------ .. --· ------- --·-- ----------·-·, • -- ..... ......... -- .... . 

!Turbidity , 0.3/1.0/0.1 1\lTUa : 1.0 NTU ! 2004 
[~~~~--~~ =c.;-_:-~~~~---:~~~-: ::~:-;;-;~:~--=~~~-~~~~t-·.·=~-----·----- · - ----· .. • ..... --.. -·- -- -----·--·--------·--·-· ----·-·--·-· .. --- -----1 

i AI um in um ·-----· -·-------...,----··+ ... __ ____ p~ ~f_O~?~- ~~r~~~~---~-- -~-~~~:·=~-=~-l~::-=j ~§9:_~-~~= 
:~~~_imony __ ... _______ ___________ !__ __ -- ·---~:_g_~~- _____ ___ _!__ __ ___ . ~?_n_~---- _ .... 1_ .. __ - -~?.?? ___ --- -: 
j 3 Refe1· to section on Guidelines fo1· microbiological pa1·ameters. , 
! I 
;bsased on conventional treatment/slow sand or diatomaceous ea1tll filtration/membrane flltration . 
I 
;cThis is an operationa l guidance value, designed to apply only to drinldng water i:reatment plants using aluminum-based 
·coagulants. The operational guidance va lues of 0.1 mg/L applies to conventional treatment plants, and 0.2 mg/L applies 
to other types of treatment systems. 

I . 

,dThe separate guideline for BDC£11 was rescinded based on new science. See addendum to the T!-11\1 document. In certain 
' situations, tl1e Federal-Provincial-Territoria l 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. 
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• :~.- -.-:-, :- -,-;--- ---- - •••• "j -- ""f" .... ·- ------ . --- - --
:.,. .. ··.;,. :.... ... . ... .: . .. . .. 

: '!: •• .. . - . . L __ ·-·- --- ---~- -·-· =_ ... : __ ~ __ r. :~_:__ __j _________ ___ :_. ___ ::_ . -- -- ... -..... - .... · - -- .. " .. _. -----~ .. ~~~· 

;~?n:~~~-e- ------ ---------- -j-- --- · · -- ~~~-~i- -----· ·· }.-~~~- -------!--- ~-0-o-~~ - ---\ 
.-· - -.-- -· ····-- -· --- --· - -- ----·-·- --- _: _ __ , ________ --- - -.. -- --- ~ -- - -·· -- . - ... -- - . ~ 

; Bromate i 0.01 No_ne_ _ ______ 1 _ _ ... ~-?.9~- ____ j 
;cl~l;~~:t;- ·· -·- --- ·· ·t- · ·- ---i~o- --·- None 2oos 
.---------- ---· --- ~-------- -·---------------- -{ -- ·---- --·-------- -------- -: -- --- ----- - .... -- --------
!Chlorine !I No llUITterical guideline : 
l , required . 

None 2009 

kh.i~~!!~~---:=--~~~: -~----------=-::.~:_ :--_·_:.·~1-~~~~~~ -- -~-o-~-~~---~:~~}"- -~o1:_~ -- ------ ---- -2oo8·-: ~~! 
!cyanobacterial toxins--microcystin- ! 0 0015 . None 2002 ! 
iLR l . - : 1 

l-~i-~_?~!.~~ ~~~--:~~-~----=.: =--~==~~~=-=r.=--- =~-=-~~_:-~-~-~--~~~:~;_. -~-~-----------'. ---- ·--~-~~~ -- -~~ 
!Formaldehyde l No numerical guidel ine ' None 1998 : ! required . . 
\------- --- ····---~----- ~-- ---·-··· ·-- - --- ·-·-;--·. ·- .. --- --------..--·---·----~; - . ---- -·----- -' -·- ,. ___ _ .. ,,.. _____ j 
!Haloacetic Acids--Toi:a l (HAAs) ! 0.080 ; None ! 2008 : 
1 2~Methyl~-4-chl o~;-ph;~-;x\~-~~:tic a~ici (-- --- ---------~~~--·-------------- r· ·-----------~~~-~-------- -: ---;~~;-- .... l 
~ ( ~~CPA) : . I 

;·f\~-~thvl ·t:~;i:iar;~t:;~"tvl~~th~-r Cf\1Ts-E) ____ T ------o.o15- --------~------ · - ~i~n~----------r · --- '"2oo6 ________ ! 
1------------ -- ----,-------- ------------------- . - ---- -------------------- ... -----------. 
jTrichloroethylene (TCE) l 0.005 ! 0.05 : 2005 l 
! -i-rih~~~et"h~-n-~s- =--r~-t'~-(l-"H~1s)f! ·-----r- -- ------ ·o.·10o ____________ i _____ - o-.-1ao ----·-r-- --2oo_6_ ---- - ~ 

i~~~~j~-~:~~~~---~-~:~~~--~~~~~=~~:.~L=-~:_ ·_: .:~!L9·2=-~-=:=--:-~r- :·_-_-: -_~Q~i~~-~~--=- --r·~~~3a-6o--~.-~~-; 
~ -.- ,.. ,. J • • r • oo;•• ;r • - • • • .,.. -. ~· . , • 

~.:.'....:-·.~·--~-~ -..: .. ' ... .:..: .. = __ __ ; _____ :_::::.::· ____________ T _______________________ __ _ , _______________________ ------- i--- ·-----------------: 

!cesium-137 e37Cs) ! 10 Bq/L i 10 Bq/L ! 2009 1 r---------------------------- -- --------- -----------r--- ------------- --·----·- :"" - .. ----------- --------- -:----------------·j 
·Iodine-131 e31I) f 6 Bq/L i 6 Bq/L ; 2009 1 !·----------- ----------- .. ---------- ------ ----------- ------- -----------------------------------, ...... -............. ------ .. ----·· -- ..... --- ----- -- ... . ' 
j l ead-210 e10Pb) ! o·.2 Bq/L j 0.1 Bq/L : 2009 l 
,------ --- ---------·---1 ------- -----------.-- - ... ---- -- ------ --------- --·; 
' Radium-226 (226Ra) i 0.5 Bq/L j 0.6 Bq/L ·: · 2009 1 (. - · ---------------------- ------------ - ------------,-------------·--·---------, .......... ----------------------- ---- -- ---- .. .,._, ___ i 
;strontium-90 (90Sr) i 5 Bq/L l 5 Bq/L 2009 1 

: -frit i u-~ -C3 H)------ --------------!-------- -7ooos;;!L ____ __ i _________ 7o6o--s·q-;l'-----: ---- 2oo9 _ ___ _ : 
I . . ---···---- ------·--·-- - ·-·-·· - _ _ _ ,,.,_,...,., _ _ ,. ____ , - - - · - .. ··- - ·-·-----·- -·--·-- -· ....... · - - - ·--· .. -·- -----·-·---· .... _ ______ , --·! 
!aRefer to section on Guidelines for microbiological parameters. 

!bsased on conventional treatment/slow sand or diatomaceous earth filtration/membrane filtrat ion . 

cThls is an operationa l guidance va lue, designed to apply only to drinking water treatment plants using aluminum-based 
i coagulants. The operational guidance values of 0.1 mg/L applies to conventional treatment plants, and 0.2 mg/L applies 
i to other types of treatment systems. 

1 ~he separate guideline for BDCI\1 was rescinded based on new science. See addendum to t he THI\1 document. In certain 
!situations, the Federa l- Provincial-Territorial Committee on Drinking Water may choose to develop guidance documents: 
:ror contaminants that do not meet the criteria for guideline development, and for specific issues for whid1 operational or 
management guidance is warranted . 

till 
Top of Page 

I n certa in situat ions, the Federal-Provinci al-Territoria l 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 . 
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Boil wate1- advisories 

Chloral hydrate 

Con·osion Control 

Drinking water avoidance advisories 

Potassium from water softeners 

2009 

2008 

2009 

2009 

2008 

The Federal-Provincial-Territorial Committee on Drinking Vlfater has established a science-based 
process to systematically 1·eview older guidelines to assess the need to update them, · -~::~:~ 
provides the list of parameters whose guidelines 1·emain 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 parameters and recommend any revision(s) to the guidelines that is 
deemed necessary. 

Asbestos 
Azinphos-methyl 
Bendiocarb 
Benzo(a)pyrene 
Bromoxynil 
Cadmium 
Calcium 
Carbaryl 
Carbofuran 
Chloride 
Colour 

Cyanazine 
Diazinon 
Dicamba 
2,4-Dichlorophenol 
Diclofop-methyl 
Dimethoate 
Diquat 
Diuron 
Ethylbenzene 
Gasoline 
Glyphosate 

Iron 
Magnesium 
Malathion 
Methoxychlor 
l\1etribuzin 
Odour 
Paraquat 
Pentaclllorophenol 
Ph orate 
Picloram 
SilVel· 

Taste 
Temperature 
Terbufos 
213/416-
Tetrach lorophenol 
Toluene 
2A,6-Trich!orophenol 
Trifluralin 
Xylenes 
Zinc 

--''"'~- ... · __ , outlines documents which are being or have been developed and are awaiting approval 
through the Federal-Provinciai-Territol·ial process. 

llaMe i&. IU!!JO<e<Domi"g <fi<C<CC!lme"'its (not yet finalized/approved) 
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Protozoa 

~' . ,. 

GTD 

GTD 

GTD 

In_jJre[:Ji)r:_a_tion_" __ _ _ 

I[1p_ref'2l~a_ti_[J_n~ ______ _ 

. ____ 'jn preparation'' 

......... ___ G_-1_ 0 ___ ............... ---·- __ In [Jr_eparation'' 

GTD ________ . ·------· _ ..... · .. I_n p1·epa_ra~i_o_n' 

GTD , In_pr._epa_ra_~i(Jil_~ 

GTD Inpreparation' 

GTD 

guidance 

GTD 

GTD 

GTD 

: ~n_p_~-~2.9_~~-~Jgr:.- ---- ----··-·. 
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"Final guideline technical document or guidance document in preparation for final approva!jposting. 

bGuide!ine technical document or guidance document being prepared fo1· public consultation. 
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ibGuideline technical document or guidance document being prepared for public consultation. i 
I __ ... --·- ____ -------- ---------------··----- ___ _ ---- ---- · ---- . ------------ --·------- . ·----_I 

Currently available detection methods do not allow for the routine analysis of all microorganisms 
that could be present in inadequately treated drinking water. Instead, microbiological quality is 
determined by testing drinking water for Escherichia coli, a bacte1·ium that is always present in the 
intestines o'f humans and other animals and whose presence in drinking watH would indicate 
faeca l contamination of the water. 

!Escherricr:hiCSJ coli 

Tile maximum acceptable concentration (MAC) of Escherichia coli in publi c, semi-public, and 
private drinking water systems is none detectable per 100 rnl. 

Testing fat· E. coli should be carried out in all drinking water systems. The number, frequency, and 
location of samples for E. coli testing w ill vary according to the type and size of the system and 
jur isdictiona I t·equirements. 

Tile MAC of tota l 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 per iod, no sample should contain total coliform bacteria. In distribution systems where 
greater t han 10 samples are collected in a given sampling period, no consecutive samples from t he 
same site or not more than 10% of samples should show the presence of total co liform bacteria. 

Testing fo r total coliforms should be carried out in all drinking water systems. The number, 
frequency, and location of samples f01· total coliform testing wi ll vary according to the type and 
size of the system and jurisdictiona l requi1·ements. 

~~~~~-~~~~.~~~-~~ - P..H.~~~ . ~~-~!!)~-~ ...... ..... .. .......... .... -·· .. -.. -. -· ....... ........... -............ -· ... ...... .. ..... .... ........ ... . 

No !"lAC is specified fat· heterotmpilic plate count (HPC) bacteria in water supplied by public, 
sem ipubl ic, 01- private drinking water systems. Instead, increases in HPC concentrations above 
base line levels are considered undesirable. 

~flu1e:lG"£JOI1il~ lfl'Cl"li:~UlQll'elfil3 . ....... -· -- . ... ..... ... .... .. ........ - .. " 
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No M!l,C fol- current or emerging bacterial waterborne pathogens has been established. Cu1-rent 
bacterial waterborne pathogens include those that have been previously linked to gastrointestinal 
illness in human populations. Emerging bacterial waterborne pathogens Include, but are not limited 
to, Legionel!a, Mycobacterium iwium complex, Aeromonas hydrophila, and Helicobacter pylori. 

~u"O'ielt::~21 
.- ~ ~ ·.-

Although Giardia and Cryptosporidium can be responsible for severe and, in some cases, fa·tal 
gastrointestinal illness, it is not possible to establish ~1ACs for these protozoa in drinking water at 
this time. Routine methods available for the detection of cysts and oocysts suffer from low 
recovery 1-ates and do not provide any information on their viability or human infectivity. 
Nevertheless, until better monitoring data and information on the v iability and infectivity of cysts 
and oocysts present in di-inking water are available, m easures should be implemented to reduce 
the risk of illness as much as possible. If the presence of viable, human-infectious cysts or oocysts 
is known or suspected in source waters, or if Giardia or Cryptosporidium has been responsible for 
past waterborne outbreaks in a community, a treatment and distribution regime and a watershed 
or wel lhead protection plan (where feasible) or other measures known to reduce the r isk 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 greater log 
reduction and/or inactivation. 

Although enteric v iruses can be responsible for severe and, in some cases, fata l illnesses, it is not 
possible to establish MACs fo r enteric v iruses in drinking water at t his time. Treatment 
technolog ies and watel-shed or wellhead protection measures known to reduce the risk of 
waterborne outbreaks should be implemented and maintained if soUI-ce watel- is subject to faecal 
contamination or if enteric virt,~ses have been responsible for past waterborne outbreaks. Where 
treatment is required, treatment technologies should achieve at least a 4-log reduction and/or 
inactivation of viruses. 

Waterworks systems t hat use a surface water source or a groundwater source undel- the direct 
influence of surface wat er shou ld f ilter the source water to meet the following health-based 
turbidity limits, as defined fo1- specific treatment technologies . Where possible, filtration systems 
should be designed and operated to reduce turbidity levels as low as possible, witll a treated water 
turbidity target of less than 0 .1 NTU at all t imes. Where this is not achievable, the treated water 
turbidity levels fmm individual filters: 

1. For chemically assisted filtration, shall be less than or equal to 0.3 I\ITU in at least 95% 
of the measurements made, or at least 95% of the time each ca lendar month, and sha ll not 
exceed 1.0 NTU at any time. 

2 . For slow sand m- diaton1aceous eat·th fii·(r<:ltion, shall be less than or equal to :LOJ NTU 
in at least 95% of the measurements made, or at least 95% of the time each calendar 
month, and shall not exceed 3.0 NTU at any time. 

3. For me:rnbr;:m~ mtration, shall be less than or equal to 0.1 N!f!..!i in at least 99% of the 
measurements made, or at least 99% of the time each calendar month, and shal l not exceed 
0.3 NTU at any time. If membrane filtration is t he sole treatment technology employed, 
some form of virus inactivation.:_ should follow the filtration process. 
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