VILLAGE OF HARRISON HOT SPRINGS
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HARRISON HOT SPRINGS NOTICE OF MEETING
- - AND MEETING AGENDA
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“ COMMITTEE OF THE WHOLE I

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

1. CALL TO ORDER
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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REPORT TO COUNCIL
TO: Mayor and Council DATE: September 12, 2011
FROM: lan Gardner, Operations Manager FILE: 5340-03-01

SUBJECT: Water System Supply and Treatment

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

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

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

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

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

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

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

Lake Water Supply {(Surface) and Treatment
Positives (pros) _Negatives (cons)

o Abundant supply of source water
to meet demand

o Wil have excellent water quality
after Treatment

o  High contamination risk of water
source from ouiside influences

o Treatment needed for removal of
viruses, Giardia, Cryptosporidium and

Turbidity.

o  Higher Operation and Maintenance
costs

o Interruption of water supply during
construction

o Higher project cost

Giround Water Supply (Deep Well) and Treatment

Positives (pros) Negatives (cons)
o Abundant supply of source water e Treatment needed for removal of
to meet demand Manganese and Sulfide
o Wil have excellent water quality
after treatment

o Very low contamination risk of
water source from outside
influences

o Lower Operation and
Maintenance costs

o No interruption of water supply
during construction

o  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 repori indicates that, the quality and guantity of water in the
aquifer is acceptable as a source for water supply and will meet the requirements
needed. I a second well is needed in the future to supplement the primary well for
community growth needs, there is capacity in the aquifer to accommedate the
reguirement.

On Monday August 22, 2011 the Fraser Health Authority informed us, via
email, they are taking extra Water Distribution samples to test for THMs. THM
(Trihalomethane) is a byproduct produced from the combinatiocn 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 Laboratory 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
1o 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
Viltage has thoroughly cleaned the entire Water Distribution system due to the
ongoing Turbidity issues and the fact the clder distribution lines have never been
cleaned properly by ‘pigging’ the lines. This would entail cleaning from the Reservair
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 Hydranis, 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 ireatment 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 Consuliants 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
Trezimsant options, taking into consideration all the information provided.



Lake Water supply and Treatment

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

Ground Water supply and Treatment

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

Total $1,207,000

POLICY CONSIDERATIONS: (if any)

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

Respectfully submitted for your
consideration;

LS

|amm Gardner
Operations Manager

DIRECTOR OF FINANCE COMMENTE:
Either option will involve a significant portion of the costs to be funded by borrowing.



CHIEF ADMINISTRATIVE OFFICER COMMENTS:
| concur with the recommendation.
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The Ministiy of Health has directed the Village of Harrison Hot Springs (o provide trealment to the
Viﬂage water systern. This directive was issued in a letter dated Nov. 6th, 2009, from Ms. Jeniene Luiz,
CF.H1 stating;

As a follow up to the Village of Harrison Hot Springs Counsil resclution of April 19, 2007
regarding the freatment of the Village’s water supply, the following terms and conditions were
added fo ihe operating permit:

On or before December 31, 2010, the finished water supplied by the Villags of Hamrisen Hot
Springs water system must have undergone treaiment that achisves the following:

c  Atleasta 4-log {89.8 9%) reduciion and/or inactivation of viruses

o Alleasia 3-log {82.9 %) reduction andfer inactivation of Giardia cysis and nocysis

o Al leasta 3-log (99.8 %) reduction and/or inactivation of Cryptosporidium eysis and
oocysis

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

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

The removal and/or inactivation of Giardia cysts and Cryprosporidium cocysts from raw water are
complicated by their small size and resistance to commonly used oxidants such as chlorine,

Cryptosporidium oocysts are harder to eliminate but are fortunately much less common in Canadian
surface waters.

It is possible to reduce the viability of Giardia cysts by 98.9% using chlorination 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 formation in the ease of chlorine
dioxide). Ozomne is a better choice but is unveliable when turbidity is high (as can be the case for the
Village's Lake supply) or variable because cysts aie protected in flocenlated particles.

Inactivation of Cryptosporidium oocysts by chlorination alone is impractical but ozonaiion can be
effective when used propeily.

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 further invesiigation, it was determined that the TSS (total suspend 11ds) of the Lake
upply runs Srom 3 - 5 mg/l (during 01;:131 periods) to 15 mg/l {0a igher) du _____ i: Oi‘pGL?OdS when

the Lake tums over. The filtration of water with 2 TSS of 4 - 5 mg/l and above, ig complicated by the

need to backwash and/or replace filters too oftien. The h_igL“z ?f\feis of TS result in 1 arge INCrease in

the operations and maintenance costs which negates the cost advantages for this salu‘zo;-.
iy =
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his is the most praciical method to
aier 1o meet the requirements of

The next choice 15 filiration with the atd of coagulation/flocculation.
achieve high r em_ovawmacuvauo 1 vates of cysts and oocysis in turbid w
the Ministry of Health and the Canadian Drinking Water Guideline
Reverse osniosis (RO) plants are the high end sclution. Not only do they remove eysts and oocysts, they
also remove a wide variety of impurities and bacteria. However, the cost for this solution is too
exorbitant for a small community.

< -

The Village therefore continued on with the investigation of the mid priced {reatiment systems.

Project Details

Civic Consultants provided the Village with a study to determine their present and futuve water
requirements. The present maximum daily water demand (MDT)) 1s 30 1/sec at 565 kPa and is borne out
by the Village records. This is without any effort at water conservation. With 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 product is cartiidge filtration plants. Once they were iInformed of the level of 1TSS in the Lake,
they decided net to submit a quote. The problem with TSS was discussed previously in this Briefl

'The proposals received were as follows;

1. A-C (Absorbent Clarifier) Water Treatment Plant by Cortx Water Systems.
The AC water treatment planfs use a combination of hydraulic “tortuous path”
flocculation/clarification filiration and rapid rate filiration to produce a supesior quality of potable

water. They are suitable for stable, well or surface waters where turbidity levels seldom exceed 50
NTU. '

‘The final water quality is
o lesgthan 0.7 NTU final turbidity.
o 2.5 log, mulii-barrier protection against Glardia and ClprOSpOfld1U1]J

Enclosed are concepiual design drawings for the AC System. For more information go to
wwiw keywin.mb.ca/fTiles/CWS ACH20Water%20Treatment%20Plant. pdf

2. Trident Model TR-210 A by Stemens Water Technologies

i

Culligan Hi-Flo 50 Series Industrial Water Filter Bystem

RS

7-Box 5-18 Ultradiliration Water Treatment System by GE
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A-CWater Treatmeant Plant by Corix Water Systems S518,000

1 ,
Miscellaneous 16% £51,800
Engineering 10% 556,580
HST 12% 575,214

Z  Trident Model TR-210 A by Slemens Water Technolcgies §1,089,717

Miscellanecus 10% $108,972
Engineering 10% $119,869
HST 129 $158,227
51,476,784

3 Culligan Hi-Flo 50 Series Industrial Water Filier System $656,880
Miscellaneous 10% 565,688
Fngineering 10% | 572,257
HST 12% ' $95,379
£890,204

A4 7-Box 5-18 Uliratiliration Water Treatment System by GE 51,002,063

Miscellancous 10% 5109,206

Engineering 10% $120,127

HST 12% 5158,568
: 51,479,964

Based on the above, the cost to provide treatment of the Lake suppliéd water should be $700,060.
which includes HST.

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

The new estimate 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 ai the site and no additional power pole is required to connect power to
building -

d) cuf into raw water forcemain to new reservolr and eonnect raw water line from lake pumps to raw
water intake

e} conntect plant treated water line and back wash line to the forcemain section going to the new reservoir

The above works assumes that nio rock blasting or temoval is requived and the existing forceman and
overflow pipe are within 501t of the loeation of the plant



As well as the vequirements for ireatment by the Minisiry of Health, the Village water supply intake is
also a concern. The intake is located a gp roximately 1 ki off shore in about 3.5 meters of water at low
coi tasi

1
levels. it poses a risk for purposaiud o idental contamination. However, to date, nio problems have
cecurred,

The two solutions to reduce or eliminate the risk are;
- io wmove the inlet further out into deeper water (imore than srs) which will reduce the
risk, or
- chaunge the supply of water from the Lake to a protected groundwvater source which will
eliminate the risk.

1. Civic Consultants provided the Village with a report entitled “Barrison Hot Springs Water Study Nov
20077, This Report locked at relocating the inlet out to deeper water o 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 same capacity. As well, the water would still require treatiment fo achieve
the Ministry of Health reguirements.

To reduce the risk of Lake Water contaminaiion and fo meet the Minisiry of Health requirements the
estimated cost would be approximately 1,715,000 (velocated inlet plus treatment).

2. Providing a ground water supply and incorporating a ground water proteciion plan, the risk of
purposeiul or accidenial contamination is virtually ehiminated.

The new requiremenis fiom the Ministry of Healih apply to surface water or groundwater under the direct
nfluence of surface water (GUDI). If the source of supply was changed from Harrison Lake to a ground
water supply that was not under the divect influence of surface water, these new reguivements wonld not
apply. GUDI wells are generally Tess than 18 meters deep.

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

Well Drilling 515,000
Hydrology Report 57,000
Capacity Testing S5,000
Chemical Testing S500
Well Construction 560,000
Pipe Worlk 550,600
Well Protection Plan $25,000

5162,500
Contingencies 20% ' S52,500
HST 12% 523,400

5218400

This solution would ebvicusly be the kaa st expensive solution if an adequate supply of ground water
mesting the Guidelines for Canadian Drinking Water Quality could be found. The Village explored this
option by drilling 2 200 mm test well. Sufficient waier was found but unfortunately, the water did not
meet the Canadian Guidelines. The water is high in manganese and hydrogen sulphide (H,S).



The Village conducied a demonstration freatinent project to determins if there was an adequate solution,
for the parameters not meeting the Guidelines. A green sand” filtration pia t was provided by Corix and
a three day testing program underiaken, The manganese and the Hyl were successfully removed to
acceptable limnits.

The Viilage obtained concepiuval estimates for a “green sand” treatment plant with the loliowing resulis.

1 Corix PF-485-3WT7P $675,415
Miscellanecus 20% $125,883
Enginearing 10% $75,530
HST 12% ‘ 559,689

$030,527

2 Aeralater Type It Plant by Siemens 5878,577
hiscellaneous 10% $87,858
Engineering 10% 596,643
HST 12% : 127,569

$1,190,648

3 Hi-Flo 50 Culisorb Filter System by Culligan $993,589
Miscellaneous 10% $199,713
Engineering 10% 5119,831
HST 12% $158,176

$1,476,314

In total, the cost 1o convert the Lake Supply to a Ground Water Supply would be approximately
$1,148,927. This would meef the Ministry of Health vequirements and eliminate the risk of
contamination.

J—1

have enclosed a copy of the estimate for the PF - 485-3. As with the AC Plant, there are exceptions with
the gquotation. Thave made allowance for these by adding a 20% miscellaneous amount.

Ancther major factor that will affect the decision is the cost of operations and maintenance. As can be
seen from the initial coneept of applying a straight forward filtering system, the costs for labour and
filters would be excessive. BI Purewater's primary treatment plants are cartridge filier plants. Due to the
high levels of turbidity, they decided not to provide a guote for their plants.

The effect of the turbidity problein is demonstrated in the existing water lines. When the public works
crews flush the lines, the mains run extremely dirty until most of the settled solids are flushed out. The
muck in the hnes also causes problems with the chlorine residual valies and can lead 1o failing test resulis
in the waler system



Alum is the coaguiant that is generally added to the raw water to precipitate dissolved
contarninanis and ercourage suspended particles to group together in the form of “iloces™. As the water
passes upward through the uptlow clarifier filter, these grow and ave rernoved by the coarse media. The
clarified water then passes on to the downilow rapid gravity filter for final polishing. Sclids that
accurmulate within both the upflow and downflow filiers are pericdically removed by antomatically
controlled air/water backwashing,

The more turbid the water i, the more frequent the backwashing program will be. Manual operation of
ihe backwashing process may be required due to fluctuating levels of THS. Manual operations require
labour which can be expensive. As well, baclowashing alse requires energy demand and is a negative for
water 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 TS and
therefore requires much less backwashing than the AC plants does. The baclkwashing can generally be
done on an aunfomatic schedule to reduce operational labour costs.

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

To this point, we have not done a detailed analysis of the labour costs for each process.



There are other works that will be required for water Supﬂiy that will be necessary either tor a Lake
Supply or a Ground Water Supply. The exisiing water lﬂams have an excess of sands/silts buili up over
the years due to the use of the turbid Lake Supply. These mains need to be cleaned. Treating the water at
ihe source will not protect the users from the sands or silts alie d"\/ in the system. '

To clean out the lines propeily requives a process known as "pigging” the lines. A series of small
polyethylene foam cleaning devices are put into the pipe line through a fire hydrant barrel. They are also
retrieved from another five hydrant bauel down the line. A short video of this process can be seen at
wiww. vautube.comfwatch?v=alii-Ts87 Tw .

We have contacted ABC Pipe Cleaning for a rough budget estimate. Their response was that it would be
intherange of § /. The Village has m of mains for an estimate of 8§80, 000 (temporary
guesstimate) for this work. A contingency amcunt of 35% should be added for a total estimate of
$121,000 (which includes HST) . The total should be added to either the Lake Supply Graut application
ot the Groundwater Supply Grant application.

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

i [he lines are cleaned, the Ministry of Health has stated that they would consider not requiring
chlorination of the groundwater supply. The Lake Waier Supply would need chlouuaﬁoa m either case.

As well, the Ministry of Health would lile to see proper sampling ports on the water system. Currently
samples are being taken from individuzl home taps and or five hydrants. This methodology is not
acceptable.

The proposed sampling ports would be similar to those used in the District of Kent. For budgetary
purposes, T 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.

Camisites from Sorlr on the campsiizon hetwsen 2n AC pland and Carividas flier plante

To mect GCDWGQ guidelings a 1 micron carbridge jilter must be instelled. We know of cne plant up north in which
the ownors specified and ordered a cartridge Tilter plant. The data they presented indicated the turhidity was <2
NTU. However there were incidences this spring in which the turbidity went much higher. The fown was changing
fiitars every day at greal expense. |1 is our experience that anything over 2 NTU for a 1 micron filter will greatly
increase cartiidge filier replacement,

Thie AC plant on the cther hand will handle twrbidity up to 25 with normal cperation. Higher turbidilies are possible
howeaver backwashing will increase cons u: ab e 25 will operaior atiention. This gives the Village a significant
safely fa MTU, one essentially pavs o n!'ffu-r exira chc m‘cal 5 as the turbiaity

cior from turbidity increases. Under 25
incress 35 iusdm'uuhomer!mha.f nuch the

chemical use will increass with higher wridity, bl iv's probabiy in
the nelghborhood of 20%.
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Tun, the Ministry of Healih Regional Engineer staied a
orovided a cariridge filtraiion system for their treatment. 1t
disconneet it.

Civic is aware of a cariridge plant that was supplied for 2 small water system on Shuswap Lake. The
filters had to be changed two or three times a day. The Owners bad to purchase a different type of plant
to cope with the turbidity.

The estimate for the groundwater supply included an estimate for the construction of a well and the
installation of 2 well pump. We have since obiained a more detailed estimate from Corix. Their estimate
is as follows;

The scepe for the well pump equipment includes:
Well pump and cabtles, ciw leak detection and overload protection
low water level detector ‘
Well pipe
piiless adaptor
Pump controls end starter added to WTP PLC
Local well disconnect (equipment will be in the WTP building)
80m power and instrumentation cable (WTP to well)

oo 0o 0o O0

Grundfos Pump information

Pump o handie 486 usgpm water af {149.8 psig) 346 it TDH at the worst case scenaric {L.e. filter is plugged);
oump will deliver 550 usgpm water at (125 psig) 288 & TDH when filter is completaly clean

The system will reguire a modulating valve at discharge to keep {low rate consiant at 400 usgpm. (More is
available if needsd in the future)

[

- One only Greadfos @model 475330045 all stainless steel submersible well pump end, 8" dia. pump
with 6" FNPT connection; ship wi. 107 Ibs

Che only Grundfos 6" diz, 69 L, 30488 motar for above pump, 3450mm, 575v, 3ph, 80hz, 13000 ths maxi.
thrust capable, std. 312" long motor lead; ship wt, 380 lhs

iote 1; TWUB-4 punp cable good for 550 {t continuous run on 80hp, 5 olt application,
Mema 4 starter required, A/B 245 heater for overload relays or equl, DV-:;{IO:::([
relay amp sets at 67.0 to maxi. of 72.8 (60hp, 575v molor rated at 64.4 amps)

Mote 2. Pumps specs (o be fine tuned upen detail design

tallation scope:

nstall force main from well to WTP 50m

nsiall well pump, cable and sensors
E siall 50m of u/g cable and local disgonnect
inztall well head protection 1m deep, & meter radius, piastic sheet, bantonite ses]
otal

ins
0
0
0
0
T cost of well purip, cables, insiallation, well head protection, etc. is $45,000



The cost tor a2 well would be;

Well drifling $12,000 complete
Hydrology Report $ 2,000 underway
Capacity iesting $ 5,000 complete
Chemical Testing $ 500 complete
3 phase power to well head $20,000
Well Construction $45.000
$85,500
Contingencies 20% $30,200
HST 12% $13.884
$129,584
Previous estimate was $218,400

In Summary the Lake Supply Trealinent System should cost approxitmately;

Treatment Plant {inchiding contingencies and HST) $702,000
Cleaning the lines (including contingencles and HST) $12%,000
Sampling Poris (including contingencies and HST) 5 15,000

Toial $838,000

The Groundwatar Supply and Treatment System should cost appraximately

Treatment Piant (including contingencies and HST) $931,000
Weill and pumping system (including centingencies and HST) $130,000
Cleaning the lines (including contingencies and HST) $121,000
Sampling Poris (including contingencies and H5T) & 15,000

Toial $1,197,000

Operating Costs
1. Cartridge Filtration System was not estimated due to the vnknown number of Olter changes.

2. ACPLANT (assumes 10 NTU lake water)

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

Power: Mostly due to pumping to WP from primary pumps Total $381.92/week

Power: Due to pumping fiom WTT to reservoir Total $124.33/week

Operating Labour 2 howrs/day. 4 hours/week for chemical replenishinen. :

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

Total cost / my” (based on a MDD of 2,242 m’/day) $0.10/m’

3. PRESSURE FILTER

Chemicals: KmnO4 Total $164.50/week

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

Labour hous/week 14 Assume labour costs @ $40/houvr Total 3560.00/week
$1,281.00/week

Total cost / 1’ (based on a MDD of 2,242 m*/day) $0.08/m’

Life Bxpectancy.

The life expectancy of the two systens is an average of 25 years. The tanks themselves should last for
about 44 vears.



We have agked Corix to provide some assurance that H28 and Meanganese will be removed

Their sesponse;

':wé!cf‘t ‘r;e-u'i' i" ity b-az«:i assUG that sulphides aii(i M( ngaiess will be removed)

ETE

fharn

"Iianganese Tests

SCEVJQ aesthetic objective: <0.05 mg/l
Waw water average: 0.12 mg/l

Treated water average 0.008 nig/l

Average removal efficiency 93%

Sulphide Tests
CBW( aesthetic objective: <0.05 mg/l
Raw water average: 0.023 mg/l 400 gpm value 0.027 mg/l
Treated water average 0.007 mg/]
Average removal efficiency 70%

er pai‘amot rs were within GCDWOQ by a Gaf

Tha resulis indicate that all measuired tregted wa
d filler systern would sa eiy and eunmmcaiiy e

is indicative that the manganese green sand

waler objsciives,

The pilot test onerator also indicatad that the wa el tasie quality was good with onty very faint
treatmant and no cdouwrs following treatment.

argin. This result
H;—iS s polable

odours bhefore



FITEAL AGSQCIATES
GEQTECHNICAL £ND oy G
HYDROCEOLOGICAL CONSULTANTS Our file; 3127

215- 260 WEST ESPLARADE

NORTH VANCOUVER, B.C. BT B TN
CANADA- ViM 367 September 2, 2011
TEL: (504) S86-B551 | FAX: (504) 585-7205

v, pilesu.com

Civic Congsultants Lid.
410 — 3™ Street

New Westminster, B.C.
/3L 2582

Attention: Lome Davidson, P.Eng.

Dear Sirs:
Re: Groundwaier Supply Test Well, Harrison Hof Springs

In response to your recent request for comment on the groundwater supply test well installed in
2010 in the Village of Harrison Hot Springs, Piteau Associates Engineering Lid. (Piteau) is
pleased to provide the following letter to cutline our opinions on well efficacy, water quality and
development risks associated with use of this site for converting the communities water supply to
a local groundwater source.

BACKGROUND

In March 2010, A & H Driiling Lid. under contract to Corix Water Sysiems (Corix), completed
installation and pump testing of a 31.7m (104") test well within a 41m (135’) borehole on
community property in the Village of Harrison Hot Springs (Fig. 1). Piteau understands that the
objective was {o test for local potentizl io convert the community water supply from a surface
water source to a groundwater source ic mitigate drinking water quality problems experienced by
the community, including issues with turbidily and the potential for microbiological contamination
associated with a suriace water supply. The fuiure water demand is 25 L/s (400 USgpm).

Based on apparent sulphide odours noted during drilling and subsequent exceedance of
Canadian Drinking Water Guidelines aesthetic objectives for manganese from water quality
testing, a field filiration test was conducted by Corix in 2011 (Corix, 2011) {o tesi the effectiveness
of Greensand and activaied carbon filier media for removing these ions. They reporied that
manganese tesis showed 93% average removal efficiency and 70% average removal efficiency
tor sulphide, reducing concentrations of the respeciive ions io well below waier quality guidelines
at a pilot plant scale.

WELL HYDROGEOLOCGY AND CONSTRUCTION

A test well was drilled to 41m (135) depth into an uncenfined sand and gravel aquifer. This
composition is consisient with the highly productive Agassiz — Seabird Isiand Aguifer which has
een mapped to extend from below the Fraser River, through Agassiz and below Harrison Hot
Springs and Harrison Lake (Fig. 1). This aquifer comprisss generally coarse-grained alluvial

PITEAL ASSOCIATES ENGINEERING LTD.
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eediments and overbank depcsiis associated wiih the Quaternary path of the Fraser River and ifs
local tribuiaries exiending as far north as Harrison Lake.

The driller’s log for the {est well is included as Appendix A. The weli consists of 200mm (8")
casing with a 4.9m (16'2") length of stainless steel well wire-wound screen exposed to sand and
gravel between depihs of 26.8 and 31.7m (87.8 and 104"). The screen slot size used was 0.5mm
(0.020"). The static water level ai the time of well construction was 3.4m (11"} below ground.

REVIEW OF PUNMP TEST DATA

Corix Water Sysiems conducied a variable-rate aquifer pumping test on the test well on April 13
and 14, 2010. According to the well test record (Appendix B}, the well was pumped at rates of
5.0, 8.3, 13.6, 17.9, and 25.5 L/s (80, 131, 216, 284, and 404 USgpm) for intervals each lasting
20 minutes, and the final interval was exiended provide a fotal test duration of 1,180 minutes
(19.7 hours). Although not indicated in the well test record, it is understoad that the pumping rate
was increased to 31.5 L/s (500 USgpm) during the initial “constani-rate” portion step of the tesi,
between about 80 and 200 minutes atter pumping began.

The pumping test resulis are illusiraied on Fig. 2. Drawdown is plotied versus the logarithm of
time from the beginning of the fest. The aquifer transmissivily estimated from the portion of the
drawdown curve beitween 20 and 200 minuies using the Cooper-Jacob (1946) method is
estimated at 5.3 x 10 m*s. This was calculated using the recorded flow rate of 25.5 L/s. The
actual rate recorded during this poriion of the test may have been greater, which would result in a
higher value of transmissivity. Water level recovery data was insuificient {o provide a reliable
estimate of transmissivity.

Extrapolating the portion of the drawdown curve between 90 and 200 minutes to 100 days yields
a projecied drawdown of 12.Sm (42.3"). Using this value in a calculation of safe yield based on
an allowable drawdown after 100 days equivalent to 70% of the available drawdown (Table 1)
resulis in a value of 28.4 L/s (450 USgpm).

A commonly accepied design concept is that water wells should be constructed with sufiicient
open area within the well screen so that during pumping the calculated entrance velocity will not
exceed 0.1 feet per second (fi/fsecond). The basis for this is that it is believed to mainiain friction
losses to a minimum, and to minimize potential for chemical encrustation and/or corrosion of the
screens. The maximum capacily of the test well based on this limiting criteria (Table I) would be
15 Lis (241 USgpm). However, as the scientific basis for this 0.1 fi/second threshold is unclear,
and it is judged that pumping the fest well ai rates up to 25 L/s (400 USgpm) is unlikely to resuli in
any noticeable decrease in long-term well performance. Neveriheless, ii is recomimended thai
any new production wells should be designed to achieve a 0.1 fi/fsecond screen entrance velocity.

PITEAU ASSOCIATES ENGINEERING LTD.
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REVIEW OF WATER QUALITY ANALYSIS

A sumimary of all available water quality analyses is provided in Table li, including two water
quality samples taken in 2010 following well construction, and one during the filtration test in
2011. All analyie concenirations were found to be below Canadian Drinking Waier Guideline
maximum accepiable conceniraiions and aesthelic objectives, except for manganese, which
ranged from 0.112 to 0.115 mg/L, versus the aesthetic objective of 0.05 mg/L. Sulphurous smells
noted from water samples and the high total sulphur content suggests that dissolved sulphide
(H,S) may exceed aestheiic guidelines. Corix (2011) indicated that sulphide concenirations were
elevated, but the average conceniration of 0.023 mg/l. does not exceed the 0.05 mg/l.. The
source of this analysis was noi available ai the time of this report. Olfactory indications of the
presence of sulphide dissolved in the well water observed during drilling and filiration tests
indicate the water is chemically reduced.

CONCLUSICONS AND RECOMMENDATIONS

Piteau has completed a review of available data from the Harrison Hot Springs test well program
including a review of pump test and water quelity data and offers the follawing conulusmns_

1. The relatively high transmissivity and calculated sustainable yield indicate that the local
aguifer below the test site will lilkely susiain a groundwater flow sufiicient to meet a
demsand of 25 L/s (400 USgpm).

2. Preliminary water quality analyses of samples from the iest well indicale most major
element coneentrations are below detectable limits or 2t concentrations well below the
maximum allowable concenirations and assthetic objectives ouilined by the Canadian
Drinking Water Qualily Guidelines. Corix (2011) demonstrated that concentrations of
those elemenis which exceed, or potentially exceed, the guidelines (manganese and
sulphide, respectively) can be reduced to achieve TE\!C[S below the water guality
guidelines.

3. The test well is situated within a region uiilized for residential and agriculiural purposes,
and is in close proximity to natural mineral springs. Groundwater guality analyses should
itherefore he expanded fo include poteniizl contaminanis from these sources, which could
include bacteria, nuirients (ammonia, hifrite, & nitrate), pasticides and herbicides, and
radionuclides.

4. An analysis of the potential for groundwater to be under the direct influence of surface
water should be underiaken before the groundwater is utilized for drinking water
purposes. Providing that the well is more than 100m (330°) from the nearest surface
watercourse, and that there are no E.Cali or coliform bacteria present in the groundwater
irorm the well, it is likely that a cetermination that the well is not under the direct influence
of surface watsr can be mada,

PITEAU ASSDCIATES ENGINEERING 17D,
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5. liis recammended that the capiure zone(s) for all new supply wells should be estimated to
enable definition of a wellhead protection zone, and development of an aquifer proteciion
plan.

6. Due to the apparent heavy uiilization of the aquifer illusirated by the density of reported
groundwater wells in the aquifer (Fig. 1), and the aniicipated stress this well will apply to
the aquifer, an analysis of the potential for local well interference in the vicinity of the test
well is advisable to ensure that the abilities of cther wells in the vicinity are not affected.

LIMITATIONS

This letier of cpinion has been prepared using a standard of care consisient with that expected of
scientific and engineering professionals underiaking similar work under similer conditions in B.C.
No warranty is expressed or implied.

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

We trust these commenis are sufficient for your present needs. Please contact the either of the
undersigned it you reguire further assistance.

Yours truly,

PITEAU ASSOCIATES ENGINEER!NG LTD.
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TABLE
TEST WELL YIELD CALCULATICH

1 EVELS ARND BATES URT TEST WELL
CASING ELEVATION (ESTIMATE) rn-gecd 10.97
STATIC WATER DEPTH in-hgl 4.27
STATIC WATER ELEVATION ? m-geod §.71
ESTIMATED INTERFERENCE FROM OTHER WELLS? m
ALLOWANCE FOR SEASONAL WATER LEVEL REDUCTION m 2.00
ESTIMATED MINIMUM STATIC DEPTH® m-bg 6.27
DEPTH TO TOP OF WELL SCREEN bl 26.77
DEPTH TO PUMP INTAKE * byl 2477
RECOMMENDED LOWEST PUMPING DEPTH ° m-bg! 22.77
AVAILABLE DRAWDOWN © m © 20.50
FACTOR OF SAFETY ml 0.30
MAXIMUM ALLOWABLE DRAWDOWN 7 i 14.35
PUMP TEST LENGTH min 1180
FINAL WATER DEPTH m 13.87
DRAWDOWN AT END OF TEST ' m 9.60
PROJEGTED 100-DAY DRAWDOWN i 12.80
PROJECTED 100-DAY SPECIFIC CAPACITY 8 Lfs/m 1.98
TEST PUMPING RATE s 255
m°/day 2202
USGPM 404
IGPM 337
CALCULATED LINEAR YIELD ® Lis 28.36
ESTIMATED SUSTAINABLE SAFE YIELD Lfs »25.5
mfday >2203
USGPM >404
IGPM - =337
SCREEN LENGTH ' m 4.9
OPEN AREA cm® / m 10156
TOTAL AREA m’ 0.5
MAXIMUM SCREEN CAPACITY Lfs 15
m/day 1311
USGPM 241
ICPM 200

HAProjec\3 12720 11\[Safe well yield Mar2010 production well-v2.xisjwell vield
Static water elevaiion ai time of tes!,

No known well interference

Estimated minimum static depth is {aken as measured stetic depth

Assumes pump intake is 2m above the base of lowest screen {i.e., moior 1m above botiom of soreen and motor 1m in tength).
Calculsted as 2m sbove the pump intake

Difference between recommended lowest pumping level and astimated siatic elevaiion.

Allowable drawdown equals available times( 1-facior of safely). No facior of safely used jor dewatering desion.

Speciiic capacity is pump {est rate divided by dravwdown &t end of pump fesi.

Calculated linear yield is the allowable drawdown times the 100-day specific capacky.

0 Estimated sustainable vield is the calculated linear yvield where this is tess than the fest pumping rate. For lingar yislds grsater
ihan the pump test low rate, ine susiainable yigld may ba nonlingar 2nd ihersiore the pump est rete provides a minimum
guideling sustainable safe yigld. R

11 Maxdimum screen capecity is calctdated as acresn opening area iimes recommended masirmum enirance velociy of 0.1 /s,

N s W B e B & WS VR (U I
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WATER QUALITY ANALYSES 2046/2071 AKD DRINKING WATER GUIDELIRE

WELL SAMPLE

o _ WELL SAMPLE SAMPLE cowa ? CoWGQ *
jSample ID UNITS 2 221 AJ20882  GUIDELINES MAC  GUIDELINES AO
Date Sampled 14-APR-10 14-APR-10 27-Apr-11
Fhysical Tesis
Hardness ® (as CaCO3) mg/t 127 126 see below see below
Total [Betals
Aluminum (Al-Total mgil. <0010 =.010 <0.003 0.1
Antimeony (Sb)-Total maft <D.00050 <(0.00050 <0.0005 0.008
Arsenic [AskTotal mafl .00453 D.00446G 0.00570 0.01
Barium (Ba)-Total mgil 0.033 £.032 0.036 1
Boron (B)-Toial mg/L <0.10 <0.10 <0.05 5
Cadmium (Cd)-Toial mg/l <0.00020 <0.00020 <[0.0001 0.085
Calcium (Ca)-Total mg/l. 36.9 36.7 39.1
Chromium {Cr)-Total mgfl <0.0020 <{.0020 <0.001 0.05
Copper (Cuj-Totat ma/l. <0.0010 0.0019 <0.Q002 1
Hron (Fe)-Toial mg/l 0.062 0.103 0.076 0.3
Lead (Pb)-Toial masl <0.00050 <0.00050 <{.0002 0.01
Magnesium {Mg)-Total mg/L 8.40 8.35 5.95
Manganese (Min)-Toial mgfl- &tz 2118 0116 0.05
Mercury (Hg)-Total malL. <0.00020 <0).0002¢ <0.00005 0.001
Melybdenum (Mo)-Totat mgfL 0.001
Nicke! (Ni)-Total mg/l. 0.001
Patassium (K)-Total maiiL .80 1.35 2.15
Selenfum (Se)-Total mg/l <0.0010 <0.0010 <0,0001 0.01
Silver (Ag)-Total g/l <0.00002
Sedium {Na)-Votal g/l 2.9 29 3.1 200
Suifur (S)-Total ® mg/L 0.97 8.56 <3
Uranium {U)-Tofal mgfL <0.00010 <{0.00010 <0.0001 0.02
Vanadium (L)-Tetal mg/L <0.005
Zine (Zn)-Total ma/L <0.050 <0.050 <00.005 5

Notes:

G P W N

. Sample resulis from April 14, 2010 following weil construction
. Sample resulis from Corb (2011) pilot study
. Canadian Drinking Water Qualily Guidelfines - Maximum acceptable concenirations (GCDWQ, 2010)
. Canadian Drinking YWaier Quality Guidelines - Aesthefic objectives (GCDWQ, 2010)
. "Generally, hardness levels between 80 and 100 mg/L {as CaC03) are considered accepiable; levels preater than 200 mgil. are

HAPmjecit 3127201 1\{Water Quality Summary 30Aug 1. dsx]Results of Analysis

considered poor but can be folerafed; those in excess of 500 mg/L- are normally considered unaccepiable,” (GCDWQ, 2010)

@

. Canadian D-inking Water Quality Guidelines - Aesthetic objective for sulphide (H,5) is 0.05 mg/L (GCDWQ, 2010)
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=t Well Pumping rais Test,

HAProj=ctid 1277201 1\Ts

0 — Step 1 @O0 G- — _ _ _ |
a Q=5.0L/s (80 USgpm) o il L PR
- A A AAAMMAMMAANK  Step 2 Bheisd('iQBS) Recovery Method
o trt' :
Q= 8.3 L/s (131 USgpm) T =0 hateE & D w
A ree = 0.183%(25.5 LIs)*0
L (0.35 m) I
=13 x10°2 m¥s (1142 m¥day)
4 — Step 2
Q=136 L/s (216 USgpm) © |
B Pump Test ﬂ:‘s-- - !
oy O Recovery after 5th timestep Step 4 i“
= - : T i
= — =— — Pump Test linear it Q =17.9 L/s (284 USgpm) i
= - == = Recovery linear fit A |
E - u
2 8- ‘f
5 Step 5 | %)
2 _ , Q=255L/s (404 USgpm) 5
= — = =]
Cooper Jacob (1946) j e
Drawdown vs Time | u
T, = 2.303%25 5 L/s)*0.001 - :
ae 4*7"(0.883 m) = |
b = = 5.3 x 109 mAls (457 mi/day) g |
={  Field Contractor: Corix Utilties Variable Rate Test | Projected dﬂ'"aWEka“
Test Start: April 13, 2010 @ 16:00  Constant Rate Analysis: 25.5 L/s (404 USgpm) ' after 100 days = 12.5m
Test Duration:; 1180 min Pre-test Static Water Level: 4.27m (14 i) ;
|
16 | T T T T A T T TTTT0] T T T T T T T T TTTi]
0.1 1 10 100 1000 10000 100000 1000000

Cooper and Jacob (1946)

T =2.303 * Q *0.001
4mAs

Theis (1935)

T=0.183*Q *0.001
As-5")

Elapsed Time (min) or Recovery Time (¥/t')

PREPARED SOLELY FOR THE USE OF OUR CUIENT AND HG REPRESENTATION OF ANY [KIND IS MADE TO OTHER
PARTIES WITH WHICH PITEAU ASSOCIATES EMGINEERING LTD. HAS NOT ENTERED INTO A GONTRACT.

| VILLAGE OF HARRISON HOT SPRINGS
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CIVIC CONSULTANTS LTD

BY: HDATE:
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43087 CHELLIWACK CENTRAL ROAD CHILLIWACIK, BC VIE &8

e
[
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=/

£
5

L <3
THE: (604)794-554 CELL: (S04£)864-1910 BAT: (604)794-5545
- H_':}; TGLL FRET: 1{877)794-5544
C\O: CIVIC CONSULTANTS —T DATE MARCH 31 2810 WNWOICE: 1815
OWNER: CITY OF HARRISON SITE AUDRESS: 495 HOT SPRINGS BEOAD
ADDRESS: 450-2TH STREET CITY HARRISON BOT SPRINGS
CITY: MNEW WESTMINSTER, BC V31, 282 NATD: 83 ZONE: 1@ UTMEASTING; 585455
PHONE: LT EVATION: 36 FEET UTM NORTHING: 3461247
CONSTRUCTION _EZ ACCURACY: 59 FEET WELLIDPLATE# 29881
CLOSURE : ALTERATION:.
FROM TO WELL LOG INFORMATION
8] 4 |5ANG CRAVEL/RILL START DATE: MARCH 19 21016
£ il ICLAY GRAVEL WITH WOOD COMPLEYTION: RMARCH 38 2018
16 17 (SILTY SAND RIG NO: 3 TYPE: DUAL ROITARY
17 30 SAND GRAVEL DRILLER: JOHN MeDONALD WDE4110301
4] 3 |MEDIUM SAND/SOME GRAVEL HELPER: BILL CLARKE
35 45 |MEDLUM SAND/WOOD MIXED CASING SIZE; 8 TNCH
£5 &0 |FINE SAND W.12, SURFACE CASTNG: 12 INCH
& 85 |FINE TO MEDIUM SAND SURFACE CASING DEPTH 15 FEET
85 110 |MEDLIUM TO COARSE SAND SOME GRAVEL SMATLL CASING SHOE: g NCH ]
116 135 (FINE SAND
HOLE DEPTH: 84 FEET INCHES
| {CASINGBOTTOM: 89 FEET INCHES
STICK UR: 2 FEET 5 INCHES
OPEN HOLE FROM: FEET TO: FEET
SCREENS
NO. OF SCREENS: THRER
SLOT: 20 SLOT: 6 SLOT: 20
SLOT: SLOT: SLOT:
SCREENLTENGTH: 16 FEET 2 INCHES
TOP AT: 87 YEET 16 INCHES
BOTTOM AT: 184 FTILET INCHES
K. PACKER: YES  BAIL BOTTOM: YES
RISER: KO TAIL PIPE: O
HEOMN CONTENT: APPROX 0.5 P.PM. WELL PRODUCING
RERMARKS: PULLED BACK TO 104 FEET [APPRO}{H\&ATE FLOW RATE - 3 GPM
WELL SHOULD BE PUKIP TESTED APPROMIMATE STATICH20 © it FEET
SET 15 FEEF OF 12 INCH SURFACE CASING AND BENTORITE SEAL SET SCRYEN & DEVELQP: 55 HOURS
RECOMMENDED PUMP SETTING: 8l FEET

HAProjecth3127\Civic Data Im{A8H Wl Log for Firshatl Test Weall 1is]Sheetd



APPEKDIX B

COREX UTILITIES WELL TEST REPORT



COrIX

Water Systems

Water Systems

Harrisom Hot Springs Pilot Study
April 2011 |

A

Village of Harrison Hot Springs Page: 1
Well Water Pilot Study
April 2011



iRy
@\(;’JLP_ ;_//'\.;

Water Systems

Obiective of the study

To determine if removal of unaccepiable ievels of Manganese and Hydrogen Sulphide
from a well water source is possible using Greensand filter media at a pumped flow rate
equivalent to what would be required to service the community's treated water needs.

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

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

Source water tesiing 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, 31d day at high flow

Filtering parameters

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

Surface area of the filter: 12.57 sq.in. (0.087 sq.ii.)

Surface loading: 3.03 GPM/ sq.ft.

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

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

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

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

Manganese Tests

GCDWQ aesthetic objective:  <0.05 mg/i

Raw water average: 0.12 mg/1

Treated water average 0.008 mg/!

Average removal efficiency 93%

Village of Harrison Hot Springs Page:

Well Water Pilot Study
April 2011
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Water Systems
Sulphide Testis
GCDWQ aesthetic objective: <0.05 mg/l
Raw water average: 0.023 mg/i 400 gpm value 0.027 mg/l
Treated water average 0.007 mg/l
Average removal efficiency 70%

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 VHHS’s potable water objectives.

The pilot test operator also indicated that the water taste quality was good with only very
faint odours before treatment and no 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 H2504 test results for the first day's tests are included as part
of the CDWG spreadsheets.

A complete copy of the Maxxam Analytical analysis documents is available from Corix
Water Systems on request.

Sample results

Day 1 - 10 GPM well flow rate.

One Raw Water sample taken at the same time as the first filtered (Filtered 1) sample.
' Raw Water sample taken for COWG analysis.

Village of Harrison Hot Springs Page: 3
Well Water Pilot Study
April 2011
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Coriz Waler Syslems Inc.

RESULTS OF CHEMICAL ANALYSES OF WATER

)

\
)

A

£

Maxsam 19 AJ2938 AJ2aga AJ3007 AJ3000
[3ampling Dala 2011/0419 12:16 2011/04M18  [2011/04/19 1215 20110619 15:00
1816

COCH GU3IEN7 GO33607 GOJGG07. [CGRELDI

Unils  |1L - COWG, 240ML | 120ML - RW 120ML - T20ML - ROL  [QC Balch

MICRDBIOLOGY, |WN/SULPHIDE FILTERED 1 FILTERED 2
120ML METAL MNISULPHIDE | _MNISULPHIDE
ANIONS
Nilrita 1) [ omof. | =005 = 0005 | 460461
Calculaled Parameters
Filar and [HNO3 Preservalion | MA FIELD FIELD FIELD WA | OMSITE
Tolal Hardnoss (CaC08) ng/l. 164 0.5 ABONA 15
Nilratla [} mofl. <0.02 0.02 | 4800334
Misc. Inorganles
Fluarlda (F). gl 0.07 0.07 | 1810209
Alkalinity {Totol ns CaGO3) mo/L 140 0.5 4u0118L
Alkalinily (PP as GaC03) ma/L <0.6 0.4 801100
Bicarbonale (HOO3] ma/l 170 0.5 4101160
Garbonale (CO3) ma/L <0.5 0.6 | 4801408
Hydroxlde (OH) mal/l. <0.0 0.5 4691188
Anlona
Dissolved Sulphale (S04} | mwt | 1.9 ] I | 05 [dsoadou
Digsalvad Ghiorlde (C1) [ ngn | 35 | d| | 05 [ 4804aas
MISCELLANEQUS
True Colour |Gel_Uni_] P | I & [ anozsse
Sulphida | “mall | 0,017 | 0.007 | 0,005 | 0.005 | 4802007
Mutrients
nlitrale plus Witrite (7 [ mglt_ | <0.02 [ [ [ ooz [ dacddg?
Physigal Properties
Canduclivily [usiem | 272 I | I | I-‘IM{
pH [ pH Unils [ .10 | | | | | 4nat17g
Physical Properties |
Total Dissolvad Solids [ st | 470 | 1 ] |10 [4Bng6os
Turkidy | 0.2 [ | | [ o3 [duwdae
i = ol Applicable
ROL = Aeporlable Delaclion Limil
Page 2ol )

P
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Corix Walsr Sysiems Inc.
Magsam Job #: B131477
Report Date: 2011/04/27

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER)

Naaxxam ID AJ2988 £uJ2909 AJ3TT7 AJ300R
Sampling Dale 2011/04/19 12:15 201170418 [2011/0419 12:35 |2011/04110 15:00
12:15

[eelel] GO33607 Q033607 GOATGET Goa360Y

Units  |1L - COWG, 210ML | 120ML - RW 120WIL - 120ML - ROL |GG Balch

MICROBIOLOGY, |MN/SULPHIDE FILTERED 1 FILTERED 2
[ 120ML METAL MMSULPHIDE MNISULPHIDE

Olssolved Metals by [CPMS
Discolvad ianganase (Mn usil | 111 [ 5 I 2 |+ Tasoiga0
Total Melals by |ICPMS
Total Aluminum [Al) el < 3 ANOBL2E
Tolal Anllmany (Sh) ug/L <0.6 0.6 BOGG2S
Tolal Arsanic (As) ugll, 6.7 0.1 4006525
Tolal Barium (B ugfl 36 1 J4B0A525
Tolal Boron (D) ug/k =50 50 AB0GHZE
Total Gadmlum (Se] g/l 20,01 0.01 4806525
Telal Chramlurn (Gr) gl =1 1 ANORS25 |
Taial Coball {Ca) ugll <0.5 0.5 4006525
Tetal Conper (Cu) gl 0.2 0.2 4B0B525
| Total Iren {Fe) uoil 70 5 ABOBERS
Tolai Load {(Ph [HS <f,2 0.2 ABOGS2G
Tolal Menganosa {fin) ugll 115 il AB0GEZS
Total Mareung (Ha) _ugfl. <0.05 0.06 fLals]
Talal Molybtonum (M) g/l 1 | 4000525
Tolal ickel [N ugil =1 1 4300625
| Telal Solonium (Se} unyL =0.1 0.1 4806525
Tolal Silvar {Ag) e/l =0.0% Q.07 806525
Total Uranium (L) ugil <01 0.1 ABOBBEG
Tolal Vanadlim (V) g/l b 5 4806525
Tolal Zine: [7n) [ 5 5 4006525
Talal Galglun {Ca) il 34, .05 4001209
Tolal fagnesiurn (Mo my/l 6.0 0.05 401203 |
Total Polassium (K] mo/L 21 0.05 | 4801208 _|
Total Sodium (Ma) mei a2.11 0.05 4031203
Tolal Sulphur (S) gl <1 3 4001203
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Maxxam Job ¥: B131477
Feperl Dalet 2011/04/27

Corlz Waier Syslens Ine,

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER)

Maxxnm 1D AJ29B0 AJ2909 AJ3007 000
Sampliny Daia 2011/04119 12115 2017/04/19 201104719 12:55 | 2011/04750 1500
12:18

GOCH GO33607 @E033607 GO33607 Go33007

Units 1L - CDWG, ZAUML | 120ML - RW 120ML - 120ML - ROL Qc Balch

MICROBIOLDGY, |MN/SULPHIDE FILTERED 1 FILTERED 2
pail 120M1. METAL KNIBULPHIDE MNBULPHIDE

Dissalved Matals by ICPME
Dissolved Manganese (Mn) [ vl ] 111 JIER 5 7 1 | iB0104A0
Total Melals by ICPMS
Tolal Aluninum (Al) ugil <J 3 4806525
Tolal Anlimany (Sh) ug/l. =0.5 0.6 40520
Total Arannic [As) gl 5.7 0.1 4006525
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Tolal Boron (D) upl =50 50 4806525
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Total Cobalt (Col ugh =0.5 0.5 ABOGB25
Tolul Coppar (Cu) el 0.2 n2 4806525
Tolal lron [Fa) il 76 5 ABO0E2S
Tolal Leai (Ph] wil 0.2 0.2 4800536 |
Tolal Manganose (in) Ul 115 | ABOGERS
Tolal Mercury (Ho] upl. =0.05 0.05 ABOGS2E
Talal Welybdanum (o) unil 1 1 4DOGHRY
Total Migkal [Mi) ugll < 1 4000525
Tolal Solenlum (Se g/l 0.1 0.1 ABOGH2E
Tolal Silver (Ad] ugh. <0.02 0.02__| 4800625
Tolal Uranlum (LN ugll <0.1 (Al 4A0K52S
Total Vanadlum (V) vl B b ABDGEZG
Tolal Zine {Zn) upgll 25 5 4506525 |
Tolal Galelurm (Gl moll 4.1 0.06 4801200
Tolal Magnesium (Mg} gl 8.00 0.05 4801203
Tolal Polusslum (K) mail 215 0,05 4801203
Total Sodizm (Vo) el 341 .05 ABD1EG3
Tolal Sulphur (8} mo/L =J a 4801203 |
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Coarix Waler Systems Inc.
Mazsam Job ik B132044
Meporl Dale: 2011/04/26

RESULTS OF CHEMICAL ANALYSES OF WATER

idaxam 1D | AJsiog AJG£0S AJBAOG AdGROT AJG10B AJGA0S
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Sample resulis
Day 3 - 400 GPM well flow rate.

Village of Harrison Hot Springs Fage: 8
Well Water Pilot Study
April 2011
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. RESULTS OF CHEMICAL ANALYSES OF WATER
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Water Systems

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 shortly afterward. It was
placed (and operated) outside near the well lhead at the back of the fire hall.

Corix Utilities installed a 10 GPM pump for the fivst set of tests. Power for the pump was
provided from the distribution panel in the fire hall via our connection box. The first day
was sperntt 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.

Tuesday. April 19th

The plant ran all night without incident and the clearwell was full to allow for
backwashing. The filter media was soaked in a 0.5% KMNO4 solution for about an hour
then baclkkwashed until clear. The plant was put back on line and run continuously for the
2 days oftesting at the 10 GPM flow rate.

Samples were taken as follows:

CDWG 12:15
Raw water - Min 12:15
Raw water - Sulphide 12:15
Filtered water - Mn 12:15
Filtered water - Sulphide = 12:15
Filtered water - Mn 15:00

Filtered water - Sulphide  15:00
The samples were delivered to UPS depot in Chilliwack for overnight shipping to
Maxxam Analytical.

Wednesday, April 20th
Samples were talen 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.

After the last samples were taken at 13:30 the Corix Utilities crew arrived with the 40
GPM pump and portable generator. The 10 GPM pump was removed and the 400 GPM
purp installed and tested. The media was backwashed and soaked overnight in a 0.5%
KMNO4 solution.

Village of Harrison Hot Springs Page: 10
Well Water Pilot Study '
April 2011
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Thursday. April 21st
The media was backwashed uniil clear then the
started (8:30). The plant was run until about 13

generator and 400 GPM pump were
:00 and samples taken as follows:

Raw water - Mn 10:00
Raw water - Sulphide 10:00
Filtered water - Mn 10:00
Filtered 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 ovemight shipping to
Maxxam Analyiical.

The water level in the well was measured when the Uiilities crew arrived to remove the
pump. Water level before starting 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 of Mn and Sulphide in the water over time.

t 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 draw down test when the well was bored in April of 2010. This was not the case
during this testing. Although there was some odor present it was not overpowering.

No odor or taste of Sulfur could be detected from the filtered water in the clearwell.

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

Well Water Pilot Study
April 2011
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October 2003
Turbidity

Guideline

Waterworks systemns that use o surface water source or a groundwater source under the
direct influence of surface water should filter the source water fo meet the following health-
based turbidity limiis, as defined for specific ireatment technologies. Where possible, filiration
systemns should be designed and operated to reduce turbidity levels as low as possible, with a
ireated water furbidity target of less than 0.1 NTU at all times. Where this is not achievable, the
ireated water turbidity levels from individual filters shall be:

1. For chemically-assisted filiration, less than or equal to 8.3 NTU in af least 95%
of the measurements made, or at leasi 95% of the (ime each calendar monih and
not exceed 1.0 NTU af any time.

2 I'or slow sand or diagitemaceous earth filivation, less than or equal to 1,0 NTU in
at least 95% of the measurements made, or at least 95% of ihe time each calendar
mownth and not exceed 3.0 NTU at any time.

3. For membrane filiration, less than or equal to 0.1 NTU in at least 99% of ihe
medasurements 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 delievery of' a safe drinking water.

HKxecutive Summary

Particles of matter are naturally suspended in water. These paiticles can be clay, silt,
finely divided organic and inorganic matter, plankton and other microscopic crganisms.
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 sateguarding 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 1s to lock at the entire drinking water supply, identify potential and existing hazards
and then develop strategies to deal with each of the hazards.

Treatment planis can reduce turbidity by filiering particles out of the water. AL} filtration
systems should be designed and operated to reduce turbidity levels as low as possible. The
ireated water turbidity target is 0.1 NTU at all times. However, even though effective filiration
can be accomplished using any one of a number of technologies, the actual levels of turbidity

' some form of virus inactivation is required for &/l technologies. The difierence is that chemicaily-assisted, slow sand and
diatomaceous earih filiers are credited with log virus reductions and membrane filters receive no credit.
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achieved will vary from technology to technology. For this reason, the turbidity guideline is
broken down by type of techuology. '

The most important consideration when dealing with turbidity 1s to make sure the levels
reinain low and fairly constant over time. Concerns are most likely to vesult from a spilce in the
tevel of turbidity, due either to an increase in the amount of particulate matier in the source water
{e.g., from heavy rains) or to a breakdown in the treatment procsss (e.g., inadequate coagulation,
a ruptured fiter). Because it might otherwise be difficuli {o netice a spike in turbidity when only
one filter in a plant is not be working properly, the guideline applies to each individual {iliei
within a filtration system.

Healih consideraiions

It is important to control turbidity in public water supplies for both health and aesthetic
reasons. Suspended matier can contain toxins such as heavy metals and biocides and can also
harbour micreorganisms, protecting them from disinfection. Recent research has corvelated
turbidity levels with treated water supplies being contaminated with Giardia and
Cryptosporidium. 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 filtvation sysiem. Because
furbidity can affect the microbiological quality of drinking water, this guideline should be read in
conjunciion with the bacteriological guidelines. Excessive turbidity may also be associated with
unpleasant tasies 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 {o reduce turbidity, ireatment plants also reduce the amount of THMSs 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 info 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 of THMs. 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.

Anzlytical and Treatment Considerstions

Turbidity is easy and inexpensive to measure, In addition to bemg a mdwaaor for
determining the relative safety of drinking water, it is a useful tool for assessing the
periormance of water treatment processes.

Turbidity is measured in nephelometric turbidity units, or WTU, using a device called a
turbidimeter. Modern turbidimeters can make measurements of 0.1 NTU or lower. Levels of
turbidity in vaw waters can range from 1.0 NTU {o move 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 conventional,
chemically-assisted and direet filtration water treatment plants can readily achieve a safe
finished water with turbidity tevels lower than 0.2 NTU. Meeting the guideline level of 0.3 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 consistenily achieve finished water turbidity of less than 0.1 NTU. For all
filivation technologies, these limits are achievable and expected in 95-99% of measurements, but
a target of 0.1 NTU should be sought at all times.

Application ef the guidefine

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 divect influence of surface
water. The guideline is applied to individnal filter turbidity. However, good operating practices
suggest that both the individual filter turbidity and the combined filter turbidity should be
continuously monitored. Drinking water taken irom pristine sources may be exempt from the
filtration requirements if it meets all of the criteria outlined below (see “Criteria for the
exclusion of filiration in waterworks systerns”™).

Surface water is defined as all waters open to the atmosphere and subject to surface
vunotf. Groundwater under the direct influence of surface water is defined as “any water beneath
the suriace of the ground with (1) significant occurrence of insects or other macro-organisms,
algae, organic debris, or large-diameter pathogens such as Giardia lamblia, Cryptosporidium, or
(it} significant and relatively rapid shifts in water characteristics such as turbidity, temperature,
conductivity, or pH which closely correlate to climatological or surface water conditions.”! Key
issues that should be considered when determining whether groundwater is under the influence
of surface water are given in Appendix A.

The health-based turbidity guideline does nat apply o secure groundwater souices, i.e.,
those not under the direct influence of surface water. Turbidity in these cases is non-organice,
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
systern has low turbidity levels of around 1.0 NTU.

Monitoring turbidity levels .

For chemically-assisted filiration (i.e., continuous feed of a coagulant with mizing ahead
of filtraticn), source water turbidity levels should be measured at least once per calendar day
directly in front of where the first treatment chemical is applied. Treated water turbidity levels
from individual filkers should be continuously measured (with an on-line turbidimeter)at
intervals rio longer than five minutes apart at a point upsiream of the combined filter effluent line
or the clear water tank.

For slow send or diatomaceous earth filtration, water tfurbidity levels from individual
filters should be continuousty measured (with an on-line turbidimeter) at integvals no longer
than five minutes apart at a point upstream of the combined filter effluent line or the clear water

Ll
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tank. However, the frequency of monitoring may be reduced to one grab sample per day if it can
be demonstrated that this frequency gives a reliable measure of filter performance.

For membrane filiration, treated water turbidiiy levels from individual filters should be
continuously measured (with an on-line turbidimeter) at intervals no longer than five minutes
apait 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 cariridgss
within a train that may be valved and isolated from the rest of the system for testing and
maintenance. Frocess designs should include a minimum of two parallel frains, if practical.
Consideration should be given to installing on-line turbidity meters to analyze the water unique
to each "individual" filter.

~

Use of alternative filtration technolegy by waterworks systems

A waterworks system can use a filiration technology other than the technologies
stipulated if, in combination with disinfection, it reliably achieves at least a 3-log reduction of
Giardia lomblia cysts and Cryptosporidium oocysts and a 4-log vreduetion of viruses. Pilot

studies or equivalencies from other jurisdictions sheuld demonstrate that the technology meets
these criteria.

Criteria for exclusion of filtration in waterworks systems
Filtration of a surface water source or a groundwater source under the divect influence of
suriace water may not be necessary if alf of the following conditions are mei:

1. Owverall inactivation is met using a minimum of two disinfectantis:
° ultraviolst irradiation or ozone to inactivate cysis/oocysts;
° chlorine (free chlorine) to inactivate viruses; and
° chlorine or chloramines to maintain a residual in the distribution
system,

Disinfection should reliably achieve at least a 99% (2-log) reduction of
Cryptosporidium cocystst, a 99.9% (3-log) reduction of Giardia lamblia cysis
and a 99.99% (4-log) reduction of viruses. If mean source water cyst/cocyst levels
are greater than 10/1000 L, more than 99% (2-log) reduction of Crypiosporidium
oocysts, and 99.9% (3-log) reduction of Giardia lamblia cysts should be
achieved. Background levels for Giardia lamblia cysts and Cryplosporidium
oocysts in the source water should be established by monitoring as deseribed in
the most recent “Protozoa” guideline document, or more frequently during
perieds of expecied highest levels (e.g., during spring runoff] or afier heavy
rainfall).

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

 Studies on human volunieers have demonsiraied that Crypiosporidium oocysts are less infectious than Glardia cysts by about
ong order of magnitude.

Vs
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3. Average daily source waier turbidity levels measured at equal intervals (at least
every four hours), immediately prior to where the disinfectant is applied, range
around 1.0 MTU but do not exceed 5.0 WTU for more than two days ina 12-
month pericd. Source water turbidity also dees not show evidence of protecting
microbiclogical contaminants.

A watershed control program (e.g., protecied watershed, controlled discharges,
gtc.) is maintained that minimizes the potential for faecal contamination in the
source water. '

Considerations for groundwater systems

In keeping with the multi-basrier approach to drinking water quality management,
systems using seclire groundwater scurces should:

1. Ensure groundwater wells are properly constructed, are located in arcas where
there 1s 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 souice becoming contaminated.
Fnsure treatinent is suificient to achieve 4-log reduction of viruses by
disinfection. It is imporiant to confirm that elevated turbidity levels will not
compromise the disinfection process.

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

o

Tdentity and Sources in the Environment

The sources and nature of turbidity are varied and complex and are influenced by the
physical, microbiological and chemical characteristics of water. In surface waters and
groundwater under the direct influence of surface water, turbidity can vary significantly over
time which has important implications for drinking water treatment processes and the
microbiological safety of the drinking water. Particulate matter is frequently a source of nutrienis
for microorganisms and can protect microorganisms from both chemical and uliraviolet light
disintecticn. Particles contributing to turbidity may also carry undesirable chemical
confaminants such as heavy metals. Turbidity can seriously affect the saiety and acceptability of
drinking vvater to consumers.

Deseriptior of tupbidity

Turbidity is a “measure of the relative clarity of water.” Turbidity in water is caused by
suspended and colloidal matter, such as clay, silt, finely divided organic and inorganic matter,
and plankton and other microscopic organisms. However, turbidity is not a direct measure of
suspended particles suspended in the water. 1t is, rather, a measure of the scaitering effect such
particles have on light. A directed beam of light remains relatively undisiurbed when transmitted
through ahsolutely pure water, but even the molecules in a pure fluid will scatter light to a
certain degree. Standord Methods for the Examination of Water and Wastewater defines
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turbidity as an “expression of the opiical property thai causes light to be scattered and absorbed
+7 & P - PEATR R n . PR L 2 A . Ta A I 34
rather than transmitted with no change in direction or flux level through the saraple.’

In samples containing suspended solids, the manner in which water interferes with light
transmitiance is related to the size, shape and composition of the particles in the water and {o the
wavelength (colour) of the light that falls on the particles (incident light).” A minute particle
absorbs the incident light falling on it and then re-radiates the light in all directions.

The deiection, measurement and visual perception of turbidity is inifluenced 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 {colours). The shape of the particle also
influences light scatiering, as does the refiaciive index of the water and the colour of the
particles.

Light scattering intensifies as particle conceniration increases. However, as scatfered
light strikes more and more particles, multiple scattering occurs, and absorption of light
ncreases. When particulate concentration exceeds a certain point, detectable levels of both
scattered and transmitted light drop rapidly, maiking the upper limit of measurable turbidity. By
decreasing the path length of light through the sample, the number of particles beiween ihe 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
scattered 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 it 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.’

Sources

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

Particulate material in natural waters is mostly made up of eroded sotl particles from the
surrounding area. Coarser sand and silt fragments are at least partially coated with organic
material. Clay particles are composed of clay minerals, usually phyllosilicates, as well as non-
clay material, such as iron and aluminum oxides and hydroxides, quariz, amerphous silica,
carbonates and feldspar.”® Clays and organic particles are often found together as a “clay organic
complex.”™ To a certain extent, it is artificial to ireat the arganic (humic) component in isolation
from the inorganic compenent 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 meg/100 g, respectively®!); the effect of humic components likely predominates in many
instances.
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Other particles in raw water and diinking water supplies include the group of naturally
ocewiting hydrated silicate minerals with fibrous structures known as asbestos; inorganic
precipitates, such as metal (ivon or manganese) oxides and hydroxides; and biclogical organisms,
such as algae, cyanobacteria, zooplankion, and filamentous or macrobacterial growihs. ™ Due
to the numerous types of source particles and their implications in the treatment process, raw
water quality menitoring for turbidity should be done at least daily, and preferably more often.
Relationship between turbidity and other water quality parameters

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

guality/treatiment implications.

Microbiological characierisiics

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

The microbiological quality of drinking water can be significantly affected by turbidity.
Microbial growth in water is most exiensive on the surfaces of particles and inside loose flocs,
both naturally oceurring and those formed during treatment(see section “Treatment
technology™). This growth occurs becanse nutrients adsorb to surfaces, allowing bacteria 1o grow
more efficiently then when in free suspension.’’ Similarly, river silt has been shown to readily
adsorb viruses.”

Studies of distribution systems have shown couflicting findings with respect to turbidity
and microorganisms. Haas ef al.*® noted that increased values of pkl, temperature and twbidity
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.5 Similarly, work
by Goshko ef ol.5! found nositive correlations between HPCs and turbidiiies in the 0.83-8.89
NTU range. On the other hand, a study reported by Reilly and Kippin® suggested that turbidity
around 1.0 NTU does not affect the frequency with which either coliforms or HPC organisms
occur in the analysis.

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

Source of turbidity Possible water quality/chemistry Treatment inplications

implications
Inorganic pariicles -raise/lower pH and alkalinity - major influence on coagulation,
{silt, clay, natural - souree of micronufrients floceulation and sedimnentation design
precipitanis, .g., - affect zeta potential - harbour/protect microorganisms
CaCO;, M0, Fe,0;, - source of metals and metal oxides
ete.) - cloudy/turbid appearance

- aifect tasts e o
Organic particles - source of energy and nuirients for - high disinfectant demand
{tecomposed plant microorganisms - potential to form chlorinated organics
and animal debris, - cause colour - potential to form ozonation by-
humic substances) - impart taste and odour products

- Serve as precursors 1or the formation of - high coagulant doss

chloiinated or ozonated compounds - reduce clarifier overflow rates

7
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Source of turbidity Possible water quality/chemistiy Treatiment implications
i — implications . S
- possess ion exchange and complexing - increass floceulsiion/sedimentation
properiies that include association with fimes
toxic elements and micropollutanis - harbour/protect microorganising
- affsct pH - reduce filter runs
- affect zeta poiential - can compete with pollutant compounds
for adsorption sites iit activated carbon
adsorption
-~ can precipitate in the distribution
. gysteins
Biological organisms - impart taste and odour - plug filters
(algae, cyanobacteria, - poiential source of toxin {microcystin-LR) - high disinfectant demand
zooplankton, - disease transmission - need multiple baiviers to ensure
filamentous or - corrode tanks, pipes, efc. effective microbial inactivation
macrobacterial - stain fixtures - flotation may be more effective than
growih) - cause aesthetic problems due to sloughing  sedimentation
of growihs from tanks, filters, reservolrs - microbial inactivation required

and distribution sysiem

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

Huck ez al.,* in their investigation of Crypiosporidium 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 aveid breakthrough, planis should specify a maximum head loss

and filter run times and should consider using particle counters to monitor for early
breakthrough.

Effect of turbidity on disinfection

Particulate matter (e.g., organic, inorganic, higher microorganisms) can protect bacteria
and viruses from the effects of disinfection. LeChevallier ef al.,% studying the efficiency of
chlorination in killing coliforms in unfiltered surface water supplies, found a negative correlation
with turbidity. A derived model predicted that an increase in turbidity from 1.0 to 10.0 NTU
would result in an eight-fold decrease in the disinfection efficiency at a fixed chlorine dose. A
study by Hoff,* 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 matier were more resistant to disinfection than those that adsorbed to inorganic material
such as clay and aluminum phosphate. For organic particulates, a reduction of turbidity from 5.0
to 1.0 NTU reduced the coneentrations of disinfectant-resistani organisms approzimately five-
fold. ,

Hoff and Geldreich® reiterated that particulate characteristics have a significant mpact
on protection effects. Studies with ozone by Sproul ez al.®® confirmed that alum and beatonite
afforded little protection (o a variety of fest organisms at 1.0 and 5.0 N'TU, whereas faecal
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malerial and, in pariicular, human epithelial carcinoma cells did provide protection. Chlorine
dioxide studies by Secarpine er al.” suggested that temperature and turbidity affected the raie of
inaciivation of benfonite-adsorbed poliovirus. At 25°C, turbidities in excess of 229 NTU
reduced inactivaiion rafes.

Free-living nematodes are relatively common in North American municipal water
supplies. Nematodes of the Rhabditae family are known o ingest pathogenic bacteria and
viruses, and hence are able to protect these pathogens from chlorine disinfection.” Studies
indicate that more nematodes are found in higher-turbidity raw and treated waters.”"* In a study
of the San Francisco water supply, coliform organisms were detected at chlorine levels 0f 0.35
mg/L or greater. Crustaceans apparently harboured the coliforms; on passing through a spigot,
the crustaceans ruptured, and viable coliforms were released.” Tn laboratory tests, various clays
and humic acid were shown to protect Klebsiella aerogenes from ultraviolet light disinfection.”

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

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

Effect of turbidity on microbial enumeration

The presence of furbidity may interfere with the quantification of bacteria and viruses.
Bacteria ave 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 underesiimatiion of bacterial
numbers vvith the most probable number technique.

Geldreich er ol.” noted that turbidity in a potable water sample may make membrane
filivation impractical because of the volume of water the filier can pass, the character of the
suspended material and the thickness of the deposit on the surface of the membrane. Although
crystalline or siliceous materials may not be a problem, other substaiices may clog filter pores or
cause a confluent growth to develop during incubation, hampering microbial enumeration.
Coliform masking has been observed with membrane filters, with false-negative results
occurring 17, 45 and more than 80% of the time for furbidities of less than or egual to 1.0, 5.0
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and more than 10.0 NTU, respeciively.*® 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 inhibiied detections.”

Viruses can aiso be adsorbed on or within particulate matier and may be very difficuli to
remove; 1% recovery is not unusual.® A review of virus detection methods concluded that no
sirnple and accurate system for enumerating viruses in highly turbid waters was available.®

Relationship between Turbidity Removal and Microbial Qualiiy of Treated Water

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

Studies have shown a correlation between decreased filtrate turbidity (down to 0.1 NTU)
and reduced bacterial and algal counts.® Increases in the turbidity of filter effluent can signal the
potential for inereasing passage of unwanted organisins, 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.5*

The Pennsylvania Department of Environmental Protection, in its 1996 Regulatory
Basies Initiative Program report ,* gave its view of the relationship between turbidity and
pathogen oceurrence in finished filtered water. It stated that a relationship exists between
turbidity spikes and Giardia breaskihirough such that a stable fitter 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 Cryplosporidium cocyst size range. More important, spore removal
closely paralleled particle and turbidity removal in response to coagulant dosage under all the
water quality conditions examined.”

In examining relationships between turbidity and parasites, it was found that for every
log removal of turbidity, a 0.89-log removal was achieved for Giardia and Crypiosporidium.®
Conversely, iereases in filtrate turbidity paralleled increases in the risk of Cruptosporidium
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. Ti 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 Crypfosporidium
breakthrough is higher.*?

Table 2 shows average potential removal credits estimated for Giardia lamblia,
Cryptosporidium and viruses, when treated water meets the prescribed turbidity limits. The log
reduction credits outlined in Table 2 are based on the mean or median removal established by the
US EPA as parf of the Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR).!
Facilities that do not meet the requivements, or facilities that believe they can achieve 2 higher
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log credit than is automatically given, can be granted a tog reduction credit based on a
demonsiration of performance by the appropriate regulatory agency.

Tavle 2: Giardia lnmblie, Cryptosporidives and vires potential redueiion erediis for vavicus technolagies.

Techaology
Conveniional filfration *
Prect filiration”
Slow sand or diatormmaceous earth
filiration *
Micro- and ultrafiltration,

nanofiltration and reverse osmosis *

Notes:

Cyst/oocysi credit ©

Virus credit

3.0 log
2.5leg
3.0 log

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

2.0 log
i.0 log
2.0 log

Mo credit for micro- and
ultrafiliration; for nanofiliration
and reverse osmosis, removal
efficiency demonstrated through
challenge testing and verified by
direct integrity tesiing

"Conventional/direct/slow sand/diatomaceocus earth filiration should be followed by free chlorinaiion to obtain

additional virus credit.

*Micro- and ultrafiltration should be followed by free chlorination for the inactivation of viruses.

“‘Drepending o1 cyst/cocyst levels in source water, additional treatment is required vsing ultraviolet light, ozone,
chlorine or chlorine dioxide (refer to protozoalvirological quality supposting documents for the level of inactivation
reguired and the CT/IT tables for various disinfeciants).

Chemical characteristics

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

Huinic substances are able to bind substantial amounts of metals and hydrous oxides
together, forming complexes. An excellent review of metal-humate complexes, the mechanism
of their formation and their properties is provided by Schnitzer and Kahn.” The ability of a
number of natural waters in Ontario to complex copper has been demonstrated, with complexing
capacities of up to 2.35 pwmol Cu/L (0.149 mg/l) being reparied.” 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.” In a study of mercury sorption and desorption characteristics of

ttawa River sediments, it was found that sorption rates were higher for organic-rich sands.
Desorption of mercury was diffieult, with less than 1% of the mercury being leached during a
seven-hour contact period.” The strength of some metal-humate complexes may lead to
aegative errors in the analytical measurement of irace metals in natural water samples if turbidity

exists.”

Orie method that is used to remove undesirable metal ions during water treatment is
adsorption with activated carbon. This process is aided by the presence of organic matier.”
Organic molecules are also adsorbed by natural organic matier. DDT, for example, is solubilized
in 0.5% sodium humate solution by a factor of at least 20 over its solubility in pure water.”

fra—
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Herbicides such as 2,4-1, pavaquat and diquat can be adserbed onte clay/humic acid particulates,
the adsorption being greatly influenced by metal cations present in the humic material'” The
oresence of turbidity, therefore, might also interfere with the detection of biccides in water
samples.

Chlorination of water confaining organic maifer such as humic acids can produce
trihalomethanes, a group of chemical compounds that includes chloroform,
bromodichloromethane, chlerodibromomethane and bromoform. The Canadian drinking water
cuideline for trihalomethanes is based on the known health effects associated with chloroiorm.
Morris and Johnson'®! observed a relationship between raw water turbidity and trihalomethane
concentration in finished Towa City water. In laboratory tests, Stevens and co-workers'® found
that trihalomethane production was reduced if the water was filtered prior to chlorinaiion. Barms
and Looyenga'™ also reported that raw water turbidity was positively correlated with chloroform
coneentration in a South Dakota water supply. Sirategies for addressing turbidity have
implications related to conirolling the potential formation of trihalomethanes, including the
removal of organic maiter, the use of alternative disinfectants, disinfectant application points and
dosages, and the use of activated carbon.'™

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

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

Physical charactexistics

A considerable body of evidence suggests that a large part of eolour in water arises from
colloidal particles. These tiny particles have physical and chemical properties that allow them to
stay suspended in the water, rather than setiling down or dissolving. Black and co-workers™
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. True colour is therefore defined as the colour of water from which turbidity has
been removed.”

The relationship between high turbidity, in both raw and filtered water, and taste and
odour has long been recognized.” Algal growths, actinomycetes and their debris also coniribute
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io tasie and odour problems.” At 5.0 NTU and above, there is an increasing visual detection,
which many censumers find unacceptable.

Analytical methods

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 of the American Water Works Association/American Public Health Association
(AWWA/APHA) or the U.5. Environmental Protection Agency (USEPA) and one International
Organization for Standardization (ISO) eriteria for determining turbidity in drinking water.

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

Method Ciiation Description

Nephelometiic AWWA/APHA 2130B*  Tuagsten lamp@2200-3000°K and ane or more
peipendicular deteciors (&iilters) with spectial
response peak of 400-600nm. Light path <10 cm.

Nephelometric USEPA 180.1° Tungsten lampd2200-3000°K and one or more
perpendicular detectors (&filters) with speciral
response peak of 400-660nm. Light path <10 cm.

Optical 150 7027° Tungsten lamp {(&flters),Diode or Laser as radiation
‘ source af 860 nm (o 550nm if sample is colourtess)
with a perpendicular detector and aperture angle 20-30°

Great Lakes Instruments ~ USEPA GLI 27 Two perpendicular 860nm light sources aliernately
pulse each 0.5 seconds & two perpendicular detectors
alternately measure “reference” and “aciive”™ signals.

Hach Filter Trak USEPA 10133™  TLaser Diode @660 nm at 90° to detector/receiver (light
paily €10 cm) which may use Photo-Multiplier Tube
and fibre-optic cable. Range is 0-1000 mNTUs.

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

Nephelometric turbidity instrumentation varies in design, range, accuracy and
application. The design of nephelometric instruments should take into account the physics of
scattered light. As noted in a previous section (Identity and Sources in the Environment), the
size, shape and concentration of the particles affect the intensity pattern and distribution ol the
scattered light. Small pariicles less than one-tenth of the light wavelength will scatter light
uniformly i1 both forward and backward divections. As the particle size approaches and exceeds
the wavelength of the incident light, more light is transmitted in the forwaid direction. Because
of this intensity pattern, the angle at which the light is measured is a critical facior; the current
intemnational standards have determined the most appropriate angle to be 90 degrees.® 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

13



Turbidity {(10/03)

certain point determined by the specific optical characteristics of the pracess, the particles
ihemselves begin to bleck the iransmission of the scattered light, The resuli is a decvease in the
intensity of the scaitered light. The intensity at which various wavelengths of light are reflecied
or absorbed is also determined by the colour of the liguid and the reflecting surtace. Industry
standards require nephelometers to operate in the visible or infrared ranges: 400—600 and
8Q0-900 nm, respectively.”

All these factors, along with the optical geometry of a particular instrument, cause
measured values between instruments to vary widely; thus, criteria for instruinent design have
been developed to minimize these variables. Mamufacture of turbidimeters is guided by
recommendations provided by the U.S. Environmental Protection Agency'® and the International
Organization for Standardization (ISO 7027).° '

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

For a finished water turbidity goal of 0.1 N'TU, rigorous standard operating procedures
and a high level of quality conirol are required; a small numeric change may result in a large
percent change.'>"* However, according to USEPA Analytical Methods for Turbidity
Measurement (180.1 and GLI 2) and Standard Methods for the Examination of Waier and
Wastewaier (21308), the sensitivity of nephelometers is such that turbidity ditierences of 0.02
NTU or less can be detected in waters having a turbidity of less than 1.0 NTU."%" All three
methods cite “reporiing 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 claiim that these
instruments are far more sensitive than the standard turbidimeters; purporting to aceurately
measure in the mNTU rangs. The USEPA has approved a laser turbidity method, “Method
10133, Determination of Turbidity by Laser Nephelometry.” ** Currently they are not widely
used in the industry.”

Turbidity, as defined by the above methods, is 2 non-scientific measurs of particle
coneentration. Electronic particle counters are now available that are capable of accurately
counting and recording the mumber of particles as a function of size (often in the 1-150 pm
range). Although there is a general relationship between particle counts and turbidity (below 1.0
NTU), a firm correlation does not exist.'*18

A simple conversion factor relating particle counting and turbidity ineasurements is not
possible because the two techniques differ fundamentally in ferms of discernment. Particle
counting measures iwo characteristics of particulates: particle number and particls size. Samples
with identical clarity can be distinguished on the basis of these two features; cne sample may
contain many small paiticles, whereas another may contain few large particles. Turbidity, on the
other hand, cannot distinguish between two samples of identical clarity and different pasticulate
composition.”
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Pariicle counters are an excellent tool for opiimizing ireatment processes and for
detecting the onset of filter breakthrough. Particle counters are vestricted to performance
verification only, and no limit is set as a maximum accepiable concentration for the number of
particles In the treated water.

Treatmment technology

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

Chemically-Assisted Hiliration

The chemically-assisted filtration process generally includes chemical mixing,
coagulation, flocculation, sedimentation {or dissolved air flotation) and rapid pravity filiration.
Aluminum and ferric salts are used as primary coagulants. Cationic and anionic polymers are
most commonly used as flocculation aids, and both, along with non-ionic polymers, have been
used as filter aids. The coagulants and polymers are used to destabilize the generally negatively
charged collotdal particles, which allows aggregation to occur via chemical and van der Waals
interactions.”” 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 sysiems 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 N'T'U; turbidities of less than 0.2 NTU have
been demonstrated to be achievable on an ongoing basis. Filter loading rates generally range
from 3.0 to 12.0 m/h.?%

Changes in alkalinity, colour, turbidity and orthophosphate concentrations affect
coagulation reactions, and the properties and rate of settling of resulting floc particles.
Temperature aifects 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 short-term turbidity spikes
represent a process failure and potential healih 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 spikes.™

Discharge of filter backwash water into a raw water reservoir should not be permitted
unless the filter backwash water receives off-line treatment, or is returned to a location upsiream
of'the coagulant dosage point, so that all processes of'a conventional or direct filtration plant are
employed. The ofi-line treatment may be acceptable depending on the method used to treat the
backwash water.
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Following filtration, turbidity in & waterworks may increase if any of the following

° coagulants escape into the iiltered water;

s dissolved metals oxidize;

° bacteria and other micraflora grow;

° chemicals are added for stability or corrosion contirol;

o deposited materials (especially in low-flow parts of the system) are resuspended;
or

° pipes corrode or lines break

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

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 produecing finished water with turbidity
of less than 0.2 NTU.*" In choosing the participating plants, consideration was given to
geogiaphic coverage as well as diversity of raw water types and treatment processes. It a
different study, the Pennsylvania Department of Environmental Protection undertook
performance evaluations of 150 surface water treatment plants that used filtration from 1988 to
1990 and found that a goal of 0.2 NTU was achievable for most plants.”> An internal report,
prepared in 1995 for the same depariment, also found that filtration plants can readily achieve
iinished water with turbidities of less than 0.5 NTU and that most plants can achieve less than
0.2 NTU.* In pilot tests involving treatiment of Boston’s low-turbidity surface water supply with
dissolved air flotation, the turbidity goal of 0.1 N'TU was met in more than 90% of the runs.**
Cperational siudies at specific plants have indicated that low turbidities in plant effluent are
readily achievable when competent operations are in place.” 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 of viruses.” 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 Proteciion 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 chemiecally-assisted
filiration is able to achieve a 2-log reduction of Crypiesporidium through filtration.®* The US
BPA has now concluded that conventional treatment plants in complianee with the IESWTR or
LTIESWTR achieve an average of 3-log reduction of Crypiosporidium. Direct filiration plants
achieve an average of 2.5-log reduction of Cryptosporidium.1*

Slow sand filtration
In slow sand filiration, filier etffectiveness depends on the formation of schmutzdecke,
which is a layer of bacteria, algae and other microorganisms on the surface of the sand, and the

et
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formation of a biopopulation within the sand bed. Raw water passes through the sand bed where
physical, chemical and biological mechanisms remove contaminants. The most important
removal mechanism has been attributed to the biological process. Mo chemicals are added, nor is
there a need to baclowash,

Researchers have ohserved variation in the ability of slow sand filters to reduce turbidity.
Fox et al.* 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 er
al.*! reported that typical effluent turbidity was 0.1 NTU for raw water with turbidity ranging
from lower than 1.0 to 30.0 N'TU, except during the first two days after scraping of the
schmutzdecke. Pyper* observed slow sand filtered water with turbidity of 0.1 NTU or lower
50% of the time and 1.0 N'TU or lower 99% of the time; raw water turbidity in this study ranged
from 0.4 to 4.6 NTU. Slezak and Sims™ reported that nearly half of the 27 slow sand filtration
plants they surveyed produced filtered water turbidity of 0.4 NTU or lower; at the same time,
15% of the planis produced water with an average turbidity of 1.0 NTU or higher. Consistent 3-
log reductions of particles sized from 2 to 4 pm upwards were also observed in this study. The
size range of 7-12 um is considered to be representative of the size of Giardia cysts. Bellamy ef
al.** studied the water treatment efficiency of slow sand filtration to ascertain removal of Giardia
cysts, total coliform bacteria, heterotrophic plate count (HPC, formerly known as standard plate
count) bacteria, particles and turbidity. Results showed that slow sand filiration 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%; particle removal
averaged 98%; HPC bacteria removal ranged from negative to 99%, depending on the influent
conceniration; and turbidity removal ranged from 0 to 40%.* The US EPA has now concluded
that slow sand filtration plants in compliance with the TESWTR or LT1ESW'IR achieve an
average of 3-log reduction of Cryptosporidium.'*

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

As is the case with chemically-assisted filivation, a “filter-to-waste® feature should be provided
so that the filtered water immediately after {ilter cleaning is directed into a waste stream.

Diatomacecus earth filtration

Diatomaceous earth filters operate by passing water through a thin layer of diatomaceous
earth about 3 mm thick supported on a septum or filier element. To prevent turbid water fiom
clogging the filter, a small amount of diatomaceous earth is continually added as body feed to
maintain a permeable filter cake. Once the headloss across the filter cake becomes too great or
the Tilter cake begins to slough, the filter is removed from service and the filter cake is washed
and reuse-d. New precoat is applied, and the eycle starts again.

Distomaceous earth filtration has been shown to attain excellent removal of Giordia
cysis over a broad range of operating conditions, Cyst removals exceeding 99%, and often
99.9%, were reported by Lange er al *® for filtration rates of 2.4-9.6 m/h and for temperatures

17



Turhidity (10/03)

P
13

from 3.5 to 15°C. Logsdon e af.* reposted that when sufficient diaiomaceous earth and body
feed were used, removal of 9-pum radioactive beads was nearly always 89.5% or higher. The
same study reported that 11 filter runs weve made with Giardia muris cysts at filtration rates of
2.2-3.5 mi/h. Cyst removal exceeded 99% in all runs and exceeded 99.9% in five of the runs. The
US EPA has now concluded that diaiomaceous earth filtration plants in compliance with the
IESWTR or LTIESWTR achieve an average of 3-log reduction of Cryprosporidium.'*

Diatomaceous earth {iliration is appropriate and effective in treating waters with low
turbidity. Logsdon et al.* repovted that turbidity reductions of 56-78% were attained with
diatomaceous earth when raw water turbidity ranged from 0.95 to 2.5 NTU. Pyper* reported an
average turbidity reduction of 75% with an effluent quality of 0.5 NTU.

As is the case with chemically-assisted filiration, a “filter-to-waste’ feature should be
provided so that the filiered water immediately after filter backwashing is directed into a waste
streaim.

Memprane fiitration

Four membrane treatment processes are currently used in the water industry, and all
inveolve 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/iveatment configuration.”” The four processes are:

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

2, Nanofiltration: a low-pressure reverse osmosis process for the removal of larger cations
(e.g., calcium and magnesium 1ons) and/or organic molecules.

3. Ultrafiltration: 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
pariiculates.

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

particulates, including pathogenic cysts, 748 ‘

Reverse osmosis and nanofiltration are very effective for absolute removal oi cysts,
bacteria and viruses.*® Ultrafiltration (pore size 0.01 pm) and microfiliration (pore size 0.1 pm)
are effective for absolute removal of Giardie cysts and partial removal of bacteria and viruses.”
Filtrate turbidity can be achieved consistently at or below 0.1 NTU.>*!

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

I membrane filiration is the sole treatment technology in use then a form of virus
inactivation should be incorporated into the treatment train after the filtering process.

‘Filter-to-waste” teature 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.

oy
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Healih constderaiions

Microbial :

The most important health-related effect of turbidity is probably its ability to protect
microorganisms from disinfection. Turbidity, which has been shown to be corielated with the
contamination of water supplies by Giardia and Cryptosporidium,'? serves as a surrogate
measure for indicating the risk of contamination by these pathogens. A dramatic ncrease in
turbidity levels at one of the Milwaukee water treatment piants (levels many times higher than
those of the preceding 14 menths) was asscciated with the outbreak of eryptosporidiosis in April
1993, when more than 400 000 people developed symptomatic gastroiniestinal infections as a
consequence of exposure to contaminated drinking water."™® An ouibreak of giardiasis in Rome,
New York, where an vnfiltered but chlorinated water supply was used, has been cited as
llustrating the problem of particulates possibly protecting pathogens and interfering with
marginal disinfection.’® In another incident, high turbidities (>4.0 NTU), resulting from poor
plant operation coupled with a malfunctioning chlorinator, were considered as causal factors in
an outbreak of giardiasis.® '

In most water treatment plants, Giordia removal is a physical process involving
coagulation, flocculation and filtration; chlorine contact times alone ave insufficient to result in
complete destruction or removal.'” Monitoring turbidity can therefore be a useful indicator of
plant performance, including cyst removal. Studies have shown that small increases in turbidity
(about 0.2 NTU) can resuli in significant passage of Giardia cysts.®’ 1t has been suggested that
0.1 NTU should be set as a goal or objective for treated water. 12112 Giardiasis problems
have, however, occugred where turbidity limits have been met, and it should not be assumed that
achieving a turbidity limit will by itself prevent waterborne disease®1”

A study in Philadelphia by Schwariz et al.,” which asserted a correlation between levels
of turbidity 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
gastrointesiinal illness 9—11 days after exposure, even though the recorded average turbidities
were well below ihe regulated limits, A similar study by Avamini ef o/.'** has demonstrated a
relationship between reporied gastrointestinal iflness and turbidities in excess of 1LONTU, the
previous Canadian health-based drinking water guideline. Using a generalized additive maodsl,
the authors demonstrated that excess turbidities during the pericd 19921998 could explain
2.1%, (.8%% and 0.9% of emergency-associated, gastroenteritis-related physician visifs 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 siudies that change in turbidity
levels in drinking water is a potential indicator for breakthrough of pathogenic organisms and
increased consumer risk.

pa——t
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Hudson,'"” using 1953 data on infectious hepatitis and raw water turhidity for 12 U.S,
cities, observed that infectious hepatitis incidence was greater with higher turbidity. A similar
relationship appeared to exist between turbidity and cases of poliomyelitis, although this finding
was based on a smaller sample.'”” Shaffer ef al."'® reported detection of poliovirus in waters with
chlorine concentrations greater than 1 mg/LL and turbidities less than 1.0 NTU, which indicates
that protection fraom disinfection occurs even at veiy low turbidity levels. Although a study of 16
U.5. cities in 1961 failed to reveal a clearly defined relationship between hepatitis incidence and
finished water turbidity, the authors siated that, because of the many factors involved, it should
not be inferred that there is none."”’” The infectious hepatitis epidemic in Delhi, India, occasioned
by the massive contamination of the raw water source of a treatment plani 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.'® The
protection from disinfection offered by organic or cellular material in particular has been”
reported in other studies,56<*

Chemical

Particulate matter in water is not usually a potential chemical hazard in itself, but may
have indirect effects.”® The concenirations of both heavy meial ions and biocides are usually
much higher in suspended solids than in water. The possibility therefore exists that when such
contaminated pariicles enter a different environment, such as the stomach, release of the
pollutants could oceur, with poteniially deletericus effects.

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

M™+HA=MA_ +mH

where:

o M™ = the metal ion

° H_A =humic acid

° M A, = the metal complex.

If, for instance, the hydrogen ion concentration is increased by stomach acid, the eguilibrium
will be displaced in favour of the free ion and the undissociated humie acid.

Similarly, the absorption of some herbicides, in particular s-triazine compounds, by soil
organic matter, has been demonstrated to be pH dependent. Maximurm 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.”

Other considerations

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
consuiners, In some cases, if the level of turbidity is not lowered to reduce the organic loading in
advance of applying certain chemicals, it may lead to other heslth coneens (e.g., the formation
of trthalomethanes).
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As noted above, turbidity measurement does not indicaie the type, number or mass of
particles. However, because of the ease of analysis and relative inexpensiveness of the
equipment, it is a very useful tool 1o assess the peviormance of water {reatment processes —
especially for conveniional 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

xceed 5.0 NTU within the distribution systein, especially at the point of consumption.

Rationale

Turbidity is a characteristic of all water supplies. In surface waiers 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
micraorganisims and interfere with disinfection. In addition, organic matier in the water can react
with disinfectants such as chlorine to create by-products. These by-products may cause adverse
health cffects.

While turbidity may be measured in secure groundwater supplies (i.e., not under the
direct influence of surface water), it is not 2 concern in ireated water from these scurces provided
it does not hinder disinfection. It is good practice to ensure water entering the distribution
systern from a secure groundwater supply has a low turbidity level around 1.0 NTU.

Turbidity is effec’nively reduced through filtration, using one of a number of cominon

technologies. The most 1mp01 fant consideration when dealing with turbidity is to reduce iis 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
ireated water should be:

1. 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

xceed 1.0 NTU at any time.

2. For slow sand oi diatomaceous earth filiration, tess than oy 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 filiration, 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 iilter
process.

Most problems associated with turbidity are caused when the level of turbidity in the
treated water spikes. Spikes can occur when the natural levels of particulate matter increase in
the source water, when the filivation rate increases or when an individual filter breaks down. In
order to cuickly figure ont that a filter is malfunctioning and to identity whmh one it is, this
guideline applies to individual filters within a system.
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Turbidity measured to be less than 5.0 NTU is not discernable to the naked eye but at
nigher levels the particulate matter in water may cause colouy, tasie and odour concerns or
consuinters. For this reason, ufilities shonld try to maintain 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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Appendix A

Determining if Greundwater Is Under the Divert Inifluence of Surfzce Waier™

Determining whether groundwater is under the influence of surface water is a complex
process. While theve is considerable variation in the circumstances that may result in
groundwater becoming contaminated with surface water, some key issues that should be
considered include:

2rz2?
Geology

L What are the characterisiics of the aquifer deposit (1.¢., lithology, stratigraphy and
structure)?

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

(] What is the age of the deposit?

[ Is it a confined, semi-contined or unconfined aquifer?

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

U If the aquifer was created during an ancient geologic event (i.e., unconsolidated
deposits or bedrock deposits/pre-glaciation), is it likely fo 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?

0 What are the effects of local topography (e.g., mountains, foothills, plains)?

O What are the effects of local geology and geologic events (i.e., facies changes,
complex geology, glaciation)?

Hydrogeology

3 Do the aquifer characteristics (i.e., hydraulic head, inirinsic permeability,
hydraulic conductivity, fransmissivity, sforitivity) imply divect surface water
and/or land surface influence(s)?

[ Is there evidence of local surface water “discharge/recharge” to/from the aquifer?

What is the direction of groundwater flow (i.e., hydraulic gradient)?

O Wheat is the consequence of pumping groundwater from the aquifer (cone of
influence)? Is there a change in gradient?

Hydrochemistry

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

] Is there evidence through environmental isotope analysis CH, *C, '*0, *H)?

O What is the chemical age of the groundwater (i.e., mineralization)? How does it
compare with that of the local surface water?

O Is there evidence of a hydrochemical facies change?

0 What is the level of bactevial contaminziion in the aquiter?
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Lond use issues

L

Soil hovizon

0

What types of local land use are there (e.g., agriculiural, industrial, munici
recreational)?

e
o
st

What type of soil is there?

Tools for making the assessment

L

L
3
L

Cross-sections, 1sopach maps, topographic maps and geological maps

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

Focal water balance exercises (groundwater vs. surface water recharge/discharge)
Isotope analysis

L
i
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Trihalomethanes (THNMSs) are chemical compounds in which three of the four hydrogen atoms of methane (CH,) are ieplaced by
halogen atoms. Many trihalomethanes find uses in industry as solvenis or refrigerants. THMs are also environmental pollutants, and

many are considered carcinogenic. Trihalomethanes with all the same halogen atoms are called haloferms,
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Industrial uses

Refrigerants

Trifluoromethane and chlorodiflucromethane 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 refrigerant HCFC, or hydrochlorofluorocarben, while fluoraform is an HFC, or hydrofluorocarbon.

Fluoroform is not ozone depleting.

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

refrigerants.

Solvents
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Chloroform is a very common solvent used in organic chemisiry. It is a significantly less polar solvent than water, well-suited io
dissolving many organic compounds.

Although still toxic and potentiaily carcinogenic, chloroform is significantly less havnful than carbon tetrachloride. Because of the health
and regulatory issues associated with the use of carbon tetrachloride, in modein chemistry laboratories chlorofom is used as a cheaper,
cleaner alternative wherever possible.

Trikalomethanes are formed as a by-product predominantly when chlorine is used to disinfect water for drinking. They represent one
group of chemicals generally referred to as disinfection by-products. They result fiom the reaction of chlorine and/or bromine with
organic maiter present in the waier being treated. The THMSs produced have been associated through epidemioclogical studies with some
sdverse health effects. Many governments set imits on the amount permissible in drinking water. However, trihalomethanes are only one
sroup of many hundreds of possible disinfection by-products—the vast majority of which ave not monitored—and 1t 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
limifs the total concentration of the four chief constituents (chloroform:, bromoform, bromoedichloromethane, and
dibromgchloromethane), referred to as total trihalomethanes (TTHM), to 80 parts per billion in treated water.

Chloroform is also formed in swimming pools which arve disinfeeted with chlorine or hypochlorite in the haloform reaction with organic
substances (e.g. urine, sweat, hair and skin particles). Some ofthe THMs are quite volatile and may easily vaporize into the air. This
males it possible to inhale THMs while showering, for example. The EPA, however, has determined that this exposure is minimal
compared to that from consumption. In swimmers uptake of THMs is greatesi via the skin with dermal absorption accounting for 80% of
THM uptaicem. Exercising it a chlorinated pool increases the toxicity of a "safe” chlorinated pocl atmospherg A with toxic effects of
chlorine byproducts greater in young swiminesrs than older swimmers©L
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1.0 Guidelines

Trihalomethanes .
The maximum accepiable concentraticn (MAC) for trihalomethanest (THMs) in drinking water is
0.100 mg/L (100 pg/L) based on a locational running annual average of a minimum or quarterly
samples taken at the point in the distribution system with the highest potential THM levels.

Bromedichloromethane
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The maximum acceptable concentration (MAC) for bromodichloromethane (BDCM) in drinking
water s 0.016 mg/L (16 ug/L) monitored at the point in the distribution system with the highest
potential THM levels.

Other Considerations e e e e s

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

2.0 Executive summary

Trihalomethanes are a group of compounds that can form when the chlorine used to disinfect
drinking water reacts with naturally occurring organic matter (e.q., decaying leaves and
vegetation). The use of chlorine in the treatment of drinking water has virtually eliminated
waterborne diseases, because chlorine can kill or inactivate most microorganisms commonly found
in water. The majority of drinking water treatment plants in Canada use some form of chlerine to
disinfect drinking water: to treat the water directly in the treatment plant and/or to maintain a
chiorine residual in the distribution system to prevent bacterial regrowth. The health risks from
disinfection by-products, including trihalomethanes, are much less than the risks from consuming
water that has not been disinfected. Utilities sheuld make every effort to maintain concentrations
of all disinfection by-producis as low as reascnably achievable without compromising the
effectiveness of disinfection.

The trihalornethanes most commonly found in drinking water are chloroform,
bromodichloromethane (BDCM), dibromochloromethane (DBCM) and bromoform. OF these,
chloroform has been most extensively studied, and there are some scientific data available on
BDCM. However, insufficient data are available to develop a guideline for either DBCM aor
bromaform. Since chloroform is the trinalomethane most often found in drinking water, and
generally at the highest concentrations, the trihalomethane guideline is based on health risks
linked to chloroform. This guideline applies to the total concentration of chleroform, BDCM, DBCM
and bromaotorm.

This Guidelina Technical Document reviews all the health risks assaciated with trihalomethanes in

drinking water, incerporating multiple routes of exposure to trihalomethanes via drinking water
including ingestion, and both inhalatien and skin absorption from showering and bathing. It
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assesses all identified health risks, taking into account new studies and approaches, and applies
appropriate safety factors. Based on this review, the guideline for total trihalomethanes in drinking
water is established at a maximum acceptable concentration of 0.1 mag/L.

Although the concentration of BDCM is included in the concentration of trihalomethanes in the
guideline, a separate guideline for BDCM is alsc deemed necessary. The guideline for
bromodichloromethane in drinking water is established at a maximum accepiable concentration af
0.016 mg/L.

2.1 tealth effects

Chloroform is considered to be a possible carcinogen in humans, based on limited evidence in
xperimental animals, and inadequate evidence in humans. Animal studies have shown links
between exposure to specific trihalomethanes and liver tumours in mice and kidney tumaurs in
both mice and rats; soime studies in humans show data that are consistent with these findings.
Human studies are suggesting a link between exposure to trihalomethanes and colorectal cancers.

Human studies also suggest a link between repreductive effects and exposure to high levels of
trihalemethanes. However, an increase in the concentration of trihalomethanes could not be linked
to an increase in risk, suggesting the need for more studies.

Preliminary animal studies indicate that BDCM and other trihalormethanes that contain bromine
may be more toxic than chlorinated trihalomethanes 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 shawn tumours in the large
intestine in rats. Among the four trihalomethanes commonly found in drinking water, BDCM
appears to be the most potent rodent carcinogen, causing tumours at lower doses and at more
target sites than the other three compounds.

Exposure to BDCM at levels higher than the guideline value has also been linked to a passible
increase in reproductive effects (increased risk for spontanecus abortion or stillbirth) above what
can normally be expected. Further studies are required to confirm these effects.

2.2 Exposure :
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Levels of trihalomethanes, including BDCM, are generally higher In treated surface water than in
treated groundwater, because of the high organic content in lakes and rivers, and will be higher in
warmer moenths, because of the higher concentrations of precursor organic materials 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 treatment
processes. Recent data indicate that, in general, average trihalomethanes levels in Canadian
drinking water supplies are well below the guideline. However, some systems show average levels
well above the guidelines; these systems serve anly a small proportion of Canadians (less than
49) and are generally smaller treatment systems with limited ability to remove organic matter
before adding the chlorine disinfectant. It should be noted that the presence of brominated by-
products such as BDCM will also depend on the prasence of hromine in the source water.

2.3 Treatment
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Trihalomethanes and haloacetic acids are the two major groups of disinfection by-preducts found
in drinking water and generally at the highest levels. Tagether, these two groups can be used as
indicators for the presence of all disinfection by-preducts in drinking water supplies, and their
control is expected to reduce the levels of all disinfection by-products and the corresponding risks
to health. A guideline for haloacetic acids is expected to be avallable in 2006-2007.

The approach io reduce exposure to trihalemethanes is generally focussed on reducing the

formation of chlorinated disinfection by-preducts. The concentirations of tiihalomethanes and other
chlorinated disinfection by-products in drinking water can be reduced at the treatment plant by
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removing the organic matter from the water before chloring is added, hy optimizing the
disinfection process or using alternative disinfection sirategles, or by using a d Fe ent water
source, 1t is critical that any method used to control trihalomethanes levels muet net compromise
the effectiveness of disinfection. The Federal-Provinciai-Territorial Commitiee on Drinking Water
also recommends that every effort be made not only to meet the guideline, but to maintain
coencentraticns of trihalomethanes as low as reasonably achievable.

* Trihalomethanes refers to the totai of chloroform, bromedichioromethane, ditromochloromethane and bromoform
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[Line [Fioaing

By Zeme Satterfield, P B., NESC Engineering Sclentist

Summay

Line pigging is an internal pipe-cleaning process used to remove biofilins or other foreign matfer
irom the inside of water pipes. If performed correctly, line pigging will renew the flow rates to
restricted piping systems and reduce pumping vressures. This Tech Brief discusses some of the
techniquies and processes used in cleaning waterlines in distributions systems.

Line pigging (or line swabbing, as it sometimes
known), is the process of cleaning distribution
lines by iserting a small device known as a
pig into the lines and pushing it through
them. The term “pigging” eriginated in the gas
and ofl 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 acticn of metal
on metal made a squealing noise like a pig
and the name stuck. More and more, pigs are
being used to clean pipelines in all types of
indusiry mcluding wateriines in municipal
distribufion systems.

Pigs range in size from 2- to 48-inches in
diameter and can be made 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 intexior dimensions.

ls plgging wateiines really necessany?
States and municipalities typically do not
require regular pigging or swahbing of distri-
butien lines in water systems. Some may only
require pigging affer initial construction of a
new line to remove any debris left in the line
because flushing alone will not always clean
the dirt and debris out of the line.

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

ol comgay of irend mdusis, wio
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One reason to pig a waterline is that all disiri-
bution lines tend io have a biofilm ceating the
inside of the pipe. The bacteria are dormant
until cerfain condilions activate the bacteria,
causing problems. Regular flushing will net
eliminate this biofilm. Regular pigging with
flushing will reduce or eliminate biofiims.

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 develcpment
has caused water demand to surpass the flow
output of an exisiing line, the system will usu-
ally nieed to replace the existing waterline with
a line that can support the demand needed. If
the existing flow is resizicied due to excessive
deposits, however, pigging may be the solution
to the problem.

Third, most states requive a minimum of a G-
inch diameter waterline when connecting a fire
hydrant to provide adequate flow. After yeasrs
of service, the inside of the pipe can become

restricted with deposits making the fire
hydrant less effective if not useless for its
intended jch, If iire flow is needed, the solution
in the past has been to replace the whole

waterline, which is very cosily and time con-

suming. Pigging may restore adequate flow for
fighting fires at a fraction of the time and cost.

Finally, pigging waterlines may lessen com-

plaints from water customers regarding the
very same deposits that have or can resiricted
fire flow. These deposits are unwanted foreign
matter siuch as iron oxide {red water), alum,
calcium carbonates, barlwm sulfide and sedi-
ment. Pigging, in most cases, provides a sclu-
tion. Cleaning these deposiis can also reduce
pumping pressures in areas cf water systerns
that have booster pump stations. Increased

! pumping pressures can result in line leaks

and pipe fatlures.

@

i The procedure siarts by determining if the

waterline can be pigged. Not every water line is
a candidate for line pigging. Is the water line
so corroded that pigging can cause fallure?

e Line Pigging, Spring 2007, Vol. 7, lssue 1



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

One of the majn things to look at is the condi-
ton of the inferior of the pipe. If the pH of the
water is low, the interior of the lne could be so
corroded that pigging could result in faiure, i
in doubt about the condition of the line, refer o
past line repaivs or talk to operators who have
worked on any repairs of the particular line.

Much oi this information can be oblained from
as-built drawings or operators who have fizxed
leaks or installed the original water line. The
line will have to be dug up fo launch the pig.
At that time, a visual inspection should he
done to determine if pigging is possible,
Another ontion is to use a low density foam
pig in any unknown line and examine the
foam pig for wear patierns, tears, or gouges.
This may even help determnine if the line can
be successfully cleaned with a pig.

Belore the pigging begins, it's useful to have
information about the Jine:

1. Locate and mark all valves and meters

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

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

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

Once the line has been inspected and
appears sutiable, the actual pigging begins., A
pig is inserted into the line to be cleaned by
means of a launcher, This is simply an over-
sized tarrel 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 the pipe’s internal diameter to
maintain a good seal. Once in the launcher,
clean -water is infroduced to send the pig on.
its way. This is usually the same water that
is in the line from a nearby flushing hydrant
or fire hydrant, or a tanker truck. The pig's
path is determined by direction of flow and
by isolating the line to be cleaned by closing
valves io laterals, if present,

NATICH AL ENVIRONMENTAL SERVICES CENTER

! the meter to malfunction.
get into the customers’ plun
problems such as plugging the serators on the
i faucets, dishwashers, or washing machines.

if the waterline is in service, you miuist notily

! your customers about the water nterruption
! and possible dirty water after bringing the line
i back tn service. If the s

water line has a lot of
unwanied deposits, i may be wise o pull all

i water meiers just before the pigging process
i starts and flush at the connection at the end of
{ the process before you replace the meters.

Foreign matter could stop-up the mefer or cause
The debris could also
nbing and cause

i I the waterline to be pigged has severe scaling

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

i alum, calcium carbonates, bariwm sulfide, or

sediment, a progressive or stepped appreach

muist be taken to avoid getting a pig stuck or
{ losing a pig. This approach is simply using a

smaller diameter pig af first and working your
way up incremenially to the inside diameter of
the pipe. The stepped technique will minimize
the risk of the pig getting stuck or large
amcounts of debris plugging the line by clean-
ing a little bit at a time.

Articles about locating distribuiion lines and
= valve exercising programs are avajlable on
the National Environmeniai Services Center
" Web site at wwwhesc.wvu.edu/ndwe.

mert Pigs

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

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

o Profile pigs are gauging pigs with multi-
ple ganging 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.

» Transmiiier pigs or detector pigs are
used to map cut the location of pipeline
or help locate a stuck pig.

* Spheres are round for ease in negotiating
short radins 80-degree elbows, irregular
turns, bends, and sweeps.

allina Slmelz or Last Pig

I a pipeline hes not been pigged on a routine

! basis or has never been pigged, a pig can get

stuck. If a pig becomes stuck, the first priority

304 40
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is to find and retrieve it, bui you must identiy
the cause. Usually one of two conditions exists
when a pig is stuck: fluid bypassing around
the pig (not push}ﬂg the pig) or a blockage of
the flow.

In water distributfon systems that have loops
and multiple tee connectinons a pig can find its
way out of the work area and get lost. It is
imporiant to locate all valves and close off the
lines that are not being pigged and know the
direction of water flow.

I you lose a pig, a smart pig such as a detec-
tor pig or fransmitter pig can be launched to
help find the lost pig. A transmitter can alsp
be installed in the cleaning pig so that a
second pig does not have to be launched to
help locaie # if it should gef lost or stuck.
Sometimes a pig gets stuck because of a
broken or shut gate valve.

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

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

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

attempted to drive the pig through the
restriction. This may be repeated two or
three times.

3. For a bypass siti

in behnd the stu

-

tion a soft swab

FUIL
o try and create

i
CI
b

Water
{ line pigging on their own. Shop around and

i find a reputable company with experience in

i line pigging with water lines, Start with an
area of the water system that the line location,
| size, type, and condition are all known and the
! Hines can be dug up easily if needed.

Hygienic Pigging Systems.

Kershaw,

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

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

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

chlorination.

systems are advised not to undertake

: Referencess
i Chem Tech Servires. 2007. Various Information. Accessed at

wnww.chemtechservices,com/ pigging. him.,

Girard Industries. 2007, Technical Information on Pipeline

Pigging. Accessed at wuap.girardind.com/articles /art-of-
pigging. futm,

2007, Varicus Information.
Accessed at htip:/ [hpspigging.com/services himl.
Richard. Date unknown. “Innovative Pigging
Solutions For Pipelines.” Tech Notes: A Pipeline & Gas
Journal Fact Sheet. Chesterfield, UK: Pigtek Ltd.

! Pigs Unlimited. 2007. Varicus Imformation. Accessed af

wiw, pigsunlimited. com/asp/ about.asp.

Rader, Larry. 2003. "On The Trail of the Fhasive Water Leak.™

On Tap (Summer). Morgantown, WV: National Drinking
Water Clearinghouse.

U. S. Environmental Protection Agency. 1999, Microbial and

Disinfection Byproducts Rules Simulfeneous Complicice
Guidance Manual. Washmgton D.C.

3bn Burris o

NESC Engineering Scientist Zane Satterfield is a ‘\s

licensed professional engineer aid praviously i
worked for the West Virginia Bureau of Public

Health, Envirenmenital Engineering Division,

‘Mational )
Znvironmenta
Seyvices

Centey

WAL WestVirpinda
7 Universitys

£n Equol Onportunityfalfimstie Action tsfitian

Published by The Najlonal Ervironmental Senvices Cenfer at Wast Virginia University, P.O. Box 6064, Morgoniown, WY 26500-6064

¢ o Line Pigging, Soring 2007, Vol. 7, lssue |



Page 1of 2

Bili To:  Fraser Health Authority Project: totin: 322740
Report To:  Fraser Health Authority i Village of Harrison Springs Cortrol Number:
207 - 2776 Bourguin Crescent Name: THM Date Received; Aug 25, 2011
Abbotsford, BC, Canada Location: Date Reporied: Aug 30, 2011
V25 A4 LSD: Report Number: 1465090
Attn:  Jeniene Latz P.O.:
Sampled By: Acct code:
Company:
Reference Number 822700-1
Sample Date Aug 24, 2011
Sample Time NA
Sample Location
Sample Description Village of Harrison
Hot Spiings
Matrie Waler
Analyte Haits Results Results Resulis Homine! Detection
Trihalomethanes Saressn - Water
Chloroform mgft 0.038 0.001
Bromodichloromethane mgfl. <0.001 0.001
Dibrormochloromethane mg/L. <(.001 0.001
Bromoform g/l <0.001 0.001
Total Trihalomsthanes mgit. 0.038 0.001
Trilialomethanes - Swrogale Becovery
Dibromofluoromethane EPA Surrogate % 105 86-118
Toluene-d8 EPA Suirogate % 101 85-115
Bremofiuorobenzene EPA Surrcgate % 92 86-115

Approved by:

\.

,,/:f; ] jf Va -
Tk o s e s

A

Mathiey Simonsau
Operations Manager
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Introduction

The Guidelines for Canadian Drinking Water Quality are published by Health Canada on behalf of
the Federal-Provincial-Territorial Committee on Drinking Water (CDW). This summary table is
updated regularly and published on Health Canada's website
(www.heslthcanada.gc.ca/waterguality). It supersedes all previous versions, as well as the
published booklet of the Sixth Edition of the Guidelines for Canadian Prinking Water Quality.

These guidelines are based on current, published scientific research related to health effects,
aesthetic effects, and operational considerations. Healih-based guidelines are established an the
basls of camprehensive review of the known health effects associated with each centaminant, on
exposure levels and on the availability of treatrmment and analytical technologies. Aesthetlc effects
(e.qg., taste, odour) are taken into account when these play a role in determining whether
consumers will consider the water drinkable. Operational considerations are factored in when the
presence of a substance may interfere with or impair a treatment process or technolegy (e.g.,
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turbidity interfering with chlorination or UV disinfection) or adversely affect drinking water
infrastructure (e.g., corrosion of pipes).

The Federal-Provincial-Territorial Commitiee 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 or could be expected to be found in a large number

of drinking water supplies throughout Canada; and
3. the contaminant is detected, or could be expected to be detected,
possible health significance.

at a level that is of

if a contaminant of interest does not meet all these criteria, the Federal-Provincial-Territarial
Committee on Drinking Water may choose not to establish a numerical guideline or develop a

Guideline Technical Document. In that case, a Guidance Document may be developed.

Guidance Documents undergo a process similar to Guideline Technical Documents, including public
consuliations through the Health Canada website. They are offered as information for drinking
~water authorities, and help provide guidance relating to contaminants, drinking water management
issues or emergency situations. Consultation documents, Guideline Technical Documents and
Guidance documents are available from the Health Canada website
(www.healthcanada.gc.ca/waterquality).

In general, the highest priority guidelines are those dealing with microbiological contaminants,
such as bacteria, protozoa and viruses. Any measure taken to reduce concentraiions of chemical
contaminants should not compromise the effectiveness of disinfection.

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

Membership of the Federal-Provincial-Territorial Committee on Drinking

Water
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Canada

Department of Environment
Ministry of Health Services
Department of Water
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Departiment of Health and
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Department of Environment
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Department of Health and
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Mr. Haseen Khan
Mr. Duane Fleming
Ms. Judy MacDonald
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New, revised, reaffirmed and upcoming guidelines

Guidelines for several chemical, physical and microbiological parameters are new or have been
revised since the publication of the Sixth Edition of the Guidelines for Canadian Drinking Water
Quality in 1886. These new and revised guidelines are presented in Table 1.

Tabkle 1. New and revised guidelines

Bac.—ﬁnologlcal

 E.coli B B 0 per 1 DO_p_wl_‘_m - i 2006 :
. Total coliforms OperioOmL ¢ | 2006 i
; Heterotrophic plate count No numerical guldellne _—
B . Tequired % b T
, Emerging pathogenc No numerlcal guzdelmer . 5006
S - . required i o
PlOLOl_OEI No numerical guldelme ' 5 DU
H a
| - % required .. "f\iomn_e 3 e
\Enteric viruses  No numerical guideline [ f _ !
| required e B ...
ETurbldmy i; o 3/1.0/0.1 NTUP 1.0 NTU i 2004
,. “__ - ] 3455 g e S e U T T e X SRR ——— i s A 1
Alurmnum ) ~ 0.1/0.2° None i 1999
'Antlmony 0.006 None E 1997 i

]aRefer to section on Guidelines for micrabiclogical parameters.
1

\PBased on conventional treatment/slow sand or diatomaceous earth filtration/membrane filtration.

"Tl'ns is an operational guidance value, designed to apply only to drinking water treatment plants using aluminum-based

coagulams The operatlonal guidance values of 0.1 mg/L applies to conventional treatment planis, and 0.2 mg/L applies

LO other types of treatment systems.

c‘The separate guideline for BDCM was rescinded based on new science. Ses addendum to the THM daocument. In ceriain
'situations, the Federal-Provincial-Territorial Committee on Drinking Water may choose to develop guidance documents:
for contaminants that do net meet the criteria for guideline development, and for specific issues for which operational or

‘management guldance Is warranted.

[y

(W]



Guidelines for Canadian Drinking Water Quality - Summary Table Page 4 of 13

- & Soeiizae s - e R e a 9 e = - . S ;
Arsenic_ L o00ic 0025 . 2006 |
‘Benzene | 0.005 e 0.005 2009 |
Bromate 1 @0l ' Neme | 1993 |
Chlorate . 10 __ Nome . 2008 |
‘_(I_h[E)llele S ;[\0 numei’[ca[ guideli ne T 2009 ;
: ‘ required - |
Chlote 18 | None . 2008 |
1(L:I\j{anobaaenal toxins--microcystin- ‘ o . it }
Fluoride e s L 1996
gFormaldehyde FESEEEEREE \O numerlcal gLide‘ine - “Wmmmm_”% S
. . ... required .

Haloacetic A_c"ia?s':fé{él'(ﬁ/i}i\éi 0 eo80

’_Z_Méthyl 4- chloropheno"\,!aceuc aCId’ 0.1 '

MCPA)

JMeLhy! tertiary-butyl ether (M_BE) § 0.015 '

|lr|chl0roemylene (TCE) _%7 e

Trihalomethanes-—Total (THMs)? | 0100 |

Uramumﬁ b 002

Sk TrEElE , e
Cesumi37 (Fcs) | aosgr [ tosai [ 2o |
Todneisi(Phy . 6Bal 6By | 2009 |
Lead-210 (2°Pb) | 0.2 Ba/L . 0aBgL | 2000 |
‘Radium-226 (***Ra) E 05Bq/L | 0.6Bg/L ‘' 2009 |
}Strontium—QD %1 - . 5Bg/l. | 5Bg/L_ 2009 |
Tritium (CH) | 7000Bq/L | 7000Bg/L ' 2009

|

,aRe;er to section on Guidelines for microbiclogical parameters.
thased on conventional treatment/slow sand or diatomaceous earth filtration/membrane filtration.

‘“This is an operational guidance value, designed to apply only to drinking water treatment plants using aluminum-based
rcoagulants. The operational guidance values of 0.1 mag/L applies to conventional treatment plants, and 0.2 mg/L applies
.to other types of treatment systems.

iThe separate guideline for BDCM was rescinded based on new science. See addendum to the THM document. In certain ;
!situations, the Federal-Provincial-Territorial 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. i
|

Top of Page

In certain situations, the Federal-Provincial-Territorial Committee on Drinking Water may choose to
develop guidance documcms for contaminanis that do not meet the criteria for guideline
development, and for specific issues for which operational or management guidance is warranted.

Takle Z. Guidaiice decuments
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Potassium from water SO‘LE‘EE‘
The Federal-Provincial-Territarial Committes on Drinking Water has established a J:[encc baged
process to systematically review older guidelines to assess the need to update them. Tanja l
pravides the list of parameters whose guidelines remain approgriate and have been reanﬂrmed as
a result of this review. Health Canada and the FPT Commitiee on Drinking Water will continue o
ronitor research on these parameters and reccmimend any revision{s) to the guidelines that is
deemed necessary. '

Table 3. Reaffirmed guldelings {2605}

Asbestos Cyanazine Iran Taste
Azinphos-methyl Diazinon Magnesium Temperature
Bendiccarb Dicamba Malathion Terbufos
Benzo(a)pyrene 2,4-Dichiorophenol Methoxychlor 2,3,4,6-
Bromoxynil Diclofop-methyl Metribuzin Tetrachlorophenol
Cadmium Dimethoate Qdour Toluene

Calcium Diguat Paraguat 2,4,6-Trichlorophenol
Carbaiyl Diuron Pentachlorophensl Trifluralin
Carbofuran Ethylhenzene Phorate Rylenes

Chloride Gasoline Picloram Zinc

Colour Glyphosate Silver

~# outlines documents which are being or have been developed and are awaiting approval
Lhreugh the Federal-Provincial-Territorlal process.

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

Ammoma

Carbon tetrach[orrdc o

In prepay ation®

Chr.of_“_'_“f?._m._..___ S AU L L ;In preparation
Dichlorocthare, 1.2- . am In 'p;;iégg};féo

. DlCh!D I’OmELh é_n_ém“ S o AMGTD o N preparat o

F il - e e ,,ﬁ,,,,_é_TB,,,

_éﬂLeiIC \muses S _ - %GTD h

r[l__l(}ﬂde i . N 777” S (243 {D -

HcLeromophic Dl‘éilé cc}um - ”gu[dapcé _

NitruLe/ Nitrite . GTD Tn bir;ﬁarait;gn; |

N Nit 'osodlmcmyian"amﬂ ({\D \’i[‘) o GTD - Inp;eparaugn o

Protozoa , G _Inpreparation*

“PFinal guideline technical document or guidance document in preparation for final approval/posting.

Guideline technical document or guidance documeant being prepared for public consultation.
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'S'E'Téﬁ'i'UI'n"' o - i ' ; GTD o ‘n D|e|aari-5¢u:n"1’1
leuachIDI’DELhVIEHC - ' - G[D - ;1n preparation® o

Total chInonrﬂc D ;:;TD ~linpreparatio® |
Turbidity ‘ '= GTD__ [npreparation® |

mel chlori de : GTD In preparation®

1

\*Final guideline technical document or quidance document in preparation for final approval/posting.

i"Guida!Ine technical document or guidance documnent being prepared for public consultation.
|

Guidelines for microbiological parameters

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 bacterium that is always present in the
intestines of humans and other animals and whose presence in drinking water would indicate
faecal contamination of the water.

Bacteriological guidelines

Escherichia coli

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

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

Total coliforms

e O S T T ey g T LT ¥ T GO b R I R So S e U D T T T P E=E SRS PR B S Yy

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

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

Testing for total coliforms should be earried out in all drinking water systems. The number,
irequency, and location of samples for total coliform testing will vary according to the type and
size of the system and jurisdictional requirements.

Heterotrophic plate count
No MAC is specified for heterotrophic plate count (HPC) bacteria in water supplied by public,

semipublic, or private drinking water systems. Instead, increases in HPC concentrations above
baseline levels are considered undesirable.
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No MAC for current or emerging bacterial waterborne pathogens has been established. Current
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, Legionella, Mycobacterium avium complex, Aeramonas hydrophila, and Helicobacter pylori.

Although Giardia and Cryptosporidium can be responsible for severe and, in some cases, fatal
gastrointestinal illness, it is not possible to establish MACs for these protozoa in drinking water at
this time. Routine methods available for the detection of cysts and oocysts suffer from low
recovery rates and do not provide any information on their viability or human infectivity.
Nevertheless, until better monitoring data and information on the viability and infectivity of cysts
and oocysts present in drinking water are available, measures should be implemented to reduce
the risk of iliness as much as possible. If the presence of viable, human-infectious cysts or oocysts
is known or suspected in source waters, ar if Giardia or Cryptospaoridium has been respaonsible for
past waterborne outbreaks in a community, a treatment and distribution regime and a watershed
or wellhead protection plan (where feasible) or other measures known to reduce the risk 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 souirce water quality requires a greater log
reduction and/or inactivation.

Viruses ik o

SEo min  are—turnid GV B oE USETI, 4R SR 0T LS e e et e . T i TR a2

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

Turbidity
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Waterworks systems that use a surface water source or a groundwater source under the direct
influence of surface water should filter the source water to meet the following health-based
turbidity limits, as defined for specific treatment technologies. Where possible, filtration systems
should be designed and operated 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 from individual filters:

1. For chemically assisted filtration, shall be less than or equal to 2.3 NTU in at least 95%
of the measurements made, or at least 95% of the time each calendar month, and shall not
exceed 1.0 NTU at any time.

2. For slow sand or diatomaceous earth filtration, shall be less than or equal to 1.0 MTU
in at least 95% of the measurements made, or at least 25% of the time each calendar
month, and shall not exceed 3.0 NTU at any time.

3. For membrane filtration, shall be less than or equal to 0.1 WTW in at least 99% of the
measurements made, or at least 99% of the time each calendar month, and shall not exceed
0.3 NTU at any time. If membrane filtration is the sole treatment technology employed,
some form of virus inactivation® should follow the filtration process.
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