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KOERS PO BOX 790
& ASSOCIATES 194 MEMORIAL AVENUE

PARKSVILLE, BC V9P 2G8

ENGINEER[NG LTD. Phone: (250) 248-3151

Consulting Engineers Fax: (250) 2485362

September 20, 2023 www.koers-eng.com
2338-01

Comox Valley Regional District
770 Harmston Avenue
Courtenay, BC, VON 0G8

Attention: Kerly Acosta Hitchcock, P.Eng. C.E.M.
Engineering Analyst in Water/Wastewater Services

RE: Graham Lake Water Local Service Area
AC Watermain Condition Assessment — Desktop Study

We are pleased to present our letter report summarizing our desktop condition assessment
of the existing Asbestos Cement (AC) watermain piping in the Graham Lake Water Local
Service Area (GLWLSA).

1 STUDY NEED

The Graham Lake water system was constructed in 1971/72 by a developer (Seaview Land
Estates Ltd.) as part of the East Road residential subdivision from Owl Crescent to McFarlane
Road.

As-built drawings dated July 10, 1972 by Ramsay Murray Consulting Engineer indicate the
water system piping consists of:

Supply Main (Raw Water)
e 1750 m of 150 mm dia. consisting of:

i) +10 m of PVC pipe within the lake,
ii) 710 m of Class 150 Asbestos Cement (AC) pipe, and

iii) 30 m of steel pipe where the main crosses under Graham Lake Creek,
approximately 100 m upstream of the pumphouse/water treatment
building.

Distribution Main (Treated Water)
e +1,000 m of 150 mm dia. Class 150 AC pipe
. + 230 m of 100 mm dia. Class 150 AC pipe

The mains are now 51 to 52 years old. If the operational service life of 60 years (estimated
by the CVRD) is applied, the mains would have to be replaced in approximately eight years.
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The CVRD would like to better understand the condition of the existing AC watermain piping
and establish a more definitive estimate as to when replacement might be required. This
information would be used to refine the CVRD’s calculation of funds to be collected annually
from the users to finance the replacement work (engineering design, regulatory approvals,
tendering, construction, and commissioning).

The location of the GLWLSA (in relation to Graham Lake and the Denman Island Water Local
Service Area (DIWLSA)) is shown in Figure 1. The CVRD took over operation of the Graham
Lake water system earlier this year (2023) when the Graham Lake Improvement District was
dissolved and replaced with the GLWLSA. The DIWLSA was created in 1972.
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Figure 1 - Location of Graham Lake and the
Graham Lake and Denman Island Water Local Service Areas

There are many factors that contribute to the service life of AC mains, including but not
limited to:

e Quality of Materials (watermain and service connection piping, hydrants,

tees, valves, thrust restraints, etc.) and soils (pipe bedding, trench backfill)

e Quality of Installation

e Aggressiveness of the water inside the Pipe

e Aggressiveness of the soils the pipe is buried in

e Pipe Pressure Rating (Pressure Class) vs Operating Pressure
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2 SCOPE OF WORK

The CVRD did not have sufficient funds to perform the type of destructive testing that is
required to properly establish the condition of the existing AC pipe, and more accurately
predict its remaining service life. In the absence of AC pipe destructive testing data, a
desktop study was authorized by the CVRD to review relevant readily available information
that might be able to help establish a rough estimate of the AC pipe’s remaining service life.
The authorized scope of work consisted of the following five tasks:

Task 1 — Review Watermain Historical Break and/or Leakage Information

e Historical watermain break and/or leakage information to be provided by the
CVRD (includes location of repair, date of repair, method of repair).

e Review repair information and determine if the frequency of repairs is
increasing.

Task 2 — Assess Watermain Pipe Internal Corrosive Potentials

e Review historical water quality data for raw water & treated water. Water
quality information to be provided by the CVRD from historical records.

e Use AWWA published criteria and perform calculations to establish if the
internal water chemistry is considered to be corrosive to AC pipe.

Task 3 — Assess Watermain Pipe External Corrosive Potential

e Help select 4 or 5 soil sampling locations along the existing watermains. Soil
samples to be collected by the CVRD and submitted to a laboratory for testing.

e Review watermain trench soil test results.

e Use AWWA published criteria to establish if the external soil environment
around the existing pipes is considered to be corrosive to AC pipe.

Task 4 — Remaining Service Estimate

e After reviewing published lifespans of AC pipe, and completing Tasks 1, 2 and 3,
provide an opinion as to whether the testing results suggest a lower lifespan or
a longer lifespan.

e Provide an estimate of the remaining service life of AC pipe.

Task 5 — Summarize Findings

e The findings will be presented in a brief letter report. The report may include
recommendations for future condition assessment work, including destructive
testing of the AC pipe.
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3  WATERMAIN REPAIR HISTORY

CVRD staff were able to find documentation for ten (10) repairs carried out with the most
recent being this year and the last one being in 1994 (the past 29 years). The CVRD suspects
that other undocumented repairs may have been made, since no documented repairs were
found between 1995 to 2003 (nine years) and 2005 to 2016 (12 years).

The known repair history of the water system provided by the CVRD is presented in Table 1
and the locations are shown in Figure 2. Photographs (provided by the CVRD) of repairs
carried out in 2017 are presented after Table 1.

Table 1 - Documented Water System Repairs

Address ..
Date (East Rd) Description
2023
May 5 424181 1 se.rwce cpnnectlon Ie:?\k su.pplylng 4215 & 4251 East Rd.
Repaired with compression fittings.
2019
July 30 #3796 I?lctures on file of cur'b stop and appgars to be new service
line. Suspected repair of customer side.
March 18 #4046 Low pressgre complaint, poss@le service connection leak.
Unknown if resolved or what side.
2017
Unexpectedly, watermain side of curb stop had 3/4" thin
Nov 29 44356 walled PVC which snapped wh.en c!.urp stgp attemptef:l to
shut off. Temporary compression fitting installed until
proper service connection installed.
Oct 13 43616 Riepawed 7 ft section of damaged service line (watermain
side) and curb stop.
Aug 28 #3941  Pictures on file of curb stop leak on customer side.
2004
AC main crushed by concrete truck near pumphouse gate.
# 7
n/a 356 Repaired with blue brute.
1994
Sep 5 #3556  Repaired service line. Installed new shut off valve
Sep 5 #3547  Reinstalled service line.
Sep 5 #3541  Repaired service line. Installed new shut off valve
..f5
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It is noted that:

i) All, except for one, of the repairs were on service connection piping and most
were indicated to be on private property (customer side), i.e., not owned or
responsibility of the GLWLSA.

ii) Only one repair was on the distribution piping when a cement truck drove over
the pipe on a non-paved surface (near the pumphouse gate) in 2004.

iii) No repairs were reported on the water supply main.

iv) No repairs were reported on service connections where they connect to the
main. This location is known to be a common point of leakage when the service
connection piping is connected to the AC pipe without the use of a saddle. This
is referred to as a direct tap connection. The record drawings do not include a
service connection detail, but the air valve connect detail shows a pipe saddle.

v) Past system operators (prior to CVRD) noted that the location of leak becomes
evident during dry summers by green vegetation growing near it.

August 28, 2017
3941 East Road — Leak at curb stop, customer side.
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October 13, 2017 November 29, 2017

3616 East Road — Watermain side. 4356 East Road - Watermain side
Repaired 7 ft section of damaged service Unusual PVC service connection.
line and curb stop. PVC (thin walled) snapped when attempting

to shut off curb stop. Installed compression fitting.

4  WATER SUPPLY & DISTRIBUTION MAINS

On September 6/7, 2023, the water supply and the distribution mains were exposed by the
CVRD using a smaller track excavation and hand shovel in four locations; two on the supply
main and two on the distribution main, in order to observe the physical condition of the
outside of the pipe and to collect soil samples for laboratory analyses. The locations of the
four sites are shown in Figure 2 and photographs are presented on the following pages.
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4.1 Exposed Supply Main: Diameter, Material, Exterior Condition & Static Pressure

8875 Owl Crescent (front yard)
The supply main was exposed at 8875 Owl Crescent where the As-built drawings indicate the
pipe to be AC. The pipe was observed by CVRD staff to be DI with an outside diameter of
6.95 inches. The pipe exterior appeared to be in very good condition with no obvious signs
of deterioration of the black coating even though the pipe appeared to have been buried
with common backfill i.e., no pipe bedding sand or fine gravel as can be seen in the
photographs below.

The static pressure in the main at this location is
estimated to be around +140 kPa (20 psi).

The pressure rating for this 150 mm dia. Ductile
Iron pipe is not known. The 1981 American Water
Works Association (AWWA) document
C150/A21.50-81 notes a rated working pressure of
2,400 kPa (350 psi) plus a pressure surge allowance
of 700 kPa (100 psi) for 75 mm dia. to 450 mm dia.
DI pipe.

The small dia. pipe suspected to be the 19 mm dia.
connection for the then future hypochlorinator to
be constructed at the lake as noted on the July 10,
1972 As-built drawing.
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8

Graham Lake Creek Crossing (rear yard of 8850 Owl Crescent/3525 East Road)

The supply main was exposed at the creek crossing in the area where the As-built drawing
showed a 30 m long section of steel pipe. The pipe was found to be 150 mm dia. Ductile Iron
with an Outside Diameter of 6.95 inches. The pipe exterior appeared to be in very good
condition with no obvious signs of deterioration of the black coating even though the pipe
appeared to have been buried with common backfill around the pipe, i.e., no pipe bedding
sand or fine gravel as can be seen in the photographs below.

The static pressure in the main at this location is
estimated to be around +200 kPa (28 psi).

The pressure rating for this 150 mm dia. Ductile Iron pipe
is not known. The 1981 American Water Works
Association (AWWA) document C150/A21.50-81 notes a
rated working pressure of 2,400 kPa (350 psi) plus a
pressure surge allowance of 700 kPa (100 psi) for 75 mm
dia. to 450 mm dia. DI pipe.

The small dia. pipe suspected to be the 19 mm dia.
connection for the then future hypochlorinator to be
constructed at the lake as noted on the July 10, 1972 As-
built drawing.
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4.2 Exposed Distribution Main: Diameter, Material, Exterior Condition & Static
Pressure

3640 East Rd

The distribution main was found to be 150 mm dia. Asbestos Cement (AC) with an Outside
Diameter of 7.25 inches. The pipe exterior appeared to be in very good condition with no
obvious signs of damage, saturation, sponginess or loss of material. The pipe appears to be
surrounded with a layer of bedding sand or other fine grained material. The As-built
drawings noted the pipe bedding to be sand or fine gravel.

The static pressure in the main at
this location is estimated to be
around 380 kPa (55 psi) based on
a system pressure of 345 kPa
(50 psi) at the pumphouse.

The pressure rating for 150 mm
dia. Class 150 AC pipe is 1,035 kPa
(150 psi).

.../10
KOERS & ASSOCIATES ENGINEERING LTD.

oz

. ASSOCIATION OF CONSULTING
/ /)/ ENGINEERING COMPANIES
'"‘/.—_-.’./

BRITISH COLUMBIA




Appendix D Page 11 of 28

September 20, 2023 10
2338-01

Comox Valley Regional District
Kerly Hitchcock, P.Eng.

4046 East Rd
The distribution main was found to be 150 mm dia. Asbestos Cement (AC. The pipe exterior
appeared to be in very good condition with no obvious signs of damage, saturation,
sponginess or loss of material. The pipe appears to be surrounded with a layer of bedding
sand or other fine grained material. The As-built drawings noted the pipe bedding to be sand
or fine gravel.

The static pressure in the main at this location is estimated to be around 500 kPa (73 psi)
based on a system pressure of 345 kPa (50 psi) at the pumphouse.

The pressure rating for 150 mm dia. Class 150 AC pipe is 1,035 kPa (150 psi).
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5 CORROSIVE POTENTIAL

Asbestos Cement (AC) pipe is known to corrode/deteriorate/experience loss of pipe strength
as a result of cement mortar leaching. AC piping is susceptible to deterioration both
internally and externally. Two deterioration processes typically occur:

Lime Leaching

Free lime formed during the hydration process of the manufacturing of the pipe
maintains the strength of the cement matrix. However, free lime can be leached from
the cement by aggressive water in contact (internally and externally) with the pipe.
Soft water, with very low ion content is aggressive to free lime and results in the
leaching of free lime from the pipe.

Free lime (because of its alkali nature) can react with acids in the water both inside
and outside the pipe. Strong acidic environments may exist in wetland soils due to
decomposition of plants or may occur in contaminated soils (e.g., due to leaks of
petroleum products).

Lime leaching can result in a loss of bonding agents and possibly hydrated products,
and thereby can reduce pipe strength and increase the potential for pipes to leak and
fail.

Sulphate Attack

Sulphate contained in the water inside the pipe and groundwater outside the pipe
can also react with AC pipe material to form the mineral ettringite (calcium
sulphoaluminate). The formation of the mineral causes swelling which can lead to
the expansion and destruction of the cementitious portion of the AC pipe.

5.1 INTERNAL CORROSIVE POTENTIAL

There are two indexes that are frequently used to assess the aggressiveness of the water
conveyed in the AC pipes:

e Aggressive Index
e Langelier Index ¥

(1) American National Standards Institute/American Water Works
Association, The Selection of Asbestos Cement Pressure Pipe, 4 in.
Through 16 in. (100 mm Through 400 mm), for Water Distribution
Systems, Section 4.8 Type of Pipe (ANSI/AWWA C401-03).

.J12
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Calculation Results

The Aggressive Index and the Langelier Index were calculated for both Raw Water and
Treated Water (sampled from the system piping) utilizing laboratory water quality testing
reports provided by the CVRD.

The Raw Water calculations for the Aggressive Index and the Langelier Index are presented
in Table 2 and the calculated values are graphically shown in Figure 3 and Figure 4. The
Treated Water calculations are represented in Table 3 and the calculated values are
graphically shown in Figure 5 and Figure 6.

Based on the water quality data provided, the Aggressive Index and the Langelier Index both
indicate a tendency of the Raw Water and the Treated Water to be aggressive to AC pipe.

The indices, in and of themselves, do not predict with certainty the deterioration of AC pipes.
Other analyses can be used, including, but not limited to:

i) Anincrease in pH value and calcium content after water has passed through AC
pipes is an indication of leaching of free lime from the cement matrix. A review
of the raw and treated water pH data does not indicate a significant change in pH
as shown in Table 4.

ii) The presence of asbestos fibers in conveyed water can be used to indicate pipe
conditions, as deteriorated AC pipe can release asbestos fibers in the conveyed
water.

iii) A laboratory analyses and testing of a section of AC pipe. This is the best means
by which to establish the condition of the existing AC pipe, and more accurately
predict its remaining service life. This type of testing is very expensive and
typically includes:

e Dimensional measurement

Visual examination by stereomicroscopy

Surface hardness and scratch tests

Phenolphthalein indicator “staining” to evaluate gross leaching of the

cement mortar

e Chemical analysis of the AC pipe wall to evaluate degree and extent of
cement mortar leaching

e Crush strength test

e Hydrostatic strength test

../13

KOERS & ASSOCIATES ENGINEERING LTD.

)

) i

/J BRITISH COLUMB

\




¢4t

*(€ 10N 93s) aunjesadwal Ja1em parejode.ixe ayl uo paseg
'95JN0JIDIEM PUE[S| JOANOIUBA PIW WOJ) SAIND 2iNjeIadWa) J91eM [BUOSEDS WOy patejodelixd ainjesadwa] "3|ge|ieAe ejep ainjesadwal oN €
'SPI|oS paAjossIg [B10L =SAL €

"IN0-ysnj} d13ewolne ue yum paddinba si 3 "peoy 1se3 9SEt 1 JueIpAy Sy3 3¢ 03 PaASISQ S UBJAPH 'S T

Appendix D Page 14 of 28

:S310N
66'T- 6€°6 8T'T vET €L'6 JAN4 66 LT ST L'1e L'y VL a)eq wouy mey €20 ‘8 8ny
81'¢- €6 8T'T €T €L'6 L0°C 9'6 L'T1C ST S€°0C €6V YL asnoydwng mey €20C ‘L1 3nvy
(4414
Teoe
0z0T
91'9- SO'TT 0zt 000 SL'6 0S'C 19 14 L'ST T 89 681 9 1d djdwes ‘oT# dais mey 610C ‘9T uer
8T°¢- €66 ozt 1 VL6 0S¢ 16 14 L'ST €T 8S SL'9 G 1d 9|dwes ‘OT# dais mey 610C ‘9T uer
86'¢C- 986 T 9T'T L6 0S'C €6 14 L9T ST 99 889 T 3d 9|dwies ‘OT# dais mey 610C ‘9T uer
66'T- v'6 ST €eT e 0€'C 00T [4? LLT 9'1¢ [43 Sv'L Py 3se3 £95¢€ mey 810¢ ‘vT das
91'¢- 796 LT €T €L°6 0S'C ToT 14 L8T 9'0C 8¢ 8L asnoydwng mey LT0T ‘TC AON
98'T- 8C'6 €T SET €L'6 €T°C 00T 6T 89T See ov wL asnoydwng mey £10T ‘S INf
9€'¢- L6 €T 6T'T €L'6 or'e 8'6 8 69T 9'GqT 8¢ S€L asnoydwng mey £10¢ ‘9 |udy
910¢
vee 9L'6 Vet Vet VL6 0S'C 00T 14 SLT LT 99 [AWA asnoydwng mey ST0T ‘TT22d
€9°C €96 8C'T 0€'T L6 87’ 96 S 6T (114 0s L ¢ asnoydwng ¢ mey ¥10T ‘9 AON
8v'¢- 856 0€'T 8C'T VL6 E€v'e L6 L (014 6T [4] L ¢ asnoydwng ¢ mey €10T ‘v PO
8Y'C S asnoyduwing mey 210T ‘SJeiN
T10C
0T0T
600¢
800¢
£00¢
900¢
5002
(1) (pieH 807) | (nv 301) | (paseqsal) |(paseq dwsy) (1v) % 1/3w 1/3w /3w
Xapuj *Hd a o] ] 4 Xapu| () dWAL | ssaupieH ey [ SALl Hd uoneso sdwes adA1 133 M aleq
a9198uey 9AISS2488y 1813wWeied Ayjenp 191e M
Saxapu| paienaje)
0gh< 00< anssalfifeuon a-D-g+v =sHd
Dzl 01000l ooomoz— anissaibibe Alpjeiapopy SHd - Hd = x@puj J81j@8ue] BAJY DIAIDS [BIOT JO1BAN ¥ET] WEyeD
ool = 0z—= anissalbibe Alubiy (ssaupJieH x Ajuiey|y) 307+ Hd = xapuj| anIssa.83y €20T - €T0T S921pu| J91198ue 13 dnIssa438y 1918\ MVY
¢9o|qeL




Appendix D Page 15 of 28

(4154

/8w vy passardxa AUIENIE [B10) 1 JO (p[ 2seq) WiIIeso] ail ST (] J01DeY ., =
1/8w up pessaidxa ssaupJey WNED 3yl Jo (O 2seq) Wiigesa] ayy sp ) Joed SLl 08
Gl 0L
ooe 0001 orL 09
ce'C 006 %
j=i=i 05
06Z oog -
041 oy
ez 004 =
06’1 oe
B8LE 009
o0oe 5T
0L'E 005
. oLe og
09°e 00¥
orz 00E. 0e'e 51
ez 00z oee cl
o'z 0oL ore 8
061 03 0se ¥
va'L 0L B &
8L 09
0Ll 05
09l (0}
81 og
0e L (07
ool oL
= 10 .0 fooeD 1ifw w AuiEeyly [2J0L 10 SSSUpIRH wnigje
£ @lqeL
066 oooL
686 009
986 oo
£8'6 0og
116 001
0L'6 0]
-] WBw ‘say
€ ®lqel
0el< 0= anissaibfeuoN a-0-g+v  =sHd
0€l 010001 ooooE— anssaibibe Ameepow SHd - Hd = xapuj 431198ue B2JY JIAIIS |EIOT JIIBAN 3BT WEyelD
ool = 0E—>= anssaubibe Aubiy (ssaupJieH x Ajuiey|y) 307+ Hd = xapuj| anIssa.83y €20T - €T0T S921pu| J91|93ue g aAIssa.88y 1918\ MVY

x2pu) aa1ss2uBBy

xapu| saipaBuey SIQSUSIERYD SAISOLIOD

¢9|qeL



Appendix D Page 16 of 28

€ 34NOI4 XS|X'S2|BD) SIDIPU| DAISOLI0) "SAS U231\ 3 e] Weyedo\sd|e) Xapu| aAIsod10)\usisag z0\WwaisAs 1a1epn oxe] weyess geez\ay As||eA Xowo) #TOT\:H
21eq ajdwes
> > - - - w 2 > o
& & g 3 g 3 g = 8 ] 5§ 9 5
N - = = = = N - = = < -+ =
& N o o o > = u o = o > v
N N N N N N N N N N N N N N N N N N N N N N N N
o o o o o o o o o o o o o o o o o o o [=] [=] [=] [=] o
N N N N N = = = = = = = = = = = = = = [=] [=] o o o
w w N = o [(-] [(-] o [} ~ ~ ~N [+)] v k) w N = o o (=] ~N (<)} (9]
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 8
— c6 anIssa138y - 6
AlysiH
L]
9'6 L'6
L]
]
66
. i 001
— 00T 10t [
— — (1]
6'TT 03 0T
aAISsa488y I
- 1T
Ajesapoin |
<
0gl< 00< anssaibbeuoN [4 25
. . : . aAIssa488y 9%e7 Weyeso e uadjel 9q
0'¢l 010001 ooooe- anissalbibe Alarelapoy N )
= : UoN 0} panodas ajdwes £zoz ‘gz Sny 104
L e aAlssaibte ADIH 1d20x@ (asnoydwing) peoy 15e3 /95
uoleso| a|dwes 1a1ep
€T

(s3nsay A1ojesoqe AjijenD Jai1e/ 1918\ Paleal] [EnuUY UO paseq)

€20C - €102 ‘Xapu] anIssa183y
918\ MV
woaisAs J91e/ dje] weyelo

m_ 1IVIDOS
Y _.u;_

X9pu| anIssa.88y

=



Appendix D Page 17 of 28

.Q wz:u_m XS|X’SJ|e) S92IpuU| 9AISOLI0D) .m>m Jalep\ e Em:mhw/wu_mu Xapu| w>_wOLLOU/cw_mwO NO/C._w“w>m 191e\\ 2)€e] weyel wMMN/Dm >w=m> Xowo) QHOH/“I
9jeq ajdwes
> > - - - [7] 2 > o
& & s 35 5 & 2 < 3 g § 9 5
N = = = = = N - = = < - =
% N o o o > = o o L o > u
N N N N N N N N N N N N N N N N N N N N N N N N
o o o o o o o o o o o o o o o o o o o [=] [=] [=] [=] o
N N N N N = = = = = = = = = = = = = = [=] [=] o [=] o
w w N = o [(-] [(-] o [} ~ ~ ~N [+)] v k) w N = o o (=] ~N (<)} (9]
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) -
8T¢- > [
anissau88y -
== 86°C- AlySiH [
L] - m|
9€'C- [
8T'¢C- 9T'z- — !
66T mm 66T .
98'T- [
— L Nl
-— ”
¢010 !
anI1ssa.88y a
Aj@esapoy :
95JN02J31EM PUE|S| JSANOIBA-PIW B [
10} 9AIND |BUOSEDS WOJ4 palejodesIxd i
saJnjesadwal J91em J3Y310 ||V |
(20 ¥'8T) €20T ‘8T 8NV o
(20 T'T2) €20T ‘LT Bny [
(20 §) zTOT ‘S 4BIN -
1104 1d20X3 3|qe|ieAe jou [
0< aunjesadwa) Jaiem ajdwes L
anIssa188y :
-UoN i
9%e] weyedo je [t
Dl O0s SMEEMABRIDN uay e} aq 0} payodal €20z ‘gz Sny Joj i
0Tl 010001 0000z anissalbifie %E%o_z 1d29xa (asnoydwnd) peoy 1se3 79S¢ [
0oL = 0Z—> anissaibbe AubiH uolieao| djdwes e\ i
[4

(s3nsay A1ojesoqe AjijenD Jai1e/ 1918\ Paleal] [EnuUY UO paseq)
€20C - £T0T ‘xapu] J31198ue]
918\ MV
wid1sAg 191 9)e] weyedo

EaAicy St

LT ONTHEHENIONS
SHIVIDOSSY ¥
SUHOHA

xapuj Ja123ueq

-



Appendix D Page 18 of 28

ot

*(€ 10N 995s) 24n1eladwa) 491eM pajejodesixa 9yl uo paseg

*9SIN02ISIEM PUE|S| JSANOIUBA PIW WO SAIND Dinjesadwa} JOJeM [BUOSESS WOy paje|odelixd ainjesadwa| "3|qejiene elep ainjesadwal oN €

‘SPI|OS PaA|0sSIQ [e101 =SAL 2

"IN0-Ysn|} d1lewoIne ue yum paddinba s13] "peoy 1se3 9GE 1e JuelpAy Yl 3q 03 pand||aq SI JUBJIAPH 'S T

:S9I0N
v0'C- LT6 91 9¢€'T L6 44 86 7’81 8T 6CC 619 €L pY 1se3 9Gey paiealt €20€ ‘8¢ 3nvy
9Tt~ 66 6T'T vET VL6 80C L6 T1C 9'ST 8'T¢C T'6S €TL asnoydwnd poieaJ| €20T ‘LT 3ny
ot
T20T
0coc
6T0C
S9°C- 88'6 6T'T YT vL'6 8t'C 9'6 S 9T 1 09 €L peoy 1se3 £96¢ paieas) 8T0T ‘vT YdoJeW
LT0T
9T0C
ST0C
¥10¢
€10C
[41014
6€°C- 696 9TT 0€'T LL'6 81T 66 S 8T (014 86 €L peoy 1se3 95y pajeal| T10T ‘€T YoJeW
LET- LS6 8E€T CET 616 8Y'C 66 S 174 TC 8¢€T L peoy 1se3 95€y pa3eal) 010T ‘T Yien
0S¢t 796 ET (40" 6.6 8T 86 S 1T TC ovt L peoy 1se3 95y pajeal| 600T ‘v Yen
18°C- LL'6 9T 9T 8L'6 0SC S'6 14 8T 8T 499 96'9 (1 YUBIPAH S paleast 8007 ‘9T G°4
8Y'C- 8L°6 €CT (40" 186 €S°C 66 € LT TC 091 €L o) JuelpAH 'S paiealy £00T ‘¥T 924
0T 08'6 0Tt 8C'T 9.6 €S°C 96 € 91 6T L8 TL peoy 1se3 95y pajeaJ| 900 ‘9T 924
08¢~ 0L'6 8C'T 8C'T 9.6 0S'C S'6 14 6T 6T L8 69 ueJpAH uadQ ‘peoy 1se3 95ey paieall 5002 ‘9¢ uer
00T
€00C
200T
T00T
000¢
SCT ST1T 8t'C S'6 S 9'LT 6'LT é S0°L é paijeal) 6661 ‘T JBIN
8661
L661
1T €S°C € é 79T é L9 é paiealy 9661 ‘L 9°4
S66T
661
1T 0€'T €V'C S'6 L 9T 66T é L é pajeas) €661 ‘9 10
(n) (pseq 801) | (nv So1) | (paseqsal) | (sseq dwai) (1v) o 1/8w 1/3w 1/3w
Xapuj *Hd a o) g v Xapuj (© dwa) | ssaupsey | Anuneyy (o SAL Hd uonedoq ajdwes adA] Ja3epy ajeq
J31138ueq aAIssa88y J919Weled Ayjenp 1918\
saxapu| paiejnajed
0cl< 00< anissaubbeuoN Q@-0-g+v =sHd
0ZL 01000L o0no0Z— anssalbfe Alaielspoly *Hd - Hd  =xapu] Ja1@8ue] e3Jy 3JIAISS [BI07 31BN e Weyeln
ool = 0> aniss=u66e Aubiy (ssaupJeH x Ajuiey|y) 807+ Hd = xapu] aAIssa488y €202 - €66T S221pu| 131198ueT 13 aAIssa488Yy 1218\ QILVIYHL
€9lqel




cjoe

Appendix D Page 19 of 28

1/8w u1 passaidxa ANUEYIE [210] 311 J0 (0] aseq) wnESo] i ST ] 108

/8w up passaidxa ssaupIey WNDED a1 Jo (O] 258q) wijjeso] sy sf D Jojae] Sl 08
aoe 000L 5Tl 0l
6T 006 [ 09
06T 008 G5 0%
¥eT 00L oLl av
8.T 009 061 oe
04T 005 00e (=74
09T 00 (3] %4 0z
8rc 00g 0ze 91
oee 00e 0ee zl
00z 00l oz a
el i 05z ¥
al 04 Ao =
=7 09 v 2. ‘amessdwiag e
041 05 )

. I 2iqeL
09l oF
8| oe .wm.m.q
oel 0z %
0oL oL i
\
340 .0 fooeD 1B ul AueNlY (2301 JO SSSUPIEH WndjeD n.w
-~ B
€ ?lqeL
S9¢r
juelpAH yinos )
066 0oL
66 009
986 oov s eI s SHET W e
€96 00z _l
116 001 "
, SLEY

€ ®qelL
0k 00< ‘anissaibbeuoN
0'ZL 010001 000 07— anssalbife Alselspon
ool > o> anissaubbe Aubiy

a-D-g+v
*Hd - Hd

=sHd
= xapuj Ja1]a8ueq

(ssaupJeH x Ajuiey|y) 807+ Hd = xapu] aAIssa488y

£3JY 9DIAIS [BIOT JRIBAN )BT Weyelo
€20T - €66T S21pu| Ja125ueT] 7 dAISSaISBY 4218 M QILVIYL

£alqeL



Appendix D Page 20 of 28

S 3-NOI4

XS|X"S2|BD) SIIPU| DAISOLIOD ‘SAS J1B AN B ET weyeln\saje) xapu| w>_wOLLOU/Cw_me NO/C._wHw>m J91e/\ @yeT weyels geez\ay A3||eA xowo) YTOT\:H

21eq ajdwes

< <
> > 2 2 M M l -n -n - o
c [ o o = = o o o I < - S
[} o = > (e} o o o o = @ o -+
N ) = N = = N = = N = < N
* N > N s A B o N N o
N N N N N N N N N N N N N N N N N N N N N N N N N = | | = = = |
o o o o o o o o o o o o o o o [=] o o o [=] o o o o o [(=] (=] (=] o o o [(=]
N N N N N = [ = = = = = = | = o o o o o [=] o o o [=] o [V} (-] o (V=) o (V-]
w w N = o o [+] ~N (<)} (%] B w N = o o o0 ~N [+)] (%] H w N = o o (=] ~N [+)] (9] H w
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 8
01> [ 6
anIssa188y
56 56 AysiH . <6 |
9'6 9'6 S'6 !
L'6 -— f—
8’6 wmm 66 . 66
m m L]
—_— — —
L] F
(1]
>
[}
o
o
w
"
<
(]
5
Q.
o
6'TT 01 0T X
aAISsa488y I -
Ajesapoin |
4
0zl< 0°0< anssaIBBeuoN [4’ mmm (peoy 1se3 £95€) asnoydwnd
anIssa483y a3yl 1e uayel ‘LT 35N8Nn
0¢l 0} 0001 000 0e— anissalbbe Ajpiesspopy i Y w_ €20T LT \
= - UoN pue 810Z ‘v'T Yd4e\ Joj 1daoxa
0oL > oz=> anssaibie AUbiH (peoy 1583 95€t) JUeIpAH 3414 YINOS
uoiedo| ajdwes ia1e
(s3nsay A1ojesoqe AjijenD Jai1e/ 1918\ Paleal] [EnuUY UO paseq) £l

€20C - £66T ‘Xopu] anIssa188y
491\ pajeasy
wia1sAs Ja1e/\ je] weyean

[T——.
QLT ONTHFANIONS E
SHIVIDOSSV ¥
SUAON |



Appendix D Page 21 of 28

xapuj 191193ue

9 3¥NOI4 XS|X'S2|BD) SIDIPU| DAISOLI0) "SAS U231\ 3 e] Weyedo\sd|e) Xapu| aAIsod10)\usisag z0\WwaisAs 1a1epn oxe] weyess geez\ay As||eA Xowo) #TOT\:H
9jeq ajdwes
= <
> > ] ] m m - - - - o
c c o o S S ) ) ) ) < -n o
[} (] > =2 (e} o o o o = @ o -+
N [ = N = = N = = ) = < )
G > o N A e e e N N K
N N N N N N N N N N N N N N N N N N N N N N N N N = = = = = = =
o o o o o o o o o o o o o o o [=] o o o o [=] [=] [=] [=] [=] (X~} (X~} (X~} o o o [X-]
N N N N N = = = = = = = = = = o o o o o [=] o o o [=] [} [} o o o o [}
w w N = o o oo ~N (<)} (% H w N = o (=) oo ~N [=)] (%] H w N = o (=) [>2) ~N [=)] (9] H w
. . . . . . . . . . . . . -
> s
an1ssa.88y [
18°¢C- 08°C- AlysiH s
59'z- 0Lt L
sz - i
- 8V’ wmm -
f— 6€C- /€2 |
L] o L
9T'¢- - L
v0'C- [
L]
— [ -
z010 [
anIssa188y - T-
Aj@esapoy [
95JN02J31EM PUE|S| JSANOIBA-PIW B [
10} 9AINJ |BUOSEDS WOJ4 palejodesixs -
saunlesadwal J91eM JIY10 ||V [ 0
(20 ¥'8T) €207 ‘8T 8V -
(30 T'T2) €20T ‘2T 8NV [
e 1104 1d90x3 3|qejiene Jou s
onIssau58y aJnjesadwa) Ja1em sjdwes [
-uoN [
- T
(peoy 1se3 £95¢) asnoydwnd s
0zl< 00< anissalbfeuon 3y1 e UaNe} €207 ‘2T IsnSny
0Tl 010001 Dool0E— anissaifibe Alzielapoly pue gT0Z ‘vT ydJe Joy 1daoxe L
ool > 0z-> anissaIB0e AIUDIH (Peoy 3se3 95ep) JUJpAH 3414 ynos [
uoneso| ajdwes e\ s
[4

(s3nsay A1ojesoqe AjijenD Jai1e/ 4918\ pPaleal] [enuuy Uo paseq)
€202 - S00T ‘xapu| Ja)23ue]
19]1eM\ polead]
wid1sAg 191 9)e] weyedo

e

b



KOERS
ASSOCIATES

A

Table 4
Graham Lake Water System
Water Quality Lab Reports, 2005 - 2023

Appendix D Page 22 of 28

pH Reading: Raw Water, Treated Water, & Trench Soils Date Sep 20, 23
File: 2338
pH
Year Date Water Type Sample Location RAW Treated
Water Water
2005 Jan 26, 2005 Treated 4356 East Road, Open Hydrant 6.9
2006 Feb 16, 2006 Treated 4356 East Road 7.1
2007  Feb 14, 2007 Treated S. Hydrant ™ 7.3
2008  Feb 26,2008 Treated S. Hydrant @ 6.96
2009 March 4, 2009 Treated 4356 East Road 7.12
2010 March 2, 2010 Treated 4356 East Road 7.2
2011 March 23, 2011 Treated 4356 East Road 7.3
2012 2012
2013 Oct 4, 2013 RAW ? Pumphouse ? 7.1
2014 Nov 6, 2014 RAW ? Pumphouse ? 7
2015 Dec 11, 2015 RAW Pumphouse 7.52
2016 2016
2017 April 6, 2017 RAW Pumphouse 7.35
2016 Jul 5, 2017 RAW Pumphouse 7.42
2017 Nov 21, 2017 RAW Pumphouse 7.48
2018 March 14, 2018 Treated 3567 East Road 7.23
2018 Sep 14, 2018 RAW 3567 East Rd 7.45
2019 Jan 16, 2019 RAW Step #10, Sample Pt 2 6.88
Jan 16, 2019 RAW Step #10, Sample Pt 5 6.75
Jan 16, 2019 RAW Step #10, Sample Pt 6 4.89 pH (trench soil)
2020 2020 Supply Main Distribution Main
2021 2021 DI, C900 AC, Class 150
2022 2022 150 mm dia. 150 mm dia.
2023 Aug 17, 2023 RAW & Treated Pumphouse 7.13 7.14 8875 3525 3640 4046
Aug 28, 2023 RAW & Treated Lake & 4356 East Rd 7.4 7.23 Owl Cres | EastRd East Rd East Rd
Sept 6, 2023 Pipe Trench Soil Supply & Distribution Main 5.75 5.70 7.07 6.03
Notes:
1 S. Hdyrant is believed to be the hydrant at 4356 East Road. It is equipped with
an automatic flush-out.
w ] [ 1 5
L_)_‘ 4251 | ‘j !
e
| | 4288 /
4315 | 43 06 { -
4326
‘ \ South Hydrant
4265 !
R \
©
}Q‘Q-o /// =
%0 p éa‘@\\ ) -
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5.2 EXTERNAL CORROSIVE POTENTIAL

Soil samples collected at the four excavation sites (see Figure 2) were analyzed for soluble
pH and soluble Sulphate (504). The results are presented in Table 5.

Table 5 - Pipe Trench Soil Lab Results

. (2) - . . . (3)
Parameter Supply Main Distribution Main
(Soluble) 8875 Creek 3640 4046
Owl Cres | Crossing | EastRd East Rd
pH 5.75 5.70 7.07 6.03
Sulphate (S04) mg/L <20 <20 <20 <20

Notes:
1 Samples collected by CVRD staff on Sep 6/7, 2023 at the locations
shown in Figure 2.
2 The supply main was reported to be Ductile Iron at the two locations
where it was exposed.
3 The distribution main was Asbestos Cement at the two locations at
the two locations where it was exposed.

The AWWA document C401-03 notes:

e Soil with a water soluble neutral sulphate content below 1,000 mg/L can be
classified as non-aggressive to AC pipes.

It is reported that AC pipe is vulnerable to sulphate attack depending on:

e the free lime content,

e the type of cement used,

e and the permeability and density of the matrix.
AC pipe with low free lime content is reported to have more resistance to moderate amounts
of sulphates in the soil. Although itis not known what the free lime content is in the GLWLSA

AC pipe, the photographs of the AC pipe at both locations appear to show the exterior pipe
wall to be in very good condition.

..[14
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6 AWWA SERVICE LIFE ESTIMATES

The American Water Works Association’s (AWWA) 2012 report entitled Buried No Longer:
Confronting America’s Water Infrastructure Challenge estimated the average life expectancy
of various sizes and material types of watermain pipes across the US. The country was
divided into four regions based on the similarities, such as population dynamics and the
historical patterns of pipe installation driven by those dynamics. The four regions are shown

in Figure 7.

— ;‘_7_ =5 "_Hl
WEST L -MIDWESK |

S

!

sufpard

(1
yurt

Y

.:\
t"‘.\.'

iulf of Myxico ' ]

Figure 7 — AWWA Watermain Pipe Life Expectancy Study Regions
(copy of Figure 1 from AWWA's 2012 report entitled
Buried No Longer: Confronting America’s Water Infrastructure Challenge)

An estimated average service life for each of the four regions taking into consideration:

e The size of the water system (large, medium & small, very small)

e pipe material
e ground conditions and installation practices.

The results are presented in Table 6.

.../15
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Table 6 - AWWA Average Estimated Service Lives by Pipe Materials
(average years of service)

Derived Current Service AC

Lives (Years) (LSL)

Northeast Large 130 120 100 110 50 80 80 100 100 100
Midwest Large 125 120 85 110 50 100 85 55 80 105
South Large 110 100 100 105 55 100 80 55 70 105
West Large 115 100 75 110 60 105 75 70 95 75
Northeast Medium & Small 115 120 100 110 55 100 85 100 100 100
Midwest Medium & Small 125 120 85 110 50 70 70 55 80 105
South Medium & Small 105 100 100 105 55 100 80 55 70 105
West Medium & Small 105 100 75 110 60 105 75 70 95 75
Northeast Very Small 115 120 100 120 60 100 85 100 100 100
Midwest Very Small 135 120 85 110 60 80 76 55 80 105
South Very Small 130 110 100 105 55 100 80 55 70 105
West Very Small 130 100 75 110 60 105 65 70 95 i
_LSL indicates a relatively long service life for the material resulting from some combination of benign ground conditions and
evolved laying practices etc.

SSL indicates a relatively short service life for the materfal resulting from some combination of harsh ground conditions and
early laying practices, efc.

Notes:
1  Abovetableis a copy of Figure 5 from AWWA’s 2012 report entitled Buried No
Longer: Confronting America’s Water Infrastructure Challenge.

2 The four water system size categories are differentiated as follows:

Very Small:  Serving fewer than 3,300 people

Small: Servicing 3,300 to 9,999 people
Medium: Servicing 10,000 to 49,999 people
Large: Servicing more than 50,000 people

The Graham Lake Water Local Service Area is closest to the West region and would be
classified as a Very Small system. Applying these two parameters to Table 5, the average
estimated service life for the AC pipe ranges from:

e 105 years for a relatively Long Service Life (LSL), to
e 65 years for a relatively Short Service Life (SSL)

as indicated by the red lined boxes.

../16
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7  FINDINGS

Service Connections & Main Repairs

Since 1994, there have been a reported 10 repairs on the distribution system. Nine repairs
were on service connections and only one was on the watermain pipe and was likely not
related to pipe deterioration. No repairs have been reported on the water supply main.

Supply Main Material, Pressure Rating and Static Pressures

At the two locations where the supply main was exposed, the pipe was found to be 150 mm
dia. Ductile Iron (D). It is not known if the remainder of the supply main is 150 mm dia.
Asbestos Cement (AC), as noted on the 1972 As-built drawing, or if DI was used instead.

The lowest elevation along the supply main is at the Graham Lake Creek crossing, resulting
in a maximum static pressure of only £200 kPa (28 psi). The pressure rating of this DI pipe
(installed in 1971/72) is not known. The 1981 American Water Works Association (AWWA)
document C150/A21.50-81 notes a rated working pressure of 2,400 kPa (350 psi) plus a
pressure surge allowance of 700 kPa (100 psi) for 75 mm dia. to 450 mm dia. DI pipe.

Distribution Main Material, Pressure Rating, and Static Pressures
At the two locations where the distribution main was exposed, the pipe was found to be
150 mm dia. AC pipe, as per the 1972 As-built drawings.

The As-built drawings note that AC piping is Class 150, which has a pressure rating of
1,035 kPa (150 psi). The lowest elevation along the distribution main is reported to be near
4100 East Road. Based on a system pressure of 345 kPa (50 psi) at the pumphouse, the static
pressure in the main at this location is estimated to be around 500 kPa (73 psi); well below
the pipe pressure rating.

Internal Corrosion Potential

AC pipe is susceptible to corrosion (loss of strength) due to cement mortar leaching and
sulphate attack. The Aggressive and Langelier Indices were used to assess aggressiveness of
the raw water samples taken from the supply main and the treated water samples taken
from the distribution main. Both Indices indicate the water is highly aggressive to AC pipe.

External Corrosion Potential & Visual Observations

The soluble sulphate concentrations in the four soil samples that were tested indicate the
trench soils are not aggressive to the AC pipe. The photographs of the pipe appear to show
the exterior pipe wall to be in very good condition with no obvious signs of damage,
saturation, sponginess or loss of material. The AC pipe appears to be bedded with sand or
another fine grained material.

AC Pipe Regional Service Life Estimates

Based on an AWWA study published in 2012, the average estimated service life for the AC
pipe in the Graham Lake water system ranges from 65 years to 105 years. For the DI pipe on
the supply main, the average service life ranges from 60 years to 110 years.

/17
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8 CONCLUSIONS

Factors suggesting the lifespan may be reduced include:

i) The laboratory analyses of the raw water samples taken from the supply main and
treated water samples taken from the distribution main indicate the water to be in
the highly aggressive range of the Aggressive and Langelier Indices.

Factors suggesting the lifespan may not be reduced include:
i) the visual observation of the AC pipe exterior,

ii) the soluble sulphate concentrations in the four soil samples that were tested
indicate the trench soils are not aggressive to the AC pipe,

iii) operating pressures being well within/below the pipe pressure rating,
iv) no pipe repairs have been reported on the supply main,

v) All except for one of ten (10) repairs on the distribution system were on service
connection piping and most were indicated to be on private property (customer
side), i.e., not owned or responsibility of the GLWLSA.

vi) Only one repair was on the distribution piping when a cement truck drove over the
pipe (on a non-paved surface). This was likely not due to deterioration of the AC
pipe.

Based on the data reviewed, we suggest the AC pipe lifespan is likely not at the lower end of
what is expected and could be in the range of 70 to 90 years from the original 1971/72
installation date, excluding the destructive impacts that a large earthquake would have on
the AC pipe.

We recommend the CVRD budget for the removal of a section(s) of the AC piping and
submission to a laboratory for destructive testing to assist in the refinement of the potential

remaining service life of the AC piping. If a repair is carried out on the AC main, a section
should be removed at that location for destructive testing.
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9 CLOSURE

We trust this report is sufficient for your needs at this time. Please call if you have any
questions or if we can be of further assistance in assessing the condition and service life of
the AC mains.

Yours truly,

KOERS & ASSOCIATES ENGINEERING LTD.

e

vSep.21 ;0‘23’
Chris Holmes, P.Eng. Matt Palmer, P.Eng.
Project Engineer Project Manager

Permit to Practice No. 1001658
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