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Backgrounad

The effective management of municipal sewer collection pipes has
bweieri H'-:ﬂ.'l.'ing signiﬂun:l:r'm'er thie s several years The
h-ailn];h'lir:.-' nl:'mchlmlngi:—.: and che c:lp.n]:liqu.' af Lmngl:'l'mu
m"l.:.;al::.gi.:—s o deliver wsable and mn.m.g-uh]-e dara al-n-n-_g withi the
vistal imspecnions have increased significanthy,

As a resuln of aging sewer ssnems, municipalities ane facing
agnificant inereasss in rsk over the nest several years.,
Subsequently, there = a need for effective imestgative prograsms
to efficiently control the risk to a reasonable level. There are a
significant number of technologies available in the industry teday
1o assist mundcipalities in che imspection of their sever systems,
b whasch wechinology (or which combination of rechnolomes) is
the evost effiecive and efficient?

In 2004, the City implersented 4 Zoain Camera insgection
program that would faclica the nspection of manholes with a
depth of up to 10 metres (33 feet} and locared inside the Ciny's
read nght-obway (ROW). Each manhole inspection includes 4
OO camera inspection for every sewer mam condected o dhat
manhele. Inspection data is uploaded e the City's masnenance
managerment darabase where it becomes readily accessible and
permancaly linked oo its asser. The program has also produced
other valualle irventory daca such as XY co-prdinaces on
manhale lds, uncharred manhole locations and pipe invert
depehs. To dare, Zoom Camera inspections have produced 235,566
manhole inspections and 1441 kilomerres (8595 miles) of mainline
inspection representing 5480 per cent of the entire nerwork,

The Foom Carmsera program was rmirianed to amssr operteng
and maincenance with sewer cleaning and emergency repair
PRUITEmEnts in a cost effecrive manner. Floweser, with the
cepability 1o inspect and condition rate using Whs defect
observarion codes For a significant poction of each pipe entering,
and exdnmg manhole srrucrures, Zoom Camera inspeotions
became an alternate indication of structural pipe condinon where
histomc COTV sewer in:F-tcri.m data did moe exise. The Zoom
Camera Program was, therefore, also turmed o focus noe r.rnl].' ok
the idencificarion of operations and maintenance ssues, but also
on capiral planning and infrastructure management Bsases.

CostTime Benefit

Serictly from a cost and rime perspecrive, i is evidenc thar
Fopm Carvera can produce resulns ar a fraonon of the cost and
e required for rradinional CCTY inspecrions

CCTV inspection costs from the Cing's 2000 o 2006 CCTY
inspection programs place the average cost w inspect a sewer at

§5.74 per lincar merre or 51,75 per foot (oost inchedes any pre-
cleaning requirements), The Cine's maximum anmual producton
rabe observed since 2003 has been 240 kilomerres (149 miles); chis
rreanslaces inco a production race of 700 mecres (2,297 feet) par day
T crew, Loom F‘.-:l.nmr.:l.l.mpecrinn covers are fived bazed on a per
manhole race, whach based on the LIgy's contrRct 15 57226 3mce
Foom Camera inspections don't record linear mietres of inspected
pipe, but racher the number of inspected manholes, a direct
comparisan is difficult to make. By mranslating the mamber of
manhaoles to @ numiber of linear metres, however, an machirect
comparisan berween the two technologies can be made. In order
o do this, & number of city areas were mndomly selected. From
these areas, 25 manholes were also randomly selected. The total
lensgrh of sewers inspected can be estimared based on the average
production rate of 25 manholes per day for a snghe soom amera
crew, the sverage number of 2.5 sewer segments conmected to a
manhale, and the prevously stated average of 30 metres (S8 Feer)
of pipe mspeotion, This results m an estimated 1575 e (25 5
2.5 x M) of pipe inspection per Zoom Carnéra por day, per crow
16,152 feet per day, per crew)

I order to eompare the cose salue berween CCTY and Zoom
inspections, it i necessary o adpist che sewer main mvenmoey m
exciude trunk and mterceptor mains The Cigy has developed a
more comprehensive (pecalized) insgection program thas can be
used to obtain an inspection and coiditeon assessmient For these
types of sewer mains, Thus 60 kilomerres (37 miles) of seoer main,
which are dlassified as eicher being a mank or intercepoor sewer
have been excluded from the invenoony.

The average price per metre for Zoom Camera was derived
from the simple function:

Sample Data

Where

R o kit T
a= i i ol s
b= Cost per Manhole

o= Average Production Rate in Metres
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Technology Adljuzsred Punding Average Tinse
# Inventory (m) m Bequireimenics Proeduction Rw:a
E Rare{Metres/day/crew) | in
4
= Teadusamal COTV 2,566,100 574 5 14,728 B40.00 Fhiden (2,297¥1) 1004
Eoom Camera 2,566, 0977 5 IE06 98200 BT Sm {6,152t 75
CCETV inspeensons 1o dare have covered 31355 per cent (823
kilometres ¢ 511 miles) and Zoom Camera m.l-[x'l:l‘.llm.'i.]'lh'\t GV R Raings
cowered 54.86 per cent (1,441 kilomerres | 885 miles) of the A
enpire svstem, A sanaple ser of sewers, which have been inspecred i

by both Zoom Camera and CCTV wathin the last four years was
extracted from all completed inspections, This resulted in a sec
ﬂfinﬁfm;rinn. dara which covered 460 kilomerres (286 miles) or
18.72 per cent of dhe system. This group was chen screened for
sewers which had been rebabilitaved or replaced m che pase four
years in order o eliminane inspecgion data collecred after the
rehabilication oF replacenmsent bad occurmad. This resales in 4235
kilometres (263 miles) of inspections representing 1612 per cent
of the ensre syscem to be used for comparison purposes. In
order o understand thie accuracy of Feom Camera Ln@tﬂinn:,
sowrst srarisnical commpansons were made in the difference
between the condition rarings derived through Zoom Camera
inspections versus CCTV inspections, o distino areas of
companison wen: made,

alError Deviation

b)Ermror Deviation by Segrment Lens;:h

Ratings CCTV-Zoom Error Deviation

The entire sample was analyzed to produce che spread of
difference in r.l.ring'c. berween OCTY and Toom mesulrs. Charr 2,
“Spread of Rating Dafferences” demomsrrares in percentage of
sample pipe length the deviation of Zoom Camera ratings from
OCTY ratings. The X-axis represents the error in Zoom rating
aind che Y-ans pepresents the percentage of sample pige found o
be inmde the error deviaison zone. For :un.mFl-:. 1} Zoom
Camerz is equal o CCTY ratings 48.13 per cent of the fime. 2)
Zoom Camera shows a berrer condition raring by one 14.29 per
oene of the nieme. 3) Zoom Camera shows a worst condinion
rating by ene conditon rating compared to CCTV 16.99 per
cent of the time.
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Foom Camera Rating Reliability by Segment Length

Since Zoom Camera on average can only inspect che firsc and
lasc 30 merres (98 Feer) of pipe segments under oprimal
conditions, ic is necessiry o investigare how pipe length
influences Zoom Camera rating accuracy.

The E'i:.ll.lming charr (Charr 3) demonsaraces the effect of pipe
|n|3ti| in Zown Camera ril:iug ertior {x-axis +"._-rr|:l.lr'|. Six Eroarps
af pipe lengths in 20-metre [86-foot) intervals are used in thas
examiple. The first ching noticed here is thar @ error deviation 0
[N difference in OCTV and Foom Camers r.trinﬁ]- thie valuse
drops frorn 57,36 vo 46,73 indicaring thar the accuracy is
effecied by lengrh. Reading che chare table horizonally, one
able 1o observe what the pipe |=ng1:|'| impact is on Zeem Camers
rarings across cach error deviation

ERROR DEVIATION W5 PIFE LENGTH
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Pipe Defect Location

In order po berter undersrand the accuracy of the Zooam
Camera condition ratings, the capability of Zoom Cameras
needs to be understood. Given that zoom cameras are limited in
their capahilil:_r wf in:p:l:l:in_:; the entire lun;ql:h of |.}'|:li|:ll SEWETS
{80 metres [ 26 feet] due to the potential presence of



obstneTions in & sewer pipe, o bends, major blockage,
procrading services, efc., Zoom Cameras are rypically capable of
vim-ingd.rﬁn:qwich oocwr in che firse 20 o 50 mecnes (66 o 28
feer) of pipe. Therefore, if we use CCTV dara ro understand
seatistically where the majority of defecrs are identified as a
function of distance from che manhole stmectures, we can chrain
a berrer understanding of the accuracy of Zoom Camera
i.nipa:l:inn. Elsﬂ'u:in.fll:,',wem nj,fingmu:ld-:r;mnd sl:u:in.'in;nll:,r
hiow many defects Zoom Camera inspections are missng.

On average, 38,44 per cent of defeces are found within 20
metres (Gl feer) af manholes and 76212 per cenc are foumnd
within 30 metres (96 feer) of manholes,
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LZoom Camera Rating Reliabilicy

Finally, the reliabalivy of Zeom Camera ratings was
indivadually compared ro OCTV ratings vo produce a reliabilicy
bevel presented as a percentage of pipe length in each grougp, Z1
e 5 represent cach Soom Camera raving and the X-axis is the
rating ervor devianon as compared ro OCTY ratings. Por
example, when Zoom Camera indicanes a eating of 1, the actual
raring is 1 with 6925 per cerw certainty, the acrual raging is 2
with 1608 per cent cerrainny, the acreal raping is 3 warh 5,24 per
cent cermainry and soon .,

FELARILITY FOR EACH 2000 CAMERA, RATIFNG VALLIE
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Concloxion

Alrhough there are several factors which will conrral the
effecriveness of Zoom Camers inspections, the Ciry of Hamilion
has found the structural rating results of the Zoom Camera
program o be sufficient and acceptable in relation to the Capital
sewer management philesophy adopred, The levels of acouracy
from £oom Cameta imspections ane nod &5 unfailing as omes foom
tradstional CCTV inspections, however, in combination with an
effective MANFEmEnt prnn:l:l:ll.bu-ul:l on F‘Ghﬂbi.lil.}'.ll.‘ld
corsequence of the Eailure of sewer pipe, the wtilization of Zoom
Camera EE'EI'IHD‘DIE}"IZI.I.‘I Fﬂ'mu'de n'pu'l'"u:.nt benefits. These
benefirs can be gained in economics, level of risk, social impacr,
resource wrilizaron and/or any combinarion of dhese.

The Cary of Hamilton's Socan Came inspeotion program
has resulted in the mitation of more than 5000 work orders
dare, covering evervthing from cleaning, CCTV, emergency
repair amd rehabilitarion by accurately and quickly identifiing
problems relared o these tssues.

Ie 1% not suggested or imphed that Zoom Camera should
replace rradickonal CCTV inspections. Rather, ic is advised thar
the inregraved urilization of beth rechnelogies be hamessed by
leveraging the “level of effore,” che *bevel of confidence” and dhe
“level of nisk” o effectively and efficiencdy manage storm and
wasrewarer collecrion systeme. O




