
Slide	1	

	

	

	

 
	

	 	



Slide	2	

	

	

	

	
	
 
	

	 	



Slide	3	

	

	

	

	
 
	

	 	



Slide	4	

	

	

	

	

	 	



Slide	5	

	

	

	

	
 
	

	 	



Slide	6	

	

	

	

 
	

	 	



Slide	7	

	

	

 
	

	 	



Slide	8	

	

	

	

 
	

	 	



Slide	9	

	

	

	

The	Water	Master	Plan	preamble	and	objectives	were	sent	to	all	stakeholders	by	email	for	
review	and	concurrence.	A	total	of	25	stakeholders	responded,	indicating	that	they	accept	the	
preamble	and	objectives	as	written.			
	
Based	on	your	strong	affirmative	response,	the	preamble	and	objectives	have	now	been	
included	in	the	draft	Water	Master	Plan.	
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The	first	part	of	our	Condition	Assessment	focused	on	the	BWS’s	reservoirs.	We	presented	that	
information	at	Stakeholder	Advisory	Group	Meeting	#5	(January	12,	2016).	Today’s	presentation	
continues	that	discussion	with	the	remaining	BWS	facilities.		
	
Condition	Assessments	are	one	of	the	methods	we	use	to	identify	projects	needed	to	maintain	
and	improve	our	water	system.	
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Over	¾	of	BWS’s	infrastructure	assets	are	pipelines.	
	
The	other	asset	groups	are	also	very	important,	although	they	are	smaller	from	a	financial	
perspective.	
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This	is	a	quick	review	of	the	condition	assessment	of	BWS	reservoirs.		Based	on	internal	and	
external	inspections	of	those	reservoirs,	overall	findings	include:	
• 89%	of	the	BWS’s	reservoirs	are	in	good	to	excellent	condition.	
• 11%	of	the	BWS’s	reservoirs	need	repairs	or	rehabilitation.	Most	of	these	are	wire-wound,	

and	50+	years	old.	
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High	priority	reservoir	projects	should	be	completed	over	the	next	10	years	and	will	cost	$20-
$30	million.	
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We	also	assessed	the	condition	of	the	other	BWS	assets.		
	
In	the	assessment	of	pipelines,	we	used	three	types	of	analysis:		

1. Statistical	
2. Forensic	
3. Physical.	
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The	following	factors	were	considered	in	the	Statistical	Analysis	to	determine	which	pipes	fail	
most	frequently:	
• A	lifespan	analysis	provided	a	general	indication	of	pipe	replacement	requirements	over	

time.	
• The	BWS’s	Geographic	Information	System	(GIS)	includes	data	on	pipe	materials,	age,	repair	

history,	and	a	history	of	main	breaks	with	locations.			
• Failure	factors	for	BWS	pipes	were	established	by	statistical	evaluation.	
• Risk	scores	were	developed	for	each	pipe	segment	using	the	information	described	above.	
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This	chart	shows	calendar	year	(time)	on	the	horizontal	axis	and	total	number	of	main	breaks	for	
BWS	for	all	pipe	sizes	on	the	vertical	axis.	
	
There	were	almost	500	breaks	per	year	in	the	1990s,	and	now	there	are	about	300	per	year.	This	
decrease	in	number	is	likely	due	to	the	BWS’s	pipe	replacement	program	and	operational	
adjustments.	
	
The	g!!"#$%&' 	is	that:	
• The	trend	in	overall	main	breaks	is	decreasing.	
• The	number	of	BWS	main	breaks	is	less	than	the	national	average	(in	terms	of	the	number	of	

breaks	per	100	miles	of	pipe	per	year).		
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Larger	diameter	pipes	(16-inch	diameter	and	larger)	account	for	only	about	5%	of	the	total	main	
breaks.	
	
However,	they	are	still	a	concern:	
• The	number	of	large	diameter	main	breaks	is	trending	upward.		
• Large	diameter	pipe	breaks	have	a	much	higher	consequence	of	failure	than	others.		
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Breaks	occur	all	over	the	island,	wherever	there	are	pipes.	
	
This	“heat	map”	shows	where	main	breaks	have	occurred	since	1970.		The	color	gradient	from	
yellow	to	red	shows	the	main	break	density	(breaks	per	square	mile),	with	red	representing	
higher	densities	of	breaks.	
	
Most	breaks	have	occurred	in	the	Honolulu	area	and	in	the	valleys.	
	
Two	factors	that	contribute	to	main	breaks	are	pipe	material	and	age.	
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This	pie	chart	shows	the	materials	of	pipes	currently	in	BWS	system.		
	
Cast	iron	pipes	are	used	in	over	920	miles	of	the	overall	2,100-mile	system.	
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Not	only	are	cast	iron	pipes	the	most	prevalent	pipe	material,	they	are	also	the	oldest	pipes	in	
the	BWS	system.	
	
[	
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Other	conditions	where	main	breaks	occur	include:		

• Diameter	–	Smaller	diameter	pipes	have	thinner	walls	than	larger	diameter	pipes	of	the	same	
pressure	rating	(thinner	walls	are	less	resistant	to	corrosion	failure).	

	
• Pressure	–	In	general,	pipes	carrying	higher	pressures	tend	to	break	more	often	than	pipes	

carrying	lower	pressures.	
	
• Soil	type	–	Some	soils	are	more	corrosive	or	prone	to	movement	than	others.		A	higher	

likelihood	of	failure	includes	soils	with	a	high	shrink/swell	potential,	like	clay.	
	
• Coastal	zone	–	Groundwater	closer	to	the	coasts	has	higher	salinity	and	is	more	corrosive	to	

pipes.	
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Forensic	analysis	tells	us	why	certain	pipes	actually	failed.	
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When	fixing	a	main	break,	it	is	not	always	readily	apparent	as	to	what	caused	the	failure.	
	
The	photos	above	show	the	same	section	of	pipe	in	the	same	orientation,	before	and	after	
sandblasting.		In	the	photo	above	left,	the	pipe	does	not	show	any	obvious	problems.		Although	
not	visible,	iron	has	leached	out	of	the	pipe	material,	leaving	carbon	(graphite)	in	its	place.		Carbon	
still	has	some	strength,	but	not	as	much	as	the	original	material.	From	looking	at	that	photo,	
you	can	see	that	no	weak	points	in	the	pipe	segment	are	evident.	

However,	in	the	forensic	assessment	of	this	pipe	segment	(photo	at	above	right),	the	carbon	
was	sandblasted	away	and	weak	points	in	the	pipe	were	revealed.			
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Statistical	tools	and	main	break	reports	are	very	helpful,	but	they	don’t	tell	us	the	condition	of	
pipes	that	have	not	failed.		
	
Therefore,	we	performed	physical	analyses	to	evaluate	pipes	that	are	still	in	the	ground.	The	
BWS	used	a	couple	of	different	tools	for	this	type	of	analysis	–	pipe	wall	assessment	and	leak	
detection.		
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We	performed	pipe	wall	and	leak	detection	physical	assessments	using	a	system	called	Sahara	II.		
• Pipes	are	in	service	during	the	assessment.		
• A	tool	with	a	probe	is	inserted	into	the	pipe	and	is	propelled	by	the	flowing	water.		
• A	data	cable	drags	behind	the	probe	for	about	one	half	mile.		
• Equipment	and	computers,	located	inside	the	truck,	record	data	throughout	the	test.		
• The	probe’s	insertion	point	must	be	prepared	prior	to	testing,	which	requires	traffic	control,	

excavation,	construction	of	a	vault,	hot	tap	of	active	pipe	and	installation	of	a	valve.	
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This	tool	allows	for	leak	detection,	closed-circuit	television	(CCTV)	monitoring,	and	pipe	wall	
assessment.	
	
A	!!"#$ camera	allows	the	operator	to	inspect	the	pipe	visually.	
	
!" 	!"#$%&'"(%)*%#+((hydrophone)	can	detect	pinhole-sized	leaks	with	high	locational	accuracy.	
	
The	electromagnetic	module	identifies	stresses	in	the	pipe	wall,	which	are	used	to	identify	the	
amount	and	severity	of	damage	in	the	pipe.		
	
The	tether	allows	the	tool	to	be	winched	back	and	forth	by	the	operator	to	precisely	mark	leak	
and	damage	locations	in	real	time.	
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The	Sahara	II	assessment	method	tells	us	the	condition	of	the	pipe	and	identifies	the	location	of	
any	defects.	
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We	used	a	different	tool	while	testing	a	two-mile	stretch	of	16-inch	cast	iron	pipe	on	the	
Windward	side	of	the	island.		
	
The	Smart	Ball	tool	is	similar	to	the	Sahara	II,	but	it	is	“free-swimming”.	Its	electronics	are	
battery	powered	and	encased	in	a	9-inch	diameter	ball.	Moving	water	propels	the	ball	along	the	
pipe	line.		
	
The	Smart	Ball	has	two	of	the	three	tools	of	Sahara	II	(acoustic	and	electromagnetic),	but	does	
not	have	CCTV.		
	
The	acoustic	signal	indicates	where	there	might	be	leaks	or	other	weaknesses	in	the	pipeline.		
	
The	Smart	Ball	tool	is	half	the	cost	of	the	Sahara	II	tool.		
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The	leak	detection	team	surveys	approximately	300	miles	of	pipe	per	year.	This	is	a	“non-
invasive”	test,	done	from	outside	the	pipe.	
	
In	addition	to	saving	water,	finding	and	fixing	leaks	is	important	because	main	breaks	sometimes	
begin	as	small	leaks	in	the	pipe.	
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The	Pump	Station	condition	assessment	included	visual	inspections	of	the	associated	electrical	
equipment.	
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73	pump	station	projects	of	medium	and	high	priority,	completed	over	a	period	of	10	years,	
would	cost	approximately	$73	million.			
	
This	is	in	addition	to	low	priority	projects	that	would	cost	approximately	$16	million.	
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Three	Granular	Activated	Carbon	(GAC)	treatment	facilities	were	evaluated,	focusing	primarily	
on	their	steel	tanks,	pipes	and	valves.	
	
 
	

	 	

Condi&on	of	Treatment	Systems	

Granular	Ac&vated	Carbon	
Treatment	Facility		
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Each	symbol	in	the	slide	above	represents	one	facility.		Most	GAC	treatment	facilities	are	in	good	
condition.	
	
Continued	routine	maintenance	was	recommended	for	11	GAC	treatment	facilities.	
	
Two	facilities	need	some	mechanical/structural	repairs.	These	are	generally	related	to	external	
corrosion	and	will	not	!""#$%&w!"#$%q!"#$%&'	!These	GAC	treatment	f!"#$#%#&'(!)&(made	of	!"##$%&'(%
the	elements	take	their	toll.	
	
	
	
 
	

	 	



Slide	40	

	

	

	

	

	 	



Slide	41	

	

	

	

The	30-Year	Capital	Improvement	Program	(CIP)	is	a	long-range	planning	tool	that	identifies	
major	asset	improvement	projects	needed	by	the	BWS.		
	
Projects	that	are	higher	priority	fall	within	a	10	year	window	that	has	more	detailed	information	
about	scope,	schedule	and	cost	of	upcoming	projects.	Projects	in	years	11	–	30	are	more	
generally	defined.		
	
Similarly	the	6-year	CIP	(a	requirement	of	the	City	charter)	describes	the	projects,	by	year.	This	
entire	process	is	refreshed	on	an	on-going	basis	as	new	information	is	obtained.	(For	example,	
when	you	get	to	the	6-year	level,	the	pipeline	projects	can	be	coordinate	with	other	projects	
such	as	road	repaving.)		
	
The	1-year	CIP	is	approved	by	the	BWS	Board	of	Directors	annually	for	implementation.	
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The	rest	of	today’s	discussion	is	going	to	focus	on	the	high-level,	30-year	CIP	and	how	projects	
are	selected	and	prioritized.		
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Like	many	other	water	agencies,	BWS	has	used	the	best	information	available	to	identify	and	
prioritize	upcoming	pipeline	projects.	Four	major	pieces	of	that	evaluation	include:	pipe	age,	
main	break	history,	engineering	judgment,	and	public	impact.	
	
Two	additional	tools	are	selective	condition	assessment	and	risk-based	prioritization.		
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We	estimate	the	Likelihood	of	Failure	of	each	component	primarily	based	on	our	statistical	
evaluation	plus	information	from	the	condition	assessment.	
	
We	multiply	that	by	the	Consequence	of	Failure	to	get	a	risk	score.	
	
The	components	with	the	highest	risk	scores	would	take	priority	for	funding	and	installation.	
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We	use	a	computer	program	to	assign	a	unique	“risk	score”	to	each	group	of	pipes	in	the	BWS	
system.	This	is	shown	on	horizontal	axis.	
			
Miles	of	pipeline	[at	or	above	that	risk	score]	is	shown	on	the	vertical	axis.	
	
Good	news:	
• Only	a	relatively	small	portion	of	pipelines	(10%)	is	considered	high	risk.	
• If	we	could	address	the	high	risk	pipes	overnight,	we	could	cut	the	number	of	main	breaks	in	

half.		
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Since	we	can’t	replace	200	miles	of	pipeline	“overnight”,	suppose	the	BWS	replaces	the	high	
risk	pipelines	over	a	10-year	period.	That	is	shown	here	in	red.	
	
Two	issues	arise	from	this	approach:	
• The	rate	of	spending	would	be	greater	than	$80	million/year,	which	is	the	annual	budget	of	

the	current	BWS	1-year	CIP.		
• In	this	example,	considering	only	pipelines,	the	$80	million/year	budget	would	include	no	

expenditures	for	other	types	of	facilities!"#$%&"'()'"*+,+$-.*"-/"/&*&/0-$/*.	
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!"#$%&'()*+($#($%,"-(*.#/$($%,0(,0($#(allocate!the	!"#$%&''&()*+,-.$/012,3!proportionally!to	the	
!"#$%&'(&)*%&different	!""#$"%&	
	
I!"#$"%id!that,	all	asset	types	would	be	addressed!"!! !"#$%&'#())%$('*%+!	!"#$%&'(e!same	color	
!"#$%as	the	pie	chart	above,	!"#$%&$""'&(")*+,-./&$-'*&+,-(&0&0&0&	!"##$%#&'$"()*#+	
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!"#$#%&$#%'ssues	with	this	approach!too!"#$%&'(#$):	
• These	budget	!""#$!%&#'()*#+",)-.)!,./+!%.)0#1)1.(.12#&1()!',)%1.!%3.'%)0!$&"&%&.(4)-+%)'#%)

!"#$other	high!priority	improvements!""	
• A	larger!budget!allocation	!"#$%%&%&#'(#)**(++(&)'%#p!"#$ s!"!#$%&'(&)$*%')+,+'#%'-#.)!'

purple).	The	condition	assessment	identified	73	high	and	medium	priority	pump	station	
projects	that	would	cost	$73	million	over	10	years,	or	about	$7	million/year.		

• Pump	stations	are	critical	to	the	operation	of	the	water	system.		
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If	we	increase	the	cost	allocation	for	pump	! tation! 	!"#$%%"&&"'$!(#!)(#)*+)#$,'#&('*-&#
priority	projects,	the	result	is	shown	!"#$%.		
	
!"#$#%&'%'(ipeline	failure	can	be	repaired	in	a	matter	of	hours,	replacement	of	a	failed	pump	or	
!"#"$%&'(%#')*%!"(#+,-%.+'#%/,%0+1%234%+',%“standby”!equipment,	but	keeping	the	B!" ’s	400	
!"#!$%&'()*%+,%-,%&'."/&'$%$/-0/1/2(0+%/03'$+#'0+4	
	
There	are	issues	with	this	a!!"#$%&	!""#$%&'()*%&+:	
• !"#$"%&"$'(%)(%*+$'%'#,%-#.$/0--)*$0,,$1#$022(#..#2$%-$0$34-year	timeframe.	In	essence,	these	

!"#$%&'()*%')“pushed	out”!further	in	time	as	shown	!"#$%.	
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Questions	that	this	approach	creates	!"# :	
• !"#$%&%''()*#+,%#'%-./0%1%)+#2&#,(*,#'("3#-(-%"#+2#12'%#+,/)#45#6%/'"#/00%-+/7.%8#9':	
• Should	the	BWS	consider	an	increase	of	its	CIP	expenditures	over	time	to	allow	more	pipes	

!"#$%#&%'()*%+#,""-%&.	
• If	so	when	do	you	start?	
• In	general,	the	later	you	start	!"#$%&'!"()$&*%'+)*,%)-&'*%$)*,%.),&/%)*0)!"#$%&'%)&"1)

often,	a	higher	level	of	investment	is	required.	
	

!"#$%#$%&"'%'$$'()'%*+%,-.-()#(/%0#$1%-(2%2'3'(2-,#.#&4%-(2%&"#$%5&-1'"*.2'0%/0*63%7#..%,'%8'04%
involved	in	advising	the	BWS	in	what	to	do	as	the	S!"#$%&'($)*A!"#$%&'(G!"#$ 	!""#$%&'()"&$%(#*(
discuss	the	financial	plan	and	rate	study	which	will	begin	in	2017.	
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Barry	Usagawa	presented	a	draft	public	presentation	about	the	WMP!to	the	Stakeholder	
!"#$%&'()*'&+,)-.")-%/0")1&')2&330.4%)-.")-.()'02&330."0")25-.60%)4&)3-/0)701&'0)450)
!"#$%&'()*$+,&*&)-()'$-.$/.001)(-2$.,'3)(43-(.)*$3)5$.-6&,$',.1+*7 !!"#$%&'()(*$#$+,*%+)%
!"#$%&'&()*(*+'('"&(*+','(-.')/'0,(12*',3 ! 
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!"#$%"&$'()$!*+,$

! !Provide	feedback	on	10-Minute	Presenta6on	
! !Schedule	this	presenta6on	for	your	organiza6on	
! !Join	us	when	we	present	to	others	
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How	You	Can	Help	

! !!"#$%&'()''&*+,-(#.(/012%.34'(!"'5'.4+6#.(
! !7,8'&39'(48%5(:"'5'.4+6#.()#"(;#3"(#"<+.%=+6#.(
! !>#%.(35(?8'.(?'(:"'5'.4(4#(#48'"5(
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!"#$%&'()%*+,)-./'*0+1*'23+4%%567+89+

! !!"#$%&'(()$*&+#%,&%,(&-./&-"012&1(*012#$*&%,(&
.0%(1&'03%(1&450$&

! !.(2$(32067&/(8%(9:(1&;<7&=>;?&
! !<@>>&89&%"&?@A>&89&
! !B"C3(&"D&E(81(3($%0)F(3&G"$D(1($H(&E""9&A>I7&

/%0%(&G08#%"5&-C#52#$*7&<;J&/"C%,&-(1(%0$#0&/%1((%&
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