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UNDERWATER	BRIDGE	INSPECTION	FOR	
HAKALAU	STREAM	BRIDGE	

	
SECTION	1.0	–	INTRODUCTION	
	

1.1 Scope	of	Work	
	
1.1.1	 Conduct	 on‐site	 underwater	 inspection	 for	 the	 Hakalau	 Stream	 Bridge	 in	

conformance	with	the	following:	
	

 Federal	Highway	Administration	(FHWA)	Bridge	Inspector’s	Reference	Manual,	
revised	December	2012.	

 AASHTO	Manual	for	Bridge	Evaluation,	Second	Edition	2011,	2013.	
 State	 of	 Hawaii	 Department	 of	 Transportation	 Highways	 Division	 Bridge	

Inspection	Program,	revised	March	27,	2013,	and	2014	Interim	Revisions.	
 FHWA	Underwater	Bridge	Inspection,	Publication	No.	FHWA‐NHI‐10‐027,	April	

2010.	
 Contract	 No.:	 C.005541	 dated	 February	 9,	 2016.	 Professional	 and	 Technical	

Services	 related	 to	 performing	 Underwater	 Bridge	 Inspections	 for	 the	 Keawe‐
Wailuku	 Bridge	 (#23‐1)	 and	 the	 Hakalau	 Stream	 Bridge	 (#29‐3),	 Federal	 Aid	
Project	No.	BR‐NBIS	(055).	

	
1.1.2	 Prepare	Underwater	Bridge	Inspection	Report.	

	
1.1.3	 Measure	the	streambed	depth	by	using	a	measuring	line	and	weighted	anchor	at	

the	end.	Measurements	to	be	taken	from	the	bridge	railing	top	edge	down	to	the	
streambed	 at	 equal	 spacing	 along	 bridge	 length	 to	 the	 streambed	 below.	
Measurements	 to	 be	 taken	 at	 both	 the	upstream	and	downstream	 faces	 of	 the	
bridge.	 The	 assumed	 reference	 is	 pre‐marked	 with	 a	 survey	 square	 and	 an	 x	
marking	 determining	 the	 reference	 point	 as	 elevation	 100.00	 on	 the	 sidewalk	
downstream	northeast	corner.	See	Bridge	Plan.	

	
1.2 Inspection	Period	

	
1.2.1	 An	 on‐site	 underwater	 inspection	 was	 conducted	 on	 February	 3,	 2016.	 Sea	

Engineering,	 Inc.	 (SEI)	 assisted	 Hawaii	 Engineering	 Group	 Inc.	 (HEG)	 in	
performing	the	underwater	probing.		

	
SECTION	2.0	–	BRIDGE	DESCRIPTION	

	
2.1	 Location	
	
	 Hakalau	Stream	Bridge	is	located	in	South	Hilo,	County	of	Hawaii,	Hawai’i.	Bridge	No.	29	

is	 on	 Old	 Mamalahoa	 Highway	 and	 crosses	 over	 Hakalau	 Stream.	 The	 bridge	 is	 a	
reinforced	concrete	structure	with	closed	spandrel	arches,	with	concrete	abutment	and	
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was	 built	 in	 1930.	 It	 measures	 approximately	 22’‐6”	 wide	 out‐to‐out	 and	 68	 feet	 in	
length.	See	photos	in	Appendix	B.		

	
SECTION	3.0	–	INSPECTION	PROCEDURES	(PLAN	OF	ACTION)	

	
3.1	 Timetable	for	Conducting	the	Inspection	
	

There	are	no	records	on	underwater	 inspection	 for	 this	bridge.	This	 inspection	 is	 the	
first	underwater	inspection	done	to	meet	the	5‐year	cycle	mandated	by	Federal	law.			

	
	
3.2	 Personnel	Requirements	for	Each	Portion	of	the	Inspection	
	

3.2.1	 Inspection	Team	
	
The	inspection	team	consisted	of	Team	Leader,	Ather	Dar,	with	assistance	from	
Kenneth	 Lai.	 Both	 have	 completed	 FHWA/NHI	 Course	 No.	 130055,	 Safety	
Inspection	of	In‐Service	Bridges,	and	received	certification.	The	Team	Leader	is	
responsible	 for	 overseeing	 the	 conducting	 the	 inspection.	 The	 Assistant	
Inspector	 is	 responsible	 for	 measurements,	 taking	 notes,	 taking	 photographs	
and	report‐writing	during	field	inspection.	

	
3.2.2	 Underwater	Team	
	

SEI	conducted	all	the	underwater	investigation	and	probing.	HEG	conducted	the	
horizontal	survey	and	stream‐bed	elevation	in	conjunction	with	divers.	Scouring	
underwater	conditions	were	investigated	and	probed	to	determine	the	degree	of	
degradation.	The	SEI	underwater	inspection	team	was	headed	by	Paul	Roberts,	a	
licensed	 Civil	 Engineer	 and	 commercial	 diver	 with	 NBIS	 underwater	 bridge	
inspection	certification.	SEI	commercial	divers,	Tyler	Borge	and	Wyatt	Rodongo,	
both	 with	 recent	 underwater	 bridge	 inspection	 experience,	 made	 up	 the	
remainder	of	the	3‐man	dive	team.	

	
3.3	 Inspection	Requirements	
	

3.3.1	 A	scoping	meeting	and	site	visit	conducted	with	Hawaii	County	engineers	on	July	
13,	2015.	The	scoping	meeting	was	held	to	determine	the	extent	of	the	work	and	
latest	underwater	 requirements	 from	 the	County.	The	purpose	of	 the	 site	 visit	
was	 to	 determine	 potential	 staging	 area	 for	 equipment	 and	 field	 personnel	
access	points.	It	was	determined	that	no	traffic	control	will	be	required.		

	
3.3.2	 Any	 defects	 and	 possible	 undermining	 or	 scouring	 were	 investigated.	 Survey	

work	included	using	a	drop	measuring	line	at	various	points	along	the	upstream	
and	 downstream	 bridge	 faces	 for	 the	 stream	 bed	 cross	 section.	 Horizontal	
survey	 and	 topography	were	 needed	 around	 the	 bridge	 embankments	 to	map	
out	the	erosion	and	scour	below	water.	The	divers	measured	depth	of	scour	and	
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established	 baseline	 for	 future	 use.	 SEI	 also	 determined	 the	 velocity	 of	 the	
stream	 flow	 at	 the	 center	 by	 dropping	 a	 floating	 object	 into	 the	water	 on	 the	
upstream	 side	 of	 the	 bridge.	 A	 measuring	 tape	 was	 laid	 out	 on	 one	 of	 the	
embankments	under	 the	bridge.	 SEI	measured	 the	 time	 it	 took	 for	 the	 floating	
object	to	travel	from	the	upstream	end	of	the	measuring	tape	to	the	downstream	
end	 of	 the	 measuring	 tape.	 Stream	 velocity	 was	 estimated	 using	 calculations	
from	this	method.	

	
	 This	 report	will	 establish	 degree	 of	 degradation	 and	 if	 the	 condition	warrants	

mitigation	measure.	It	will	also	establish	if	the	bridge	is	scour	critical	and	how	it	
may	impact	structural	integrity	of	the	bridge.	

	
3.4	 Access	Equipment	Requirements	
	

3.4.1	 SEI	was	equipped	a	dive	ladder	for	diver	ingress/egress.	Ropes	were	used	(when	
necessary)	to	raise	and	 lower	equipment	 from	the	top	of	 the	embankment	and	
bridge	 to	 the	 inspection	 area	 at	 the	 bottom.	 A	 secure	 rope	 was	 used	 for	
personnel	 as	 a	 hand‐grip	 to	 safely	 access	 to	 the	 embankment	 area.	The	divers	
accessed	the	waterway	from	the	channel	embankment	using	a	dive	ladder.	

	
3.5	 Traffic	Control	
	

3.5.1	 Traffic	control	was	not	required.	The	dive	team	parked	their	equipment	van	in	
the	holding	area	near	the	site.	The	holding	area	location	was	off	the	shoulder	of	
the	road	and	did	not	interfere	with	local	traffic.	No	traffic	control	was	required	
for	HEG	during	the	inspection.	

	
3.6	 Type	and	Level	of	NDT	Requirements	
	

3.6.1	 Diving	 Inspection	 Intensity	 Level	 1	 inspection	 performed	 on	 all	 submerged	
substructure	elements.	See	Federal	Highway	Administration	Bridge	 Inspector’s	
Manual	 Section	 2.1	 for	 definition	 of	 underwater	 inspection	 levels.	 An	
investigation	 of	 scour	 and	 undermining	 of	 abutment	 footings	 was	 done	 using	
probe	sticks	and	measuring	tape	to	determine	the	dimension	of	the	hole.		

	
3.7	 Pre‐Dive	and	Post‐Dive	Checklists	
	
	 See	Appendix	E.	
	

SECTION	4.0	–	FIELD	OBSERVATION		
	
4.1	 The	 south	 end	 ledger	 below	 the	 abutment	 is	 in	 general	 satisfactory	 condition.	Water	

visibility	at	time	was	about	15	feet	to	allow	an	inspection	of	concrete	defects	by	visual	
assessment.	There	are	some	signs	of	minor	erosion	along	the	left	edge	of	the	rock	ledge	
below	the	abutment	water	line	(see	Photos	B7	and	B15).	
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4.2	 The	north	 end	 ledger	 supporting	 the	 abutment	 and	bridge	 foundation	 is	 undermined	
and	 is	 considered	 to	 be	 scour	 critical	 since	 the	 scour	 depth	 is	 17	 to	 25	 feet	 deep	
horizontally	and	5.5	to	8	feet	vertically	and	under	the	bridge	foundation.	

	
4.3	 The	upstream	is	littered	with	boulders	and	small	rocks,	which	impede	flow	and	narrow	

the	water	flow	to	the	right	side	of	the	stream	(see	photos	B8	and	B12).	
	
SECTION	5.0	–	GENERAL	CONDITION	ASSESSMENT	AND	RECOMMENDATIONS	

	
5.1	 Assessment	
	

The	 upstream	 side	 is	 littered	with	 boulders	 and	 rocks	which	 restrict	water	 flow	 and	
direct	flow	more	toward	the	north	end	of	the	bridge	abutment.	Because	of	the	restricted	
flow,	 the	water	pressure	 is	 increased	and	 is	causing	scouring	of	 the	rock	 ledge	below	
the	abutment	at	the	north	end	of	the	bridge.	
	
An	engineering	evaluation	of	the	observed	scour	condition	is	recommended,	otherwise	
the	bridge	could	collapse	during	a	heavy	hurricane	or	storm	or	heavy	traffic	load	(see	
photos	B8	 through	B11,	&	B13).	 See	 also	North	Abutment	Plan	 (page	26),	 sections	A	
through	C	(pages	27	to	29).	

	
5.2	 Maintenance	List	
	
	 Items	include	the	following:	
	

5.2.1	 Remove	the	boulders	and	small	rocks	at	the	upstream	left	side.			
	
5.3	 Repair	List	
	
	 Items	include	the	following:	
	

5.3.1	 Repair	 foundation	 undermining	 due	 to	 flow	 at	 the	 north	 end	 abutment.	
Recommended	construction	of	a	cutoff	or	protective	wall	around	the	rock	ledge.	
Drill	 holes	 from	 the	 top	 through	 the	 rock	 ledge	 and	pump	 shortcrete	 or	 other	
acceptable	material	to	ensure	bridge	abutment	will	not	collapse	and	fail.	

	
5.3.2	 At	the	north	abutment	upstream	face,	construct	cutoff	wall	to	extend	ledge	out	a	

few	feet	to	prevent	further	erosion	of	abutment	rock	ledge.		
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B1:	View	of	the	Hakalau	Bridge	from	the	roadway	from	north	approach.	
	
	

		
B2:	Upstream	bridge	profile.	
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B3:	Downstream	bridge	profile.	
	
	

	
B4:	Upstream	flow	condition.	
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B5:	Downstream	flow	condition.	
	
	

	
B6:	North	end	abutment	&	rock	ledger.	
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B7:	South	end	abutment	&	rock	ledger.	
	
	

	
B8:	Scour/undermined	on	the	inlet	side	at	the	upstream	end.	
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B9:	Water	flowing	beneath	the	north	end	rock	ledger	at	the	upstream	side.	
	
	

	
B10:	Scour/undermined	condition	below	the	rock	ledger	inlet	side	at	north	end	of	bridge.	
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B11:	Close	up	of	the	scour/undermined	condition	inlet	side	at	north	abutment	upstream.	
	
	

	
B12:	Boulders	and	smaller	rock	debris	cause	restriction	on	water	flow	upstream.	
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B13:	Scour/undermined	condition	on	the	outlet	side	downstream	end	at	the	north	abutment.	
	
	

	
B14:	Fractured	cracks	and	erosion	on	upstream	rock	ledge	north	end.	See	North	Abutment	Plan	on	
page	28	for	location.	
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B15:	Signs	of	minor	scouring/erosion	at	the	downstream	side	on	the	south	rock	ledge.	
	
	

	
B16:	SOUTH	ABUTMENT	(UNDERWATER)	Underwater	photo	below	the	rock	at	
the	upstream	side	(Refer	to	photo	B7).	
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B17:	SOUTH	ABUTMENT	(UNDERWATER)	Underwater	photo	below	the	rock	of	
the	upstream	side	(Refer	to	photo	B7).	
	

	
B18:	NORTH	ABUTMENT	(UNDERWATER)	Upstream	entrance.	
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B19:	NORTH	ABUTMENT	(UNDERWATER)	Near	the	center	of	undermining	upstream‐side	of	
north	abutment.	
	

	
B20:	NORTH	ABUTMENT	(UNDERWATER)	Center	of	undermining	toward	downstream‐side.	
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B21:	NORTH	ABUTMENT	(UNDERWATER)	Near	downstream‐side	entrance.	
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STATE OF HAWAII 
DEPARTMENT OF TRANSPORTATION 

HIGHWAYS DIVISION 

UNDERWATER BRIDGE INSPECTION REPORT 

Date of Inspection 2/3/2016 
Bridge Number 29 Bridge Name Hakalau Stream Bridge 
Location:  Island Hawaii Route No. Highway Highway 
Body of Water Hakalau Stream Milepost  
Number of Spans 1 Number of Piers in the Waterway 0 
Structure Type Arch Bridge Substructure Type Concrete 
Foundation Type Spread Footing  

Diving Conditions: Dive Mode Surface Supplied Air 
Air Temp. 75 F Ave. Visibility 15 ft. 
Water Temp. 65 F Bot. Material Basalt Rock 
Max. Depth 17.5 ft 

 Water Velocity   1 fps  

Items of Inspection Condition Rating Remarks 
[Condition ratings for these items shall be in accordance with applicable NBI items 60, 61 or 62.] 

1. Pilings/Shafts N 5. The abutments are in satisfactory condition; 
2. Footings/caissons/Pedestals N however, the area under the northern end 
3. Columns/Wall Piers N Abutment support rock ledge is undermined and 
4. Bracings/Struts/Web Walls N is considered to be critical scour per NBI Coding 
5. Abutments/End Bents 7 Guide #113. It would be a assigned a rating of 
6. Retaining Walls/Wing Walls 7 2. 
7. Fender System/Pier Protection N  
8. Embankments/Slopes/Bulkheads 7  
9. Degradation/Aggradation N  

10. Obstruction/Flow 6  
11. Culvert Barrels N  
12. Culvert Headwalls N  

Inspected by: Name (printed): Kenneth Lai Title: PE, Inspector 

Signature:  
Phone Number: 808.533.2092 

Supervised by: Name (printed): Ather Dar Title: PE, Team Leader 

Signature:  

Phone Number: 808.533.2092 
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